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PHOTO No. 2.1 

Hatzic Lake at Lougheed Highway and CPR culverts. 
Debris accumidation at the CPR culverts. 

(November 12, 1990) 
(Photo courtesy B.C. Min. of Environment) 
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I, ., PHOTO No. 3.1 

View of Hatzic Lake and Hatzic Prairie. 
The floodboxes at the outlet to Fraser River are at the 

left, the lake is in the middle of the photo. 

(December 7, 1990) 
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PHOTO No. 3.2 

Flooding of Hatzic Prairie. 
Lagace Creek flows within the treed area in the middle of 

the photo and Farms road is between the two barns (red and yellow). 

. (November 11, 1990) 
(Photo courtesy B.C. Min. of Environment) 
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PHOTO No. 3.3 

Flooding at the south end of Hatzic Lake. 
The Fraser river is flowing left to right in the background. 

(November 11, 1990) 
(Photo courtesy B.C. Min. of Environment) 
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PHOTO 3.5 

First landslide (Slide A) in Pattison Creek Watershed. 
The slide occurred in 1935 prior to any logging 

and is now inactive. 

(July 3,1991) 
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I PHOTO No. 3.7 

Two landslides on Pattison Creek 
The upper slide (C) completely 
bypasses the much deeper 
lower side (Slide B) 
View is upstream to the watershed. 

(July 3, 1991) 
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PHOTO No. 3.8 

Upslope View of lower Slide (B) 
showing stiff sides and trees at the base 

of the eroded area. ASSOCIATED 
ENGINEERING 

(July 3, 1991) 









PHOTO No. 3.12 

Coarse sand excavated from bed of ~agace  Creek at Dale Road Bridge. 

, (October 5, 1991) 
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PHOTO No. 3.13 

Looking upstream to the Pattison Creek watershed on the 
right, showing landslides B and 6, and the eastern slopes of the 

Lagace Creek Watershed. AUen Lake is located near the bottom of the photo. 

(July 3, 1991) 
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PHOTO No. 3.14 

Upper portion of Pattison Creek Watershed 
showing potential for three landslides on the upper road 

and a potential headcutting of Slide B into the 
debris torrent path of Slide C. 

(July 3, 1991) 
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Hatzic Lake - downstream view to south end of lake. 
H small delta developed by Draper Creek is evident on the right 

and the deposition on the left (east side) appears to be 
from sediment originsting in Pattison and Lagace Creeks. 

(November 7, 1991) 
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PHOTO 3.16 

Pattison Creek upstream from Sylvester Road Bridge (Upstream View) - ~. 

The low flow is rapidly moving sand, gravel and silt from the creek bed. 
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(November 11. 1991) 
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House raising for flood protection at Marler Drive 
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House raising for flood protection at Marler Drive 
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JiaEs 
o INDICATE PUMPS ARE RUNNING 

8 INDICAl-E PUMPS ARE NOT RUNNING 

1 BASED ON INFORMATION FROM W.S.C. GAUGE 
READINGS RECORDED AT 7:30 A.M. DAILY 

2 BASED ON HATZIC SLOUGH OUTLET GAUGE 
READINGS BY A.E.(BC) LTD. 

3 FRASER RIVER FLOWS WERE ESTIMATED USING 
MEAN DAILY FLOWS AT HOPE GAUGE # O 8 ~ F 0 0 5  
FOR 7 991 ADJUSTED TO MISSION VALUES BASED 
ON A RELATIONSHIP DERIVED BETWEEN THESE 
TWO STATIONS FOR FLOWS IN 1 9 9 0  



Scale 1:250 000 

Hatzic Prairie and Hatzic Lake 
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Recurrence Interval (years) 

2 3 4 5  10 25 50 200 

10 20 30 40 50 60 70 80 90 95 98 99 99.5 

Probability of Non-exceedence (%) 

Flow Frequency Relationships I 
Norrish and Konaka Creeks 1 
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In brackets represent the last day of the n-day event) 

12  14 16 18 20 22 24 26 28 30 

December 1980 

Stave Falls (55 m) 

12 14 16 18 20 22 24 26 28 30 

December 1980 

period f o r  t h e  25 December ra in fa l l  a t  Mlssion 

Alouette Rlver near 

Water Levels at Hatzlc Pumphouse 

ljatzic P&& 

1) Pumphouse records show water  level a t  t h e  purnphouse f o r  
23-30 December only. Over  26 December the  Fraser River 

12 14 16 18 20 22 24 26 28 30 

December 1980 

December 1980 

12 14 16 18 20 22 24 26 28 30 
Fraoer Rlver level at the Hatzlc Pumphouse. 

