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May 7, 1997

Ministry of Environment, Lands and Parks
Water Management Division

765 Broughton Street

Victoria, British Columbia, V8V 1X5

Mr. R.W. Nichols, P.Eng.
Head, Floodplain Mapping Section, Hydrology Branch

Dear Mr. Nichols:

Floodplain Mapping Program, Fraser and Nechako Rivers at Prince George
Design Brief '

Enclosed please find:

» 12 bound copies of the Design Brief and one unbound copy;

» one set of prints and mylars of Drawings 93-3-1 to 93-3-12;

» one CD ROM with all Drawings and HEC-2 files;

» one CD ROM with Drawings for the City o'f Prince George; and

» one copy of the Study File containing HEC-2 Cross Sections and output
tables.

It has been a pleasure working on this interesting project.

Yours truly,

KLOHN-CRIPPEN CONSULTANTS LTD.

Richard F. Rodman, P.Eng.
Project Manager, P.Eng.
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INTRODUCTION

This report describes the floodplain mapping study carried out by Klohn-Crippen for the Fraser
and Nechako Rivers at Prince George under the joint Federal/Provincial Floodplain Mapping
Agreement. The purpose of the study is to delineate the limits of the 200-year floodplain and
display flood elevations on topographic base maps. This study was carried out in accordance
wifh specifications outlined in the Ministry of Environment, Land and Parks, Water

Management Division Request for Proposal, dated June 27, 1996.
The scope of this study includes:

» review of available river survey data to confirm that it meets with the
Ministry's requirements for floodplain mapping;

> determination of the 20-year and 200-year return period daily and
instantaneous discharges for Fraser and Nechako Rivers;

» set up and calibration of a HEC-2 backwater model for Fraser and
Nechako Rivers; ’

> delineation of the 200-year floodplain on topographic maps supplied by the
BC Ministry of Environment; and

> documentation of the study in this comprehensive Design Brief.

A study file, which contains the HEC-'Q output for all runs, has also been produced as part of
this study. To ensure compliance with study specifications and procedures, discussions were
held throughout the study with Mr. Richard W. Nichols, P.Eng., Ministry of Environment,
Lands and Parks, Water Management Division, Victoria. Mr. Glen Davidson, of the Water

~ Management Division in Prince George was also consulted and provided assistance for this

study.
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The floodplain maps, Drawings 91-3-1 to 91-3'-12 listed in Appendix II, replace
Drawings 5419-1 to 5419-4, issued in 1983, and extend to the limits of the City of Prince
George. Drawings 91-3-1 to 91-3-5 and Drawings 91-3-11 and 91-3-12 are based on
digital mapping prepared for the City of Prince George by Triathalon Mapping Corp. in

- April 1993, These maps were provided to BC Environment by the City to assist in the

floodplain mapping study. The remaining map sheets are based on provincial topographic
mapping based on 1979 air photography. A digital overlay for the digital maps has also
been produced and BC Environment will provide the approximate extent of the floodplain,
in digital form, to the City for planning purposes once the area is designated under the

Federal/Provincial Floodplain Mapping Agreement.
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STUDY AREA

The study area is located at the confluence of the Fraser and Nechako Ri\}ers, see Drawing

B-1001. Catchment areas of interest are listed in Table 1 below.

Table 1 Catchments of Interest

LOCATION CATCHMENT AREA
(km?)
Nechako Reservoir at Skins Lake Spillway 13.933
(WSC Gauge 08JA013) . ’
Nechako River at Isle Pierre 42,500
(WSC Gauge 08JC002) i
Nechako River at confluence with Fraser River 47,100
Fraser River at Shelley
(WSC Gauge 08KB0O1) , 32,400
Fraser River at South Fort George
(WSC Gauge 08KE018) 79,500
(located immediately downstream of the confluence with

the Nechako River)

The Fraser River has its headwaters in the Rocky Mountains along the BC/Alberta border.
The highest elevations are in the order of El. 3000 m to El. 4000 m. The Salmon, Bowron and
McGregor Rivers are major tributaries upstream of Prince George. The Nechako River has its
headwaters in the Interior Plateau as far west as the Coast and Hazelton Mountains. Alcan’s
Nechako Reservoir releases water into the Nechako River via Cheslatta Lake. Major
unregulated tributaries entering the Nechako River include the Francois and Fraser Lakes and

Stuart River.

PW 7490 0101 '
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DATA USED FOR STUDY

Due to the presence of the City of Prince George at the confluence of the Fraser and Nechako
Rivers flood events have been monitored and documented by the Ministry of Environment for
quite some time. In addition to the survey information listed below, the Ministry of
Environment working files from Victoria and Prince George were available for this study. -
Within these files were Ministry memos, reports and newspaper articles discussing flooding.

The key references and data sources are listed below.
BC Ministry of Environment, Lands and Parks, River Survey

> Fraser/Nechako Rivers 1979 Cross Sections at Prince George - Project
79FDCO04.

» Fraser/Nechako Rivers 1995 Cross:Sections at Prince George - Project
9503F019. :

» Fraser/Nechako Rivers 1990 High Water Marks at Prince George - Project
9017F054.

» Bridge drawings for bridges in the study area.

> Surveyed cross-section data on diskette in HEC-2 GR card format.

BC Ministry of Environment, Lands and Parks, Correspondence and Background
Information

» Floodplain Mapping sheets 91-3-5 through 91-3-10,
» City of Prince George topographic mapping.

» Preliminary documentation of high water marks from the November 29
1996 ice jam flooding on the Nechako River.

» “Nechako River Water Management Plan, Appendix 2.5 - Hydrological
Changes in the Nechako System Following Regulation; Appendix 2.6 -

PW 7490 0101
970115 Page 4
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Environment Canada, Water Survey of Can
Stream Flow and Water Level Data

Tributary Inflow to the Nechako River; and Appendix 2.7 - Flooding and
Erosion Problems, Northern Region and Policy Planning Branch.” Final
Draft, February, 1990.

“Flood Frequencies in the Fraser Basin”, R. Wyman, Water Management
Branch, May 24, 1985.

Annual Reports, Omineca-Peace Region, 1968 to 1973.

“Fraser-Nechako Rivers - 200-Year Profile at Prince George”, Memo to
J.H. Doughty-Davies, Head, Planning Subsection Inventory and
Engineering Branch from R.W. Nichols, Senior Hydraulic Engineer,
Planning Subsection, December 1, 1980, file 0305030-14.

Discharge and observed high water marks for June 15, 1972 flood on the
Fraser River,

The stations listed in Table 2 below were used:

Table 2 List of Stations

. PW 74900101

STATION NAME STATION NUMBER
Nechako Reservoir at Skins Lake Spillway 08JA013
Nechako River below Cheslatta Falls 08JA017
Nechako River at Vanderhoof 08JCo0!
Nechako River at Isle Pierre 08JC002
Fraser River at Sl\eiley 08KB001
Fraser River at South Fort George 08KEO018
Kiohn-Crippen

April 30, 1997

ada, HYDAT CD ROM (Version 4.94),

Page 5
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HISTORICAL FLOODING

Flooding in this northern area can occur due to spring runoff events or due to ice jamming
events. Both the Fraser and Nechako Rivers have had significant flood events due to both
mechanisms. Recent historical flooding accounts and high water levels were found in
several references. The major recent flood events of record were June 1972, June 1990
and November 1996. The summer floods of 1972 and 1990 affected both the Fraser and

Nechako Rivers and had discharges as follows:

Table 3 Daily Flood Estimates for Historical Floods (m’/s)

- 1972 1990
Fraser River upstream of Nechako River 4980 4800
Fraser River downstream of Nechako River - 5781 5203
Nechako River at Prince George ' 801 403

Newspaper clippings and photographs of these floods and others are included in
Appendix I. It should be noted that the 1972 and 1990 floods on the Fraser River

exceeded the estimated 20-year return period discharge presented in Table 11.

