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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:

Review of past hydrologic studies to be used as a comparison to the results of this study.

Review of past reports to establish historic diversion dam peak flows

Hydrologic analysis based on historic recorded data collected within the Salmon River watershed.
Results of the hydrologic analysis at given locations along both the Salmon and White Rivers.
Recommendations regarding potential floodplain and hazard mapping in the future

oo~

THE STUDY AREA

The last comprehensive floodplain study covering the Salmon and White Rivers Floodplains was completed in 1995 (BC
Ministry of Environment, 1995). 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.

. NMeERansey 2221-48783-0 Page |1
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Figure 1: 1995 Salmon and White Rivers Floodplain Mapping Study Area
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21 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 km?, including the 366.7 km? 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.

>, g d
ST
~Salmon River at the Mouth .

~ R RN el AT i
Figure 2: Salmon and White Rivers Catchment Areas
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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 (km?)
08HD006 Salmon River near Sayward 1210
oy CampoeLake Dversion 28

" McElhanney
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Figure 3: Water Survey of Canada Hydrometric Station Locations Considered in the Study

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.

A4 McElhanney 2221-48783-0 Page |5
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Table 2: Summary of Estimated Instantaneous Discharge from 1995 Report

200-Year Return Period
Location Catchment Area (km?) Peak Instantaneous
Discharge (m3/s)
White River at the
Confluence with Salmon 367 1060
River (XS-57)*
Salmon River at the
Confluence with White 849 1515
River (XS-26)*
Salmon River near
Sayward (08HB00G)™ 1210 2140
Salmon River near
Sayward (XS-1)* 1524 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)

Peak Instantaneous Discharge

(m3s)
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)

M MeElhannoy 2021-48783-0 Page |6
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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
08HDOO07.

Table 4: Flow and Date Comparison Between WSC Stations 08HD007 & 08HD015
Salmon River above Memekay River Salmon River above Campbell Lake

(08HD007) Diversion (08HD015)
Percent
Peak Peak Difference
Date Instantaneous Date Instantaneous
(m3/s) (m3/s)

310ct1981 363.0 310ct1981 239.0 34%
250ct1982 257.0 250ct1982 161.0 37%
11Feb1983 398.0 NA NA
04Jan1984 349.0 04Jan1984 233.2 33%
02Apr1985 126.2 190¢t1985 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 230ct1992 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%
200ct2000 183.0 200ct2000 1450 21%
15Nov2001 320.0 15Nov2001 250.0 22%
07Jan2002 310.0 12Dec2002 224.0
180ct2003 410.0 180ct2003 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.

M MeElhannoy 2021-48783-0 Page |7
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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 Il 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.

20-Year Peak Instantaneous Flow for the Salmon River

Watershed
2000
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& 1600
o
£
g:o 1400 Salmon River above
B the confluence with
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Figure 4: 20-Year Frequency Curve for the Salmon River Watershed
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200-Year Peak Instantaneous Flow for the Salmon River
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Figure 5: 200-Year Frequency Curve for the Salmon River Watershed

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: Q5o = 5.924%7° ,in m3/s
200-Year Return Period: Q500 = 9.784%76,in m¥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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Table 5: Summary of Estimated Peak Instantaneous Discharges

1995 Peak

2019 Peak Instantaneous Instantaneous Percent
Discharge (m3/s) Discharge Difference
Catchment i::;h(r;;r:)t (m3s) Between 1995
and 2019 200-
20-Year 200-Year 200-Year Year Estimates
White River at the
confluence with Salmon 367 644 877 1060 18.8%
River
Salmon River at the
confluence with White 849 1253 1662 1515 9.3%
River
Salmon River at the 1324 1783 2331 2329 0.1%
Mouth

M MeElhannoy 2021-48783-0 Page |10 I
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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.

. NMeERansey 2221-48783-0 Page |11 I
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FLOODPLAIN MAPPING STUDY
SALMON AND WHITE RIVERS

PREFACE

This review has been undertaken by the writer under the direction of Mr. R W,
Nichols, P.Eng., Head Floodplain Mapping, Flood Hazard Identification
Section.

The purpose of this review is to present a description of the methodologies
used and the results of the studies undertaken to review the December 1980
floodplain mapping for the Salmon and White Rivers, Drawing No. A5282
Sheets 1 through 6 (Appendix 5). Asno design brief was produced for the 1980
studies this review will also provide background information to those studies.

The process used in this review is as follows:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Selection of 1990 lﬁgh water marks which were deemed appropriate for
the calibration of the HEC-2 model;

Review of the 1980 study model to ensure selected channel and
overbank distances and "n" values are appropriate for use with the
current data;

Calibration of the HEC-2 models to November 11, 1990 flood level data
based upon flow estimates provided by the Hydrology Section;

Determination of the 1:200 year frequency flood levels including
allowances for hydrologic and hydraulic uncertainties;

Comparison of the results of the 1993 studies to those of the 1980
studies;

Undertake field visits te the study area to view and assess the new
bridges and other areas of concern within the watersheds;

Obtain current bridge data and road alignments from Ministry of
Transportation and Highways;

Review the existing mapping with regards to revising the title block and
accompanying notes and/or assessing the fan hazard areas that occur
within the mapping project area; and,

Prepare drawings based upon the existing floodplain mapping and using
updated air photography to indicate the 1990 High Water Marks, 1991
channel locations and current highway locations.
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LOCATION

The Salmon and White River floodplains are located on north eastern
Vancouver Island near the community of Sayward, some 70 km north
of Campbell River (Figure 1). The majority of the study area lies within
the jurisdiction of the Regional District of Comox-Strathcona with only
the tidal portion within the boundaries of the Village of Sayward (Figure
2). The local economy of the area is primarily forest industry dependant
with MacMillan Bloedel having major holdings in TFL 7. As with many
areas on the island, recreation opportunities in the Sayward Valley are
abundant.

BACKGROUND TO_STUDY

2.1 1980 Studies

In the fall of 1975 heavy rainstorms blanketed the north end of
Vancouver Island. Flooding was widespread, with communities such as
Courtenay, Campbell River and Sayward affected. Major flooding of the
Sayward Valley occurred when the Salmon and White Rivers overtopped
their banks. Many residents were evacuated by Coast Guard Search
and Rescue helicopters (Appendix 1.5).

Following this flood event, high water mark locations were identified
and river surveys undertaken by the Technical Support Section for the
preparation of floodplain mapping. Using the data obtained, river
modelling was undertaken employing the water surface profile computer
program HEC-2 (written by the U.S. Army Corps of Engineers) and the
results transferred to 1:5000 scale orthophoto mapping (May 1976
photography). The floodplain mapping (Drawing No. A5282, Sheets 1
to 6, Appendix 5) extends from tidewater at Salmon Bay upstream
approximately 25 km to above the confluence of the Memekay River.
The White River portion of the floodplain mapping project extends from
the confluence of the Salmon River upstream to just above the
MacMillan Bloedel logging bridge, a distance of under 2 km. The
completed mapping was released for public distribution in December of
1980.

The floodplain mapping was subsequently designated under the terms
of the Canada/British Columbia Floodplain Mapping Agreement in
December 1987. The Comox-Strathcona Regional District, electoral area
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"H", within whose jurisdiction the floodplain mapping lies, has not
mecorporated the floodplain mapping into land use bylaws in this
electoral area to date. New home construction on existing floodplain
properties within the study area has not necessarily been flood proofed
except in instances involving subdivision of lands pursuant to Section
82.1 of the Land Title Act. As discussed in Section 2.4, recent (1990)
floods have motivated some home owners to elevate their homes to
minimize future flood damages (see photographs Appendix 2).

2.2 Litigation

On January 15, 1987 a minor flood was reported on the Salmon River
in the vicinity XS 79/80 (Drawing No. A5282 Sheet 5, Appendix 5 and
photos Appendix 1.5). This area, known locally as the "Foort Farm",
was being developed as a fish hatchery by Sea Farms Canada Ltd.
Federal Fisheries approval, required for the hatchery development, was
contingent on the site being not subject to flooding for a 1:30 year
frequency flood event. A local engineering firm had been engaged to
determine the suitability of the site. During the flood, lands adjacent
to the buildings under construction were flooded however the buildings
themselves were not inundated (Refer to photos on the 1980 design file,
Appendix 1.5).

Following the report of the site being inundated, staff from the Nanaimo
Water Management regional office viewed the site by helicopter to
assess the situation. From this inspection it was determined that a
debris blockage in the main channel of the Salmon River upstream of
the hatchery site directed flow along an overflow channel adjacent to the
site. As this was an isolated occurrence and no other reports of flooding
in the valley were received or noted, flooding at this site was deemed to
be "nuisance flooding” by the ministry. It should be noted that flood
levels did not exceed the designated flood level for this location.

As a result of the inundation of the hatchery site property, the owners
abandoned their plans for the site. As a result of these circumstances,
the owners of the property embarked upon legal recourse which resulted
in third party action against the Crown (File 35100-30/920-7253,
Appendix 1.5). The basis of their action was that the ministry had been
negligent in the preparation and issuance of the floodplain mapping. In
their action they claimed that the mapping contained errors in the
location of the flood level isograms, and in doing so the flood level
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designated for this location was too low. The litigation lasted almost 3
years, during which both sides engaged expert witnesses to comment on
the validity of the mapping.

As the litigation was drawing to a conclusion, repeated heavy rainstorms
struck the north end of the island and the Sayward Valley was severely
flooded. This occurred not once but three times during the course of a
four week period. The flood levels were of a similar magnitude to that
of the October 1975 flood event upon which the December 1980
floodplain mapping was based.

Due to the circumstances of these events, the court case was continued
and the data that had been obtained from the 1990 flood events was
presented. The ministry’s position during the case was that the

floodplain maps depict the 1:200 year flood levels assuming open

channel flow conditions. The levels indicated on the mapping depict the
recommended level for administrative purposes designed to minimize
flood damages. The January 1987 event was considered to be nuisance
flooding. Although overland flow was evident at the site during this
event, the designated flood level was not exceeded. This was an
isolated, localized occurrence with only a small percentage of the
floodplain inundated. Given the broadness of the floodplain the
potential is there for the floodplain to attenuate a much greater increase
in flow with little increase in water level (See Figure 3 "Typical
Floodplain Cross Section). The three subsequent events in November
1990 had a greater magnitude than the January 1987 event but did not
incur flooding of the lands at the hatchery site. Thus the nuisance
concept (debris blockage) of the Ministry was validated

The outcome of the litigation found in favour of the Crown. The findings
of the judge, Honourable Justice Murray, concluded that the production
of floodplain maps is similar to predicting the weather. It is with a
combination of judgement, experience and available data, that the
predictions are made, and that the flood levels are only predictions.
In making his decision, the judge referred to Genesis 7:19 of the Bible
and decided that Noah required the benefit of divine intervention for his
accurate prediction of the coming floods.

2.3  Flooding - 1990

As stated previously, flooding again occurred in the Sayward Valley
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during the fall of 1990. The first reports were received in late October,
when minor floods resulted in a debris jam at the new Sachts and
Hammond bridges which were under construction (XS 5 Drawing 5282 -
sheet 2 and photos Appendix 1.8). At this location a temporary low level
work bridge platform built to facilitate construction of the main bridge
was destroyed by the debris build up. Ponding from the debris jam
resulted in a construction shack and adjacent lands being flooded.
Backwater effects were evident upstream of XS 6 which resulted in a
home located adjacent to the left bank being nearly flooded.

Some overland flow also occurred upstream at the "Duncan Bridge" (XS
22, Drawing A5282 - Sheet 3). Portions of the Sayward Road either side
of the bridge were flooded to a depth of about 0.2 metres.. Minor
scouring of the shouldering occurred. Local highway maintenance
personnel indicated that flooding of this section of the road was quite
common during periods of heavy rainfall.

Inspection at the "Foort Farm"” hatchery site indicated the overflow
channel to be active although it did not reach bank full conditions. High
water mark data (Appendix 1.9) was obtained both upstream and
downstream of this site as well as the area in the vicinity of the bridges
under construction.

Major flooding next cccurred on November 11, 1990 when many parts
of the Sayward Valley were inundated (Appendix 4). Numerous homes
throughout the valley were flooded and the residents evacuated, the
Sayward school heavily inundated (see videotape on file by Campbell
River Community Television, Appendix 1.10). The White River highway
bridge was destroyed. Much of the road and bridge network in the
MacMillan Bloedel logging area was damaged. Staff from the Flood
Hazard Identification Section (FHIS) in Victoria attended the area,
conducted investigations and made observations, and obtained high
water marks throughout the mapping area of the valley. A site
inspection was made of the "Foort Farm” by FHIS staff and it was noted
that flooding of the hatchery site had not occurred. General consensus
among the local residences indicated this flood to be nearly equal to that
of 1975. This was subsequently confirmed by high water mark
comparisons of these flood events.

On November 23, 1990 flooding once again inundated the Sayward
Valley. This flood was again of a similar magnitude to that of
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November 11, 1990 and October 1975 with many areas again requiring
evacuation. On December 4, 1990, as staff from Flood Hazard
Identification and Technical Support Sections were conducting field
surveys to establish flood levels for the November 11 event, yet another
flood occurred. Similar to the previous floods of November, many areas
of the valley were once again inundated. Additional high water mark
data was acquired from this event. Neither of these 1990 flood events
produced flooding at the "Foort Farm"” hatchery site,

2.4 Photographs

Photograph 1 (Appendix 2) shows a home situated in the vicinity of XS
57 - White River (Drawing A5282 - Sheet 3). Note the high water mark
location. This home was inundated during the November 11 and 23,
1990 floods. Photograph 2 is of the same home but subsequently raised
between the November 23 and December 4, 1990 floods. Floodproofing
was undertaken by the landowner without the benefit of public funding.
Unfortunately the floodplain mapping was not consulted and therefore
the home does not appear to elevated to the flood level (1:200 year)
shown on Sheet 2. Had a bylaw been in place by the Regional District,
the structure may have been floodproofed to Ministry standards at only
shightly greater cost.

Photograph 3 and 4 (Appendix 2) is a home in the vicinity of XS 17,18
Salmon River (Drawing A5282 - Sheet 3). This home was flooded during
the 1975 event. Following this flood the landowner raised the house
approximately 2 feet. Note that at this location the homes are located
in a low swale approximately 1.5 metres below the average ground level.
During the November 1990 events, flood levels reached the underside of
the floor joists., Calculated flood levels for this location indicate this
home to be in excess of 2 metres too low to meet Ministry Standards.

Photograph 5 (Appendix 2) is a home in the vicinity of XS 14/15
(Drawing A5282 - Sheet 3). This home was also flooded during the
November 1990 events. This home also has been raised since these
events (see photograph 6). It is not known if the floodplain mapping had
been consulted but it is estimated that the main floor of the home is
now at, or nearly at, the flood level (1:200 year) shown on sheet 3.

Photograph 7 (Appendix 2) indicates H-W.M. 15 and 16. At this location
inundation of the floodplain was caused by overland flow from upstream.
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The high water mark at this location was just 0.1 m below the flood
level (1:200 year). River levels adjacent to this location (photograph 8)
were approximately 0.7m below the 1980 1:200 year flood level (this
location is within the influence of backwater effects caused by debris
jamming at the construction platform at "Sachts” bridge). From the
above evidence it appears that the Ministry needs to review its policies
regarding floodproofing. Floodproofing requirements to the flood level
(1:200 year) or 1 metre above the adjacent ground, whichever is the
greater elevation to account for topographic/flow conditions in the
floodplain fringe should be considered.

2.5 High Water Mark Data

Following the November 11, 1990 flooding, high water marks were
identified at 57 different locations throughout the mapping project area.
A determined effort was made to ensure that as many of these were
located at or near the locations of the 1975 high water marks wherever
possible. This was done to assist in resolving the relationship of the
magnitudes of the 1990 event and the 1975 event. The 1990 high water
marks were photographed and surveyed geodetic elevations obtained in
most cases. At some locations ground evidence was either destroyed by
the successive flooding events or dismissed for other reasons.

This data was later compiled in a 3 ring binder and includes copies of
the floodplain maps and mosaics indicating high water mark locations.
Also included is a table which indicates the 1990 and 1975 flood levels
relative to the 1980 1:200 year flood levels (Appendix 1.9).

Duplicate mylar copies of the floodplain mapping were obtained for use
as a base to create a permanent record of the high water mark locations
and elevations. These drawings are entitled "1990 Flood Data - Salmon
and White Rivers" Drawing No. 94-14, Sheets 1 to 6 (Appendix 6). The
drawings include data obtained from updated air photography of the
mapping areas obtained in 1991. The air photography was used to
create an uncontrolled mosaic of the study area which allowed the
transfer of changes in channel location, topographic features and
highway alignments to the drawings.

REVIEW OF THE 1980 FLOODPLAIN MAPPING

The 1990 flooding events provided the opportunity to make use of the
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data obtained to review and evaluate the 1980 floodplain mapping.
3.1 1980 Studies - General

The 1980 flood profile calculations used high water mark data obtained
from the October 1975 flood event. Some difficulty was encountered
during calibration of the models: Due to hydrologic uncertainties
between daily and instantaneous discharge relationships (memo dated
February 3, 1976 and April 9, 1980 - file 0323545 & design file), a
conservative approach to modelling was employed using higher than
normal Mannings "n" values. To determine flood levels, a 0.61 metre
freeboard allowance was added to the calculated 200 year daily water
surface elevation and compared to the corresponding calculated 200 year
instantaneocus water surface elevation. The highest of the two levels
was selected as the flood level. In view of the high estimated
instantaneous discharge and Manning’s "n" values employed and in
consideration of the broad floodplain it was decided to not add an
additional 0.3 metres to the instantaneous calculated level as experience
indicated that this would result in unrealistically high levels. This 1980
decision is validated by recent data. For example, Table 3 indicates that
at XS 13, the 1980 selected flood level is 10.64 metres GSC or 1.43
metres above the 1990 observed flood level. The calculated 1990 (1:200
year) flood level at this section is 10.24 metres GSC or 1.03 metres
above the 1990 observed level.

3.2 1993 Studies - General

As stated previously; following the November 1990 floods high water
marks were identified and geodetic elevations obtained for use in
calibration of the HEC-2 models. Revised hydrology estimates were
obtained (Appendix 3) for the Q200 daily and instantaneous discharges.
In keeping with Ministry practice, the addition of 0.61 metres to the
calculated 1:200 year daily level and 0.3 metres to the calculated 1:200
year instantaneous level was applied to take into consideration
hydraulic and hydrological uncertainties. The results were then
compared to the existing (1980) flood levels as shown in Table 3. The
table provides details such as selected Manning’s "n" values, discharges,
calculated flood levels and model calibration results.

Sensitivity studies were undertaken to determine the effects of various
changes in discharge factors and relative Manning’s "n" values. The
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studies took cognizance of such factors as changes in river regime, new
bridge designs and approach fills to reflect existing conditions. Table 4
is a summary of the results of the "n" value sensitivity studies.
Additional studies were undertaken to determine the effects of changes

in discharge. The results of these studies are outlined in Table 5.
Studies were also undertaken to determine the meteorological effects on
tide level predictions and the ocean flood level for Salmon Bay at the
mouth of the Salmon River (Appendix 1.6).

FLOOD MAGNITUDES - 1993

Peak flow events on Vancouver Island as with other coastal areas in
British Columbia usually occur during the late fall and early winter
periods when warm, heavy rainfall is combined with an early snowpack
and result in a rise in freezing level.