December 1980 December 1980 December 1980 The river level ut Mlssion was adjusted by 
+0.300 m to estfmate the level at the purnphouse. 

Level recorded at Hatzlc Pumphouse. 
Have assumed the level was recorded at noon. 

Preclpitatlon Gauge Location (Gauge Elevotlon, rn GSC) 

Streamflow Gauge Location (Drainage Basln Area, krn2) 

Peak lnstantaneoue Flow. where reported 
December 1980 December 1980 December 1980 Dentrnber 1980 

A Mlsslon W. Abbey (221 m) 

S to rm Event Data 

December 1 980 
12 14 16 16 20 22 24 26 28 30 12 14 16 18 20 22 24 26 28 30 12 14 16 18 20 22 24 26 28 30 

December 1980 December 1980 December 1980 December 1980 
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Stave Falls (55 rn) 

-- 

1) A single day of moderately heavy precipitation, on 5 June, 
amounted to  between 50 and 7 0  m m  in  the Mission area. 
Precipitation occurred for over two-thirds of the month. 
Greater total precipitation occurred in the mountains 
north of the Fraser at the  higher elevation, but decreased 
up the Fraser Valley. 

2) Total runoff in Norrlsh Creek for the two-day period 6-7 
JW 5 June 8 June 7 1 3 5 7 8 1 1  13 15 17 IQ 21 23 25 27 29 June amounted to  about 48 mm. Maximum daily flows in 

June 1981 both creeks had recurrence intervals of about 3 years os 
summer maxima. 

Water Levels at Hatzlc Pumphouse 3) The recurrence interval fo r  the precipitation at all stations 
was less than two years. 

Hatzic Prairie 

Pumphouse 1) Both pumps operated over the entire month of June. 
On 24 June and 26 June pumps were off for  about 2 

I l l 1  I I I I I I I I I I I I I I I I I I I I  I I I I I  
1 2 3 4 6 8 7 8 Q 10 1 1  12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

June 1981 

A Mlsslon Hartley Rd (137 rn) 

1 3 6 7 D 1 1  13 15 17 19 21 23 25 27 29 1 3 5 7 8 1 1  13 15 17 18 21 23 25 27 29 1 3 5 7 9 1 1  13 15 17 I9 21 23 25 27 29 1 3 5 7 0 1 1  13 15 17 19 21 23 25 27 29 

June 1981 June 1981 June 1981 June 1981 Fraser Rfver level at the Hatzlc Pumphouse. 

me rher i r e 1  at Mission was adjusted by 
+0.300 rn to estfmate the level at the purnphouse, 

Level recorded at Hotzic Purnphouse. 
Have assumed the level was recorded at noon. 

Precipttation Gauge Location (Gauge Elevation. rn GSC) 

Straarnflow Gauge Locatlon (Drainage Bosln Area, krn2) 

June 1981 June 1981 June 1981 June 1981 
Peak Instantaneous flow, where reported 

Mission W. Abbey (221 rn) @ Surnas Rlver near Huntlngdon (149 kmf) -zj :i;_______.:l :.Zl ;li!I, 

Li 50 - 

e 25- 25 - 2 2 5 -  
(1 - I 

Storm Even t  Data 
0 - 0 - 0 

1 3 5 7 @ 11 13 15 17 18 21 23 25 27 29 1 3 5 7 Q 1 1  13 16 17 18 21 23 25 27 29 1 3 5 7 0 11 13 15 17 19 21 23 25 27 29 1 3 6 7 0 1 1  13 15 17 19 21 23 25 27 20 

June 1981 June 1981 June 1981 June 1981 
June 1981 
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nce Intervals: Precipitation (Annual/Sumrner) 
In brackets represent the last day of the n-day event) 

Abbotsford Atrport (58 rn) 

No Records 

Mlssion W. Abbey (221 rn) 

10 12 14 18 18 20 22 24 26 28 30 

July 1983 

@ Chehalis River below Stotlu Creek (357 krn2) 

----- 15 year events for  3-day and 4-day storms. 
-------------- July 1983 

O ~ a n a k a  Creek near Webster Cornen (48 krn2) 

Hatzic Prairie 

1) From 10  July t o  10 August, the level ot the pumphouse 
10 12 14 18 18 20 22 24 26 28 30 was above 8.0 ft (2.41m, GSC) and above the flood stage 

July 1983 of 11.0 ft (3.32m, GSC) for  17 days. During this period 
both pumps were operating. On 23 July the floodboxes 
began operating. 