The 1996 ice jam flood affected only the Nechako River, resulting in estimated flood
levels higher than any others, summer or winter, experienced on the Nechako River at
Prince George. These reported levels are only preliminary and will be confirmed when the
snow cover has melted and the high water marks can be accurately surveyed. A list of
historical ice jam flood events was compiled from the files and is divided into Nechako
River and Fraser River events, Tables4 and 5. Included in these tables is the river
discharge, where available. It is interesting to note that these discharges are quite small

when compared to the estimated 200-year flood events presented in Section 5.

PW 7490 0101 . ,
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Table 4 Nechako River Ice Jams at Prince George

Approximate Discharge Maximum Comments
Date Rate' Water Level
(m’/s) (m) G.S.C?
 Dec. 1917 Not available | min. 569.8° | Flooding “similar to 1933”5

“early Not available | min. 569.8° “swept across the railway yards and covered the entire

1920s™* eastern section of the city with up to 6 ft of water”®

Late 1920s Not available | 572.1° File notation of uncertain origin

Dec. 1933 Not available | min. 570.4> | “Railway yards submerged... two feet over tracks™

Jan. 1937 Not available xpin. 570.4° Water at least two feet over the railway tracks (from
photographs)

Feb. 1956 55 Not available | River Road area flooded’

Mar. 1957 311 min. 569.4 Highest reading occurred at beginning of available
record

7 Mar. 1960° 212 570.7 Mills, homes flooded’

5 Feb. 1961 142 569.6 :

22 Jan. 1953 143 569.4

15 Dec. 1964 171 568.9

3 Jan, 1968 140 '1 568.9

27 Dec. 1968 219 568.8 Flooding in Island Cache. “Several basements are just
blocks of ice.”* Level at Pulp Mill water intake® 568.2

26 Jan. 1970 233 min. 570.4'° | Mills, homes flooded’. Level at Pulp Mill water intake

568.1 ' ‘

10 Dec. 1970 143 569.6

22 Dec. 1971 193 569.1

3 Apr. 1972 205 567.5" Homes “threatened”™

18 Dec. 1972 182 570.0

22 Jan. 1974 107 569.0

15 Jan. 1975 139 569.4

12 Jan. 1976 162 569.8 Basements flooded®

19 Nov. 1996 190 570.9 Preliminary level to be confirmed in 1997

See following page for notes.

PW 7490 0101
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Table 4 Nechako River Ice Jams at Prince George (Continued)

Notes to Table

'As recorded at W.S.C. Gauge 8JC002, Nechako at Isle Pierre.

*Unless otherwise stated, the elevations are as recorded at a former City of Prince George recording gauge,
located at their water intake just upstream from the Cameron Street Bridge also known as the old Nechako
Bridge (Cross Section 11).

3 Elevations estimated at the CN Railway Station on First Avenue, about 2.2 km downstream from the
City gauge. Archive photographs indicate that the elevation at the old Nechako Bridge was similar to that
of the late 1920’s event. : '

4 Incident thought to have occurred in 1921 or 1922,

’ From newspaper reports, in some cases written long after the event.

% The file notation states that this elevation may have been taken on top of the ice jam; it was observed at
the old Nechako Bridge (near the City gauge used 1957-76) in “the winter of 1928, 29 or 30 or

thereabouts”. This reading has not been used in the present study since it is probably the top of ice.

7 This comment comes from a 1960 reference to “the big 1956 flood”, which may, however, be a mistaken
reference to the March 1957 event. 1956 newspaper reports refer to a flood “threat”.

® This and subsequent dates refer to the occurrence of peak recorded water level, or to the first of several
days at the highest level.

® This water intake is located on the north shore of the Nechako. opposite Cottonwood Island, about
2.4 km downstream from the City gauge.

. "Recorder did not print elevations for the previous eight days.

""A “dramatic 8-foot rise in water level” recorded at the Pulp Mill intake gauge, as reported in the
contemporary press, was not reflected in the City gauge records at this time.

PW 7490 0101
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Table S Fraser River Ice Jams at Prince George

Date Flow' [ Level? Comments
(m’/s) (m)

28 Dec. 1969 300 561.8 | Choked confluence. Cottonwood Island homes flooded®

16 Dec. 1971 283 | 563.2 | Confluence jammed. No problems’

13 Dec. 1972 200 563.3 | Confluence jammed. Flooding and evacuation of Cottonwood
‘ Istand®

10 Dec. 1973 328 561.5 | Damage in industrial area and Cottonwood Island®

18 Dec. 1980 200 565.4 | Flooding of Penny. Cars underwater at boat access. About 3.5 m
rise in one day*

28 Dec. 1989 625 562.5 | 4 km log jam at Shelley. No damage®

Notes:

'Fraser at Shelley.

2 At South Fort George gauge (cross section 19)
? Annual Report

4 Newspaper

%31 Dec. 1989 memorandum.

PW 7490 0101
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' FLOOD FREQUENCY ANALYSIS

General

This section describes the hydrological analyses carried out to estimate the 20-year and
200-year return period discharges on the Fraser and Nechako Rivers at Prince George. These
discharges were used fo; the floodplain mapping of the study area. Catchment areas and Water

Survey of Canada Gauges of interest are listed in Table 6 below.

Table 6 Catchments of Interest

LOCATION CATCHMENT AREA | PERIOD OF
(k) RECORD

Nechako Reservoir at Skins Lake Spillway 13.933 : 39
(WSC Gauge 08JA013) . ’
Nechako River at Isle Pierre -
(WSC Gauge 08JC002) | 42.500 45
Nechako River at confluence with Fraser River 47,100 -
Fraser River at Shelley ,
(WSC Gauge 08KB001) 32,400 45
Fraser River at South Fort George
(WSC Gauge 08KEO18) 79,500 27
(located immediately downstream of the confluence
with the Nechako River)

For the reach of the Fraser River ups\iream of the confluence, the Water Survey of Canada
(WSC) gauge, Fraser River at Shelley (08KB001), was used for the flood frequency analysis.
There are 45 years of daily and instantaneous peak flow data available from this gauge which is
a reasonably good data set for flood frequency analysis. For the Nechako River upstream of
the confluence, the WSC gauge, Nechako Rivgr at Isle Pierre (08JC002) also has a long data
set of 45 years of daily and instantaneous peak flow data. However, the flows at this gauge

and downstream of Prince George on the Fraser River are influenced by operation of the

. Nechako Reservoir. In flood years, the BC Water Comptroller can order flow releases, from

the Nechako Réservoir via Skins Lake Spillway, in the early spring and reductions in spillway

PW 7490 0101
970115 : Page 10
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flows when the Fraser River is in flood, to mitigate flood levels on the Fraser. An estimate of
20- and 200-year flows on the Nechako River requires consideration of the current flood

operation of the Nechako Reservoir.

Fraser River Analyses

The Fraser River, upstream of the Nechako River confluence, is unregulated. Due to
regulation of the Nechako River, the Fraser River ﬂoWs, downstream of the confluence with
the Nechako River, are affected by the Skins Lake: Spillway releases, Alcan’s spill release
facility for the Nechako Reservoir. Regulated flows on the Nechako River began in the fall of
1952, with the completion of the Kenney Dam and the filling of the Nechako Reservoir.
Regulated releases from the Skins Lake Spillway commenced in 1956. At this time the WSC
gauge, 08JA013, was established to record the releases from Skins Lake Spillway.

To ensure hydrologically consistent periods of record, flood frequency analyses have been

“carried out for the period 1956 to 1994. For Fraser River discharges upstream of the

confluence ‘with the Nechako River, the WSC gauge at Shelley (08KBO001) was used.
Downstream of the confluence with the Nechako River, coincident regulated discharges,
prorated from the WSC gauge Nechako River at Isle Pierre (08JC002), were added to the
annual maximum Shelley discharges. The coincident Isle Pierre discharges were prorated by
catchment area to account for the additional local catchment between the gauge and the
confluence with the Fraser River. A flood frequency analysis was then carried out on this data .
set to obtain the return period discharges on the Fraser River downstream of the confluence
with the Nechako River. Usage of the coincident regulated Isle Pierre flows accounts for the

reduction of Nechako Reservoir releases during high flows on the Fraser River.