Water Survey of Canada (WSC) provided discharge estimates for the
three major events of November 11, 23 and December 4, 1990. Initial
reviews of these estimates indicated a discrepancy when compared with
the 1975 event. Even though the flood levels were similar, the discharge
estimates that had been provided for November 11, 1990 were
considerably lower than October 1975. This discrepancy was pointed out
to Water Survey of Canada who then undertook a review of their
original estimates for the events, WSC determined that an error had
been made in establishing the rating curve for the gauge. The curve
had been erroneously made as a simple straight line extension of the
metered flows and did not take into consideration overbank flows above
and beyond bank full stages. After determining this, Water Survey of
Canada recalibrated their rating curve and have revised the published
discharges for these events (see letter on file 920-7253 dated April 12,
1991).

Gauge 08HDO006 - Salmon River near Sayward, located just downstream
of the White River confluence, is one of three active hydrometric stations
in the study area. Prior to 1981 the station was located further
downstream in the vicinity of the "Duncan Bridge” near XS 22. The
station has been providing maximum and minimum daily discharge
records since 1956 with maximum instantaneous records being available
since 1982 only. According to the Water Survey of Canada publication
"Surface Water Data - British Columbia” reliability of the records for the
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maximum daily discharges for the earlier periods of record are
considered to be only fair., Maximum instantaneous discharge recorded
occurred on November 11, 1990 at 1560 m®s. Maximum daily discharge
recorded since 1981 occwrred on November 23, 1990 at 1280 m?%/s.

Gauge 08HD007 - Salmon River above Memekay has been in operation
providing instantaneous and daily discharge records since 1960. As
with Gauge 08HD0086, reliability of high flow records are considered to
be only fair. Published peak flows for the November 1990 events are
489 m¥%s instantaneous on November 23 and 320 m®s daily on
November 11. |

Gauge 08HDO015 - Salmon River above Campbell Lake Diversion has
been in operation since 1981. Peak daily and instantaneous flows were
recorded on Jan 11, 1987 at 207 m*s and 249 m®*/s respectively. Peak
flows for the November 1990 events are not available.

Updated hydrology studies were requested following the 1990 floods.
Final estimates were received from the Hydrology Section in a memo
dated July 23, 1992 (Appendix 3). The study utilized a frequency
analysis of updated stream flow records to 1991 and a modified
procedure for estimating instantaneous peaks from manual gauges. In
support of these estimates, the individual drainage basins and sub-
basins areas were digitized from 1:50,000 scale topographic mapping
and unit runoff estimates produced. These estimates compared
favourably with the discharge estimates provided by the Hydrology
Section. The results are listed on Table 1.

HYDRAULIC ANALYSIS - 1993

Information sources listed in Appendix 1 were utilized in the HEC-2
water surface profile computer program developed by the Hydrologic
Engineering Centre, U.S. Army Corp of Engineers in Davis, California.
The flood profile studies assumed open channel flow conditions. The
1980 studies utilized BC Systems Corporation’s IBM mainframe
computer. The 1993 studies utilized the 1980 models converted to PC
format for use with the "Haestad Methods" (version 6.4) of the HEC-2
program which is the current format in use by the Ministry.

10
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5.1 Salmon River

The Salmon River was divided into two reaches for ease of modelling.
This was due to the length of river, number of cross sections, and the
White River tributary influence. Reach 1 extends from tidewater at XS
0.1 upstream to XS 32 above the White River confluence. Reach 2
continues upstream starting at XS 32 extending to XS 97 above the
Memekay confluence which is the upstream limit of the study. Flood
levels for a number of named tributary streams including the Memekay
River were not calculated during the study. These are noted on the
mapping as "Limit of Study”. The calculations for the Salmon and
White Rivers do take into consideration the contributing discharge by
these tributaries (Table 1). ,

A plot run of each model was made using the November 11, 1990 flows
to review flow regimes, loss coefficients, reach lengths, overbank data

and relative Manning’s "n" values. The purpose of this was to review
and update the models to reflect current conditions.

Data for the new "Sachts” and "Hammond" bridges and the approaches
was obtained from Ministry of Transportation and Highways (MOTH)
(Appendix 1.7) and the cross sections at XS 4.1, 4.2 were recoded. The
coding for the bridge crossing at XS 27.1 and 27.2 on the Salmon River
was deleted from the model as the structure was removed due to its
derelict condition by MOTH in 1992. It should be noted that due to
deck failure, the "Duncan” bridge located at XS 20.1, 20.2 is slated for
replacement in the near future. MOTH indicates that the preliminary
design calls for a more hydraulically efficient centre support pier
although foundation conditions may not allow for this design. It is
anticipated that some modification to the bridge approaches will be
required.

High water mark elevations from the November 11, 1990 event, were
coded at the appropriate cross sections to facilitate calibration of the
models. Use of the high water mark data and revised flow estimate for
calibration resulted in a reduction to the conservative "n" values used
in the 1980 model to reflect this new data.

Runs were made using both the Q200 year and Q20 year daily and

instantaneous revised flows. Comparisons of the results of these runs
indicate the sensitivity of models to various discharges (Table 5).

11
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Additional runs were made concentrating on the "Foort Farm" hatchery
area as some channel avulsion has been experienced in this area. Cross
sections in this area were modified to reflect current conditions.
Adjustments were also made to channel and overbank reach lengths and
Mannings "n" values. Results of these runs indicate that the broadness
of the floodplain (in excess of lkm) provides sufficient capacity to
compensate for channel processes with little change in water level. It
was noted from the instantaneous and daily runs that a 25% increase
in discharge resulted in an increase in water levels of less than 0.3
metres.

Sensitivity to "n" value increases were also studied. The studies
determined that for Reach 1, an increase in "n" values in excess of 20%,
can be accommodated by the selected flood levels. For Reach 2, the flood
levels selected can withstand a 40% increase in "n" value. This would
again confirm that the broadness of the floodplain, especially in the
upper reaches contributes a significant attenuation to flood level

increases (Table 4).

Sensitivity studies were also undertaken to determine the effects of
sediment deposition in the channel area. A portion of reach 2 of the
Salmon River from XS 79 to XS 86 was chosen for this test as channel
aggradation is active in this area and also in question during the legal
proceedings. Numerous models were made in which up to 2.5 metres (in
0.5 metre increments) of the lower elevations of these selected channel
cross sections were removed. The flood levels derived from these runs
were used for comparison to the Q200 daily run. These studies indicate
the ability of the floodplain to attenuate the rise in water levels should
channel capacity be reduced in isolated areas (Table 6).

Table 3 indicates the 1993 flood levels based on adopted Ministry
criteria of Q200 daily flows + 0.61m freeboard and Q200 instantaneous
flows + 0.3m freeboard allowances. The table also includes the 1980
selected flood levels and the difference between the 1993 flood levels and
1980 flood levels, which have been summarized in Table 7.

5.2  White River
The original 1980 White River model contains 16 cross sections starting

at XS 57, approximately 400 metres upstream of the confluence with the
Salmon River, and extending to XS 68, a distance of about 2000 metres

12
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upstream. As was the case with the 1980 Salmon River model, the
White River models also used high "n" values for the channel and
overbank roughness characteristics to compensate for limited streamflow
and calibration data. The 1993 study calibration run was made using
the 1990 high water mark elevation at XS 57 for the starting water
surface level. This provided a good match to the observed elevations
upstream.

An additional mode]l was made using XS 25.2 on the Salmon River for
the starting cross section. The cross section was modified by removing
the bridge piers as there was no surveyed cross section immediately
upstream of the bridge. The calibrated level and corresponding flow
determined from the Salmon River - Reach 1 was used as the starting
water surface elevation. This run provided an additional check on the
calibration of the White River model as the reach is relatively short with
limited high water mark data available. It also confirmed the
calibration of the first model by allowing the use of the levels
determined from the various Salmon River models to be used as the
starting water levels. Bridge geometry provided by MOTH (Appendix
1.8) was also coded to reflect the newly constructed White River bridge
at XS 60.1, 60.2.

Updated hydrology estimates have revised the Q200 instantaneous flow
downward from the 1980 estimate of 1388 m®s to 1060 m®s. Although
there is no gauge on the White River, flow estimates are based on
Salmon River gauge observations above and below the White River. The
new Q200 daily discharge of 684 m®/s remains virtually unchanged from
the 1980 estimate (694 m%/s). As was the case in the 1980 studies, the
instantaneous "Q" provides the dominant flood levels.

As was the case in the Salmon River models, sensitivity to "n" value
increases were also undertaken to evaluate the model. Model runs were
made using the selected "n" values multiplied by factors of 1.1, 1.2, 1.3
and 1.4. The studies indicated that the 0.3m freeboard allowance was
sufficient to contain a 40% increase in "n" values up to XS 66 then the
model becomes less tolerable (Table 4).

Sensitivity to discharge changes were also investigated. These studies
indicate the model to be relatively sensitive to "Q" increases with the
1993 flood levels sufficient to withstand an increase in discharge of
about 10% (Table 5).

13
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OCEAN WATER LEVELS

The ocean water level for floodplain mapping purposes is based on the
sum of the astronomical high tide or higher high water large tide
(HHWLT), storm surge and an allowance for wave run up. Salmon Bay
is located on Johnstone Strait and is sheltered from direct exposure to
Pacific Ocean storms and therefore only exposed to local wind and waves
from the north across Johnstone Strait. An analysis of storm surge was
carried out by B.J. Holden, P. Eng. of the Flood Hazard Identification
Section (Appendix 1.6). Results of this analysis, which utilized standard
methodologies, are summarized below:

HHWLT 2.5 metres GSC
Storm Surge 1.0 metres GSC

Ocean Still Water Flood Level 3.5 metres GSC

For administrative purposes, an allowance of 0.3 metres has been added
for wind chop, wave run up and local drainage resulting in an ocean
flood level for Salmon Bay of 3.8 metres GSC.

FLOODPLAIN MAPPING
7.1 Comparison of 1980 and 1993 Flood Levels

The flood levels determined in the 1980 studies were used to delineate
the floodplain limits on the existing 1 metre contour orthophoto
mapping. The floodplain mapping for the Salmon and White Rivers,
Drawing No. A5282, Sheets 1 to 6, indicates the location of river cross
sections and survey monuments, the floodplain limits and the flood
levels determined in those studies.

The river survey data included cross section data across the entire
floodplain wherever feasible and bridge geometry for the 3 locations on
the Salmon River and 1 on the White R. In addition to the cross
sections surveys, high water mark data was obtained for the 1975 flood
and used in the assessment of flood levels during the modelling process.
Subsequently, additional road profile data was obtained from MOTH for
the new highway alignment and bridge.

The flood levels determined in the 1993 studies were used to check the
validity of those established in the 1980 study and designated under the

14
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terms of the Canada/British Columbia Floodplain Mapping Agreement.
The 1993 studies employ updated hydrology estimates, new road
alignment and new bridge data but otherwise use the original cross
section survey data as used in the 1980 studies. A field visit was made
by Mr. R.W. Nichols and the writer to the study area between July 13
and 15, 1993 to review the area prior to completing the final hydraulic
calculations concerning this project. The results of the 1993 studies
confirm the flood levels derived during the 1980 studies and indicated
on the floodplain mapping to be relatively conservative.

Analysis of the difference between the Salmon River 1993 flood levels
and the 1980 flood levels is summarized in Table 7. As indicated, the
average 1993 flood levels are 0.31 metres lower than the 1980 flood
levels over the entire study area.

For the reach of the White River below the bridge at XS 60.1, 60.2 the
flood levels are approximately 0.35 metres lower than the 1980
designated flood levels. Upstream of the bridge at XS 60.1, 60.2, the
levels are significantly lower than those adopted in the 1980 studies, in
excess of 1.5 metres in the upstream end. These lower levels are

attributable to a combination of a lower "Q" and "n" values and a
slightly more efficient bridge design.

Channel processes are ongoing in the upper reaches of the study area
(Sheets 5 & 6). Significant quantities of debris are evident throughout
this area which may serve to further compound these processes. As was
evidenced during the minor 1987 event, debris build ups may result in
temporary unexpected inundation of portions of the floodplain due to
side channel activities during relatively minor flood events (Figure 3).
Additional warning notes to the users in this area may be warranted.
A further note regarding the Memekay River Fan may also be advisable
(Sheet 6).

CONCLUSIONS

1. This review outlines the 1980 studies undertaken to produce the
floodplain mapping sheets of the Salmon and White Rivers from
tidewater to upstream of the Memekay River confluence. This
document also describes the reasons for, and the results of, the
1993 review of the floodplain mapping project based on 1990 flood
data.
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The 1993 studies indicate that the 1:200 year flood levels, as
designated on the floodplain mapping for the Salmon and White
Rivers, Drawing No. A5282, Sheets 1 to 6 from the 1980 studies
are relatively conservative.

Channel processes are active especially within the upper reaches
of the Salmon River floodplain. Inundation of the floodplain
through side channel activity can occur during minor events due
to blockages within the main channel. Sensitivity studies on the
White River, which is ungauged, indicate it to be relatively
sensitive to "Q" increases. For these reasons the conservative
flood levels determined in the 1980 studies should be retained
until the uncertainties inherent in the study area, including the
hydrology estimates, are satisfactoraly resolved.

The existing bridge on the Salmon River located at XS 20.1/20.2
is due to be replaced in the near future. When the design data is
confirmed, it should be obtained from MOTH and the cross
sections updated and modelled to determine the effects on flood
levels near this location. Approvals under Section 7 of the Water
Act which are required for bridge construction should stipulate
that no increases in flood levels will be permitted.

The Comox-Strathcona Regional District and the Hydrology
Section of the Ministry of Environment, Lands and Parks should
actively seek the cooperation of Water Survey of Canada in the
establishment of a hydrometric station on the White River.

The Planning and Standards Section, Floodplain Management
Branch, should continue to seek the cooperation of the Comox-
Strathcona Regional District in adopting floodproofing
requirements in the designated floodplain areas in Electoral Area

Ministry policy regarding minimum floodproofing requirements
should be reviewed to include the statement “buildings shall be
floodproofed to the flood level (1:200 year) or a minimum of 1
metre above the adjacent ground level, whichever is the greater”.
This will take into account overland flow conditions which may
occur due to channel blockages and topographical changes
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upstream and/or downstream of the subject property.

The Flood Damage Reduction Program should include options to
provide financial assistance to home owners (when funding
available) for floodproofing of existing homes as a viable
alternative to dyking.

Flood disaster compensation claims paid by the Provincial
Emergency Program (PEP) should stipulate and include
floodproofing of claimants residence to reduce recurring future
compensation payments.

9. RECOMMENDATIONS

1,

It is recommended that the flood levels and floodplain limits
delineated on Drawing No. A5282, Sheets 1 to 6 be retained as
shown,

The Drawings may be used for administrative purposes related
to the preparation of hazard map schedules for official plans;
floodproofing requirements in zoning and building bylaws; and
the identification of floodable lands by Subdivision Approving
Officers.

The Drawings should be modified to reflect the current
topographical conditions and the results of the 1993 review. The
changes should be duly noted in the revisions column on the
drawings.

Steve Corner
Project Technician
Flood Hazard Identification

17







.

(-

—:

!

C__:

1

[

A

3

(-

YUKON

ziﬂuf““;
o

s

N
Bin)
AR~

LY Z\K
%Y o

Charkotts
Seund

FR. RUPER o

STUDY AREA

PRINCE \
GEORGE ..

Province of British. Columbla
Ministry of Environment, Lands and Parks

WATER MANAGEMENT DIVISION

TO AGCOMPANY A REVIEW OF THE
FLOODPLAIN MAPPING
SALMON AND WHITE RIVERS

STUDY AREA LOCATION

SCALE: VERT DATE

NOT TO SCALE
HOR JUNE 1984

R.W, NICHOLS ENGINEER

FILE No, 35100-30/920-7253 .0 no.  FIGURE 1




7

| TsHEETS 1-8

II AT b e NG |
WG. NO. A5282 "~ —

A -'J,ﬁ
TREE FARM  LICENCE 7|

/ .".. i

R {

558
TL3246

\i¥se— L Al
| filszas)

B ,'.'_ 550,
S| d ek sesa "( ~)

R
LAk 752

it

R Yl

MR

.IEI!'I.'/.-T_\ ]_ . \ "':.:. : - ./I
DAL LS

Province of British Columbia
Ministry of Environment, Lands and Parks
WATER MANAGEMENT DIVISION

TO ACCOMPANY A REVIEW OF THE
FLOODPLAIN MAPPING
SALMON AND WHITE RIVERS
KEY MAP

AN CAL 167

SCALE  VERT i s e aanassssssnsnnnns

HOR oo asassnssssssssmnmsnnasessosasssnsrszs

DATE

... .RW.NICHOLS  ninkee

00,000 JUNE 1984

e R JFlaunRe2 ...

FILE No....0. . DWG No...