July 1983 July 1983 Fmeer River level at the Hatzic Purnphouse. 
m e  +0.300 dver rn level to estimate at msslon the was level adjusted at the by pumphouse. 

Level recorded at Hatzic Purnphouse. 
Have assumed the level was recorded at noon. 

Precipitation Gauge Location (Gauge Elevation, rn GSC) 

Streamflow Gauge Location (Dralnage Basin Area, krn2) 
10 12 14 16 18 20 22 24 28 28 30 10 12 14 16 18 20 22 24 28 28 30 10 12 14 18 18 20 22 24 26 28 30 

July 1983 July 1983 July 1983 July 1983 
Peak Instantanmus flow, where reported 

July 1983 July 1983 July 1983 July 1983 
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Abbotsford Alrport (58 m) 
@ Alouette River near Haney (234 km2) 

Stave Falls (55 m) 25 20 20 IrP, trP, (9) (9) ($0) 

Mlssion W. Abbey (221 

November 1989 

eater total precipitation occurred in the mountains north 
the Fraser River (Haney UBC RF and Stave Loke). Over 

and Kanaka Creeks had 3-day runoffs (8-10 Nov) 
0s 08 1 0  12 14 16 18 and 31 0 mm respectively, again suggesting 

November 1989 

-280 (dt) m /s 

@Kanaka Creek near Webster Corners (48 km2) 

etween 9-12 November, the level at the pumphouse 
above the flood stage of 11.0 f t  (3.32 m GSC). 

November 198G pumps operated f rom 6:00 pm 9 November to  
a m  14  November. 
culverts blocked with debris (picnlc tables, freezers, 
between 11-14 November, which may accourtt for 

noticeable drop in the pumphouse level on 

06 08 10 12 14 16 I8 

November 1989 November 1989 November 1989 

Fraser Rlver level at the Hatzlc Pumphouse. 

O ~ a l m o n  River at 72 Ave, Langley (49 km2) The river level at MIssion was adjusted by 
4-0.300 m to estlmata the level at the pumphouse. 

Level recorded at Hatzlc Pumphouse. 
Have assumed the level was mconled at noon. 

Precipitatlon Gauge Location (Gauge Elevation, r n  GSC) 

06 08 10 12 14 16 18 06 08 10 12 14 18 18 
November 1989 Stteamflow Gauge Locatlon (Drolnage Basin kea ,  km2) 

November 1989 November 1989 

Peak Instantaneous Row, where reported A Mission W. Abbey (221 rn) 

O(I 08 10 12 14 18 18 
Storm Event Data 

November 1989 November 1989 November 1989 November 1989 
e 

lo.o Y t e r  LBveIs ot Hatzlc Pumphouse , 

08 07 08 09 10 1 1  12 13 14 15 16 17 18 

November 1 Q89 

DWG No. 2.8 



Recurrence Intervals: Prec ip i ta t ion  (Annual) 
(Number In brackets represent the last day of the n-day event) 

Return Period * 
Station 

1-day 2-day 3-doy 4-day 5-day Q ~ a n a k a  Creek near Webster Corners ( 4 8  krn2) 
L 

Ibbotsfard Airport (58 m) (3 ( lo)  (1 1) 

A Stave Falls (55 m) 

Mlsdon W. hbey (221 m) ( 

Xh Pltt Polder (2 m) Data not available 
February 1990 

*baaed upon Log-Normal Dl~trubutlon -roe parameter method of maxlmurn Itkiihood) 

Trends -- 

1) A 2-day rainfall (8-10 February) resulted in a total 
rainfall accurnmulation of between 100 and 150 m m  for 
the given stations. Higher rainfalls occurred north of the 
Fraser River and further up the Fraser Valley. 

2) The 2-day runoff (1 0- 1 1 February) in  Norrish and 
Kanaka Creeks amounted t o  about 170 and 130 rnm 
respectively, possibly including some snowmelt. 

3) Recurrence intervals are about 5 years for  precipitation 
and about 3 years for maximum daily flows. 

February 1990 

Hatzic Prair ie 

1) The pumps did not operate during the flooding since the 
level at the pumphouse was less than 8 f t  (2.41 m GSC) 
The floodboxes operated during the storm event. 