The computer program, CFA, was used for these énalyses. Although the Generalized Extreme
Value (GEV), Three Parameter Lognormal and Log Pearson Type III all fit both data sets

PW 7490 0101
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reasonably well, the GEV distribution was selected for this study since it resulted in slightly
higher discharge values. The resulting return period discharges are presented in Table 7 below

and graphical output on Drawings A-1002 and A-1003,

Table 7 Fraser River Peak Daily Flow Estimates (m®/s)

20-YEAR | 200-YEAR

Fraser River at Shelley (upstream of Nechako River) 4470 5560

Fraser River downstream of Nechako River ‘ 5180 ’ 6200

Nechako River Analyses
General

To account for the regulation of the Nechako R.i:ver, the return period discharges have been
determined for the unregulated inflows downstream from the Skins Lake Spillway. Separate
reservoir routings were then carried out for the Nechako Reservoir to estimate the spill
discharge which would occur when the unregulated Nechako River flows are peaking. The
unregulated inflows and Nechako Reservoir releases were then combined to obtain the design
discharge for floodplain mapping on the Nechako River at Prince George. Maximum flows on
the Nechako River at Prince George occur in late June or July, with a few instances in May and

August.

Unregulated Inflows

Inflows between the Skins Lake Spillway and Prince George were estimated by subtracting the
Skins Lake Release from the Nechako River recorded discharge at Isle Pierre. The period
1956 to 1994 was used, consistent with the analyses on the Fraser River. The travel time for
releases from Skins Lake Spillway to Prince George is approximately one week. Releases

which occurred approximately one week prior to the maximum annual recorded discharge at

PW 7490 0101 :
970115 , Page 12
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Isle Pierre were subtracted from the Isle Pierre discharge. In some cases the daily releases
were varying significantly and therefore preference to selecting lower release values was done
to maximize the unregulated inflow component. Flood frequency analysis was carried out on
the estimated unregulated inflows. The Generalized Extreme Value distribution was selected.

The results are presented in Table 8 and on Drawing A-1004.

Table 8 Peak Flow Estimates for Unregulafed Inflows on the Nechako River (m’/s)

20-YEAR 200-YEAR )
Nechako River at Isle Pierre 651 815
Nechako River at Prince George 723 905

Nechako Reservoir Routing :

To estimate the releases from the Nechako Reservoir corresponding to 20-year and 200-year
return period events, characteristic inflow hydrographs (Kiohn Leonoff, 1992) were routed
through the reservoir. The routings were commenced on April 1 since prior to that the
Nechako River can be ice covered. An increase in flows when an ice cover is present may
result in ice jams and flooding. Inflow forecasting is currently used to determine the spill
quantities from the Nechako Reservoir. Discussions are held between Ministry of
Environment, Fisheries and Alcan to determine the spill schedule each year. Iflarge inflows are
predicted a pre-spill is released to lower the reservoir level and to allow reduction of spill -

releases when the Fraser River at Prince George is in flood, generally in June or July.

PW 7490 0101
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To ensure that release flows were not underestimated, conservative operating procedures were

assumed as follows:

> spill releases from April 1 to the end of May matched the historical releases
for 1972 and 1976 when conditions approx1mated a 20- and a 200-year
inflow event respectively; ,

» releases from the powerhouse assumed seven out of eight units were
operating;

» after June 01, releases from Skins Lake Spillway were adjusted to ensure
that the reservoir level did not exceed the Maximum Normal Level (MNL),
El. 853.44 m;

> the releases from the spillway were assumed to remain constant over the
monthly intervals of June and July; and

» the April 01 reservoir level was based on the maximum recorded level of

El 851.8 m for April 01.

This analysis gave the following outflow estimates at Skins Lake spillway.

Table 9 Nechako Reservoir Peak Daily Flow Estimates (m’/s)

20-YEAR 200-YEAR
Inflow Peak 1230 1540
Routed Outflow 300 460

The peak flow estimates for the Nechako River at Prince George were derived by combining
the outflow estimates for the Nechako Reservoir with the unregulated inflow estimates as
shown in Table 10. Since releases from Skins Lake Spillway were assumed to be constant for
monthly intervals, they would then coincide with the peak daily unregulated inflows presented
in Table 10.
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Floodplain Mapping, Fraser and Nechako Rivers at Prince George

Table 10 Nechako River Peak Daily Flow Estimates (m’/s)

20-YEAR 200-YEAR
Nechako Reservoir 300 460
Unregulated Inflow . 723 905
Total at Prince George 1023 1365

Summary

Because the methodology for both the Fraser and Nechako Rivers has required flow
summations, it is unlikely peak instantaneous flows will occur concurrently. In addition the
Fraser River flood events are a résult of extreme hydrological conditions over a very large
catchment resulting in gradually increasing flood hydrographs, not “flashy™ flood events. The
difference between maximum mean daily discharge and maximum instantaneous discharge is
negligible. Similarly the Nechako River is not “flashy” either. Flood releases from the
Nechako Reservoir, once they reach the confluence with the Fraser River, tend tc; be gradual.
We therefore based our floodplain mapping on peak daily flow estimates presented in Table 11

below.

Table 11 Design Daily Flood Estimates (m*/s)

20-YEAR 200-YEAR
Fraser River upstream of Nechako River 4470 5560
Fraser River downstream of Nechako River | 5180 6200
Nechako River at Prince George 1023 1365

The previous floodplain mapping study used a discharge of 6,200 m’/s for the 200-year return

period discharge on the Fraser River and 850 m’/s for the 200-year return period discharge on

PW 7490 0101
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the Nechako River (Memo to Watts, Head Planning and Surveys Section, Inventory and
Engineering Branch, Ministry of Environment; from R. Nichols, dated March 25, 1981).

The Fraser River flood flows remain unchanged from the previous study. The estimate of 1365
m’/s for the 200-year flow on the Nechako River at Prince George from the present study is
greater than the value of 850 m’/s used in 1981. However, in the 1981 study, sensitivity
studies indicated that a flow of 1,275 m%s would not exceed the flood levels shown on the
mapping (includes an allowance for hydraulic and hydrologic uncertainty) due to the ihﬂuence
of Fraser River flood levels. Therefore, opeh water flood levels would not be expected to
increase significantly over those used in 1981. However, as described in Section 7, accounting
for the effects of ice jamming is much more ‘significant than the variation in the open water

flood flows.
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HYDRAULIC ANALYSIS
General

Water surface profiles were estimated with the HEC-2 computer program. Input to this
program includes cross-section geometry, reach lengths, discharges, ineffective flow areas and
estimates of energy loss coefficients. Calibration of the computer model with known flows and
corresponding river elevations is required to model river levels at various flows. Caution must

be used when modelling beyond calibration events.

Cross-section geometry and reach lengths were obtained from detailed surveys which were
carried out by the Ministry of Environment in' 1979 and 1995. Locations of all cross sections
are shown on the floodplain maps listed in Appendix II. The cross-section data was provided
to Klohn-Crippen along with topographic maps showing their locations and a set of
photographs at each cross section showing the banks and views looking upstream and
downstream. A site visit was made by Mr. Richard Rodman of Klohn-Crippen, on
September 17 and 18, 1996 , to assist in determining the correct modelling coefficients and
cross-section configurations. Areas of flooding duﬁng extreme events were also inspected
during the site visit and the Ministry of Environment, Prince George office, flood files were

reviewed.

A second site visit was made by Mr. Richard Rodman on February 24, 1997 to review the

initial floodplain limits which had been identified on the maps. Areas of particular concern

included the Northwood Pulp Mill area, on the Fraser River, and the Heritage River Trail - -

and Hudson Bay Slough areas near downtown Prince George.

The following sections describe the river profile model and model calibration.
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HEC-2 River Model Setup and Calibration

The cross sections provided by the Ministry of Environment were imported into HEC-2. Back
channel sections were connected to main channel sections to span the valley from side to side.
Based on cross section photographs, field observations and the survey data file, overbank
locations were identified and marked as such. Extensions to the cross-sections were made,
wh'ere required, based on the topographic maps provided by the Ministry of Environment and

the City of Prince George.

The bridges located on the Fraser and Nechako Rivers induce headlosses primarily because
causeways for the Northwood Bridge, on the Fraser River, and the John Hart Bridge, on the

Nechako River, restrict overbank flow. The standard bridge routine and standard step

- backwater routine were used to model the losses due to the constructions and bridge piers.