FMW S NIH| @EAT1 00T UVIA 0023 'SA STHAST GO0 HONW VM

HINOND  STOHON ‘MY ONILOId30 NOWLO3S SSOHO NIVIJA00Td TVOIdAL Hyed pue spur|

SY3AAIY JLHM OGNV NOWIVS Yweunosaug 10 ASSuM

rea v FIVOS OL 10N HOH ZHL HOJd ONJJVN NYIG00H . BIQUN0D YSUE JO SOUAOL]
aiva (AN SVOS 3L SO MIAIY ¥ ANVINOY OL

UOPOSS 501 Gu U PEASKIE 058 steas] pooy fenbe ‘pojepuy Aeroduod 9
ueidpooy ol ewo  “AudusBodo} ey jo souspeloBIRY oyl Lo Bupusdep Jueas seed 00Z1
ey O} pooy Joupu ey} woll (eacqe sB) WEdPOo) GY) SSOR SOlRA 0S| JPAY POOY BYL ¢

UOHIPUOD pooy J0URU L Jepun Moy ou Buaey se pejoidop St € BwIeYD Podd
‘spooy sounu Bupng SUOIPUCD NI, uo Dupuedep eapde eq Jou Aew o Aew spuuryd eseul
SUDRIPUOD POOY JOUNL! JBPUN |BLABYD Urews ey} wol pelesedes Areoidhl e spuseyd poold 1

NYIHLSIN

7

ENNVHO NIVIV G2LYI0T IHVIN
_ _ STEANNVHO GO0
rELLVM @
e S W= TV
R -M\&\ e s R (A Ca SN
smgau ¢ Iq //&\.//I/\//V\\\II/I\\- I...::“-:... ‘.ﬂl_\ \\-
BAT1 000 HONK e 03 = 7 veseu €0 = : S
|~ « .
A
| Y
AT 000 HA 0023 %




TABLES




—1 [

.}

TABLE 1

SALMON.XLS

Salmon and White Rivers - 1993 Study Nov. 11, 1990 Event
"Q" Based on Unit Runoff Estimates Q = 1560 cms at Gauge 08HD006 {instantaneous})
Summary of Drainage Basins
Calibration Run
Area # [Name Area in km2 |Total Area | Unit Runoff | Computed Q| X-Sec
(L/'SAkm2)
1 |Upper Salmon River 112.85 112,85
(Headwaters to above Grilse Cr.
2 |Grilse Creek 105.19 218.04 977 233
3 |Grilse Creek to Gauge 08HD015 5208 |270.12(1) 1067 288
4 [Gauge 08HDO15 10 08HDOO7 15936 |429.48(2) 1067 459*
5 iGauge 08HD0O7 to above Memekay 11.01 440.49 1067 469 89
6 [Memekay River Basin & Saimon R. 211.21 651.7 1040 677 88
at Gauge 08HD007
7 |Big Tree Creek Basin 68.83 720.53 1025 738 86
Foort Farm 749 1025 768"
8 |Big Tree Cr. to above D'Alrymple Cr. 438 7684.43 1025 783 47
g |D'Alrymple Creek Basin 37.52 801.95 1025 822 46
10 |Unnamed Creek Basin 10.67 812.62 1025 833 39
11 |Unnamed Creek Basin 11.47 824.09 1025 845 34
12 Stowe Creek Basin 19.21 8433 1023 863 33
13 |Stowe Creek to above Gauge 08HD006 4.61 847.91 1023 869 26
14 [White River Basin and Salmon R. at 357.95 |1205.86 (3) 1293 1560* 25
Gauge 08HD00S
15 |Gauge 08HDO006 to above Springer Cr. 60.73 1266.59 1283 1638 17
17 |Unnamed Cr. Basin 17.02
16 & 17|Unnamed & Springer Cr. Basin 27.21 1293.8 1293 1673 10
18 |Unnamed Cr. Basin 19.73 1313.53 1293 1699 1
NOTE:[(1) W.S.C. Published Area - 269 km2
(2) W.S.C. Published Area - 448 km2 *Hydrology Estimate (July 23, 1992)
(3) W.S.C. Published Area - 1200 km2 **Hydrology Median Estimate {July 23, 1992)
Page1: 6/7/94 10:40 AM
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TABLE 1

SALMON.XLS

Salmon and White Rivers - 1993 Study 1:200 year Daily
"Q" Based on D.A. Ratio to Gauge 08HD00G {D.A. 1206 km2) |
Summary of Drainage Basins Q = 1970 cms at Gauge 08HDO06
Area # |Name Areain km2!Total Area | Unit runoff [ Computed Q X-Sec
{L/S/km2)
1 |Upper Salmon River 112.85 112.85
{Headwaters to above Grilse Cr.
2 |Grilse Creek 105.19 218.04
3 |Grilse Creek to Gauge 08HDO15 52.08 270.12 (1)
4 |Gauge 08HDO15 to 08HDOG7 159.36 | 429.48 (2} 1169 503"
5 |Gauge 08HDOO7 to above Memekay 11.01 440.49 1169 514 89
6 |Memekay River Basin & Salmon R. 211.21 651.7 1364 888 a8
at Gauge 08HD007
7 _|Big Tree Creek Basin 68.83 720.53 1455 1047 86
Foort Farm 749 1455 1090* 77
8 |Big Tree Cr. to above D'Airymple Cr. 43.9 764.43 1455 1112 47
9 (D'Alrymple Creek Basin 37.52 801.95 1455 1165 46
10 |Unnamed Creek Basin 10.67 812,62 1455 1181 39
11 |Unnamed Creek Basin 11.47 824.09 1455 1199 <
12 |Stowe Creek Basin 19.21 843.3 1455 1226 33
13 |Stowe Creek to above Gauge 08HD006 4.61 847.91 1455 1232 26
14 |White River Basin and Salmon R. at 357.95 |1205.86 {(3) 1635 1970* 25
Gauge 08HDO0E
15  {Gauge 08HDOOS to above Springer Cr. 60.73 1266.59 1635 2070 17
17 |Unnamed Cr. Basin 17.02
16 & 17|Unnamed & Springer Cr. Basin 27.21 1293.8 1635 2116 10
18 [Unnamed Cr. Basin 19.73 1313.53 1636 2146 1
NOTE:| (1) W.S.C. Published Area - 269 km2
{2) W.S.C. Publigshed Area - 448 km2
{3} W.S.C. Published Area - 1200 km2
*Hydrology Estimate (July 23, 1992)
Page 2 6/7/94 10:40 AM
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TABLE 1

Salmon and White Rivers - 1993 Study 1:200 year Instantaneous
Q" Based on Unit Runoff Estimates | I
Summary of Drainage Basins Q =2140 cms at Gauge 08HD006
Area # [Name Area in km2 |Total Area | Unit Runoff [ Computed Q| X-Sec
(L/Skm2)
1 |Upper Salmon River 112.85 112.85 1904
{Headwaters to above Grilse Cr. ‘
2 |Grilse Creek 105.19 218.04 1904
3 |Grilse Creek to Gauge 08HDO015 52.08 27012 (1) 1904
4 |Gauge 08HDO015 to 08HDO07 15936 [429.48(2) 1804 819"
5 [Gauge 08HD007 to above Memekay 11.01 440.49 1904 840 89
6 |Memekay River Basin & Salmon R. 211.21 651.7 1826 1190 88
at Gauge 08HD007
7 |Big Tree Creek Basin 68.83 720.53 1789 1288 86
Foort Farm 749 1789 1340° 77
8 [Big Tree Cr. to above D'Alrymple Cr. 43.9 764.43 1789 1366 47
9 |DAlrymple Creek Basin 37.52 801.95 1789 1433 46
10 |Unnamed Creek Basin 10.67 812.62 1789 1452 39
11 |Unnamed Creck Basin 11.47 824.09 1789 1474 34
12 |Stowe Creek Basin 16.21 843.3 1789 1508 33
13 [Stowe Creek to above Gauge 08HD006 4.61 847.91 1789 1515 26
14 [White River Basin and Salmon R. at 357.95 |1205.86 (3) 1774 2140" 25
Gauge 08HDO006
15 [Gauge 08HD006 to above Springer Cr. 60.73 1266.59 1774 2244 17
17 _|Unnamed Cr. Basin 17.02
16 & 17|Unnamed & Springer Cr. Basin 27.21 1203.8 1774 2254 10
18 |Unnamed Cr. Basin 19.73 1313.53 1774 2329 1
NOTE:|(1) W.S.C. Published Area - 269 km2
(2) W.S.C. Published Area - 448 km2
{3) W.S.C. Published Area - 1200 km2
*Hydrology Estimate (July 23, 1992)
SALMON Page 3 6/7/94 10:40 AM
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TABLE 1

Salmon and White Rivers - 1993 Study 1:20 year Daily
"Q" Based on D.A. Ratio to Gauge 08HD006 (D.A. 1206 km2) i
Summary of Drainage Basins Q = 1350 cms at Gauge 08HD006
Area # |Name Area in km2 |Total Area | Unit runoff | Computed Qi X-Sec
. {L/'S/Kkm2)
1 [Upper Salmon River 112.85 112.85
{Headwaters to above Grilse Cr.
2 |Grilse Creek 105.19 218.04
3__|Grilse Creek to Gauge 08HDO15 5208 |270.12(1)
4 _|Gauge 08HDO015 to 08HDOO7 150.36 | 429.48 (2) 875 376"
5 |Gauge 08HDOO7 to above Memekay 11.01 440.49 875 385 89
6 [Memekay River Basin & Salmon R, 211.21 651.7 988 643 33
at Gauge 08HD007
7 |Big Tree Creek Basin 68.83 720.53 1024 737 86
Foort Farm 749 1024 767" 77
8 _|Big Tree Cr. to above D'Alrymple Cr. 43.9 764.43 1024 782 47
9 |D'Alrymple Creek Basin 37.52 801.95 1024 820 46
10 |Unnamed Creek Basin 10.67 812.62 1024 831 39
11 |Unnamed Creek Basin 11.47 $824.09 1024 843 34
12 |Stowe Creek Basin 19.21 843.3 1024 863 33
13 |Stowe Creek to above Gauge 08HD006 4.61 847.91 1024 867 26
14 |White River Basin and Salmon R. at 357.95 [1205.86 (3) 1120 1350* 25
Gauge 08HDQ06
15 |Gauge 08HDOO6 to above Springer Cr, 60.73 1266.59 1120 1422 17
17 [Unnamed Cr. Basin 17.02
16 & 17|Unnamed & Springer Cr. Basin 27.21 1293.8 1120 1448 10
18 |Unnamed Cr. Basin 19.73 1313.53 1120 1470 1
NOTE:| (1) W.S.C. Published Area - 269 km2
{2) W.S.C. Published Area - 448 km2
{3) W.S.C. Published Area - 1200 km2
“Hydrology Estimate (July 23, 1992)
SALMON.XLS Page 4 6/7/94 10:40 AM
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TABLE 1

Salmon and White Rivers - 1993 Study 1:20 year Instantaneous
*Q" Based on Unit Runoff Estimates | |
Summary of Drainage Basins Q =1480 cms at Gauge 08HD006 _
Area # [Name Area in km2 |Total Area | Unit runoff | Computed Q| X-Sec
(L/S/km2)
1 [Upper Salmon River 112.85 112.85
{Headwaters to above Grilse Cr,
2 [Grilse Creek 105.19 218.04
3 Grilse Creek to Gauge 08HDO15 52.08 270,12 (1) 1399 316
4 |Gauge 08HD015 1o 08HD0O07 159.36 | 429.48 (2} 1399 601"
5 |Gauge 08HD00O7 to above Memekay 11.01 440.49 1399 615 89
6 [Memekay River Basin & Salmon R. 211.21 651.7 1312 855 88
at Gauge 08HDOO7
7__|Big Tree Creek Basin 68.83 720.53 1272 916 86
Foort Farm 749 1272 953" 77
8 |Big Tree Cr. to above D'Alrymple Cr, 43.9 764.43 1272 971 47
9 [D'Airymple Creek Basin 37.52 801.95 1272 1019 46
10 jUnnamed Creek Basin 10.67 812.62 1272 1032 39
11 |[Unnamed Creek Basin 11.47 824.09 1272 1048 34
12 |Stowe Creek Basin 19.21 843.3 1272 1072 33
13 [Stowe Creek to above Gauge 08HDQ06 4.61 847 1272 1077 26
14 |White River Basin and Salmon R. at 35795 [|1205.86 (3) 1228 1480 25
Gauge 08HD008
15 [Gauge 08HD006 to above Springer Cr. 60.73 1266.59 1228 1610 17
17 [Unnamed Cr. Basin 17.02
16 & 17|Unnamed & Springer Cr. Basin 27.21 1293.8 1228 1645 10
18 |Unnamed Cr. Basin 18.73 1313.53 1228 1670 1
NOTE:{(1) W.S.C. Published Area - 269 km2
{2) W.S.C. Published Area - 448 km2
(3) W.S.C. Published Area - 1200 km2
*Hydrology Estimate (July 23, 1992)
SALMON.XLS Page 5 6/7/94 10:40 AM
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High Water Mark Elevations
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TABLE 2

SALMON AND WHITE RIVERS - 1990 FLOODING

PRELIMINARY ASSESSMENT - MARCH 1991 T
BIGH WATER MARK ELEVATIONS - DWG A5282 SHEET 1
HWM# | DATE | 1990 | 1975 | 200 YEAR]| DIFF TG |20 YEAR |COMMENTS
FLEV | FLEV | FCL [ FCL | FCL
58 449 | 53 4.7
90/11/11] 5.156 AS IDENTIFIED BY LANDOWNER
90/11/23] 4,961 NG ViSUAL IDENTIFICATION FOUND
58A | NEW | 4.454 IDENTIFIED 90/12/04
NEW | 4.229 | -
NEW | 4.013 -
36 [oo/M/| 4326 (363D 50 | -07 | 44
HIGH WATER MARK ELEVATIONS - DWG A5252 SHEET 2
13 [90/1/11]_4.849 59 | 11 | 63
12 [90/1/11] 5.433 6.1 07 | 55
12A_[90/10/25] 4.685 6.1 55
1 |90/10/25] 541 | 5181 | 62 | =08 | 56
10A__|90/10/25] 4178 5.9 53
10A | NEW | 4507 59 5.3 |IDENTIFIED 90/12/04
10__[90/11/11] 5.419 59 53
34__[90/1/11] 4982 6.1 55
35 |90/10/11] 5775 |667 (| 7.2 | -1.4
36 |90/11/23] 6.321
35 [90/12/04] 4.92
14__[90/11/11] 5929 56 | 07 | 60
14__|90/10/25] 5,137 6.6 60 |DEBRIS JAM AT BRIDGE PLATFORM
14__90/12/04] 4.369 64 6.0
17__[90/11/11] 6058 | 624 | 68 | 07 | 64
16__[90/1/11 NOT SURVEYED
15__|90/11/11] 6.908° 70 | 01 | 64 |OVERLAND FLOW
16 [90/11/11] 6,596 8.1 25 | 74
19 [90/1/11] 7.439 80 | 06 | 73
19A_[90/1/11] 7.442 78 | 04 | 7.1
19A_ [90/11/23] 7.212 7.8 A
20 |90/11/23] 7212 | 78 | 78 | 10 | 7.1
20A | NEW | 7.297 8.7 8.0__|IDENTIFIED 90/12/04
51°_[90/1/11] 7929 | 7.86 | 93 | -14 | 8.6 [SEENOTES
21 | NEW | 7.571 9.3 8.6 |IDENTIFIED 90/12/04
22 [90/11/11] 8.135 55 | 14 | 86
23 190/1/N| 7912 85 | 99 | -19 | 9.3 |SEENOTES
24 190/1\/11] 9513 | 9.42 | 104 | 09 | 98
25 190/11/11] 10,049 | 1056 | 113 | -13 | 107
95A _[90/11/11] 10.086 N3 | 13 | 107
25A_ ko/12/047 9577
26 NOT SURVEYED
26A | _NEW | 9.662 IDENTIFIED 90/12/04
HIGH WATER MARK ELEVATIONS - DWG A5282 SHEET 3
HWM # | DAIE | 1990 | 1975 | 200 YEAR| DIFF 1O |20 YEAR [COMMENTS
29 [90/1)/11] 10372 | 1064 | 128 | -23 | 122
29 [90/11/23] 10.105
29 [90/12/04] 9.834
20 | _NEW | 10,363 IDENTIFIED 90/12/04

Page 1
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TABLE 2

HIGH WATER MARK ELEVATIONS - DWG A5282 SHEET 3
HWM # | DATE 1990 | 1975 | 200 YEAR|DIFF TO {20 YEAR | COMMENTS
[ 29A 190/11/11] 10.54] 12.8 2.3 12.2
298 [90/11/11] 9.991 12.9 123
20C  |90/11/11] 10.492 13.0 12.4
27 [90/11/11] 12,466 13.9 -1.4 13.1
28 |90/11/11[ 13,226 | 13.1¢ 14.0 -0.8 13.2
30  190/11/11] 14673 | 14.6 16.5 -1.9 159
30A  |90/12/04} 13.1N 14.1 13.3
31 |90/11/11] 15,55 16,9 -1.3 16.3
31A NEW | 15.467 17.0 -1.5 16.4
31B | 90/12/04] 17.695 18.3 17.5
32 190/11/11) 14.871 16.6 -1.7 16.0
32 NEW | 15234 16.6 16.0
32A  |90/12/04| 15.186 16.6 -14 160
33 [90/11/101 16,309 18.0 -1.7 17.2
52 |90/11/11[ 17,611 19.4 -1.7 18.5
52A | 90/10/25] 15.731
53 | 90/11/11) 18,476 20.0 -1.5 19.0
50 19011/ NOT SURVEYED
54 |90/11/11} 18.683
54A  [90/11/11] 18.587 DATA PROVIDED BY LANDOWNER
54A | 90/11/23] 18,464 DATA PROVIDED BY LANDOWNER
544, | 90/12/04| 18.236 DATA PROVIDED BY LANDOWNER
S54A, 1975 | 18.707 DATA PROVIDED BY LANDOWNER
51 90/11/11
46 |90/11/11| 17978 | 18.623| 203 2.3 19.3 |DISTURBED
46 [90/11/23] 18,165 203 19.3
45 |90/12/04| 18,531 203 19.3
464, NEW 18.56 204 19.4
57  [90/11/11) 17.872 | 17.687 9.1 -1.5 18.5
56 |90/11/11] 17.99 | 17.648 198.56 -1.6 19.0
56A, | 90/10/25(16,547" 19.6 19.0  {DISTURBED
47  [90/11/11] 18.914 21.0 -1.2 20.1
47 190/12/04| 18.732 21.0 20.1
47  190/10/25] 18.784" 21.0 20.1 [DISTURBED
A7A  [90/12/04% 18.666 20.8 20.0
55 [90/11/11]23.1490) 20.48* | 23.] 0.0 2.1 _
HIGH WATER MARK ELEVATIONS - DWG A5282 SHEET 4
49 [90/11/11] 18.989 20.4 -1.4 19.4
45A NEW {18.872 20.8 19.8  |IDENTIFIED 90/12/04
45A NEW | 18.5651 IDENTIFIED 90/12/04
45 [90/11/11] 22137 23.8 -1.7 23.2
44  190/11/11] 22.237 24.8 -2.6 24.3
HIGH WATER MARK ELEVATIONS - DWG A5282 SHEET §
HWM # | DATE 1990 | 1975 [200 YEAR|DIFF TO {20 YEAR ;COMMENTS
43 1901111 23.94 25.8 -1.9 253
42 [90/11/11) 26,703 285 -1.8 28.1
41 Q0/11/11] 26,848 28.6 -1.8 28.2
a8 [9011/11] 2918 30.3 -1.1 300
37 [90/11/11] 28,515 30.6 -2.1 30.3
A0 190/11/111 30.386 31.15 0.8 30.85
39 190/11/11] 30.229 31.25 -1.0 30.95
7 90/11/11] 31.188 32.5 -1.3 3215
Page 2
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TABLE 2

HIGH WATER MARK ELEVATIONS - DWG A5282 SHEET S

HWM #

DATE 1990

1975 | 200 YEAR[DIFF TO

20 YEAR |COMMENTS

48A

NEW | 31181

33.0

32.7 {IDENTIFIED 90/12/04

48

90/11/111 31.497

33.256 -1.8

32,95

{3

48

NEW | 31,181

33,25

32.95_|IDENTIFIED $0/12/04

1

20/11/11

NEW | 33.69

35.6

35,3 |IDENTIFIED 90/12/04

NEW | 33.663

386

35.3 |IDENTIFIED 20/12/04

S |

[

90/11/11) 34.374

34.1 -1.7

35.8

NEW__| 34.28]

36.1

35.8 {IDENTFIED 90/12/04

90/11/11] 35.189

36,5 -13

36.2

i

Lo | B | ot | e

90/11/11] 35.761

37.5 -1.7

37.2

HIG

e o

WATER MARK ELEVATIONS -

DWG A5282 SHEET é

L]

Q0/11/11]| 35,986

3%.0 -3.0

38.7

NEW | 36.36

IDENTIFIED 90/12/04

1

90/11/11]| 39.852

41.6 -1.7

41,3

|

D A

GONE

DESTROVYED BY LATER EVENT

NEW | 42.521

434

43.1_|IDENTIFIED 90/12/04

GONE

DESTROYED BY LATER EVENT

0 O | 0e |00 O | th N

NEW | 42,67

43.4

43,1 |IDENTIFIED 90/12/04

[ I——

{

NOTES: G

ENERAL

v

J—

I

L1

i L

D

A HIGH WATER MARK NUMBER FOLLOWED BY "NEW" INDICATES AN ELEVATION

IDENTIFIED AT THE SAME LOCATION AS THE NOVEMBER 11, 1990 EVENT BUT

THE DATE QF OCC

URRENCE IS NOT KNOWN

2)

A HIGH WATER MARK NUMBER FOLLOWED BY A", 'B*, OR "C" INDICATES AN

ELEVATION IN THE GENERAL LOCATION OF THE

ORIGINALLY IDENTIFIED

H.W.M. AND HAS BEEN VERIFIED AS OCCURRING ON NOVEMBER 11, 1990
UNLESS FOLLOWED BY "NEW" '

3

A HIGH WATER MARK ELEVATION FOLLOWED BY (1) INDICATES THE POINT

AS BEING INDEFINITE AND THE ELEVATION MAY NOT BE REUABLE

I

L)