2) Flooding on Hatzic Prairie was caused when Lagace Creek 
overflowed its left bank upstream of Dale Road Bridge. The 
flow across the prairie was from west to east. 

3) Lagace Creek, above Dale Road Bridge, was observed to 
have lost its ful l  flow capacity, probably caused by 
sediment deposition during the November 1989 flood. 

4) Backwater f rom Hatzic Lake was not a factor in the 
flooding on the prairie. 

Water Leveis at Hatzic Pumphouse 

lo.'" T----------l 

Honey URC (143 m) f$l Mission (49 rn) 

Legend: 

08 08 10 1 1  12 13 14 15 18 17 

February 1990 
Fraser Rlver level at the Hatzic Pumphouse. 
The h e r  level at Mission was adjusted by 
4-0.300 rn to estlmats the level at the pumphouse. 

February 1990 February 1990 February 1990 

-0- Level recorded at Hotzlc Pumphouse. 
Have assumed the level was recorded at noon. 

A Precipftation Gauge Location (Gauge Elevation, m Gsc) 
Abbatsford Alrport 

08 10 12 14 10 

February 1990 

f!h Misslon W. Abhv (221 rn) iiia;:;J( 1 5 rn) 

DC( 10 12 14 18 

February 1990 

Stave Falls (55 

0 Streamflow Gauge Locatlon (Drainage Basin Area, km2) 

*I)- Peak Instantaneous Flow, where reported 

I Hatzic Prairie Study 
February 1990 February 1990 

S torm Event Data 
February 1990 

NtiCVl692-704 I northwest hydraul ic consultants 

DWG No. 2.9 



Recurrence intervals: P rec ip i t a t i on  (Annual) 
(Number in brackets represent the lost day of the n-day event) 

I Return Period * 
Station 

1-doy 2-day 3-doy 4-day 5-day 

A b o o r  N O  5 8  m) 290, (:& (:I) 

Stove Falls (55 m) 
20 20-25 ("95, ("8 (::) (11) (12) 

100 50 20-50 25-50 A Miasion w. fiber (221 m) ("4 (9) ( 1 0  (lo) (12) 

@Konpko Creek near Webster 
I W 1 

Corners (48 km2) 

LA Pitt Polder (2 m) 

*bused upon Log-Normal Dlstmbutlon (Three parameter method of rnoxlmum lknhood) 

Trends 

1) The 3-day rainfall (8-10 November) produced the highest 
total rainfall in the mountains north of the Fraser River. 
There was 260 rnm of rainfall at  Stave Folls, 197 mrn at 
Mission West Abbey. These have recurrence intervals of 
30 and 50  yeors. The ?-day recurrence interval at 
Mission West Abbey for 9 November was 100 years, 
though this value should be viewed with caution. 

2) Moximurn 2-day and 3-day rainfall at Abbotsford Airport 
had return periods of 3 5  and 20 yeors. 

3 )  3-day runoff in Norrish and Kanaka Creeks (8-10 
November) amounted to  350  and 270 m m  respectively: i t  
is believed thot runoff wos augumented by snowmelt at  
higher levels. 

4) Moximum daily flows in both creeks had recurrence intervals 
of around 15 years as annual maxima. 

November 1990 

@ Norrish Creek near Dewdney (1 17 km2) 

November 1990 

Water Levels at Hatzlc Pumphouse 
10.0 -, Hatz ic  P&ie - 

1) The main flooding occurred between the 9-15 November. 
During this period, both pumps were operating. On 
10 November the level at  the pumphouse reached a 
moxirnum of 13.6 f t  (4.1 1 rn GSC), the hlghest recorded 
internal flooding stage since the pumphouse wos con- 
structed in 1948. High water marks on Sward Road 
north of Hatzic Lake and a t  the Everglodes were 
surveyed to  be 4.32 rn GSC and 4.26 m GSC, respectively. 

2) Logoce Creek did not overflow i ts banks; however, on 
10 November o debris flow f rom Pattison Creek broke 
through the right bank a t  the 9C bend downstream 
of Farms Road Bridge causing flooding west of 
Lagace Creek. 

3) Heovy runoff f rom Dewdney peak caused flooding from 
east to  west across Hatzic Prairie. 

4) CPR culverts were observed to  be blocked between 11-14 
November, which may account for  the noticeable drop 
in the water level at the Pumphouse on 11 November. 

; 60 - .- 

a. 