Two major open water flood events were used for calibration: June 1972 and June 1990. The

discharges for these events are as follows:

Table 12 Calibration Event Flood Estimates (m*/s)

1972 1990
Fraser River upstream of Nechako River 4980 4800
Fraser River downstream of Nechako River 5781 5203
Nechako River at Prince George 801 403

The profiles for the calibration events are shown on Drawing A-1005 and A-1006 along with
the surveyed high water marks. Also included on Drawing A-1006 are the preliminary ice jam

flood levels for the Nechako River.
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For overbank areas which are densely treed a Manning’s “n” of 0.15 was used, while for open
or sparsely vegetated overbank areas an “n” value of 0.05 was used. As part of the calibration
process main channel “n” values of 0.029, for the Fraser River, and 0.028, for the Nechako
River, were derived. The standard contraction and expansion loss coefficients of 0.1 and 0.3

were used.

Drawing A-1005 shows the Fraser River HEC-2 calibration runs. The 31 1990 high water
marks and the 17 1972 high water marks were generally well replicated in the runs, with a
few exceptions. Between chainage 5,000 m and 10,000 m the observed 1972 high water
marks were higher than the calculated levels. This may have been due to temporary debris
jams or interpretation of high water marks in the field. Drawing A-1006 shows the
Nechako River HEC-2 calibration runs. The 9 1996 ice jam water levels, 10 1990 high
water levels and the 12 1972 high water levels are plotted along with the calculated levels
from HEC-2. The 1972 flood is slightly, overestimated while the 1990 levels are
reasonably well modelled. It can be seen that the 1996 ice jam water levels are well below
the open water high water marks near the mouth of the river and well above the open
water high water marks in the upstream reach. The influence of the Fraser River level can
be seen from chainage 0 m to 4,000 m. In general the open water calibrations for both the

Fraser and Nechako Rivers are reasonable.
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Floodplain Mapping, Fraser and Nechako Rivers at Prince George

FLOOD LEVELS
General

Due to their northern location, the Fraser and Nechako Rivers are not only subject to
spring snowmelt flood events, but also winter ice jam flood events. These two flooding

mechanisms are described separately below.

| Calculated Open Water Conditions

The daily flood discharges described in Section 5 were input into the HEC-2 model for the
Fraser and Nechako Rivers resulting in the 20-year and 200-year flood levels presented in
Tables 14 and 15 in Section 7.5. Due to the expected long duration of the flood events on
both rivers, it has been assumed that the ﬂopd events are coincident. As shown in
Table 15 the lower 4 km of the Nechako River is affected by the water level on the Fraser

River. This can also be seen on the calibration events shown on Drawing A-1006.

Sensitivity Analysis

Sensitivity analyses were done to estimate the effect of modelling data assumptions on
calculated design 200-year water levels. Manning's "n" and discharge were varied for the
analysés and the results are shown in Table 13. A plus or minus 10% variation in Mannings'
“n" resulted in a maximum variation on both rivers of plus or minus 0.5 m. Discharge was

varied plus or minus 10% resulting in a maximum variation of plus or minus 0.5 m.
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- Floodplain Mapping, Fraser and Nechako Rivers at Prince George

Ice Jam Conditions

Tables 4 and 5, presented in Section 4, Historical Flooding, document most of the major
flooding events resulting from ice jams. The scope of the present study did not include
hydraulic modelling of ice jam flood events, but only compilation, review and
interpretation of historical events. Although ice jam flooding events do occur on the
Fréser River, those that have been documented near the South Fort George Gauge are 3
or more metres lower than estimated open water flood levels. Based on this information,
ice jam flooding on the Fraser River does not gdvern the flood levels, but rather open

water flooding.

On the other hand the Nechako River ice jam flood events are similar to and higher than
the open water flood levels. This is due to the variability of winter flows on the Nechako
River and the channel geometry. Disruption of the upstream ice cover and fdrmation of
frazil ice, when the air temperature is very low, results in ice jamming of the relatively
narrow and shallow Nechako River near its confluence with the Fraser River. Ifthe Fraser
River has a stable ice cover then the mobilized ice on the Nechako River cannot discharge
downstream and ice jams are formed. With sufficient ice supply from upstream, ice jam

flooding could occur throughout the study area on the Nechako River.

The ice jam flood levels at the former City of Prince George recording gauge, located just
upstream from the Cameron Street Bridge, also known as the old Nechako Bridge
(XS- 11), are listed in Table 4. These levels were plotted on probability paper using a
plotting position based on an 80 year period of record, as shown on Drawing A-1007.
The resulting 200-year return period level was El. 571.2 m, slightly higher than the
estimated flood level of El. 570.9 m, for the 1996 ice jam flood event. The estimated open
water 200-year return peﬁod flood level at this location, of El. 570.3 m, not including

contingency allowance, is 0.6 m below the 1996 estimated ice jam flood level and 0.9 m
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below the estimated 200-year return ice jam flood level. Further upstream ffom this point,
the estimated ice jam flood levels for 1996 are approximately 1.5 m above the calculated
open water 200-year flood levels. This indicates that ice jam flooding is far more

significant than open water flooding on the Nechako River.

Design River Flood Levels

The design river flood levels, including contingency allowances are discussed below and
presented in Table 14, for the Fraser River, and Tablé 15 for the Nechako River. These levels
were used to delineate the floodplain limits shown on the floodplain maps, Drawings 91-3-1 to

91-3-12. The profiles for the design water levels are shown on Drawings A-1008 and A-1009.

The digital floodplain maps will be provided by BC Environment to the City of Prince
George for planning purposes once the area i::: designated under the Federal/Provincial
Floodplain Mapping Agreement. All flood level information and notes have been excluded
from these maps and only the extent of the 200-year return period floodplain will be

included on the maps provided to the City.

An appropriate contingency allowance, commonly known as "freeboard", must be added to the
calculated water levels to obtain the flood levels shown on the drawings. The sensitivity
analyses indicated that the usual 0.3 m of allowance on top of the flood levels derived using
mean daily discharges is not sufficient. For the Fraser River a contingency allowance of 0.6 m
will be sufficient to encompass variation in levels indicated by the sensitivity analyses. The
resulting flood levels, including contingency allowance, used for the floodplain mapping for the
Fraser River are presented in Table 14. A frequency analysis of the maximum annual water
levels at the WSC gauge Fraser River at South Fort George (Cross Section 19), see
Drawing A-1010, resulted in a 200-year level of EL 569.0m and a 20-year level of
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Table 14 - Design Fraser River Flood Profiles

Reach Cross 200-Year Design | 20-Year Design
Description Section Level (m) * Level (m)’
Downstream Extent of Study
1 563.3 562.5
2 563.5 562.8
3 563.9 563.2
4 564.6 563.8
5 565.1 564.3
6 565.6 564.8
7 566.1 565.4
8 "~ 566.5 565.8
9 567.2 566.4 -
10 567.5 566.7
11 567.7 566.8
12 567.9 567.0
13 567.9 567.1
Fraser River 14 568.1 567.3
Downstream 15 568.4 567.6
of Simon Fraser Bridge (Highway 97)
Confluence 16 568.4 567.6
17 568.4 567.6
18 568.7 567.9
19 569.3 568.5
20 569.6 568.8
20.3 569.9 569.1
Yellowhead Bridge (Highway 16)
21 569.9 569.1
21.5 569.9 569.1
22 570.1 569.2
23 570.1 569.2
CN Bridge

24 570.1 569.2
25 570.1 569.2
26 570.1 569.2

Confluence with Nechako River

REPTABS.XLS - Table 14
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Table 14 - Design Fraser River Flood Profiles (continued)