A HIGH WATER MARK ELEVATION FOLLOWED BY "D* INDICATES THAT THE

IDENTIFICATION PQINT HAS BEEN DISTRUBED AND THEREFORE THE

ELEVATION GIVEN

MAY BE INACCURATE

NOTES: SPECIFIC

HWM 15

FLOW AT THIS LOCATION WAS OBSERVED TO BE OVERLAND FROM

THE SOUTHEAST AND FLOWING TOWARDS THE RIVER, THEREFORE THIS

ELEVATION MAY NOT BE IDICATVE OF THE RIVER LEVEL AT THIS LOCATION

SEE H.W.M. 17 FOR A MORE REPRESENTATIVE ELEVATION

I I I

HWM 21

H.W.M. AT THIS LOCATION WAS REPORTED BY LOCAL RESIDENTS AS BEING

1 FOOT ABOVE THE ROAD LEVEL, NO VISUAL VERIFICATION COULD BE OBTAINED.

ELEVATION GIVEN IS C/L. OF ROAD P

LUS 0.33 METRES

HWM 22

ANGCMALY AT THIS LOCATION MAY BE ATTRIBUTABLE TO FLOW FROM SPRINGER

I

CREEK AS DEBRIS JAMMING AT THE BRIDGE WAS EXPERIENCED
I I

HWM 46

THE REFERENCE STAKE WAS REMOVED BY THE RESIDENT THEREFORE THE

ELEVATION MAY BE ERONEQUS. H.W.M. FOR THE 90/11/23 AND 90/12/04 WERE

PROVIDED BY THE RESIDENT HOWEVER THERE WAS SOME CONFUSION AS TO

WHICH DATE APPUED TO WHICH MARK

Page 3
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NOTES: SPECIFIC (cont) | I

TzlﬁxBLllE 2

HWM 55 THE LOCATION (RIGHT BANK UPSTREAM SIDE OF THE BRIDGE) DIFFERS FROM
THE 1975 LOCATION (LEFT BANK DOWNSTREAM OF THE BRIDGE) BECAUSE OF
DEBRIS RiGMOVAL AT THE 1975 LOCATION DURING THE 1990 EVENTS
I
HWM 37 THE H.W.M. AT THIS LOCATION MAY BE RELATED TO TRIBUTARY FLOW AND NOT
SALMON RIVER Fll.OW
I
HWM 3¢ THE HW.M. IS LOICATED IN SIDE CHAIIINEL UPSTREAM OF THE QUTLET TQ SALMON R.
I I I
HWM 40 THE H.W.M. IS LOCATED ON THE QUTSIDE BEND OF THE SALMON RIVER LEFT
BANK MT\IN CHANNEL :
I
HWM 7 THE H.W.M. IS LOCATED 25m UPSTREAM OF THE UPSTREAM CORNER OF THE

ELECTRICAL BUILDING. RELATIVE F.C.L. DERIVED FROM BUILDING LOCATION

ESTABLISHED BY B. SCHUBERT OCTOBER 16, 1990

Page 4




] Table 3

Comparison of 1993 Flood Levels
with 1980 Flood Levels
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Table 4

Sensitivity to "'n" Value Increases
Salmon River (Pages 1 to 11)

White River (Pages 12 to 13)
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TABLE 4
SALMON RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNO] 'n | CWSEL| @ FLOOD LEVEL CWSEL | @
DAILY DAILY | INST 1980 INST
0.1 0032 | 290 | 2146 | 3.5 330 | 4.0 290 | 2329.00
0.1 0035 | 290 | 2146 2.90 | 2329.00
0.1 0038 | 290 | 2146 290 | 2329.00
0. 0042 | 290 | 2146 290 | 2320.00
0.1 0045 | 290 | 2146 290 | 2329.00
1 0032 | 426 | 2146 | 4.87 470 | 484 440 | 2329.00
i 0035 | 4.42 2146 - 456 | 2329.00
1 0038 | 456 | 2146 470 | 2329.00
i 0.042 | 449 2146 484 | 2329.00
1 0045 | 482 2144 497 | 232900
2 0032 | 461 2146 | 5.22 5.04 5.30 474 | 2329.00
2 0035 | 478 2146 492 | 2329.00
2 0038 | 493 | 2146 508 | 2329.00
2 0042 | 507 2146 523 | 2329.00
2 0045 | 521 2146 537 | 2329.00
3 0032 | 535 | 2146 | 596 | 580 | 584 550 | 2329.00
3 0035 | 553 2146 569 | 2329.00
3 0038 | 570 | 2146 585 | 2329.00
3 0042 | 585 | 2146 601 | 2329.00
3 0045 | 600 | 2146 6.16 | 2329.00
4 0035 | 541 2146 | 602 | 586 587 556 | 2329.00
4 0039 | 558 2146 574 | 2329.00
4 0042 | 574 | 2146 590 | 2329.00
4 0.046 | 589 2146 606 | 2329.00
4 0.049 | 604 2146 621 | 2329.00
2. 0035 | 528 2146 | 5.89 | 572 6.06 542 | 2329.00
4. 0039 | 547 2146 562 | 2329.00
4, 0042 | 565 2146 579 | 2329.00
4.1 0046 | 581 2146 597 | 2329.00
2.1 0049 | 597 2146 513 | 2329.00
42 0035 | 531 2146 | 5.92 575 6.06 545 | 2329.00
4.2 0039 | 550 | 2146 565 | 2329.00
47 0042 | 567 2146 5.82 | 2329.00
49 0046 | 583 2146 600 | 2329.00
4.2 0049 | 599 | 2146 5,16 | 2329.00
5 0035 | 549 | 2146 | 6.10 596 5.03 566 | 2329.00
5 0039 | 566 | 2146 582 | 2329.00
5 0042 | 581 2146 598 | 2329.00
5 0,046 | 596 | 2146 5,13 | 2329.00
5 0049 | 610 | 2146 627 | 2329.00
1SALMLNIXLS Page 1 1/26/94 10:36 AM
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TABLE 4

1SALMLNIXLS

SALMON RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNO n* CWSEL | @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
6 0.035 5.52 2146 6.13 5.99 6.01 569 | 2329.00
b 0.039 5.70 2146 5.87 | 2329.00
b 0.042 5.87 21464 604 | 2329.00
b 0.046 603 2146 6.20 | 2329.00
I 0.049 4.18 2146 6.36 | 2329.00
7 0.035 6.26 2146 6.87 6.74 7.54 644 | 2329.00
7 0.039 6.46 2146 665 | 2329.00
7 0.042 6.66 2146 685 | 2329.00
7 0.046 6.84 2146 7.03 | 2329.00
7 0,049 7.02 2146 721 | 232900
8 0,035 6.84 2146 7.45 7.36 8.11 7.06 | 2329.00
8 0.039 7.04 2146 7.26 | 2329.00
8 0,042 7.23 2146 7.46 | 2329.00
8 0.046 7.41 2146 7.64 | 232900 |
8 0.04% 7.58 2146 7.80 | 2329.00
0 0.035 7.17 2146 7.78 7.69 8.61 7.39 | 2329.00
9 0.039 7.39 2146 7.61 | 2329.00
9 0.042 7.59 2146 7.81 | 232900
9 0.046 7.78 2146 800 | 2329.00
9 0.049 7.96 2146 8.17 | 2329.00
10 0.035 7.72 2116 8.33 8.21 9.07 7.91 | 229400
10 0.039 7.90 2116 8.10 | 2294.00
10 0.042 8.08 2116 828 | 2294.00
10 0.046 8.25 2116 8.45 | 2294.00
10 0.049 8.41 2116 8.61 | 229400
N 0.035 8.12 2116 8.73 8.60 9.55 8.30 | 2294.00
N 0.039 8.32 2116 8.50 | 229400
1 0.042 8.50 2116 8.69 | 2294.00
1 0.046 8.67 2116 8.87 | 2294.00
N 0.049 8.84 2116 9.03 | 229400
12 0.035 8.50 2116 9.11 8.96 9.96 8.66 | 2294.00
12 0.039 8.74 2116 891 | 2294.00
12 0.042 8.95 2116 9.12 | 2294.00
12 0.046 .14 2116 9.32 | 2294.00
12 0,049 9.3] 2116 949 | 2294.00
13 0.035 9.63 2116 10.24 1006 | 10.64 0.76 | 2294.00
13 0,039 9.73 2116 0.87 | 2294.00
13 0.042 9.85 2116 1000 | 2294.00
13 0.046 9.08 2116 10.14 | 2294.00
13 0.049 10.11 2116 1027 | 2294.00
Page 2 1/26/94 10:36 AM
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TABLE 4

SALMON RIVER - SENSITIVITY TO "n* VALUE INCREASES
SECNO n' CWSEL| @ FLOOD LEVEL CWSEL | @
DAILY DAILY INST 1980 INST
14 0.035 9.82 2116 10.43 10.25 11.09 9.95 [ 2294.00
14 0.039 10.00 2116 1015 | 2294.00
14 0042 | 10.18 2116 10.34 | 2294.00
14 0.046 10.35 2116 1051 | 2294.00
14 0.049 10.51 2116 10.68 | 2294.00
15 0.035 10.69 2116 11.30 11.16 11.91 10.86 | 2294.00
1% 0.039 10.83 2116 : 10.98 | 2294.00
15 0.042 10.96 2116 1101 [ 2294.00
15 0.044 11.09 2116 11.24 | 2294.00
15 0.049 11.2] 2116 11.37 | 2294.00
16 0.035 11.44 2116 12.05 11.89 12.57 11.59 | 2294.00
16 0.039 11.58 2116 11,72 | 2204.00
16 0.042 11.71 2116 11.86 | 2294.00
16 0.046 11.84 2116 11.99 | 2294.00
16 0.049 11.97 2116 12.12 | 2294.00
17 0.035 11.97 2070 12.58 124] 13.09 1211 | 224400
17 0.039 12.13 2070 12.27 | 2244.00
17 0.042 12.27 2070 1242 | 2244.00
17 0.046 12.41 2070 12.56 | 2244.00
17 0.049 12.54 2070 1269 | 2244.00
18 0.035 12.62 2070 13.23 13.05 13.54 1275 [ 2244.00
18 0.039 12.76 2070 12.89 | 224400
18 0.042 12.89 2070 13.03 | 2244.00
18 0.046 13.01 2070 13.16 | 2244.00
18 0.049 13.14 2070 13.29 | 224400
19 0.035 12.97 2070 13.58 13.4] 13.84 13.01 | 2244.00
19 0.039 13.14 2070 13.28 | 2244.00
19 0.042 13.30 2070 13.44 | 2244.00
19 0.046 13.44 2070 13.59 | 2244.00
19 0.049 13.58 2070 13.74 | 2244.00
20 0.035 13.00 2070 13.61 13.44 1347 13.14 | 2244.00
20 0.039 13.18 2070 13.31 | 2244.00
2 0.042 13.33 2070 1348 | 2244.00
20 0.046 13.48 2070 13.63 | 2244.00
20 0.049 13.62 2070 13.78 | 2244.00
20.1 0.035 13.02 2070 13.63 13.46 13.47 13.16 | 2244.00
20.1 0.039 13.21 2070 13.35 | 2244.00
201 0.042 13.37 2070 13.54 | 2244.00
20.1 0.046 13.53 2070 13.76 | 2244.00
20.1 0.049 13.73 2070 13.92 | 2244.00
1SALMLNILXLS Poge 3 1/26/94 10:36 AM
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TABLE 4

SALMON RIVER - SENSHIVITY TO "n" VALUE INCREASES
SECNO n CWSEL | @ FLOOD LEVEL CWSEL] @
DAILY DAILY INST 1980 INST
20.2 0.035 13.12 2070 13.73 13.57 13.68 13.27 | 2244.00
20.2 0.039 13.28 2070 1343 | 2244.00
20.2 0.042 13.43 2070 13.64 | 2244.00
20.2 0.046 13.61 2070 13.81 | 2244.00
20.2 0.049 13.77 2070 13.95 | 2244.00
2] 0.035 13.12 2070 13.73 13.57 13.68 13.27 | 224400
21 0.039 13.28 2070 13.43 | 2244.00
2] 0.042 13.43 2070 13.61 | 2244.00
2] 0.046 13.59 2070 13.76 | 2244.00
21 0.049 13.73 2070 13.91 | 2244.00
22 0.035 12.98 2070 13.5% 13.43 13.84 13.13 | 2244.00
22 0.03% 13.19 2070 13.34 | 2244.00
22 0.042 13.37 2070 13.56 | 2244.00
22 0.046 13.55 2070 13.73 | 224400
22 0.049 13.71 2070 13.89 | 2244.00
23 0.035 14.48 2070 15.09 14.90 15.30 14.60 | 2244.00
23 0.039 14.64 2070 14.78 | 2244.00
23 0.042 14.81 2070 14.95 | 224400
23 0.046 14.97 2070 15,12 | 224400
23 0.049 15.12 2070 1528 | 224400
24 0.035 15.97 2070 16.58 16.45 16.58 16.15 | 2244.00
24 0.039 16.13 2070 16.31 | 2244.00
24 0.042 16,29 2070 16.47 | 2244.00
24 0.046 16.44 2070 16.62 | 2244.00
24 0.049 16.59 2070 16,77 | 2244.00
25 0.035 16.83 1970 17.44 17.29 17.77 16,99 | 2140.00
25 0.039 17.07 1970 17.23 [ 2140.00
25 0.042 17.29 1970 17.46 1 2140.00
25 0.046 17.61 1970 17.68 | 2140.00
25 0.049 17.71 1970 1789 | 2140.00
25.1 0.035 17.26 1970 17.87 17.77 17.47 | 2140.00
25.1 0.039 17.62 1970 17.74 | 2140.00
25.) 0.042 17.77 1970 17.98 | 2140.00
25.1 0.046 17.99 1970 18.22 | 2140.00
251 0.049 18.21 1970 18.44 | 2140.00
252 0.035 17.39 1970 18.00 17.93 17.63 | 2140.00
25.2 0.039 17.64 1970 17.88 | 2140.00
25.2 0.042 17.88 1970 18.12 | 2140.00
25.2 0.046 18.10 1970 18.34 | 2140.00
25.2 0049 1. 1832 | 1970 18.56 | 2140.00
1SALMLNILXLS Page 4 1/26/94 10:36 AM
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TABLE 4
SALMON RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNO n* CWSEL| @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
26 0.035 18.38 1232 1899 | 1898 | 19.39 | 1848 | 151500
26 0039 | 1840 1232 1890 | 1515.00
26 0.042 18.80 1232 19.11 | 1515.00
26 0.046 18.99 1232 1931 | 1515.00
26 0.049 19.19 1232 19.50 | 1515.00
27 0.035 | 18.39 1232 1900 | 1899 | 19.41 18.69 | 1515.00
27 0039 | 1861 1232 1891 | 1515.00
27 0.042 18.81 1232 19.12 | 1515.00
27 0.046 19.02 1232 19.33 [ 151500
27 0.049 19.21 1232 1953 | 1515.00
27.1 0.035 18.52 1232 19.13 1917 | 19.45 18.87 | 1515.00
27.1 0.039 18.73 1232 1908 | 1515.00
27.1 0.042 18.93 1232 1928 | 1515.00
27.1 0.046 19.12 1232 19.47 | 1515.00
27.1 0.049 19.31 1232 1966 | 1515.00
27.2 0.035 18.57 1232 1918 | 19.23 | 19.49 18.93 | 1515.00
27.2 0.039 18.77 1232 19.13 | 1515.00
27.2 0.042 18.96 1232 1233 [ 1515.00
27.2 0.046 19.16 1232 19.52 | 1515.00
27.2 0.049 19.34 1232 19.70 | 151500
28 0.040 18.32 1232 18.93 1887 | 19.28 1857 | 1515.00
28 0.044 18.53 1232 1879 | 151500
28 0.048 18.74 1232 1901 | 1515.00
28 0.052 18.94 1232 1922 [ 151500
28 0.056 19.14 1232 19.42 | 151500
29 0.040 18.58 1232 19.19 | 1924 | 19.60 | 1894 | 151500
20 0.044 18.79 1232 19.15 | 1515.00
29 0.048 18.99 1232 1935 | 1515.00
2 0.052 19.18 1232 19.55 | 1515.00
29 0.056 19.37 1232 19.74 | 1515.00
30 0.040 18.88 1232 1949 | 19.64 | 20.04 19.34 | 151500
30 0.044 19.10 1232 1955 | 1515.00
30 0.048 19.30 1232 1976 | 1515.00
30 0.052 |.1950 1232 1997 | 1515.00
30 0.056 |\19.70 1232 20.17 | 1515.00
31 0.040 19.02 1232 1963 | 19.79 | 20.24 19.49 | 1515.00
31 0.044 19.24 1232 19.72 | 1515.00
31 0.048 19.45 1232 19.94 | 1515.00
3] 0.052 19.66 1232 20.15 | 151500
31 0,056 19.86 1232 2036 | 151500
1SALMLNIXLS Page 5 1/26/94 10:36 AM
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TABLE 4

SALMON RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNGQ n' CWSEL | @ FLOOD LEVEL CWSEL! @
DAILY DAILY INST 1980 INST
32 0.040 19.16 1232 19.77 19.96 | 20.42 19.66 | 1515.00
32 0.044 19.38 1232 19.88 [ 1515.00
32 0.048 19.59 1232 20.10 | 1515.00
32 0.052 19.80 1232 20.31 | 1515.00
32 0056 | 2000 1232 20.52 | 1515.00
33 0.040 19.20 1226 19.81 20,00 | 20.49 19.70 | 1508.00
33 0.044 19.42 1226 - 19.93 | 1508.00
33 0.048 19.63 1226 20,15 | 1508.00
33 0.052 19.84 1226 20.36 | 1508.00
33 0.056 | 2005 1226 20.57 | 1508.00
34 0.040 19.24 1199 19.85 | 20.04 | 2057 19.74 | 147400
34 0.044 19.46 1199 19.97 | 1474.00
34 0.048 19.67 1199 20,19 | 1474.00
34 0.052 1989 | 1199 2040 | 1474.00
34 0.056 | 2009 1199 20.61 | 1474.00
35 0.040 19.28 1199 1980 | 20.09 | 20.65 19.79 | 147400
35 0.044 19.51 1199 2001 | 147400
35 0.048 19.72 1199 2024 | 147400
35 0.052 19.03 1199 2045 | 1474.00
35 0056 | 2013 1199 20.66 | 1474.00
36 0.040 19.38 1199 1999 | 2018 | 20.75 19.88 | 1474.00
36 0.044 19.40 1199 2011 | 147400
36 0.048 19.82 1199 2033 | 1474.00
36 0052 | 2003 1199 2055 | 1474.00
36 0056 | 2023 1199 20.76 | 1474.00
37 0.040 19.44 199 2005 | 2024 | 2034 19.94 | 1474.00
37 0.044 19.66 1199 2017 | 1474.00
37 0.048 19.87 1199 20.39 | 147400
37 0052 | 20.08 1199 2060 | 1474.00
37 0056 | 2028 1199 20.81 | 1474.00
38 0.040 19.54 1199 2015 | 2033 | 20.97 | 2003 | 1474.00
38 0.044 19.76 1199 2026 | 1474.00
38 0.048 19.97 1199 2048 | 1474.00
38 0052 | 2018 1199 2069 | 147400
38 0056 | 2037 1199 20.90 | 147400
39 0.040 19.64 1181 2025 | 20.42 | 21.09 | 2012 | 1452.00
39 0.044 19.85 1181 2034 | 1452.00
39 0048 | 2005 1181 20.56 | 1452.00
39 0052 | 2025 1181 20.76 | 1452.00
39 0.056 | 2045 1181 2097 | 1452.00
1SALMUNEXLS Page 6 1/26/94 10:36 AM
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TABLE 4