06 08 10 12 14 16 18 20 

November 1990 

, 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 
November 1990 

High Water Marks (surveyed) 
November 1990 Legend: 

Location 

South tip of tiatzic Island (Everglades) 

Elevotion (m GSC) 

4.254 rn GSC 
E,z 

108.0 mm 

d. 50 .- 
0 
?? 25 
a 

0 - 
06 08 10 12 14 16 18 20 

November 1990 

- 
'$ 25 
a 

0 

06 08 I 0  12 14 16 18 20 

November 1990 

Froser RIver level at the Hatzlc Pumphouse. 
The river level at Ulsrion woa adjusted by 
i0.300 m to estlmote the level ot the pumphouse. I Sward Road (North end of Hatzic Lake) 4.318 m GSC 

-* Level recorded ot Hotzic Pumphouse. 
Hove assumed the level was mcorded at noon. I Pumphouse gauge 4.115 rn GSC 

4.256 rn GSC (@house) 
4.115 rn GSC (Q fence) 

F. Leuzinger house 
(near 2nd Farms Road Bridge) A Preclpitotion Gauge Location (Gouge Elevation, rn GSC) 

(9 Streomflow Oouge Location (Drolnoge Basin Area, km2) 

4- Peak lristantoneous Flow, where reported 

100 , Abbotsford Alrpo, (58 rn) Mission W. Abbey (22 

111.4 mm 

06 08 10 12 14 16 18 20 

November 1990 

T T T 7  
06 08 10 12 14 16 18 20 

November 1990 

[ H a t z i c  Prairie Study 

Storm Event Data 
November 1990 November 1990 
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01 -02 October, 1952 

Legend: 
Cut block with 

Maps are schematic.. Stable stream 

Scale is approximately 1 : 1 7,000. .---- Torrented stream 

Historical Forest ry ,  1 940- 1 962 

. - - -- Drainage basin boundary Patt ison Creek Basin 

A Unstable cut-bank o r  fill-slope 

From air photos BC1621 (#44-45, 66-68) 
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From NHC reconnaisance photos 

Cut block with 

Active Slide 

Historical Forestry, 1 971- 1 99 1 

Legend: 

Stable stream 

----- Torrented stream 

Logging road 

.---- Drainage basin boundary 

Notes: 

Maps are schematic.. 

Scale is approximately 1 : 17,000. 
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Calculated Water  Sur face  E l eva t i ons  
E x i s t i n g  Cond i t i ons  

- + r r l l l r l r l l l l r l l l l l l l l l l l l l l l l f  
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 

June 1981 

I n f l o w  Hydrograph  & Flows 
E x i s t i n g  Cond i t i ons  

Inflow Hydrograph 
Flow f rom Prairie t o  Lake 

-- - Flow through CPR Culverts 

i I 

Predicted Water Surface Elevations 
Lagace Creek at Dale Road Bridge 

Predicted Water Surface Elevations 
Hatzic Lake 

1 3 5 7 9 11 1 3 1 5  17 19 21 2 3 2 5 2 7 2 9  
June 1981 

- 

1.5 I l l l l l l l l l l l l l l l i l l I I I l 1 I I l I I  

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 
June 1981 

Leaend: 
Predicted Water Surface Elevations 

Hatzic Pumphouse 

0.0 ~ l l l l l l i , l l l l i l l l l l l l l , l l l l l l l  

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 
June 1981 June 1981 

I Notes: 

1) ADDITIONAL PUMPS - additional pump capacity of 8.34 m3/s. 3) Historical flood level - 3.353 m GSC (1 1 f t  - Flooding of the 

2) Meon lake level - 2.438 m GSC (8 ft). Everglades and 270 hectares (670 acres on Hatzic Prairie. 

.. 
Estimated Fraser River level a t  Hatzic Pumphouse 

Calculated Water surface elevation o f  La ace Creek 
a t  Dale Rood Bridge for EXlSTiNG CO~DITIONS 

Calculated water surface elevation o f  Hatzic Lake 
for EXISTING CONDITIONS 

Calculated water surface elevation at Hatzic Purnphouse 
for  EXISTIN(: CONDITIONS 

Observed water surface elevation at Hatzic Purnphouse 
(as recorded in the Pumplogs) 

Water surface elevation for  EXISTING CONDITIONS with ADDI'TIONAL 
PUMPS. 

Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS. Additional pumps operating fo r  levels above 1.8 m GSC 
and existing pumps operating for  levels above 2.41 m GSC. 
Initial level a t  purnphouse as  recorded for the storm. 