Reach Cross 200-Year Design | 20-Year Design
Description Section Level (m) ' Level (m) '
27 570.1 569.2
28 570.2 569.4
29 570.3 569.4
BCR Bridge
30 570.3 569.5
31 570.3 569.5
32 570.5 569.6
33 571.0 570.1
34 571.3 §70.3
35 571.4 570.4
36 571.5 - 570.5
37 571.8 570.8
38 571.9 570.9
39 572.0 571.0
40 572.1 5711
41 572.2 571.3
42 572.6 571.6
Fraser River 43 572.9 571.9
44 573.0 572.0
Upstream of 45 573.2 572.2
Confluence 46 573.4 572.5
47 573.7 5727
48 573.7 572.8
49 574.4 573.4
50 574.4 573.4
51 574.6 573.6
52 574.6 573.6
Northwood Bridge
52.5 574.6 573.6
52.7 574.6 573.6
53 574.8 573.8
54 575.0 574.0
- 55 575.2 574.2
56 575.4 574 .4
57 575.5 574.6
58 576.0 575.0
59 576.1 575.2
60 576.4 575.5
61 576.8 575.9

Upstream Extent of Study

Note: 1. Contingency allowance, commonly known
as “freeboard”, of 0.6m was used
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MINISTRY OF ENVIRONMENT, LANDS AND PARKS
Floodplain Mapping, Fraser and Nechako Rivers at Prince George

Table 15 - Design Nechako River Flood Profiles

April 30, 1997

Cross 200-Year Design Levels (m) 20-Year Design Levels (m)
Section Open Water |lce Jam Level| Design Level Open Water | lce Jam Level | Design Level
Level (m) * (m) (m)? Level (m) (m) * (m)
Confluence with Fraser River
1 570.2 565.4 - 570.2 569.3 565.2 569.3
2 570.2 566.9 570.2 569.3 566.6 569.3
3 §70.2 567.6 §70.2 569.3 567.3 569.3
4 570.2 568.9 570.2 569.3 568.5 569.3
5 570.3 569.7 570.3 569.4 569.2 569.4
6 570.4 570.1 570.4 569.5 569.6 569.6
7 570.5 570.7 §70.7 569.7 570.1 570.1
8 570.7 571.1 571.1 569.9 570.6 570.6
9 570.9 571.6 571.6 570.2 571.2 571.2
10 570.9 571.6 571.6 570.2 571.2 571.2
Cameron Street Bridge (Old Nechako River Bridge)
11 570.9 571.7 571.7 570.2 571.2 571.2
12 571.3 572.3 572.3 570.7 571.7 571.7
13 571.5 572.5 §72.5 570.9 572.0 5§72.0
14 571.6 572.6 572.6 571.0 5721 5721
John Hart Bridge (Highway 97)
15 571.6 - __‘_572 6 .l 5726 571 .0 ] ___»@72.1 5721
16 571.8 572 9 572 9 . 5711.2 ) 5724 | 5724 ]
17 572.2 573.3 573.3 | 5716 5727 572.7
18 572.6 573.7 573.7 571.9 573.1 573.1
19 572.9 574.1 574.1 572.3 573.5 5§73.5
20 573.3 574.5 574.5 572.7 573.9 573.9
21 573.9 575.1 575.1 573.3 5745 574.5
22 . 574.2 575.4 575.4 573.6 574.8 574.8
Foothills Bridge
23 574.7 575.9 575.9 5741 575.3 575.3
24 575.1 576.3 5§76.3 574.4 575.6 575.6
25 575.4 576.6 576.6 574.8 576.0 576.0
26 575.8 577.0 577.0 575.2 576.4 576.4
27 576.2 577.4 577.4 575.5 576.7 576.7
28 576.7 577.9 577.9 576.0 577.2 577.2
29 577.3 578.5 578.5 576.6 577.8 §77.8
30 577.7 578.9 §78.9 577.0 578.2 578.2
31 578.2 579.4 579.4 577.5 578.7 578.7
32 578.9 580.1 580.1 578.3 579.5 579.5
33 580.0 581.2 581.2. 579.3 580.5 580.5
34 580.4 581.6 581.6 579.7 580.9 580.9
Upstream Extent of Study
Note: 1. 200-year discharge on Fraser + Nechako Rivers with.0.6 contingency allowance
2. Average winter discharge on Fraser R and 200yr discharge on
Nechako R with 1.8m contingency allowance
3. Maximum of open water and ice jam levels used for mapping
4. Average winter discharge on Fraser R and 20yr discharge on
Nechako R with 1.8m contingency allowance
PW 7490 0104 .
REPTABS.XLS - Table 15 Klohn-Crippen Page28

|
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ElL 567.7m. These levels indicate that the design flood levels in Table 14, including the

contingency allowance, are adequate.

As can be seen on Drawings A-1005 and A-1008, the slope of the Fraser River water
surface profiles increases downstream of its confluence with the Nechako River. In this -
reach the Fraser River is confined by high banks, except in a few locations. In contrast,
upstream of the confluence with the Nechako River, the Fraser River meanders and has a
very wide ﬂoédplain. Field observations and historic accounts of flooding indicate that
bank erosion does occur in this reach. Notes have been added to the floodplain maps in
this reach regarding the possibility of debris and ice jamming and channel relocation.
There are also some locations, noted on the maps, which are above the 200-year return

period flood level but may be subject to flooding from upstream high water levels.

For the Nechako River the estimated ice jam flood levels fof the 1996 event varied from 0.6 m
to 1.5 m higher than the 200-year return period open water flood levels, see Drawing A-1009.
In the light of this event, and the fact that four other ice jam flood events have produced flood -
levels at the old Nechako River bridge similar to the 1996 levels , the ice jam flood levels
govern the flood construction levels on the Nechako River. To to account for ice jam flood
events on the Nechako River, a contingency allowance of 1.8 m was added to the 200-year

modelled flood levels.

The Fraser River levels govern the water levels on the lower reaches of the Nechako River.
Applying a 1.8 m ice jam contingency allowance in the lower reaches of the Nechako River,
which are directly influenced by the 200-year return period open water flood level on the Fraser
River, would be overly conservative. To provide a transition from the open water contingency
allowance of 0.6 m on the Fraser River to the ice jam bontingency allowance of 1.8 m on the

Nechako River two HEC-2 simulations were run: 200-year return period discharge on both

PW 7490 0101 ‘
970115 Page 29
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the Fraser and Nechako Rivers with a 0.6 m contingency allowance; and 200-year return
period discharge on the Nechako River combined with the average winter discharge, 200 m’/s,
on the Fraser River with a 1.8 m contingency allowance. The results of these simulations for
the Nechako River are presented in Table 15. In the lower reaches of the Nechako River the
first HEC-2 run governs with the contingency allowance of 0.6 m, while for the remainder of
the study area upstream, the second HEC-2 run governs with the contingency allowance of

1.8 m. The resulting highest levels, used for floodplain mapping, are presented in Table 15.

Based on the discussion presentéd above, detailed ice jam modelling is warranted on the
Nechako River to thoroughly address the issue of flood construction levels. The
methodology developed above is somewhat approximate, and in fact still requires
confirmation of the 1996 ice jam flood levels when the snowcover has gone. In addition, the
1996 ice jam flood levels were only observed in the-first 6 km of the Nechako River (see
Drawing A-1009) and it is assumed that the same conditions could occur further upstream

resulting in similar elevated ice jam flood levels.

There are some areas where detailed studies would be required to improve the estimate of
the 200-year return period flood level because the level is affected by local structures,
embankments and potential blockages. One of these areas is on Drawing 91-3-8
immediately south of Northwood Pulp Mill. There are two railway embankments and one
road embankment with several culverts through each. Blockages could occur at any one
of these embankments. For the purposes of the present mapping it has been assumed that

the furthest downstream embankment is blocked.

The other area where detailed studies would be required to improve the estimate would be
of the 200-year flood level in the Heritage River Trail and Hudson Bay Slough areas just

south of downtown Prince George, see Drawing 91-3-3. These areas act as local

PW 7490 0101 ,
970115 Page 30
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- stormwater drainage areas into the Fraser River. A series of road embankments cross the

area with either pipe arch or circular culverts. The flood levels shown on the mapping are
based on evidence from the 1948 and 1972 floods and the assumption that partial
blockage could occur at these embankments. Flood levels will be affected by the amount
of incoming water, both from local runoff and from Nechako River flood water. The
levels shown on the mapping are estimates only and have not been derived from detailed

analysis of the expected flows and headlosses through this area.