SALMON RIVER - SENSITIVITY TO "n® VALUE INCREASES
SECNO n' CWEL] @ " FLOOD LEVEL CWSEL [ @
- DAILY DAILY INST 1980 INST
40 0.040 19.71 181 2032 | 2048 | 2117 | 2018 | 1452.00
40 0.044 19.92 1181 2040 | 1452.00
40 0048 | 2012 1181 2062 | 1452.00
40 0052 | 20.32 1181 2082 | 1452.00
40 0056 | 2051 1181 21.03 | 145200
4 0040 | 20.12 1181 2073 | 20.83 | 2145 | 2053 | 145200
4 0044 | 20.30 1181 2073 | 1452.00
4 0048 | 20.48 1181 2092 | 1452.00
A 0.052 | 2065 1181 21.12 | 1452.00
4 0.056 | 2082 1181 21.31 | 145200
42 0040 | 2077 1187 | 21.38 | 21.36 | 21.87 | 21.06 | 145200
42 0044 | 2090 1181 ' 21.21 | 1452.00
a2 0048 | 2102 | 181 21.37 | 1452.00
42 0052 | 21.15 1181 21.53 | 1452.00
42 0086 | 21.28 1181 2169 | 1452.00
43 0040 [ 2127 1181 21.88 | 2185 | 22.26 | 2155 | 145200
43 0044 | 21.42 1181 21,71 | 1452.00
43 0048 | 2155 1181 21.86 | 1452.00
43 0052 | 21.67 1181 2201 | 1452.00
43 0056 | 21.80 1181 22,15 | 1452.00
a4 0040 | 2219 1181 2280 | 2279 | 23.15 | 22.49 | 1452.00
44 0044 | 22.36 1181 2266 | 1452,00
44 0048 | 2251 1181 2282 | 1452.00
44 0052 | 22.65 1181 22.97 | 1452.00
44 0056 | 22.77 1181 23.11 | 1452.00
45 0.040 | 23.34 1181 2395 | 2399 | 2423 | 2349 | 1452.00
45 0044 | 2345 1181 2378 | 1452.00
45 0.048 | 2355 1181 23.80 | 1452.00
45 0052 | 2345 1181 23.99 | 1452.00
45 0.056 | 23.74 1181 2409 | 1452.00
46 0040 | 23.79 1145 2440 | 24.45 | 2478 | 2415 | 1433.00
46 0044 | 2393 1165 24.30 | 1433.00
46 0.048 | 2407 1165 2444 | 1433.00
46 0052 | 2420 1165 2458 | 1433.00
46 0056 | 2433 1165 2471 | 1433.00
47 0040 | 2427 1112 2488 | 24.92 | 25.32 | 2462 | 136600
47 0044 | 24.39 1112 2475 | 1366,00
47 0048 | 2452 1112 2488 | 1366.00
47 0052 | 24.63 112 2501 | 1366.00
47 0.056 | 2475 112 2513 | 1366.00
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TABLE 4

SALMON RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNO n' CWSEL | & FLOOD LEVEL CWSEL! @
DAILY DAILY INST 1980 INST
48 0040 | 2478 1112 2539 | 25.42 | 25.9 25.12 | 1366.00
48 0.044 2493 1112 25.28 | 1366.00
48 0.048 2507 1112 25.42 | 136600
48 0.052 25.20 1112 2557 | 1366.00
48 0056 | 25.33 1112 25.70 | 1366.00
49 0.040 | 2521 1112 2582 | 25.84 | 26.29 | 2554 | 1366.00
49 0.044 25.35 1112 25.69 | 1366.00
49 0048 | 2549 1112 25.83 | 1366.00
49 0.052 2561 1112 2597 | 1366.00
49 0.056 25,73 1112 26.10 | 1366.00
50 0040 | 25.90 1112 26.51 26.51 26.89 | 2621 | 1366.00
50 0.044 26.04 112 26.36 | 1366.00
50 0.048 26.17 112 26.50 | 1366.00
50 0.052 26.29 112 26.63 | 1366.00
50 0.056 26.41 1112 26,76 | 1366.00
51 0040 | 26.60 1112 27.21 27.19 | 27.54 | 2689 | 1366.00
51 0.044 26.73 1112 27.03 | 1366.00
51 0.048 26.86 1112 2717 | 1366.00
51 0.052 26.98 1112 27.30 | 1366.00
51 0056 | 27.09 1112 27.42 | 1366.00
52 0.040 | 2716 1112 27.77 27.71 27.99 | 27.41 | 1366.00
52 0044 | 27.26 112 27.52 | 1366.00
52 0.048 27.36 112 27.63 | 1366.00
52 0.052 27.45 112 27.73 | 1366.00
52 0056 | 27.54 1112 27.83 | 1366.00
53 0.040 27.56 112 28.17 | 28.17 | 28.48 | 27.79 | 1366.00
53 0,044 27.66 1112 27.89 | 1366.00
53 0.048 27.75 1112 27.99 | 1366.00
53 0,052 27.84 1112 2809 | 1366.00
53 0.056 27.92 1112 28,18 | 1366.00
54 0.040 27.62 M2 28.23 | 2815 | 2856 | 27.85 | 1366.00
54 0044 | 27.73 112 27.97 | 1366.00
54 0.048 27.84 1112 28.08 | 1366.00
54 0.052 27.94 1112 28.19 | 1366.00
54 0.056 28.03 1112 2829 | 1366.00
55 0040 | 27.63 112 2824 | 287 2858 | 27.87 | 1366.00
55 0.044 27.75 112 28.00 | 1366.00
55 0.048 27.86 1112 28.11 | 1366.00
55 0.052 27.96 1112 28.22 1 1366.00
55 0056 | 28.05 1M12 28.32 | 136600
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TABLE 4

SALMON RIVER SENSITIVITY TO "n" VALUE INCREASES
SECNO CWSEL | @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
56 0040 | 27.87 1112 | 2848 | 2840 | 28.70 | 28.10 | 1366.00
56 0044 | 27.96 1112 28.19 | 1366.00
56 0048 | 28.04 112 28.29 | 1366.00
56 0052 | 2813 1112 28.38 | 1366.00
56 0056 | 28.21 1112 28.47 | 1366.00
76 0045 | 28.31 1112 | 28.92 | 2882 | 29.29 | 2852 [ 1366.00
76 0050 | 28.40 1112 28.61 | 1366.00
76 0054 | 28.48 1112 28.70 | 1366.00
76 0059 | 2856 112 28.79 | 1366.00
76 0063 | 28.64 1712 28.88 | 1366.00
77 0045 | 28.84 1112 | 2945 | 2934 | 29.86 | 2004 | 1366.00
77 0.050 | 28.92 1112 29.12 | 1366.00
77 0.054 | 28.99 1112 20.21 | 1366.00
77 0.059 | 29.07 1112 29.29 | 1366.00
77 0063 | 29.14 1112 29.37 | 1366.00
78 0045 | 29.15 1112 | 29.76 | 2965 | 30.14 | 2935 | 1366.00
78 0050 | 29.24 1112 20.45 | 1366.00
78 0.054 | 29.33 1112 20.55 | 1366.00
78 0059 | 29.41 1112 29.64 | 1366.00
78 0063 | 29.49 1112 29.72 | 1366.00
79 0.045 | 29.64 11712 [ 30.25 | 3015 | 30.57 | 20.85 | 1366.00
79 0050 | 29.74 1112 29.95 | 1366.00
79 0054 | 29.83 1112 3005 | 1366.00
79 0.059 | 2091 112 30.05 | 1366.00
79 0063 | 30.00 1112 30.23 | 1366.00
80 0045 | 30.87 1112 31.48 | 3140 | 3192 | 31.10 | 1366.00
80 0.050 | 30.98 112 31.22 | 1366.00
80 0.054 | 31.08 1112 31.32 | 1366.00
80 0059 | 31.18 1112 3142 | 1366.00
80 0.063 | 3126 1112 31.52 | 1366.00
81 0045 | 3205 1112 3266 | 3252 | 3310 | 3222 | 1366.00
81 0050 | 3213 1712 32.30 | 1366.00
81 0054 | 32.20 1112 32.37 | 1366.00
81 0.059 | 3226 1112 32.45 | 1366.00
81 0.063 | 32.33 1112 3252 | 1366.00
82 0045 | 3297 1112 33.58 | 3346 | 3410 [ 3316 | 136600
82 0050 | 33.04 1112 33.23 | 1366.00
82 0054 | 33.10 1112 33.30 | 1366.00
82 0.059 | 33.17 1112 33.38 | 1366.00
82 0.063 | 33.23 1112 33.44 | 1366.00
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TABLE 4
SALMON RIVER - SENSITIVITY TO *n" VALUE INCREASES
SECNO n* CWSEL | Q FLOOD LEVEL CWSEL | &
DAILY DAILY INST 1980 INST
83 0045 | 3405 1112 34.66 | 3457 | 3532 | 3427 | 136600
83 0050 | 34.17 112 34.38 | 1366.00
83 0054 | 3427 1112 34.49 | 1366.00
83 0059 | 3436 1112 34.58 | 1366.00
83 0063 | 34.44 1112 34.68 | 1366.00
84 0045 | 3573 1112 3634 | 3622 | 3675 | 3592 [ 1366.00
84 0.050 | 3580 112 - 3599 | 1366.00
84 0054 | 3587 112 3607 | 1366.00
84 0059 | 3594 1112 36.15 | 1366.00
84 0063 | 3600 1112 36.23 | 136600
85 0045 | 3675 112 37.36 | 3714 | 3723 | 3684 | 1366.00
85 0.050 | 36.75 1112 36.84 | 1366.00
85 0054 | 36.72 1112 36.89 | 1366.00
85 0059 | 36.72 1112 3693 | 136600
85 0.063 | 23682 1112 3704 | 1366.00
86 0.045 | 38.46 1047 3907 | 3899 | 3918 | 3869 | 1288.00
86 0.050 | 3855 1047 38.79 | 1288.00
86 0054 | 38.66 1047 38.87 | 1288.00
86 0059 | 38.74 1047 38.94 | 1288.00
86 0063 | 3878 1047 38.98 | 1288.00
87 0.045 | 39.89 1047 40.50 | 4037 | 40.67 | 4007 | 1288.00
87 0050 | 39.98 1047 40.18 | 1288.00
87 0.054 | 40.06 1047 40.29 | 1288.00
87 0059 | 4014 1047 40.39 | 1288.00
87 0063 | 40.24 1047 40.49 | 1288.00
88 0050 | 4244 888 4305 | 4300 | 43.06 | 4270 | 1190.00
88 0055 | 4253 888 4279 | 1190.00
88 0060 | 42.6 888 4288 | 1190.00
88 0065 | 4249 888 4297 | 1190.00
88 0070 | 4276 688 43.04 | 1190.00
89 0.050 | 44.7 514 4478 | 44.84 | 4497 | 4454 | 840.00
89 0.055 | 44.24 514 4463 | 840.00
89 0.060 | 44.31 514 4471 | 840.00
89 0.065 | 44.38 514 4478 | 840.00
89 0070 | 44.44 514 4485 | 840.00
90 0050 | 51.18 514 51,79 | 5152 | 5157 | 5122 | 840.00.
90 0055 | 51.14 514 5116 | 840.00
90 0060 | 51.16 514 51.22 | 840.00
90 0065 | 50.73 514 5115 | 840.00
90 0070 | 50.75 514 51.16 | 840.00
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TABLE 4
SALMON RIVER - SENSITIVITY TO 'n" VALUE INCREASES
SECNO n CWSEL [ & FLOOD LEVEL CWSEL| @
DAILY DAILY INST 1980 INST
92 0.050 | 5555 514 5616 | 5658 | 57.06 | 5628 | 84000
92 0,055 55.74 514 56.44 | 840.00
92 0.060 55.86 514 56.54 | 840.00
(7] 0.065 56.42 514 56.69 | 840.00
92 0070 | 56.50 514 56.79 | 840.00
93 0050 | 58.51 514 5912 | 5895 | 58.81 58.65 | 840.00
93 0055 | 58.51 514 58.67 | 840.00
93 0.060 | 5856 514 58.79 | 840.00
Q3 0.065 57.98 514 58.84 | 840.00
93 0.070 | 58.10 514 58.92 | 840.00
94 0.050 60,32 514 6093 | 61.49 | 6139 | 61.19 | 840.00
94 0.055 60.49 514 61.31 | 840.00
94 0.060 60,61 514 61.39 | 840.00
94 0.065 60.94 514 61.49 | 840,00
94 0.070 61.00 514 61.56 | 840.00
95 0.050 60,63 514 6124 | 61.45 | 61.62 | 6115 | 840.00
95 0.055 60.76 514 61.28 | 840.00
95 0.040 40.87 514 61.39 | 840,00
95 0.065 61.11 514 61.50 | 840.00
05 0.070 61.19 514 61.59 | 840.00
95.1 0.060 | 60.58 514 6119 | 61.34 | 61.58 | 61.04 | 840.00
05. 0066 | 60.72 514 61.19 | 840.00
95.1 0.072 60.84 514 61.31 | 840.00
95.1 0.078 61.08 514 6143 | 840.00
$5.1 0.084 61.17 514 61.54 | 840.00
95.2 0060 | 60.64 514 6125 | 6144 | 61.60 | 61.14 | 84000
95.2 0066 | 60.78 514 61.30 | 840.00
95.2 0.072 60.91 514 61.44 | 840.00
95.2 0.078 61.15 514 6158 | 840.00
95.2 0.084 61.24 514 61.70 | 840.00
%6 0060 | 61.00 514 61.61 6228 | 61.98 6198 | 840.00
9 0066 | 6112 514 6204 | 840.00
96 0,072 61.22 514 6212 | 840.00
96 0.078 61.42 514 6221 | 840.00
96 0.084 61.50 514 62,29 | 840.00
97 0.060 | 61.37 514 6198 | 62.81 | 6244 | 6251 | 840.00
97 0066 | 61.47 514 62.56 | 840.00
97 0.072 61.56 514 82.63 | 840.00
97 0.078 61.72 514 6270 | 840.00
97 0.084 61,79 514 6276 | 840.00
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TABLE 4

WHITE RIVER - SENSITIVITY TO "n" VALUE INCREASES
SECNO n* CWSEL [ @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
25.3 0.035 17.39 1970 18.00 17.93 19.39 17.63 2140|
25.3 0.03% 17.39 1232 17.63 2140|
25.3 0.042 17.39 1232 17.63 2140
25.3 0,046 17.39 1232 17.63 2140
25.3 0.049 17.39 1232 17.63 2140
57 0.035 18.47 684 19.08 19.10 19.02 18.80 1040
57 0.039 17.94 684 18.87 1040|
57 0.042 17.99 684 18.95 1060}
57 0.046 18.05 484 19.03 1060
57 0.049 18.10 684 19.11 1060
53 0.038 18.54 684 19.15 19.23 | 19.52 18.93 1060|
58 0.042. | 1811 684 19.04 1060|
58 0.046 18.21 484 1915 1040
58 0.049 18.30 684 19.25 1060
58 0.053 18.39 684 19,36 1060]
50 0.040 18.90 684 19.51 19.73 20.17 19.41 1060|
59 0.044 18.83 684 19.52 1060|
59 0.048 18.92 684 19.63 1060
59 0.052 19.01 684 19.74 1060
50 0.056 19.09 684 19.85 1060
60 0.040 18.91 684 19.52 19.70 19.52 19.40 1060
&0 0.044 18.86 684 19.53 1060
60 0.048 18.96 684 19.65 1040
40 0.052 19,05 684 19.77 1060
&0 0.056 1913 684 19.88 1060
60,1 0.045 19.00 684 19.61 19.84 | 20,25 19.54 1060
60.1 0.050 18.96 684 19.65 1040]
60.1 0.054 19.04 684 19.75 1060}
60.1 0.059 19.13 684 19.86 1060
601 0.063 19.21 684 19.96 1060
60.2 0.045 19.01 684 19.62 19.86 | 20.36 19.56 1050
60.2 0.050 18.97 684 19.66 1060
50.2 0.054 19.06 684 19.77 1060
60.2 0.059 19.15 684 19.87 1060
60.2 0.063 19.23 684 19.97 1060
61 0.045 19.04 684 19.65 19.89 | 20.91 19.59 1060
61 0.050 19.01 684 19.69 1060
61 0.054 19.10 684 19.80 1060
61 0.059 19.18 684 19.90 1060
61 0.063 19.26 684 20.00 1060
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TABLE 4
WHITE RIVER - SENSITIVITY TO "n* VALUE INCREASES
U SECNO n" CWSEL| o FLOOD LEVEL CWSEL] @
DALY DAILY INST 1980 INST
62 0.045 1917 684 19.78 | 20.01 2215 19.71 1060|
62 0.050 19.18 684 19.82 1060|
62 0.054 19.27 684 19.94 1060
L 62 0.059 19.36 684 20.04 1060|
62 0.063 19.45 684 20.15 1060

0.045 19.89 684 20.50 20.53 22.33 20.23 1060

63 0050 | 19.63 484 20.36 1060
. 63 0.054 | 19.80 684 20.48 1060
U 3 0059 | 1997 | 684 2060 1060
63 0063 | 2007 684 20.70 1050

t 4 0045 | 1965 | 684 | 2026 | 2060 | 21.94 50.30] 1060
’ 64 0050 | 20.78 684 20.33] 1060

, 44 0.054 | 20.88 684 20.31 1060

: 64 0059 | 2005 684 20.32 1060

! 64 0063 | 2019 684 20.42 1060
64.1 0045 | 19.78 684 20.39 | 20.84 | 2210 20.54 1050

64.1 0050 | 2077 684 20.54 1060

__ 64.1 0054 | 2087 684 20.54 1060
t 64,1 0059 | 2006 684 20.54 1060
; 64.1 0063 | 2021 684 20.54 1060

; 64.2 0.045 | 2027 684 20.88 | 21.61 | 22.10 21.31 1060

! 64.2 0050 | 20.80 684 21.35 1060
64.2 0054 | 2091 684 21.40 1060

! 64.2 0059 | 20.29 684 21.45 1060
| 64.2 0.063 20.38 684 21.49 1060|
65 0045 | 20.49 684 21.10 | 21.85 | 22.74 21.55 1060

B 65 0050 | 20.89 684 21.61 1060
65 0054 | 2099 684 21.67 1060

""" | 45 0059 | 20.53 684 _ 21.73 1060
2 65 | 0063 | 2058 | 684 21781 1060
o 6 0.045 | 2043 684 2104 | 2211 | 23.33 21.81 1060
B 66 0050 | 2101 | 684 21.90 1060
66 0054 | 21.12 684 21.98 1060

I 66 0059 | 2081 684 2205 1060
A 66 0063 | 2089 | 684 22.13] 1060
2 67 0045 | 22.02 684 2263 | 23.27 | 24.06 2297 1060

i 67 0.050 22.20 684 23.11 1060
- 67 0.054 | 22.37 684 23.26 1060
67 0059 | 2247 684 23.38 1060
5 67 0063 | 2259 | 0¢84 23.50] 1060
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TABLE 4
WHITE RIVER SENSITIVITY TO "n" VALUE INCREASES
L SECNO CWSEL | Q FLOOD LEVEL CWSEL | Q
‘ DALY DALY | INST | 1980 INST

7
Li 68 0045 | 2450 | 684 | 2511 | 2549 | 27.06 2519] 1060

68 0050 | 2469 | 684 2543 1060
- 68 0054 | 2486 | 684 2564] 1060
i 68 0059 [ 2505 | 684 25.85|  1060)