Water surface e!evation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS. Addrtional pumps operatrng fo r  levels above 1.8 rn GSC 
and existing pumps operating for levels above 2.41 rn GSC. 
Initial level at purnphouse set a t  1.80 rn GSC 

Riverside Rd. Subdivision - Flooding above 4.04 m GSC 

Benbow St. Subdivision - Flooding above 3.85 rn GSC 

Ever lades - Flooding above 3.353 m GSC 
(dstor ical Vlood Level) 

Hatzic Prairie - Flooding above 3.00 m GSC near Dale Rd. 
and Farms Rd. 

Mean Lake Level 

Forward Flood Routing 
June 1981 

I nor thwest  hydraulic consu l tants  I 
DWG No. 2.1 7 



Calculated Water  S u r f a c e  E l e v a t i o n s  
E x i s t i n g  C o n d i t i o n s  

Predicted Water Surface Elevations 
Lagace Creek at Dale Road Bridge 

Predicted Water Surface Elevations 
Hatzic Lake 

-. 

- i 1 0 ~ 1 1 1 1 2 f 1 3 1 1 4 1 l 5 1 l 6 1 1 7 i 1 8 1 1 9 ~ 2 0 1 2 l 1 2 2 ~ 2 3 1 2 4 1 2 5 1 2 6 1 2 7 ~ 2 8 ~ 2 9 ~ 3 0 ~ 3 1  

July 1983 
l 0 ~ l l ~ l 2 ~ l 3 1 1 4 ~ 1 5 ~ 1 6 ~ 1 7 ~ 1 8 ~ ~ 9 ~ 2 0 ~ ~ 2 2 ~ 2 3 ~ 2 4 ~ 2 5 ~ 2 6 ~ 2 7 ~ 2 8 ~ 2 9 ~ 3 0 ~ 3 l  

July 1983 
~1O~11112113114115116117118119i2O121122i2312412512612712812913O~31 

July 1983 
Legend: 

I n f l o w  I l y d r o g r a p h  & Flows  
E x i s t i n g  C o n d i t i o n s  

Predicted Water Surface Elevations 
Hatzic Pumphouse 

Estimated Fraser River level a t  Hatzic Pumphouse 

Calculated Water surface elevation of La ace Creek 
at Dale Road Bridge for EXISTING CO~~DITIONS 

Calculated water surface elevation of Hatzic Lake 
for EXISTING CONDITIONS 

-- - - - -- - . Calculated water surface elevation at  Hatzic Pumphouse 
for EXISTING CONDITIONS 

X Observed water surface elevation at  Hatzic Pumphouse 
(as recorded in the Pumplogs) 

+ Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS. 

Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS.. .Additional pumps operating for levels above 1.8 m GSC 
and ex~strng pumps operating for levels above 2.41 rn GSC. 
Initial level a t  purnphouse as  recorded for  the storm. 

Water surface elevation for  EXISTING CONDITIONS with ADDITIONAL 
PUMPS. Additional pumps operating for  levels above 1.8 m GSC 
and existing pumps operating for levels above 2.41 m GSC. 
Initial level a t  purnphouse set a t  1.80 m GSC 

Riverside Rd. Subdivision - Flooding above 4.04 m GSC tf 
Benbow St. Subdivision - Flooding above 3.85 r n  GSC B 
Ever lades - Flooding above 3.353 rn GSC 

(dstor ical Flood Level) 

Hatzic Prairie - Flooding above 3.00 rn GSC near Dale Rd. 
and Farms Rd. 

Mean Lake Level I 
~ 1 0 ~ 1 1 ~ 1 2 ~ 1 3 ~ 1 4 ~ 1 5 ~ 1 6 ~ 1 7 ~ 1 8 ~ 1 9 ~ 2 0 ~ 2 1 ~ 2 2 ~ 2 3 ~ 2 4 ~ 2 5 ~ 2 6 ~ 2 7 ~ 2 8 ~ 2 9 ~ 3 0 ~ 3 1  

July 1983 

1.5 - 
1 0 ~ 1 1 ~ 1 2 ~ 1 3 ~ 1 4 ~ 1 5 ~ 1 6 ~ 1 7 ~ 1 8 ~ 1 9 ~ 2 0 ~ 2 1 ~ 2 2 ~ 2 3 ~ 2 4 ~ 2 5 ~ 2 6 ~ 2 7 ~ 2 8 ~ 2 9 ~ 3 0 ~ 3 1  

July 1983 I Hatzic  Prairie Study I 
Notes: 

1) ADDrrlONAL PUMPS - additional pump capacity of 8.34 mJ/s. 
2) Mean lake level - 2.438 m GSC (8 ft). 