PW 7490 0101 | ;
970115 Page 31
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CONCLUSIONS

1. This Design Brief presents an overview of the studies undertaken to produce the

floodplain mapping sheets for the Fraser and Nechako Rivers.

2. The Nechako River floodplain in the study area has a documented history of ice jam
flooding dating back to the early 1900s. To a lesser extent, ice jam flooding has also

occurred on the Fraser River upstream of Prince George.

3. The floodplain maps are administrative tools which depict minimum elevations for
floodproofing. They are not comprehensive floodplain management plans and do not

provide solutions to site specific problems.

4. Flooding may occur outside of the designated floodplain. Tributaries, ice jamming,
channel obstructions and larger flood events may cause flooding which exceeds the
flood levels shown on the drawings. These limitations are noted on the floodplain

mapping sheets under floodplain data.

PW 7490 0101 :
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RECOMMENDATIONS

L.

The floodplain areas outlined on Drawings 91-3-1 10 91-3-12 for the Fraser and
Nechako Rivers are recommended for designation pursuant to the Federal/Provincial

Floodplain Mapping Agreement.

The floodproofing requirements contained in the appropriate bylaw(s) of the City of

Prince George should take into account the information provided in this study.

3. Ice jam modelling of the Nechako River is recommended since the flood levels were
determined based on historical ice jam flood events.

4. Any future significant changes to the operation of the Nechako Reservoir must be
reviewed to ensure that the designated floodplain areas and levels are not affected.

5. The floodplain maps should be reviewed to maintain the adequacy, accuracy and
usefulness of the information when significant flood events, erosion, floodplain
development or other changes occur within the study area.

PW 7490 0101 :
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6. A floodplain management plan should be developed for the study area to define and

determine solutions to the flood hazards.

KLOHN-CRIPPEN CONSULTANTS LTD.

Adriana Dinca, EIT
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APPENDIX I

Historical Accounts of Flooding
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Cameron Street Bridge

November 1996 Ice Jam Flood on Nechako River
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File Photos of June 15, 1972 Flooding
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File Photos of June 15, 1972 Flooding
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File Photo of June 15, 1972 Flooding
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First Avenue became a

the bottom photo the s
with the old Catholic ¢

to The Citizen by Doug Munro, 582 Winnipeg Street.

placid sea of water during floods which swept Prince C;—eorge
in 1936. In the top picture the building at centre, right is the CNR freight shed. In

cene is looking across Second Avenue toward Connaught Hill
hurch in the centre of the horizon. The pictures were loaned
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June 1990 Flood, South Fort George
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June 1990 Flood, Foreman Flats

PW 7490 0101

970115




June 1990 Flood, Foreman Flats
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June 1990 Flood, Foreman Flats
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June 15, 1972 Flooding
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VANCOUVER PROVINCE
JUNE, 1972

The North Thompson River.'
rose a foot at Barriere-on'
Sunday as heavy weekend
showers in central B.C.
caused higher water levels
throughout the province’s
major river systems.

But the river at Kamloops ., PFeaks or major seepage. .
is already three feet below.

last week’s peak reading, and
the latest increase should only
maintain the pressure on al-
ready strained dikes.

City civil defence co-
ordinator Gerry Hutchingon
said the river will move up
today as the new crest flows

uts river

the 40 miles south, but %t
- shouldn’t create a -dangerous
situation!” when it arrives.
. He said around - the - clock
. batrolling of the serious spots
along the dikes is continuing,
but thers have been no new

~ Along tlie entire’length of
7 the TFraser " River, “~hewever,
levels continued a slow * but -
sure drop . Sunday, ‘although

7+ officials .predicted . the’ river

will - remain ‘high for a few
more days, . . = - L
. Mission RCMP said the

afternoon, reading.- on  the ..

- gauge was' 22.85 feet, the first
. time ‘the“river had, ‘subsided
below the 23-foot . mark ’in
slightly more than two days.;

The river. there-peaked' at

9:45 art Saturday .with'n

reading of 23.375 feet, highest

level since:1950 and the fourth

highest ever recorded. ). ™
DIXE MIGHT BREAX

Mission’s” civil defedce co-
ordinator 'Dick Davidson said
there is no chance of the river
going over the tops of the
dikes, but the danger now is
that a dike might break under
the continued pressure of high
water. .

He' said seepage through
dikes is continuing and Chilli-
wack RCMP also reported
heavy -seepagz through the
west bank of the Vedder
Canal, flooding some farm
lands. L

-At Hope, RCMP said pumps
are being employed to remove
water from an undiked area
where high water last week
forced 10 families to evacuata
their homes.

A police spokesman said it
will be two more days at the
earliest before residents can
move back in.

p

- CRISIS IS'OVER
~ 'Cool. temperatures and m
Tain at Prince George durin
the . weekend. prompted
water rights 'branch’ officia
there to. predict the crisis i

© over, for this year at least.

. _Mills Anderson said the Smn
day reading of 30.25 feet wac
;. four-foot.. drop "from . Jasi
week’s " pealy”.which - causic

- . flooding in the low lying Cot

tonwoed Island .and -Scutt
Tort Gecrge oreas..

" He.said, however, most of
Cottonwoed ; ‘Island  is still
under watér dnd it will likely
ke a:week or two,before the

- Island’s 200 residents are able

fo maye back kome. : .

“"They will-be aliowed torre.
turm sonly: undery -rzstrictions,
-however, requiring a health

inspettion of-their homes and
an electrical inspection befora
B.C. Hydro restores power.
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ICE JAM CAUSE
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-wqder-s. canoes

save day in Penny

AZEL ALL
. ,1tize,n Staff Reporter

" Dressed In hip-waders and

addling canoes, residents of

enny helped evacuate sev-
eral families whose homes
were {looded due to ice floes in
the Fraser River on Wednes-
day. ’

Most of the 40 residents of
this small community, 80 km
.east of Prince George, were
high and dry today, as the
flooding did not reach the

. townsite, sllualed on higher

ground TR

Lisette Yoklmas a Penny

school teacher, was.one of

*

I---v River

NORT H.

Arrows show arens of flooding

Nonmwoon wom( "DEC 18198{}'

da

3 weddcoad
mage

S

Y { & Northwood Pu]p nnd’I‘lmber‘ g elevation for this Fiverireally.

Ltd. officials are hoping the

worst of an unseasonal food is -

over. ‘
At the brldge construLllon
- gite behind. the mill, Fraser

" River flood waters have gune -

over the marks left by this spr-
;Ing's freshet, washing away..»
unesllmatcd manhours of
; work, materlals and same
" tools. The colfer dam for the
bridge s third pler. has also
. been . damaged and
beneath the muddy water.
‘Bruce:;. Pickett, - woods
“adminlstration manager, said,
“It’s many, feet above the sea.
. sonalnormal. Wedo ourbridge

_construetion in the winter so*
_we don't have to contend with -
< lotg.of ;water.. This was °°,m":

pletely unexpccted "o b
" He satd he was turning mis-
fortune to an'agset: “I'imn hav-
“ing'this new level.recorded. I -
‘want to know what the peak

O

PENNY (Staff) -~ Larr
Siddler woke up early We
. nesday and heard a tremend-
ous noise from the Fraser
: River, just a few yards away
{rom his cabin.

The Penny resident says'

 “thé waler was rising like hell,
and\lce was flowmg down the
rlver

lies

Va er-f

133

is:
The bridge is tot"bc used to

- cut the hauling distance from

the logging areas fo the mill,
bypassing routes that now take
trucks through'city strects.
. About 18 km and.almost’an,
hour's travelling will be saved.

The worst damage done by
the stnormal winter thaw

came Tuesday, on.the Herrick .
River 100 km east of Prince”
George. A tributary . of;the’
McGregor River, it went up

about four feet, washed away
parts'of a bridge being built
“and dumped a_ crﬂneﬁl
water.- .

- Pigkett sala-tne, floeding in

*»~that district is, "helng sorted .. -
*out,” and wherever pOSSlbIE' "
logging and hauling is being

“resumed.
+."Things are almost back to
normal " he said.