68 0063 | 2521 | 684 26.05| 1060}
i

[

|
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Table 5

Sensitivity to "Q" Increases
- Salmon River (Pages 1 to 10)
White River (Pages 11 to 12)
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TABLE 5
SALMON RIVER - SENSITIVITY TO "&" INCREASES
SECNO | CWSEL | @ FLOOD LEVEL CWSEL ! Q
DAILY DAILY INST 1980 INST
0.1 29 2146 3.5) 3.30 4,10 2.90 2329
0.) 29 2360.6 2.90 2561.9
01 29 2575.2 2,90 2794.8
0.1 29 2789.8 290 3027.7
] 4,26 2146 487 470 484 4.40 2329
1 4.42 2360.6 4,57 2561.9
1 4,57 2575.2 473 2794.8
1 4,72 2780.8 4.88 3027.7
2 4.61 2146 | 5.22 504 5,30 474 2329
2 4.77 2360.6 49 2561.9
2 492 25752 507 27948
2 507 27898 5.22 3027.7
3 5,35 2146 596 5.80 5.84 5.50 2329
3 553 2360.6 5.69 2561.9
3 5.7 2575.2 5.86 2794.8
3 5.86 2789.8 6.02 3027.7
4 5.41 2146 6.02 5.86 5.87 5.56 2329
4 5.59 2360.6 5.74 2561.9
4 575 2575.2 591 2704 8
4 59 2789.8 6.07 3027.7
4.1 528 2146 5.89 5.72 6.06 5.42 232%
4.1 545 2360.6 5.59 2561.9
4. 5.6 2575.2 5.74 2794.8
4.1 574 2789.8 5.89 3027.7
42 531 2146 5.92 5.75 6.06 5.45 2329
42 5.48 2360.6 562 2561.9
42 5.63 9575.2 5.80 2794.8
42 5.79 2789.8 597 3027.7
5 549 | 2146 6.10 5,96 5.93 5.66 2329
5 5.69 2360.6 5.86 2561.9
5 5.86 2575.2 6,05 2794.8
5 6.04 2789.8 6.22 3027.7
6 5.52 2146 6.13 599 6.01 5.69 2329
6 572 2360.6 5.89 2561.9
6 59 2575.2 6.09 2794.8
6 6.00 2789.8 6,27 3027.7
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3SALMLTQ.XLS

SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO| CWSEL| @ FLOOD LEVEL CWSEL | @
DALY DAILY INST | 1980.00 INST
7 6.26 2146 6.87 6.74 7.54 6.44 2329
7 647 | 23606 665 | 25619
7 666 | 2575.2 685 | 27948
7 685 | 2789.8 7.03 | 3027.7
8 6.84 2146 7.45 7.36 8.11 7.06 2329
8 7.1 2360.6 7.33 | 25619
8 7.34 | 25752 7.57 | 27948
8 7.57 | 27898 7.80 | 3027.7
9 7.17 2146 7.78 7,69 8.61 7.39 2329
9 7.42 | 23606 7.65 | 25619
9 7.66 | 25752 789 | 27948
9 7.88 | 27898 8.11 3027.7
10 7.72 2116 8.33 8,21 9.07 7.91 2294
10 7.94 | 23276 814 | 25234
10 8.15 | 25392 836 | 2752.8
10 835 | 2750.8 8.56 | 29822
1N 8.12 2116 8.73 8.60 9.55 8.30 2294
N 833 | 23274 852 | 25234
1 853 | 25392 873 | 27528
N 873 | 27508 893 | 29822
12 8.5 2116 9.1 8.96 9.96 8.66 2294
12 | 8469 | 23276 8.86 | 2523.4
12 8.88 | 25302 9.06 | 27528
12 006 | 2750.8 925 | 29822
13 9.63 2116 10.24 1006 | 10.64 9.76 2294
13 979 | 23276 993 | 2523.4
13 994 | 2539.2 10.08 | 2752.8
13 1008 | 2750.8 1023 | 29822
14 9.82 2116 10.43 1025 | 11.09 9.95 2294
14 098 | 23276 1012 | 25234
14 1013 | 25392 10.28 | 27528
14 10,27 | 27508 1043 | 29822
15 10.69 2116 1130 | 11,16 | 11.: 10.86 2294
15 10.89 | 2327.6 11.05 | 25234
15 1N.06 | 25392 1.22 | 2752.8
15 11.22 | 2750.8 11.37 | 29822
Page 2
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TABLE 5
SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWSEL Q FLOOD LEVEL CWSEL Q
DAILY INST 1980
16 11.44 2116 12.05 11.89 12.57 11.59 2294
16 11.61 2327.6 11.76 2523.4
16 11.77 2539.2 11.92 2752.8
16 11.92 2750.8 12.08 2982.2
17 11.97 2070 12.58 12.41 13.09 12.11 2244
17 12.14 2277 12.28 2468.4
17 1229 2484 12.44 2092.8
17 12.44 2691 12,59 2017.2
18 12.62 2070 13.23 13.05 13.54 12.75 2244
18 12.77 2277 12.91 2468.4
18 12.92 2484 13.05 2692.8
18 13.05 2691 13.20 2917.2
19 12.97 2070 13.58 13.41 13.84 13.11 2244
19 13.13 2277 13.27 2468.4
19 13.28 2484 13.42 2692.8
19 13.42 2691 13.57 2917.2
20 13 2070 13.61 13.44 13.47 13.14 2244
20 13.16 2277 13.30 2468.4
20 13.31 2484 -13.45 2692.8
20 13.45 2691 13.60 22172
20.1 13.02 2070 13.63 13.46 13.47 13.16 2244
20.1 13.2 2277 13.35 2468.4
20.) 13.36 2484 13.62 2692.8
20.1 13.61 269 13.90 2917.2
20.2 13.12 2070 13.73 13.57 13.68 13.27 2244
20.2 13.3 2277 13.44 2468.4
20.2 13.46 2484 13.75 2692.8
20.2 13.74 2691 13.95 2917.2
21 13.12 2070 13.73 13.57 13.68 13.27 2244
21 13.29 2277 13.44 2468.4
21 13.45 2484 13.68 2692.8
21 13.67 2691 13.86 2917.2
22 12.98 2070 13.5¢ 13.43 13.84 13.13 2244
22 13.16 2277 13.32 2468.4
22 13.33 2484 13.58 2692.8
22 13.57 2691 13.77 2017.2
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SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWHSEL Q FLOOD LEVEL CWSEL Q
' DAILY INST 1980
23 14.48 2070 15.09 14.90 15.30 14.60 2244
23 14.62 2277 14.75 2468.4
23 14.76 2484 14.88 2692.8
23 14.88 2691 15,02 2917.2
24 15.97 2070 16.58 16.45 16.58 16.15 2244
24 16.18 2277 16.37 2468.4
24 16.38 2484 16.57 2692.8
24 16.57 2691 16.77 | 2917.2
25 16.83 1970 17.44 17.29 17.77 16.99 2140
25 17.01 2167 17.16 2354
25 17.17 2364 17.31 2568
25 17.31 25601 17.44 2782
25.1 17.26 1970 17.87 17.77 17.47 2140
25.1 17.5] 2167 17.74 2354
25.1 17.75 2364 17.97 2568
25.1 17.96 2561 18.22 2782
252 17.39 1970 18.00 17.93 17.63 2140
252 17.67 2167 17.91 2354
252 17,92 2364 18.18 2568
25.2 18.17 2561 18.47 2782
26 18.38 1232 18.99 18.98 19.39 18.68 1515
26 18.74 1355.2 19.05 1666.5
26 19.08 1478.4 19.41 1818
26 19.41 1601.6 19.77 1969.5
27 18,39 1232 19.00 18.99 19.41 18.69 1515
27 18.74 1355.2 19.05 1666.5
27 19.08 14784 19.41 1818
27 19.40 1601.6 19.76 1969.5
27.1 18.52 1232 19.13 1917 19.45 18.87 1515
27.1 18.88 1355.2 19.24 1666.5
27.1 19.23 1478.4 19.61 1818
27.1 19.56 1601.6 19.97 1969.5
27.2 18.57 1232 19,18 19.23 19.49 18.93 1515
27.2 18.93 1358.2 19.30 1666.5
27.2 19.27 1478.4 19.66 1818
27.2 19.60 1601.6 20.02 1969.5
Page 4 1/25/94 9:45 AM
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TABLE 5

SALMON RIVER - SENSITIVITY TO "Q" INCREASES

SECNO | CWSEL Q FLOOD LEVEL CWSEL Q
DAILY INST 1980
28 18.32 1232 18.93 18.87 19.28 18.57 1518
28 18.65 1355.2 18.91 1666.5
28 18.97 1478.4 19.23 1818
28 19.27 1601.6 19.56 1969.5
29 18.58 1232 19.19 19.24 19.60 18.94 1515
29 18.93 1356.2 19.3) 1666.5
29 19.27 1478.4 19.67 1818
29 19.6 1601.6 20.02 1969.5
30 18.88 1232 19.49 19.64 20.04 19.34 1515
30 19.26 1355.2 19.73 1666.5
30 19.61 1478.4 20.11 1818
30 19.95 1601.6 2049 1969.5
31 19.02 1232 19.63 19.79 20.24 19.49 1515
31 19.38 1355.2 19.88 1666.5
31 19.73 1478.4 2026 1818
3 2007 1601.6 20.63 1969.5
32 19.16 1232 19,77 19.96 20.42 19.66 1515
32 19.53 13856.2 20.05 1666.5
32 19.88 1478.4 20.42 1818
32 2022 1601.6 2079 1969.5
33 19.20 1226 19.81 20.00 20.49 19.7 1508
33 19.57 1348.6 20.09 1658.8
33 19.92 1471.2 20.46 1809.6
33 20.25 1593.8 20.83 1960.4
34 19.24 1199 19.85 20.04 20.57 19.74 1474
34 19.6 1318.9 20.13 1621.4
34 19.95 1438.8 2049 1768.8
34 20.28 1558.7 20.86 1916.2
35 19.28 1169 19.89 20.09 20.65 19.7¢ 1474
35 19.64 1318.9 20.17 1621.4
3% 11998 1438.8 20.53 1768.8
35 20.32 1558.7 20.89 1916.2
36 19.38 1199 19.99 20.18 20.75 19.88 1474
36 19.73 1318.9 20.26 1621.4
36 20.06 1438.8 20.61 1768.8
36 20.39 1558.7 20.97 1916.2
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TABLE 5
SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWSEL | @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
37 19.44 1199 2005 | 20.24 | 20.84 19.94 1474
37 19.78 | 13189 20.3 1621.4
37 2011 | 1438.8 2066 | 1768.8
37 2043 | 1558.7 21.01 | 1916.2
38 19.54 1199 2015 | 20.33 | 2097 | 2003 1474
38 19.87 | 13189 2039 | 16214
38 20.19 | 1438.8 20.73 | 1768.8
38 2050 | 1558.7 21.07 | 19162
39 19.64 1181 2025 | 2042 | 21.09 | 2012 1452
39 1995 | 1299.1 2046 | 1597.2
39 2026 | 1417.2 20.79 | 17424
39 20.56 | 1535.3 2113 | 1887.6
40 19.71 1181 2032 | 2048 | 2117 20.18 1452
40 2001 | 1299.1 20.51 1597.2
40 20.31 1417.2 2084 | 17424
40 2060 | 15353 21.17 | 1887.6
4 20.12 1181 20.73 | 20.83 | 21.45 20.53 1452
4 20.35 | 12991 20.8 1597.2
4 2059 | 1417.2 21.08 | 17424
4 2085 | 15353 21.38 | 1887.6
42 20.77 1181 2138 | 21.36 | 21.87 21.06 1452
42 20.91 1299.1 2125 | 1597.2
42 2107 | 1417.2 2145 | 17424
42 2124 | 15353 2169 | 18876
43 21.27 1181 21.88 | 21.85 | 2226 21.55 1452
43 214 1299.1 21.7 1597.2
43 2153 | 1417.2 2187 | 17424
43 2167 | 15353 2205 | 1887.6
44 22.19 1181 2280 | 2279 | 23.15 22.49 1452
44 22.33 | 1299.1 2262 | 1597.2
44 2245 | 1417.2 2275 | 17424
44 2256 | 1535.3 2287 | 1887.6
45 23,34 1181 2395 | 23.99 | 24.23 23.69 1452
45 23.5 1299.1 2385 | 1597.2
45 2365 | 1417.2 2400 | 17424
45 2378 | 1535.3 24.14 | 1887.6
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TABLE 5
SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWSEL [ @ FLOOD LEVEL CWSEL | @
DALY DALY  TINST 1980.00 INST
46 23.79 1145 2440 | 2445 | 24.78 24.15 1433
46 2395 | 12815 24.32 | 1576.3
46 24,1 1398 2447 { 17194
46 2424 | 15145 24.63 | 18629
47 24,27 112 2488 | 2492 | 2532 | 2462 1366
47 24.43 | 12232 24.79 | 1502.6
47 2458 | 13344 24.95 | 16392
47 2472 | 14456 2510 | 17758
48 24.78 1112 2539 | 25.42 | 25.91 25.12 1366
48 2493 | 12232 2528 | 15026
48 25.08 | 13344 25.44 | 1639.2
48 2521 | 14456 2559 | 17758
49 2521 1112 2582 | 25.84 | 26.29 25,54 1366
49 2536 | 12232 25.71 1502.6
49 2551 | 13344 2586 | 16392
49 25.64 | 14456 26.01 1775.8
50 25.9 1112 26.51 26.51 26.89 26.21 1366
50 2604 | 12232 26.36 | 1502.6
50 2618 | 1334.4 2651 | 16392
50 26.3 1445.6 2665 | 1775.8
51 26.6 1112 27.21 2719 | 27.54 26.89 1366
51 26.73 | 12232 27.03 | 15026
51 26.85 | 1334.4 27.16 | 16392
51 2697 | 14456 2729 | 17758
52 27.16 1112 2777 | 27.71 27.99 | 27.41 1366
52 2728 | 12232 2753 | 1502.6
52 27.38 | 13344 27.65 | 16392
52 27.48 | 14456 2776 | 1775.8
53 27.56 1112 28.17 | 2817 | 28.48 27.79 1366
53 27.67 | 12232 2789 | 15026
53 2776 | 1334.4 2800 | 1639.2
53 27.85 | 14456 28.10 | 17758
54 27.62 1112 2823 | 2815 | 28.56 27.85 1366
54 27.72 | 12232 27.96 | 15026
54 27.82 | 13344 2806 | 1639.2
54 2791 | 14456 2817 | 1775.8
Page 7 1/25/94 9:45 AM
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TABLE &

SALMON RIVER - SENSITIVITY TO "Q" INCREASES

SECNO | CWSEL | @ FLOOD LEVEL CWSEL| @
DAILY DAILY INST 1980 INST
55 27.63 112 | 2824 | 2817 | 2858 | 27.87 1366
55 27.74 | 12232 28 1502.6
55 2785 | 13344 | 2811 | 1639.2
55 2795 | 14456 2821 | 1775.8
56 27.87 1112 | 28.48 | 28.40 | 28.70 28.1 1366
56 27.98 | 1223.2 2821 | 1502.6
56 2808 | 1334.4 28.32 | 1639.2
56 28.17 | 14456 28.42 | 1775.8
76 28.31 T2 | 2892 | 2882 | 2929 | 2852 1366
76 28.41 | 1223.2 2862 | 1502.6
76 28.49 | 1334.4 28.72 | 1639.2
76 2858 | 1445.6 28.81 | 1775.8
77 28.84 112 | 2945 | 29.34 | 29.86 | 29.04 1366
77 2893 | 12232 2913 | 1502.6
77 2901 | 13344 2023 | 1639.2
77 20090 | 1445.6 29.31 | 17758
78 2915 1112 29.76 | 29.65 | 30.14 | 2935 1366
78 2024 | 1223.2 29.45 | 1502.6
78 2033 | 1334.4 2955 | 1639.2
78 2041 | 14456 2064 | 17758
79 29.64 1112 | 30258 | 3015 | 3057 | 2985 13646
79 2974 | 12232 2095 | 1502.6
79 2983 | 13344 3005 | 1639.2
79 2091 | 1445.6 30.14 | 17758
80 30.87 1112 | 3148 | 3140 | 3192 311 1366
80 3097 [ 1223.2 3121 | 15026
80 3108 | 13344 3132 | 1639.2
80 3117 | 14456 3141 | 17758
81 32.05 12 | 3266 | 3252 | 3310 | 3222 1366
81 3212 | 1223.2 3229 | 15026
81 322 1334.4 3237 | 16392
81 3226 | 14456 3244 | 17758
82 32.97 112 3358 | 3346 | 3410 | 3316 1366
82 3306 | 12232 33.25 | 15026
82 3314 | 1334.4 3334 | 1639.2
82 3322 | 14456 33.42 | 17758
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TABLE 5
SALMON RIVER - SENSITIVITY TO "@" INCREASES
SECNO [ CWSEL | @ FLOOD LEVEL CWSEL [ @
DALY DAILY INST | 1980.00 INST

83 34,05 1112 34.66 3457 | 3s5.32 34.27 1366
83 3415 | 12232 34.37 | 15026
83 3424 [ 1334.4 3447 | 1639.2
83 34.33 | 14456 3456 | 1775.8
84 35.73 1112 36.34 3622 | 3675 | 3592 1366
84 3582 | 12232 36.01 1502.6
84 35.9 1334.4 3600 | 16392
84 3598 | 14456 3618 | 17758
85 36.75 1112 3736 | 3714 1 37.23 36.84 1366
85 3683 | 12232 369 1502.6
85 3682 | 1334.4 3697 | 16392
85 3687 | 14456 37.00 | 17758
86 38.46 1047 39.07 3899 | 39.16 38.69 1288
86 3854 | 1151.7 38.79 | 1416.8
86 3866 | 1256.4 38.88 | 15454
86 38.75 | 1381.1 894 | 16744