I Forward Flood Routing I 
3 )  Historical flood level - 3.353 m GSC (1 1 f t  - Flooding of the 

Everglades and 270 hectares (670 acres] on Hatzic Prairie. July 1983 
2 I 
I northwest  hydraul ic  consul tants  I 

DWG No. 2.18 



Calculated Water Surface EZeuat i o n s  Predicted Water Surface Elevations 
Lagace Creek at Dale Road Bridge 

-- 

Inflow Hydrograph & Flows Predicted Water Surface Elevations 
E x i s t i n g  C o n d i t i o n s  Legend: 

Estimated Fraser River level at Hatzic Pumphouse 
---- Calculated Water surface elevation o f  La ace Creek 

a t  Dale Road Bridge for EXISTING CO&~TIONS 
. - Calculated water surface elevation o f  Hatzic Lake 

fo r  EXISTING CONDITIONS 
-- - - -- - Calculated water surface elevation at  Hatzlc Pumphouse 

for EXISTING CONDlPlONS 

+ Water t ion for EXISTING CONDITIONS with ADDITIONAL 
ADDITIONAL CPR CULVERTS 
ion for EXISTING CONDITIONS with ADDITIONAL 
ITIONAL CPR CULVERTS, and ADDITIONAL PUMPS 

--+- Benbow St. 

looding above 3.00 r n  GSC near Dale Rd. 

Mean Lake 

Forward Flood Routing 
1) ADDITIONAL PUMPS - additional pump capacity of 8.34 m3/s. 3) ADDITIONAL CULVERTS - two addltional 3 rn culverts at the CPR crossing. 

2) ADDITIONAL FLOODBOXES - four additional 1.829 m by 1.829 m 4, Mean lake level - 2'438 rn GSC ft) November 1989 
(6 ft  by 6 ft) floodboxes at  Hatzic Pumphouse. 5) Historical flood level - 3.353 m GSC ( 

Everglades and 270 hectares (670 

DWG No. 2.19 



Predicted Water Surface Elevations 

Inflow H y d r o g r a p h  & F l o w s  Predicted Water Surface Elevations 
E x i s t i n g  C o n d i t i o n s  Hatzic Pumphouse 

Estimated Freser River level a t  Hatzic Pumphouse 
---- Calculated Wator surface elevation of La ace Creek 

a t  Dale Road Bridge for EXISTING COJDITIONS 
-.- Calculaied water surface elevation o f  Hatzic Lake 

for  EXISTING CONDITIONS 
----- Calculated water surface elevation a t  tlatzic Pumphouse 

for EXISTING CONDITIONS 

Observed water surface elevation a t  t iatzic Pumphouse 
(as recorded in  the Pumplogs) 

+ Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS. 

Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
FLOODBOXES and ADDITIONAL CPR CULVERTS 

Water surface elevation for EXISTING CONDITIONS with ADDITIONAL. 
FI-OODBOXES, ADDITIONAL CPR CULVERTS, and ADDITIONAL PlJMPS 

Riverside Rd. Subdivision - Flooding above 4.04 m GSC 

Benbow St. Si~bdivislon - Flooding above 3.85 m GSC 

4-e Ever lade? - Flooding above 3.353 rn GSC 
(;;fstorlcal Flood Level) 

Hatzic Prairie - Flooding above 3.00 m GSC near Dale Rd. 
and Farms Rd. 

Mean Lake Level 

Forward Flood Routing 
1) ADDITIONAL PUMPS - additional pump capacity of 8.34 m3/s. November 1990 

DWG No. 2.20 
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CalcuLated Water  Sur face  E leva t ions  Predicted Water Surface Elevations Predicted Water Surface Elevations 
E x i s t i n g  Condi t ions  I-agace Creek at Dale Road Bridge t-{atzic Lake 

InfLow I fydrograph & Flows Predicted Water Surface Elevations 
E x i s t i n g  Condi t ions  Hatzic Pumphouse Legend: 

Estimated Fraser River level a t  Hatzic Pumphouse 

Calculated Water surface elevation of La ace Creek 
at  Dale Road Bridge for EXISTING COP~DITIONS 

Calculated water surface elevation of Hatzic Lake - - - - for EXISTING CONDITIONS 

Calculated wuter surface elevation a t  Hatzic Pumphouse 
for EXISTING CONDITIONS 

Observed water surface elevation a t  Hatzlc Pumphouse 
(as recorded in  the  Pumplogs) 

Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
PUMPS. 