PR *
mop omsmvm fo

Fising"

- }ie qlrwpped on his skls ‘and
lefthis cabinatd that morning;
g4 wliy

Another ’enny. c0uplc hadto

nlo,,rthe '

<those evacuated fromherfarm

near the rlver.

“There were Lwo famlllcs
evacuated last night. The local
people helped us get out with

. canoes and hip-waders —
T everyones . .was

hclpmg,
Yokimas said. ; :

Sheis staying wllh nclghbors
and has one of her cows with-a

, ngwborn calf, sleeping on the

front porch. The rest of the cal-
tle are trapped or her farm but

are safe

Yoklmas»said some of. lhe's_
(_r(_eks around Penny are
flooded, the Fraser has over-

flowed its banks and ‘‘every-
thing is backcd up."”’

“The whole river is Luvucd .o
with ice.” -

Most Penny residenls have
lost their cars and trucks on
the other side of the Fraser. To
reach the townsite, they park
their cars on one- side of the
river and in the winter use an
ice bridge toreach thetown. In
the summer they use canoes or

. boub

Yokimas said r(:bldulls

reallzed thelr cars were ir-

danger and “‘someone phoned

search and rescue early in the

- morning:**.
“But they didn’t come till 4
_ p.m.; and-by then it was too

late.: All the cars. are frozen
solid under the water.!” |
Despite all the upluaval and
excitement at such an unusual
occurancc ‘Penny’s children

~are in school loday, being

taught by a substitute teacher,
as Yokimas is still waiting to
be airlifted back to her farm.

.. Corp. Steven Hryciuk of the

) McBride RCMP saysthe water

is receding and there wasn’t
much more to be done.

“1 was in Domec Creck Wed-
nesday and there were {wo

_houses with flooded base-

-

- ments. 1 spoke to-the CN and
“they said about five or six

Penny residents had managed
to bring their carsout and park
them in Dome Creek, and then

~gotthe (reight back to Penny."”

evacuate their home as ‘water <}

was coming in through the
floor boards.
L . |
! The low-lymg area around
Qenny is covered with ice as

- But Hryciuk said about 14
cars werc under jce and w:itu‘
in Penny

However, there is telephone

“communigation between the

townsites, and the CY freight

.line Is in no danger, su anyonc

who needs to-leave the tvib

'townsu&s can do so.

BEe d Sy

ke kel

far as thc eye can see, and thc
river appe_ur; to be whd ice for
miles A

- PPenny residents say the
waler level is belween 12 and -
14 feet above norma?, although
it has rt.(_edc.d about five in-
ches today

They say the ﬂood level is
approaching that of the 1936
flood which was the worst any-
one can remenber.

The problems started u
couple of weeks ago, when dur-
ing a heavy snowfall, more
than five feet of snow fell. ‘Then
the weather turned warm, and
,the snow began to melt.



Nechako jumps banks

Ice jam spawns flooding on North Nechako and Pulp Mill roads

by PAUL STRICKI.LAND
Citizen Staff

A massive ice jam on the Nechako
River moved downstrcam from outly-
ing western Prince George neighbor-
hoods Thursday and caused signifi-
cant flooding of low lying industrial
and residential areas.

For thousands of residents who
use the Hart Highway for their morn-
ing commute. it meant trafiic tieups
and fraved nevves.

Most offramps from the Hart
Highway at the John Huit Bridge
were closed because a pool of water
more than one metre deep forced the
closure of an underpass on North
Nechako Road alter some vehicles
stalled trying to get thiough during

the night. One woman whose-small. - §

e <talled in the water was rescued
by the driver ol a tour wheel drive.

By 7-30 a.m., commutzers heading
into towvny on the Hart Highway weve
backed up 1o the Mohawlcsevvice sta-
Hon

he water ceested at 3:30 aan.
Thursday, said Feon Wegor of the
province’s water maniagement
branch By 2:30 p.m. Thutsday, the
water had receded by a foot. he said.

Flooding forced Pacific
Western Brewery to
shut down operations
for the first time in 27
years. It won’t reopen
until Monday.

Environment Minister Paul
Rams«~y said he would tour the
Nechatio and the flooded arcas of the
city by helicopter 1oday 1o get a look
at the sitsation.

Thursday morning the ice jam that
had caused rhe tise in Nechako River
Jevels extended more than five kilo-
melres, from about once kilometre
west nt the Foothills Bridye to the
Spruce {aty Wihldlile As nciation
hatchery on River Road.

All Nechako River islands were
under water except for the tallest
frees.

The rising river was up to the
hacks of houses on Prince George
Pulp Mill Road. River Road was
closed and under water from just eist
of the Cameron Street Brid:ze to Foley
Crescent.

Parking lors and storage yards
were flooded on both sides of the
road. Cottonwouod Island Park was
half under water.

Flooding furced Pacific Western
Brewery to shut down operations for
the first time in 27 years, It won't
reopen until Monday.

The neatby Cedars Christian
School was closed for the day. Not far
away, water had covered driveways
and was lapping against the units of
the Del Haven condominium project
closest the riverbanks.

A aravel pit west of Wilson Park
was under water, and industrial fuel
tanks from it were floating down-
stream among the blocks of ice.

But residents of the Morning Place
neighborhood, at the far western city

The drlver of this sedan tried to push throu
car stalled and the driver was plcked up by someone

Ay s,
faw 5. at

gh the water In the underpass beneath the John Hart Highway. The
In a 4X4. It was pulled out later by a tow truck.

NS

The pylons of Foothllls Bridge cut neat li
near the Morning Place neighborhood clos

a helght older residents say has not been seen since the early ‘50s,

limits on North Nechaka Road,
cnjoyed a break Thursday from four

days of fluctuating river levels that’

threatened flooding several times
during the period.

When the ice jam, which had been
Jocated just down from their neigh-
hoihiwod, moved furthier downstream
overnight, the floodwaters receded
and the riverbanks rcappeared. Yet
massive blocks of ice, some as thick
as 10 feet, continued to hug the river-
banks.

‘Temperatures dipping fo neady -
30 caused thick ice to form on the
river while the big fall release uf

water from Alcan’s Nechako
Reservoir was still working its way
dowustream. Subsequent ice jams
have caused notable river level fluc-
tuations and intermittent flooding at
Vanderhoof and Prince George.

There is no indication Alcan or
any govermment agency is responsi-
ble for the ice jams and flooding,
Ramsey said Thursday from
Vancouver.

“First we had a cold snap that
froze everything, and then all of a
sudden it warmed up enough to
cause the ice 1o break up and cause
ice jams, leading to a crisis situation,”

Citizen photus by Dave Milne, courtesy nf Pacilic Western Helicopters

nes into the lce jam that around midnight Wednesday moved from
er to downtown. The ice Jam raised water levels early Thursday to

" he said.

Following one of the longest win-
ters in recent years, the city had the
fourth weltest summer on record,
Ramsey said. Everyone is trying to
cope with unusually heavy runofts
and river flows as best they can, he
noted

“T'he cause of the problem is
Mother Nature, Sometimes she’s
kind; sometimes she’s cruel.”

One local oldtimer said it's the
first time he’s seen this type of winter
flooding since 1953.

More photos, detalls pages 32,33.
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Art Croy surveya jce nnd watchea Frauner River level.
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Penny farm on bunkw of Pranser River is isolited nnd surcounded by iee.

“Hiren phutes by Rack Froa
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LEVEL WATCHED CLOSELY

Massive ice jams
still block Fraser

At press time today, a Provincial Emergency Program
official snid the water level has dropped substantially
in the Penny arcu. PEP will continue to monitor the
levels, he added.

* L. w

by JAN-UDO WENZEL
Citizen Staff Reporter

' Kesidents of Penny are anxiously watching the level of
the swollen Fraser River, which spilled overits banks this
week and flooCd low-lying areas of the community.

The river, blocked by ice jams hoth upstream and downstream
from the town, was slowly dropping today. High water over the
past few days forced evacuationof two families inthe community
of 40, about 100 kilometres cast of Prince Geurge.

About 13carsand several boats owned by Penny residents were

lost tu river ice; and ficlds near the town were flooded.
A road near the cornmunity of Upper Fraser was also cut by the

ice jams.