- 87 39.89 1047 40.50 4037 | 40.67 40.07 1288
87 3998 | 11517 4017 | 14168
87 4005 | 1256.4 4027 | 1545.6
87 4013 | 13611 4037 | 1674.4
88 42.44 888 43.05 | 4300 | 43.06 427 1190
88 4253 976.8 42,79 1309
88 42.61 1065.6 42.89 1428
88 4269 | 11544 42,97 1547
89 44.17 514 4478 | 44.84 | 44.97 4454 840
89 44,26 565.4 44.64 924
89 44.33 616.8 4473 1008
89 44.4) 668.2 44.82 1092
o0 51.18 514 8179 | 5152 | 51.57 51.22 840
90 51.15 545.4 51.18 924
90 51.19 616.8 51.15 1008
() 51.18 668.2 51.14 1092
92 55.55 514 5616 | 5658 | 57.06 56.28 840
02 55.74 565.4 56.44 924
92 £5.83 616.8 56.59 1008
02 55.97 668.2 56,71 1092
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SALMON RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWSEL | @ FLOOD LEVEL CWSEL | Q@
DAILY DAILY INST 1980 INST
93 58.51 514 59.12 | 5895 | 58.81 58.65 840
3 58.5 565.4 58.71 924
93 5856 | 6168 58.86 1008
93 58.57 668.2 59.03 1092
94 60.32 514 6093 | 6149 | 61.39 | 61.19 840
94 6049 | 565.4 61.34 924
04 60.63 | 616.8 61.45 1008
94 60.77 668.2 61.54 1092
05 60.63 514 6124 | 6145 | 61.62 61.15 840
95 6074 | 5654 61.19 024
05 40.84 616.8 61.18 1008
95 60.93 668.2 61.15 1092
95.1 60.58 514 6119 | 61.34 | &£1.58 61.04 840
95.1 60.69 565.4 61.05 924
95.1 6078 | 616.8 60.99 1008
95.1 60.86 | 668.2 61.13 1092
95.2 60.64 514 6125 | 61.44 | 61.60 61.14 840
95.2 6075 | 5654 61.18 924
95.2 &084 | 6168 61.18 1008
95.2 40.93 668.2 61.93 1092
96 61 514 61.61 6228 | 61.98 61.98 840
96 61.17 565.4 62.22 024
96 61.33 | 6168 62.48 1008
96 61.48 668.2 62.82 1092
97 61.37 514 61.98 | 62.81 6244 | 6251 840
97 6157 565.4 62.78 924
97 6175 | 6168 63.07 1008
97 61.94 668.2 63.41 1092
Page 10
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TABLE &
WHITE RIVER - SENSITIVITY TO *Q" INCREASES
SECNO [ CWSEL | Q FLOOD LEVEL CWSEL | @
DAILY DAILY INST 1980 INST
25.3 17.39 1232 18.00 17.93 19.39 17.63 | 2140.00
25.3 17.67 1355.2 17.91 | 2354.00
25.3 17.92 1478.4 18.18 | 2568.00
25.3 18.17 1601.6 18.47 | 2782.00
57 17.88 684 18.49 19.12 19.02 18.80 | 1060.00
57 18.19 7524 19.14 | 1166.00
57 18.46 820.8 1947 | 1272.00
57 18.73 889.2 19.80 | 1378.00
58 18 684 18.61 19.26 19.52 18.93 | 1060.00
58 18.29 752.4 19.26 | 1166.00
88 [ 1856 820.8 19.68 | 127200
58 18.83 889.2 19.90 | 1378.00
59 18.74 684 19.35 19.72 20.17 19.41 | 10560.00
59 18.89 752.4 19.64 | 1166.00
99 19.05 820.8 19.90 | 1272.00
§9 19.22 889.2 20.17 | 1378.00
60 18.76 684 19.37 19.71 19.52 19,40 | 1060.00
&0 18.9 7524 19.64 1 116600
&0 19.05 820.8 19.89 | 127200
60 19.22 889.2 20.17 | 1378.00
60.1 18,86 684 19.47 19.85 20.25 19.54 | 1060.00
60.1 19.01 752.4 19.76 | 1166.00
60.1 19.17 820.8 2000 | 1272.00
60.1 19.34 889.2 2026 | 1378.00
60.2 18.88 684 19.49 19.87 20.36 19.56 | 1060.00
60.2 19.03 752.4 19.78 | 1166.00
602 | 1919 820.8 2001 | 127200
60.2 19.36 889.2 2027 | 1378.00
61 18.92 684 19.53 19.90 20.91 19.59 | 1060.00
61 19.06 752.4 19.80 | 1166.00
61 19.22 820.8 2003 | 1272.00
61 19.38 889.2 2029 | 1378.00
62 19.08 684 19.69 20.02 22.15 19.71 1 1060.00
62 19.21 7562.4 1991 | 1166.00
62 19.35 820.8 20.13 | 1272.00
&2 19.50 889.2 2036_| 1378.00
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TABLE 5
WHITE RIVER - SENSITIVITY TO "Q" INCREASES
SECNO | CWSEL | @ FLOOD LEVEL CWSEL [ @
DAILY DAILY INST 1980 INST
63 19.95 684 20.56 20.53 22,33 20.23 | 1060.00
63 19.93 752.4 20.38 | 1166.00
63 19.91 820.8 2055 | 1272.00
63 19.89 889.2 20.73 | 1378.00
64 19.71 684 20.32 20.60 | 21.94 20.30 { 1060.00
64 19.7 752.4 2051 | 1166.00
64 19.84 820.8 2071 | 1272.00
64 19.97 889.2 2090 | 1378.00
64.1 19.78 684 20.39 20.84 | 22.10 20,54 | 1060.00
64.1 19.92 752.4 20.74 | 1166,00
641 | 2007 820.8 2291 | 1272.00
64.1 20,21 889.2 2323 | 1378.00
64.2 20.27 684 20.88 21.61 22.10 21.31 | 1060.00
64.2 20.51 752.4 21.58 | 1166.00
64.2 20,68 820.8 2256 | 1272.00
64.2 20.85 889.2 2282 | 1378.00
65 20.49 684 21.10 2185 | 22.74 21.55 | 1060.00
65 20.69 752.4 21.95 | 1166.00
65 20.87 820.8 22.95 | 1272.00
65 21.04 889.2 23.36 | 1378.00
66 20.63 684 21.24 22,11 23.33 21.81 [ 1060.00
66 20.83 752.4 22.19 | 1166.00
6b 21.01 820.8 23.08 | 1272.00
66 21.19 889.2 2349 | 1378.00
67 22.02 684 22.63 2327 | 24.06 2297 | 1060.00
67 2222 752.4 23.18 | 1166.00
67 22.42 820.8 23.62 | 1272.00
67 1 226 889.2 23.96 | 1378.00
68 24.5 684 25.11 2549 | 27.06 25.19 | 1060.00
68 24.66 752.4 2530 | 1166.00
68 24.8 820.8 25.18 | 127200
68 24.92 889.2 2509 | 1378.00
Page 12 1/25/94 9:45 AM
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TABLE 6

SALMON RIVER AT SAYWARD - REACH 2
SEDIMENTATION TESTS
CWSEL | CWSEL | DIFFTO | CWSEL | DIFFTO | CWSEL | DIFFTO | CWSEL DIFF TO
XS G Q200D _J1.0m SED| Q200D [1.5m SED] ©200D [2.0m SED| Q200D [ 2.5m SED | ©200D COMMENTS
76 1112 | 28.31 28.31 0.00 28.31 0.00 28.31 0.00 28.31 0.00
77 11121 2884 28.84 0.00 28.84 0.00 28.84 0.00 28.84 0.00
78 1112 | 2915 29.15 0.00 29.15 0.00 29.15 0.00 29.156 0.00
79 1112 | 29.64 29.65 0.0] 29.70 0.06 29.78 0.14 29.88 0.24  |SEDIMENTATION STARTS HERE
80 1112 1 30.87 30.94 0.07 31.06 0.19 31.21 0.34 31.36 0.49
8) 1112 | 32.05 32.08 0.03 32.10 0.05 32.11 0.06 32.13 0.08
82 1112 | 32,97 32.99 0.02 33.03 0.06 33.12 0.15 33.19 0.22
83 1112 | 34.05 34.12 0.07 34.18 0.13 34.29 0.24 34.37 0.32
84 M2 | 3573 35.77 0.04 35.81 0.08 35.92 0.19 36.14 0.41
85 112 ] 3675 36.74 -0.01 36.80 0.05 36.86 0.11 37.15 0.40
86 1047 | 38.46 38.52 0.06 38.55 0.09 38.60 0.14 38.60 0.14  |SEDIMENTATION ENDS HERE
87 1047 | 39.89 39.87 -0.02 39.89 0.00 39.91 0.02 40.01 0.12
88 888 42.44 42.44 0.00 42.43 -0.01 42.42 -0.02 42.35 0.09
89 514 44.17 44.16 -0.01 44.17 0.00 44.17 0.00 44.72 0.55
Y 514 51.18 51.18 0.00 51.18 0.00 51.19 0.01 50.93 -0.25 _ |"CRMICAL DEPTH
92 514 55.55 §6.55 0.00 55.54 -0.01 55.54 -0.01 55.93 0.38
93 514 58.51 58.51 0.00 58.51 0.00 58.51 0.00 57.82 069 |*CRMCAL DEPTH
94 514 60.32 60.32 0.00 60.31 -0.01 60.3] -0.01 60.63 0.31
95 514 60.63 60.63 0.00 60.63 0.00 60.62 -0.01 60.78 0.15
95.1 514 60.58 60.58 0.00 60.58 0.00 60.58 0.00 60.74 0.16
95.2 514 60.64 60.64 0.00 60.64 0.00 60.63 -0.01 60.78 0.14
96 514 61.00 61.01 0.01 61.00 0.00 61.00 0.00 61.10 0.10
97 514 61.37 61.37 0.00 61.37 0.00 61.37 0.00 61.45 0.08
AVERAGE 0.0? 0.03 ;1 0.06 0.14
SED1.XLS Page 1 1/19/94 12:26 PM
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Table 7

1993 Flood Levels
Vs.
1980 Flood levels

(Pages 1 and 2)
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Table 7

SALMON AND WHITE RIVERS
1994 REVIEW OF FLOOD LEVELS*
BASED ON NOVEMBER/DECEMBER 1990 FLOOD EVENTS

Salmon River

1. Tidewater to Upstream of Sachts Bridge (Sheets 1 and 2)
XS50.1t0XS6
Average 1993 FL - 1980 FL = -0.31/8 = -0.04
Varies -0.27 to +0.17

Comments
*Coastal FL reduced from 4.1 to 3.8m (1993)
*Area affected by new bridge, approach road

[t

Upstream of Sachts Bridge to Duncan Bridge (Sheets 2 and 3)
XS 7 to XS 19 (Sheet 3)

Average 1993 FL - 1980 FL = 7.84/13 = 0.60 metres

Max = +0.85; Min +0.26

"n" values reduced from 0.060 and 0.050 to 0.035

Comments

*Using new FL’s (1993), observed 1990 flood levels may equal or exceed
1993 isograms due to increases in levels attributable to overland
flows/roads etc in the flood plain fringe.**

3.  Upstream of Duncan Bridge to Downstream of White/Salmon Confluence
XS 21 to X8 25
Average 1993 F1 - 1980 F1 = 0.67/4 = 0.17m
Varies 0.33 to 0.02
"n" values reduced from 0.050 to 0.035

4. Upstream of White/Salmon Confluence to Downstream of Foort Farm
XS 26 to XS 56 (Sheets 3 to 5)
Average 1993 FL - 1980 FL = 14.09/33 = 0.43
Varies 0.69 to 0.22
Comments
*Bridge removed across Salmon River upstream of White River
confluence likely to have improved (reduced) Flood levels for a portlon
of this area (ie: XS 29 to XS 36)

* Source - Table 3

*k Source - Section 2.4
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1.

Foort Farm Area

XS 76 to XS 85 (Sheet 5)
Average 1993 FL - 1980 FL = 3.82/10 = 0.38

Varies 0.66 to -0.13

Foort Farm Area to Memekay

XS 86 to XS 97 (Sheet 6)
Average 1993 FL - 1980 FL = 0.15/13 = 0.1

Varies 0.48 to -0.31

Total

Sheet 1
Sheet 2
Sheet 3
Sheet 4
Sheet 5
Sheet 6

Average = 0.31 (entire project)

-0.31
+7.84
+0.67
+14.09
+3.82
+0.15
26.26

8

13
4

33
10
13
81

29
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APPENDIX 1
Detailed Information Sources

Source

Project No. 76-FDC-5 and 75-F-

10, field survey carried out in .

the Sayward Valley during
September, 1976 and November
1975.

Map Production Division,
Surveys and Resource Mapping
Branch, Project No. 77-109-TO

Water Survey of Canada, Inland
Waters Branch, Letter dated
April 12, 1991,

File 35100-30/920-7253

1993 - Design File

Hydrology Division, Water
Management Branch, Files
0256957, 0305030-7, Hydrology
Study - Salmon, White and
Memekay Rivers

Flood Hazard Identification
Section, Water Management
Branch, File 35100-30/920-7253

"Ocean Water Level Salmon Bay
(Salmon River Mouth)",

B. Holden, P.Eng, Flood Hazard
Identification Branch, 1994

18

Contents

78 cross sections on the Salmon

River and 12 cross sections on

the White River including bridge
details, high water mark data
and photos.

Orthophoto Base Mapping of the
Sayward Valley (1:5000 scale, 1
metre contours - completed July
1979)

Updated stream flow
information for the November
1990 floods

Results of studies to predict the
1:200 year flood frequencies and
November 1975 peak flow
estimates,

Salmon River Floodplain
Mapping correspondence file

Results of studies to predict the
ocean flood level for Salmon Bay
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APPENDIX 1
Detailed Information Sources_

Source

Ministry of Transportation and

Highways, Bridge Engineering .

Branch

"Salmon and White Rivers,
November 11, 1990 Flooding,
High Water Mark Locations,
Ministry of Environment, Lands
and Parks, Flood Hazard
Identification Section

"Campbell River and Sayward
Flooding - December 1990,
Hugh Smith, CRTV Campbell
River

19

Contents

Bridge geometry and road
alignment for the "Sachts and
Hammond" bridges and the
"White River" bridge

3 Ring binder containing
uncontrolled mosaics indicating
HWM locations, HWM photos
and tables of flood level
elevations

VHS Videotape of Flood Footage,
Campbell River and Salmon
River at Sayward
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Appendix 2

Photos of Study Area

Photos 1 to 8
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PHOTO 3:

PHOTO 4:

APPENDIX 2
SALMON AND WHITE RIVERS
FLOODPLAIN MAPPING REVIEW

- e o b g - S L D = i s~
HWM 90-29 - TOP OF FRAME AROUND ACCESS DOOR - HOME LOCATED AT THE FOOT
OF ARMISHAW ROAD (NOTE THIS HOME WAS FLOODED DURING THE 1975 EVENT
AND SUBSEQUENTLY RAISED ABOUT 2 FEET

LOOKING TOWARD HWM 90-29 ARMISHAW ROAD IN THE VICINITY OF XS 17/18
NOTE DEBRIS ON FENCE

s § i

¥




APPENDIX 2
SALMON AND WHITE RIVERS
FLOODPLAIN MAPPING REVIEW

\

PHOTO 5: HWM 90-26 - KNUTSON IHOME ON GLENROY ROAD

PHOTO 6: VIEW OF KNUTSON HOME ON GLENROY ROAD NOW FLOODPROOFED
(REFER TO HWM 90-25/26)



APPENDIX 2
SALMON AND WHITE RIVERS
= FLOODPLAIN MAPPING REVIEW

HWM 15/16 - ADJACE_INT T
HWM FROM OVERLAND FLOW

.: PHOTO 7:

PHOTO 8: HWM 90-17 - VICINITY OF FCL 7.0 m
(HWM FROM RIVER FLOW)
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Appendix 3

Hydrology- Study Summary

Memo Dated July 23, 1992
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Province of

BC
British Columbia 5::’1;03'::“ M E MO R AN D U M
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C_3

-
é Rscyched Papor

DIVISION
To:  Peter Woods Date: July 23, 1992! BC. ENVIRONMENT |
Head ; FOOD HAZARD IGENTIFICAS. 5 }
Flood Hazard Identification Section File: 42500-40/R1 1. i
Study37s :
| FILE
Re: Salmon River o ;'

In response to Mr. Nichols’ request of June 2 I have comthed a study to” ’

provide the required information. This memo summarizes the study and gives
the results.

L Frequency Analysis

With the additional years of peak flow data at Sayward and modification
of the procedure for estimating instantaneous peaks from manual gauge
observations has given better definition to the frequency analysis at this station.
This in turn allows a reasonable estimate of the frequency curves for the Bigtree
site and the White River. The following table provides the return period results
utilizing data up to and including 1991.

Peak Flows - m3/s
Tnstant. Paak Flow | Daily Peak Flow
Location da km?{ 20-yr | 200-yr | 20-yr | 200-yr
Salmon above Memekay 438 601 819 376 503
Salmon below Bigtree 749 953 | 1,340 767 1,090 .
Salmon near Sayward 1,200 1480 | 2,140 1,350 1,970
White River 358 758 | 1,060 488 684

2. Flood Flows of November 11, 1990

Using the revised and published flow data for this flood event and the
updated frequency curves, the following results are obt_ained. _

_ | Instant Peak Daily Peak
| Location Flow m3/s | RP-years | Flow m3/s | RP-years
Salmon above Memkay 459 5 320 9
Salmon near Sayward 1,560 27 967 5
2

g(- ~ /(0:{, Di-é-s.'\ /-,'-‘J .
Aa~
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:
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1t is not possible to provide a definite estimate of the peak flow at the
Bigtree site or for the White River as there is no ihformation on relative
contributions from various parts of the watershed. However, as there are gauges
above and below it is possible to provide a range of possible peak flows. The
following table provides this range and a median or most likely value.

Instantaneous Peak Flow (in3/s) and Return Period (vears)

Exireme Extreme Median
Location Flow | RP. | Flow | RP. | Flow | RP.
Salmon below Bigtree 890 13 640 4 768 7
White River 535 5 881 50 700 13

Lol

C. H. Coulson
Head
Hydrology Section
CHC:gg
HY8872
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Appendix 4

Newspaper Articles of
November 1990 Floods
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By Suzanne Fournier i
Stalf Reportey
Wil a new storm on the way, |
Frasey Valley and porthern Vane
couver Island reeled yesterday
{rom the eflects of eardier storms
and fooding, vy ... - :

. n.C. Sog;:ei‘te%r'(i?;neral Ru”
Taser Comy a hellcopter tour,
of the affected areas and estimated
damage on the south coast at “mil-.
lions and mllbmoldol!us—alot
of money.” * i 5¢

Claude Daltey manager of potir:y .
and plans for the Provincial Emers”
4 gency Program, said the cost of-
the PEP response alone so far is -
more man million. He estimated -
damage in all parts of the south™
coast will top; nm“ﬂ!g’nflo znll—

% Ol'l..“' .

[ g r
Fraser said PEP will | compen-
sation for 89 cent of the value,
ol a princl resndemc.uploa
maximum of $100,000. :
Provinclal sdjusters will be senl
1o survey the damage once the
floodwaters recede, sald Fraser,.
who yesterday flew to Sayward on
northern Vancouver ksiand with-
}Iig_ ays Minister Rita Johnston.
rasier n'g‘led lllere is no com-
sation racrea 2
IR et ey

Meamvhlle. olnclall were con- -
cemed about 8 storm that was i
. expecied (o drop at least 40 mild-" -
= melres (1.6 inches) of valn on the} -
i Fraser and up to 100 mm;
t (lour inches) on northern Vancou-,
. ver Island pvernight and today, -
AR ¢ goln& to os&ra\me an:

TR Damage in.;

Bistl phat by Petar nubm
noe Is the only way lo iraverse rising weters of Halzic Lake, where od]acon! couagu oand Irallers were awash,

Anne Garber's survival guide to holiday shopping. Page 417 »
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- Qar else .

1
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* Oar saies are up as Maple Ride-

; area residenls lake 1o their
i* 1 boats, and Ridge Marine staffer
| Jeflrey Allan stands by boss's

aign that says b+ -
- .

. by Peter Hulbent

1
delays,
slosures
Llague
(ecovery
fforts

v Tom Wals
it Reporter

¢ chaotic bighway sltuation
he Lower Mainiand ba
Adually returming to normal,

But there are still closures and

yn.
}e minisiry of highways
sed yesicrday that the
apaihalla and Trans-Cana
i _-,;_hwaya are open,
olarists, however, should
¢t pertodic delays on the
s-Canada atl Laidiaw and
wnes Creek east of Chitliwack,

thbound motorists on the -
ulballa should also expect
rralitent closures,

n the Trans-Canada a 60-kph
wed zone has been posted at
atzhe Bridge.

nan
e ceton and

igh 1 from Vye Rind 1o the
!.b':’derﬂSu:’nnm“

da

) nea
_k\e Squamish Hlnhwny is open
« Pemberion, but there are
Tays slx-koes soulh of Whisller
Inu of aliernating single-lupe
€,
pect chosures north of Lions
¥ from 9 a.m. to noon and 1
m.to 3 p.m,
tey Road from
berioa to Lillanet 1s closed
! forther nollce becanse of
—widing fw the Lilooet Lake ares.