Heavy snow earlier this month, followed by a thaw and three
days of rain, created the high-waler situation along the banks of

the river.

The cars were caught by the water on the south bank of the
river, and their owners were unable o get to them.

At least one vehicle contains Christmas presents.

Today, an ice jam six kilometres long still plugged the river.

Larry Fiddler doesn’t know where he'll spend the rest of the
winter, but it won't be in his own cabin. :

Art Croy willhave Lo get another set of Christmas presents, and
he is worried whether his truck carried comprehensive

insurance.

‘Most snow I've ever seen’

Clarence Boudreau is keep-
ing an eye on the weather and
on the safely of his fellow
Penny residents.

All three agree this year's
weather playeda dirty trick on
them.

About 10 davs ago il snowed.
In fact, it snowed until more
than 1.5 metres covered the
ground. )

*It’sthe mostsnow I've ever
seen coming down at one
time," said Boudreau who
lived in Penny,all his life.

Then the we:ther changed.
It thawed, then rained for
three days.

The snow melted and it was
more like a spring run-off than
mid-Decembet,

“Kverything filled up with
water,”” Croy said.

The sloughswere fullandthe
river was rising.

Then it froze agaw. Ice flocs
drifted down the Fraser River,
plugging slonghs and creeks.
The ice flowed at a speed of at
least 20 kmh, Fiddler said. It
began to build up on gravel
banks and the river's edges.
Suddenly the flow stopped and
the water backed up.

Creeks spilled over into
fields and onto roads, then
frost turned cverything into a
giant ice hockey rink.

At about 3 a.m. Wednesday,
Fiddler was awakened by
noise from the river. Ice was
piling into ice, pushing it over
the riverbank and creating
more obstacles for the winter.
The water found its way into
the lower fields and Fiddler
knew it was heading toward his
cabin. He strapped on his skis
left the cabin, and alcrted
‘'uthers in the community.

Called for helicopter

By about 8 & m. Wednesday,
the river was stll rising about
30 centimetires an hour, and
Penny residents called for a
helicapter tv take some of
them io the south shore of the
Fraser, where their cars were
parked.

Fenny cannot be reached by
road. The enly way inand out is
by railway or across the
Fraser River by boat. Most
people take a boat and park
their vehicleson the ulher side.

The heaving ice precluded

crossing by boat and people
waiched helplessly as their
vehicles were slowly engulfed
in water and ice.

“If a helicopler had come
within an hour after we called,
we could havesaved the cars,”’
Boudreau sau.

But no helicopler was avail-
able in Prince George, and the
vehicles will now sit until
spring in their ice wrappings.

Art Croy had the family’s
Christmas gifts and his vehicle
insurance papers in his small
pickup truck.

I’s now buricd benecath the
ice uf the Fraser River.

Thursday, the people of
Penny thought hey had
annther worry -- otc of the re-
sidents said she das having
labor pains.

A helicopter was available,
but it proved to be a false
alarm.

The Provincial Emergency

Program installed a portable
telephone to ensure contact
with the outside world.

By Thursday, the river was
falling and the danger les-
sened.

Fiddler tried to ski back to
his cabin, but was blocked by
high water. A helicopler drop-
ped him off and he checkéd his
cabin.

“There’snoway I canlive in
it now,'" he said.

More flooding was reported
west of Penny near Aleza Lake
and the road to Upper Fraser
was under water today. The
people of Upper Fraser and
Sinclair Mills will havc to use
the Bowron Forest Road to get
to Highway 16 instead of the
road to Giscome.
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Work train looks like boat in 1936 flood.

Island Flood Refugees
Maintain Uneasy Waich

By Jim Stirling
Citizen Staff Reporter

About 90 people are still re-
fupees in downlown holels while
up to three times as many
daily wateh  the temperature
and the encroaching ice secp-
by into their Cottonwood Island
homes,

The flood waters  have re-
ceded about twu fect but the
waler table in the gravel-bar

island itself is higher now than
floods of Dec, 30 that made the
16 families homeless,

The flood wuas caused by the

ice~-choked confluence  of the
Fraser and Nechako rivers.
The icy waters buill up uutil

there  was no where ¢lse for
them to go but over the island,
Peter Muwdson, social worker
on the island, sees the weather
conditions of the next few days
as critical, He fears threetimes
many homes would Dbe in
pardy if conditjions worsenuxd
the water table continues to
rise through the island,
“Everyone | have spoken to
seems to shink that a slow thaw
15 the answer,” said ludson,
fat the moment several base-
ments of houses on the island
are just blocks of jece,””
Hudson said there wasnomea-
sure of property damnace yet,
He added, “The damage {o
homes is not so much in dollars
and cents; Lyl means a hell ol a
lot to people concerned, Some
might not be habitable asain,’
Emery wilson, district en-
ainieer [or the 1L Watar $o,.

thinking and appraise the silua-
tion,

Hudson sajd: they are hoping
to see Resources Minister Ray
Williston when he visils the eily
Mounduy,

ITe sees two alternatives open
to residents,

They could ask for auxiliary
lielp, he sald, got thawed out and
bLack in their howes and then
discuss the feasibility ol (lood
conselrvalion nethods,

The  sccond  alternative, he
continued, was to et residents
back in their homes and then
think and study seriously the

mas:s re-location of the island
community,
Wilson  apreed that re- loca-

tion appeared the only long term

'y

solutlon to the annmnl flooding
roblems of the island,
ot Eprineerlng~wise,” he sald,
fand that includes  the econ-
omles of the sitnation, there is
nothlug Lo be done,™

Short term solutions, added
Wilson, could be dredging the
Nechako close to the Islund
confining the channel,

Thiuz would lhave the ullect,
he continued, of keeplnga snpor-
cool channel of rapidly flowing
water  which wauld not frecze
as  readlly as the broad, slow
waters at the point where the
rivers eet,

Meanwhile, the lute of the
Island residents, rests as usnal,
on {hie fickle B,C, weallier,

*  k * |
Williston Here Monday

Lands Forests and Water He-
sourers miinister, Ray Williston
will be in Prince George Manday
to disenss the slalled $10 million
lonpe -range  plan [or estension
o the regional Lospital with the
hospital’s milding committee,

lle is making the visit in his
capacily has MLA of the Fort

- Geotee district,

MLA Williston has been invit-

et as a courtesy to atlend {he
weeting af city council Monday
evenfug  city  muanager  Arran
Thomson said today,

The Fort George MLA will be
approached by the Cottonwood Ts -
Jand refugees (see ahove), and un-
doubtedly will have some other
petitioners fromm  among  the
water-hungry Blackbarn district
residents,

[\).‘-_1.{/ :
"ol

. r?{’", o
- /,.;a,,/Ly/(-'/c

ORI
{- ,
Fhe i /J?/a/../ [T2YON

R} t’f‘w/n/ /‘ 7}/’ {./_//Z,"_

/{"1,/&/ )

‘ﬂ; ATA ,;/,,,JA], /,.

sy Gerd et e
A"/ o -(J/ 1 ‘ ’ 7/
190 s e 90 erlet d

/

s At panedvee Jis

: 71 //nr' NIOR TR
}r)v.ﬂ,»(/‘ PRI

Jol BF areentiy

/Qby, .//9((

VAL o
;7/ 1R

[



L1 3 3

(T 3 .o 3 3

1 3 /. 4,

3

]
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Drawing B-1001
Drawing A-1002

Drawing A-1003

Drawing A-1004

Drawing A-1005
Drawing A-1006
Drawing A-1007

Drawing A-1009
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DRAWINGS

Location Plan

Flood Frequency Plot of Fraser River at Shelley,
Maximum Daily Discharge

Flood Frequency Plot of Fraser River Downstream of
Nechako River, Maximum Daily Discharge

Flood Frequency Plot of Unregulated Nechako River
Inflows to Isle Pierre, Maximum Daily Discharge

Fraser River Calibration Profiles
Nechako River Calibration Pr_oﬁles

Nechako River Ice Jam F lood Level Probability Plot at
XS-11Drawing A-1008 Design Fraser River Flood
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Frequency Plot of Maximum Annual Fraser River Water
Levels at South Fort George
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