Co Aamn
¢ highways departiment sa
J?ll lssue updated Inlmuoy:
.0 1 5
or informailon, call the
drdsivy’s 24-bour road repori at

1-800-663-4957 for outslde
Maluland, *

F0.9TTS tor the Lower Malnland

By Reilh Fraser
and Suzanne Fourn
Siall Reporis

SAYWARD -« Kevin Kavaungh
waded through "lons of bloody
mud” and waler only to waich
“years of teaching and learning
fiterully go down the drain.”

Kavanagh, 41, is principal of
Sayward Elementary and Junior
Secondary School, which has 200
students from kindergarten
tiwough Grade 9.

The ::h:.)o! ss:rvesdl{:e"l.ﬁoﬂ
people e ard Valley on
norihern \fam.'q.m\?\:::w Island, about
halt of whom live in the Nooded
valiey aren,

A 1oial of Bl people were eva-
cuated Irom the valley, 40 by tand
and 4] using four helicapters,
which in some cases had 10 pluck
people off thele doorsteps.

Kavanagh saw ibe Salmon River
course through his school during
the weekend, and yeslerday be
surveyed the damage,

"Ht's sad — Lhere’s silt and
mud everywhere, displuy cases

LIFE'S WORK OF TEACHING,
LEARNING DOWN THE DRAIN

full of trophies the kids won have
{allen over, smashed and foated
down the hall,” he said,

“There's children's artwork,
their gym strip and personal
belongings lving all over.

“It’s all bloody mud every-
where,

*For the 1eachers — two of
whum lave flooded homes — and
for vie, il's like watching an entire
life's work of leaching literally go
dowit the drain.”™

It ook a week to repair the
school alter a flood of similar
intensity in 1976,

Electrical, plombing and heal-
ing syslems must be checked,
The furnace fuel supply was
breached and contaminated he
school's well, snid Kavanagh, nol-
fng thal a search is uider way for
temporiary schouling sites,

Sayward is a rural community
wilh a well-established emergency
contacl system and students will
be told by lelephone where and
when Lo go to school, be said.

“This is an incredible eommu-
nity — there were 8) people eva-
cualed and by early afternoun
they were all billeted in private
homes. Everyone pulled
togelher,”

ing was provided for six
people a1 a local communily
centre on Sunday nigitt, In the
morning, when more evacuees
arrived by helicopter, hot chili,
sandwiches, cookies and cakes
were served Lo about 50 people,

Soyward RCMP Cpl. Fred Miller
confirmed thai B8] people were
flown vut by lour choppers from
1he RCMP, Coast Guard, Canadion

Forces Base at Comox and Pacilic:

Rins Helicopters, w

e

**Al this point mos1 ol the
¥ homes are badly

ey

damaged but salvageable, but if
the waler geis h gher, some
!’I:‘SN will be Lotally toat,” Miller

Crews continued to work on
several bridges that were washed
out by the deluge and the main
road inte Sayward remained cot.

Environmentalists promplly
blamed: clearcul fogging as a lac-
tor in the flouding.

Bul B.C. Solictor General Rusa
Fraser, who toured the area by
lwliwmet yesterday, dismissed
such claims,

“It's not my area of expertise, :
bui 1 saw slides on mountaing
where no one had laid a finger —
i's hard to blame anything but
the rainfall,” said Fraser,

BBC. llydl:'c;gtsletday warned
Vancouver Js pulp mills their
power could be endangered alier
flooding caused two luwers carry-
ing four 500,000-volt finees
to collapse into the Green River

" between Pemberion and Rainbow
onllhe mainband, 00 bt

FRE I
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By Judith Lavole
Times-Cofonist statf

SAYWARD — As floodwaters
began to recede throughout
B.C. Tuesday, residents here
were left looking for a reason.
for the disaster which hefell the
Sayward Valley. :

Some pointed t0 a logjam behind a
platform used to build a bridge over
the Salmon River as one reason
Sunday’s floods were so devastating
for this community 7¢ kilometres
north of Campbell River.

The work platform was beside the
partially completed bridge, adjacent
1o the school, which with homes in the
valley took the brunt of the fiooding

0 |
Books, artwork engulfed in mud
as school surveys nature’s wrath,:z

Times-Colonist staff,

SAYWARD — Brown slime and silt
covered the {loors, qarpets and furni
:iure at the Saywar -&c‘hgo] on Tues-

ay. T O
A storeroom if the school’s shop
area remained undesr several metres
of water and desks and chairs were
piled outside to dry despite intermit.
tent showers.

“They're certainly more likely to
dry out there than in here, Justlook at
it as outdoor education,” said princl-
pal Kevin Kavanagh,

Irreplaceable teaching plans, stu.
dents’ notes and artwork were lost
when the Salmon River burst ils
banks and ran through the scheol on
Sunday.

“The parking lot was pretty well
wiped out,” said vice-principal John
Kerr, “It just took the pavement right
off. If tock 10-foot squares- and just
flipped them upside down, It was
quite something.”

Much of the gravel of the parking
Jot is now piled on what was once the
lawn of a house that was across the
road. .

“We've lost hundreds of textbooks,

seek disaster reason’;

when the Salmon and White rivers
burst their banks, . T .
Showers are forecast for today,
though a repetition of the weekend's
heavy rains is not expected, - -

Provincial Emergency Program
spokesman Claude Dalley said Tues-
day the flood threat on Vancouver
Island has eased. :

*“The rain warnings were cancelled
almost 24 hours ago,” said Dalley.
*The waters are receding and people
are ¢leaning up.”

Sayward residents can expect some
help [rom the provincial government,
Dalley estimates there will be about
$10 million in government aid from
PEP 10 B.C."s flood victims.

“People say that when the floods
came in 1975 they weren't as bad as

but we did get most of the library
books to safety,” said Kerr, paddling
through the mud (o help one of the
work crews sent by Campbell River
school district.

The high-water mark is at Jeast 50
centimetres vp the doors and any-
thing in the bottom two shelves of
filing cabinets has been lost,

“These were the teachers® lessons
that they had prepared for years, It's
like waiching your life's work going
down the drain. They’re not like min-
Istry textbooks, I think it's Murphy’s
Law,” Kavanagh said.

Some of the 190 students, ranging
from kindergarien to Grade 9, have
been in the school trying to salvage
their belongings and others have of-
fegteld 10 help with the cleanup, Kerr
said,

. Staff whose houses are intact have
taken home children’s clothes to
wash, Where possible, items such as
ncil boxes and a child"s fossil col-
ection have been saved from the
-all-engulfing mud, Kavanagh said.

Noreen Archer, 3 member of the
janilorial steff, remembers the previ-
ous flood at the school in 1975,

- B
this and people had time io move stuff> KX
up and prepare,” said Sayward resk,’,, %
dent Len Stefiuk. “I think it was the’
new bridge and the work platfornf >
jamming up the logs.” . .s“q'“'

Beside the flood-damaged bridge’,

F3)

oy

project stands a Righways Minism%-‘ o~
“Freedom to Move” sign. - !‘:g
Few people in this forestry-based 1+

community of 650 believe logging ». '3
practices had anything to do with the! ,:ﬁ
il

A

*“I don't think that was it, but no one<' 52

6

can say for sure,” said Ginger Gus:* ;%

tafson, a valtey resident.
. Most people knew there was likely -

to be a flood, but they did not know. 4

how bad it was going to be, Gustafson? ; ¥
said, A

]

RIERER
“'‘But this is so much worse, The kids -
are just going to be so sad when they -
see all this.”
Kavanagh said a saving grace as - -
the disaster unfolded was the re-
sponse from the school board and the .
650 residents of the community, which -}

is about 70 kilometres north of Camp-

bell River, '

“People have come in and volun-
teered even though there’s lots of
stuff that needs to be done In the
valley,” he said.

About 20 people were working on - |
the school cleanup Tuesday, including -
many of the 13 teachers, And despite
the devastation, Kavanagh hopes to
have the school back in operation by
Monday. gL

“We have three contractors coming
in tomorrow with heaters, fans and "; '
extractor units,” he said. !

Depite the hopes of some students .
that Mother Nature is on their side,
report cards will go out as usual, -
Kavanagh said, ;

“We gol the secondary report cards ' X

out on Friday, and the elementary
report cards are being writlen at -
the moment at home,”

Nev 14 /70
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DAMAGE

Continued from Al

The mountains surrounding
Sayward were covered with snow

{ prior to the weekend, and torrential

rains and warm winds helped to

.* rapidly meit the snowpack, causing

large amounts of water to flow inio
the Salmon and White rivers..

As in 1975, the weather conditions
were accompanied by a high tide
which made matters worse, said an-
other resident.

Three out of four bridges in the area
remain impassable. Many of the 500
valley residents who live outside
Sayward have not yet been able to
return to their homes.

. *1 came for brezkfast [Sunday]
and I couldn't get home, so I've stayed
here ever since,” said valley resident
Jeanetle Stefiuk, “I'm a guest at the
Salmon River Inn.”

Eleanor Hurst, Salmon River Inn
spokesman and one of Sayward’s four
aldermen, has offered {ree rooms for
anyone unable to get home,

The entire community is pulling
together-trying to help those whose
homes were flooded, Gusiafson said.

“Everyone has somebody staying
with them,” she said. .

As the flood waters recede the dam-
age is being assessed but no cost
figures are available, Hurst said.

Dalley said the $10 million in pos-
sible aid includes about $2.5 million
spent on first-response efforts as of
Tuesday. ' :

Dalley said the $10-million esti-
mate was based partly on PEP’s
$6-miltion experience with floods in
and around Chilliwack last year,

PEP will be covering some unin-
surable Josses on principal residences
up {o a ceiling of $100,000 for individ-
uals, and will cover certain uninsur-
able Josses of farmers, small busi-
nessmen 2nd municiEaIities.

*But it will be probably the middle
of next week before we have a good
idea of how much will be involved,”
he said.

The current provincial budget
allows for $1,203,500 in first-response
costs — down from more than $2
millien budgeted last year. PEP can
request exira money from Ottawa
under the Flood Relief Act.

Finance Minister Mel Couvelier
was unavailable Tvesday to say
where the money would come from

in light of millions of dollars in
spending restraints he has ordered

- in attempts to make. good on his

pledge of a balanced budget.

Even with government help, the
floods will affect Sayward, which is
already, suffering because of logging
disputes in the Tsitika Valiey, Gustaf-

_son said,

“There's already hardship here,
people are starting to hurt finan-
cially,” she said, :

In several cases people who are

already battling other problems have

been kit hard by the flood, said Gus-

tafson and Hurst,

A trailer owned by Bobby and Jack
Toft has been badly damaged,

“She ['Bobby] was visiting her hus-
band in Vancouver when it hap-
pened. He was paralysed in a logging
accident this summer,” Gusiafson
said.

Another family whose home has
been damaged were also in Vancou-
ver with their seven-year-old daugh-
ter who is in hospital after being
diagnosed two weeks with cancer,
Burst said.

" Truck falls in washout, Gold River man escapes

. River RCMP said t
" the truck saved Hall from serious

‘Times-Colonist slalf

A Gold River man escaped serious
injury Monday when his pickup truck
plunged into 2 washout,

Gerald Mark Hall, 30, was cross.
ing the Okiwanch River bridge when
his vehicle plunged into the washout,
The rear portion of the truck stayed
on the roadway.

Cpl. John Ollinger of the Gold
slow speed of

' injury or death, A tow truck later
¢ retrieved the pickup,

1

Also in the Gold River area, about
30 people were transported in the
buckets of front-end loaders Sunday
when {lood walers cul them off from
the town. )

Jerry Morgan, the area emergency
program coordinator, said between 50
and 60 people helped in the rescue
operation.
 The water rose as high as 1.3
metres, culting off workers at the
Canadian Pacific Forest Products
mill and an Indian reserve.

Morgan said these on high ground

- or not in immediale danger were

left, but (he remainder were moved
by the front-end loaders,

Power was expecled to be fully
restored {0 the region Tuesday eve-
ning after @ mud slide near Gold
River krocked nut the .Iig‘hts ‘{nr

10:30 p.m., Rich Comer, a hydro
service technician ai Port Hardy,
said Tuesday.

Power slarted to be slowly restor-
ed by midnight by a back-up gen-
erating syslem at Porl Hardy, but it
overloaded at 6:45 a.m. Tuesday and
failed, pluniing the communities
back into darkness, he said.

The blackout occurred when a slide

on a mountain about 20 kilometres
north of Gold River swept over a
Hydrg transmission tower supporting
a line that feeds electricity to the
north Istand, he said. .

Heavy rains in the area are blamed
for the slide, Comer said.

Hydro advised customers to take
il easy on power consumption for the
next day, he sajd.
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‘Drenched communities d

By Katherine Dedyny
Timus-Colonmt siast
Mud-soaked wp-1stand communisiey
are drying out and cleaning up siter
Friday’s Nooding — the second dee
4 vastating onslaught in iwo weeks.
Seyward, kiv hardest by the floods,
. b rmaking Hy way beck 10 mormal,
if’ bk e exient of the boss may not bave
% telty sunk In yet, warned Phil Blan.
. ¢hard, area co-ordinator for the Pro-
rincla) Emergency Program,

A public meeling Tuesday ln the
« town I8 alaied to dead with “critical
7y Iacident stress™ he said,
“J thiwk there's going 1o be more of
# Baedtash,” be predicied, as people
sdll reeling from the destructlon wnd
me3a of two weels ago realize they'll
bave i begin sl over sgain,
But the threal of further damage

+

and danger has preuty weli dried up,
“There's anb;id al this polnt under
any personal risk,” Blanchard said
Saturday afternoon, and the bown s
once again accessible by road,
Ustortunately, some of the pecple
hardest bt this fime were the same
:ms whnﬂsuﬂ'ere{e e b{unt ollee
ATRA, bl membrante La
weekeg:d ilo:li‘f. * Y

Lorne and Shawn B
whose severyear-old daughter, Tia,
wis pecently disgnnsed as having a
brain tumor, were not sble Lo defend
their “dream home.”

Loroe rushed to Cympbel] River to
save off Mooding at his mather’s
house, Shawn Iy in Vancouver for
T1a’s hospital restments.

"1 don™t really want 4o think about
#," Shawn said e & telephone Inier.

m

view. “I don"t eves know f I'm
e-have s home to go b - guisg

The last she heard, the house was
urRder mearly s metre of water — just
2 bitbess tham the bast time, N

Everything the Lamily hed sal-
vaged was siready outside in the
L] when the fhoods rejurned.

- 're probably the worsi-case
stenario,” Blanchard said, sdding
that the heaters and vacounmts brooght
n to clean wp the previous mess wers
prokably desiroyed.

The sevomd [ond, deeper than the
first, spelbed disaster for Bunnl Toft,
Water rose sver the counteriops i
her mobile home.

Saturday sbe headed for the main-
land, taking the bad wews to her
hosband whe s in a V. hospl
tal because of 3 summer logging
sccldent which bef| biem paratysed.

“The mobile was eompleiely fovd-
+d. It was worse than H was befope,”
sald tamily friend Bert Hadley,

“Jugt n{out everything will have
o be yeplaced." ‘

The Soywatd elemeniary school,
which still has more than & meire
of water in its crawl space and abowt
15 sm-on the Noors, is nd expected 19
reopen untll Wednesduy, Older pg-
denis belped staff bug furniture ko the
£ 10 Save it from waler demage,

The havoe wreaked o logging
1oads Is expecied to pat more than 300
forealry workers ol of a jub for
beas two or Uhree days, said MacMil-
lan Bloedel foreman Mark Godard.

Blanchard said this time sround,
residents no Jonger vesisted abandon.

§ Ing their homes at the onset of the
. flood threat — a major probiem bn the
v Flouds twa weeks ago.,

© Many of ibem “learned the harg
way" sbool the dongers of Iate-night
rescaes Involving helicopiets ang

ry out=again

bauty Ia storm eonditsons,

This time, 12 pevple had b be res-
cued by vehicles. About 90 families
temporarily stranded in their bomes
found refuge with friends and meigh-
bors on higher ground,

Ed Waters, 2 spokesman for he
Provincial Emergency Program o
cated In Courtenay, said “no major
sllmn?: damage"hm:d regisiered,
althaggh it was touch-and-go moving
ohe mobile home,

All major roads on ibe Tstang are
believed tobe "pessable,” he suid.

About 200 Tahsis residents spem
1% deys without drinking water afier
the main broke in the river canyon.

Mayor Tom MeCras sald i
rdpe Tepairs were dengervus and dif-
eult, especially with the six-man
public works crew betng reduced e
two because of holidays and iltness.,

The pipe break cut off wiier 49
the lt;v.njaerJI paol"!m 1aws where
Lhe majerily ve.

vy MeCrae soid resldents caughi rain
water and boiled I for drinking water
Friday. and on Saturday were Invited
16 the upper lown 1o pel walet from
homes served from & 285 .mlliow lisre
siorage tank.

The wwn wiy tot off frem other
parts of the Idand by washows for
o parts of 1he day, end eear ibe
Hver some basesments were Hooded,

“There was seme damage, but
we live in a0 sres that peis 12 10
14 Teet of rain 1 year so we kpow
what rajn {s aboul,” he said,

4 mudstide In Port Alice de-
stroyed road repairs done after »
fiood Jas yesr,

And 25 residents of 4 mobile home
park in Martindale, eolside Puarks
whlle, bad b0 leave thely Lrailers afler
they were submerged metre-duep in
waler.

i Daat Calnabine 1

i D Clutehing “mm. |
me flooded-out resice

‘workers away Jrom th.

1" TICRD watehiud for sews
ofter splli:intaiGorg
Rt

|

| i Up-Island
N towns,}i 3
stranded
by storms

Floods sirended sboyt 250 Sa:
residens Friday ag rivers overflo
thelr banks there for tee gacand |
' iniwo weeks,

H Torrential rains that swebied oo
| and rivers and high windy which |
- dows [rees temporarily cof off +
s ather up-laland commuynities.

. g:ncr Program Ares ceordineior

. Saywapd, said sbout 90 families »

. #randed in ibeir homey beesm

- ibe Novdwaters. .

M. An BCMP power Ltnch aquip

o b sn inflatable rescue baat f.

elled from Ca River w |

tescue the Mood-1solated Sayw
e ity o

g, pe we've got is for

) 2 ratn o setde down ¢ e i} g

; B un“ummam te drop,” Blanch

wid, . .

“The flond Tevel is higher than
Nov. 11 storm in some places, an
otbers it is Jower,™ he said.

On Nev. 1), under almosi-idens
conditions, warm westher melied
£now on the hills xnd mounising ;
tesraed with heavy rale 10 cause
nearby Salmon snd White rivers

' top their banks and Mood the town,
. But thia time, Blanchard said, .
. bigh country ll:i.ci actn::.lal« m

; mow cover which was e
! W the fiood, - s

. PontAtberni wes essentislly eut
the betier pant of Fridsy. M
) :a of 'ﬂlh“ y3 shul “:;?. Highw
™ winds and :
Y tressinCatbodralGrove, 7
{"i = BCMP Const. Brock Clayards 5
, [ tmore than a dozen treas ie he

cla) park crashed over when the 7;
" fumed the earth v med and bt
i winds purabed the glanis over, .,
) Qirlrd{ mwrl: estaped de
f- i o SR

o Pigay-backed by resc:

Phil Blaochard, provinelal en.
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