- ___O__ Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
FLOODBOXES and ADDITIONAL CPR CULVERTS 

--@-- Water surface elevation for EXISTING CONDITIONS with ADDITIONAL 
FLOODBOXES. ADDITIONAL CPR CULVERTS, and ADDITIONAL PUMPS 

- Riverside Rd. Subdivision - Flooding above 4.04 m GSC 

Benbow St. Subdivision - Flooding above 3.85 m GSC 

Ever lades - flooding above 3.353 m GSC 
(k8storlcal Flood Level) 

+P! Hutzic Prairie - Flooding above 3.00 m GSC near Dale Rd. 
and Farms Rd. -=- Mean lLake Level 

Forward Flood Routing 
1) ADDITIONAL PUMPS - additional pump capacity of 8.34 m3/s. 3 )  ADDITIONAL.. CULVERTS - two additional 3 rn culverts at the CPR crossing. 

5-Day 10-Year S to rm 
(6 f t  by 6 ft) floodboxes at Hatzic Pumphouse. 

DWG No. 2.22 
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I n i t i a l  Level at the Pumphouse 1.00 m 

4.5 I 

I r~ f low Hydrograph & R o w s  
Exis t ing  Condit ions 

In i t ia l  Level a t  the IXumphouse 1.25 m In i t ia l  Leuel a t  the Pumphouse 1.50 m 

Dredging Effects on Peak Water Surface Levels: 
(East side of Hatzic Lake dredged t o  0.5 m GSC) 

Initial Levels Peak Levels (rn GSC) Fieduction of 
(rn GSC) No Dredging Dredged Peak Level (m) 

Lake Pumphouse Lake Purnphouse Lake Pumphouse Lake Purnphouse 
I 

Legend: 

Calculated water surface elevation of Hatzic Lake 
with NO DREDGING and EXISTING CONDITIONS 

Calculated water surface elevation of Hatzic Lake 
with DREDGING and EXISTING CONDITIONS 

Calculated water surface elevation at Hatzic Pumphouse 
with NO DREDGING and EXISTING CONDITIONS 

Calculated water surface elevation at Hatzic Pumphouse 
with DREDGING and EXISTING CONDITIONS 

Benbow St. Subdivision - Flooding above 3.85 rn GSC 

Ever lade.; - Flooding above 3.353 rn GSC 
(dstor ica l  Flood Level) 

Hatzic Prairie - Flooding above 3.00 m GSC near  Dale Rd. 
and Farms Rd. 

Mean Lake Level 

East Side of Hatzic Lake  
Dredged t o  0.5 m GSC 

1) Mean lake level - 2.438 rn GSC (8 ft). 5) Have assumed that the floodboxes provide no flood relief. 

Dredging Ef fec ts  on Peak 1-wets 

DWG No. 2.24 
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Distance in metres 

-- - 

l3el~hsdollW .Exm%R&nikh Ilanwsdhy-Creek 
EL1 10.8m, 2 span, timber bridge F1 0.6m steel culvert K1 1.5m concrete culvert 
BL2 3 x O.9m concrete culverts F2 0.5m steel culvert O.9m concrete culvert 
EL3 3 x O.9m concrete culverts htbd!LSl~-~~Creok  K2 1.5m concrete culvert 
&bier Creek H I  2 x 1.8m x 1.8m concrete box culverts 0.9m steel culvert 
501 2 x 0.4m steel culverts 2 x 3.0m/s capacity purnps O I ~ M &  
802  O.9m steel culvert t i2 2 x 3 m  steel culverts OR1 1 x 1.8m steel culvert 
Currie Creek 1 x 2.4m steel culvert 7 x 0.9m concrete culvert 
C1 1 .l m steel culvert t i3 21.5m. 2 span, t imber bridge OR2 2 x 1.3m concrete culverts 
lkk-2- t i4  36m. 7 span, t imber bridge s ~ ~ r n A &  
D l  10.8m, clear span, timber bridge H5 36m. 7 span, t imber bridge S1 2m, clear span, timber bridge 
[)2 5m, clear span, timber bridge H6 36m, 7 span, t imber bridge l&.uAnger Farm Draiaege 
03 4.7m, clear span, timber bridge 1-17 36m, 6 span, t imber brldge SW1 2 x l . l m  (approx.), culverts, CLOSED 
0 4  3.3m, clear span, log bridge t i  14m, clear span, timber bridge SW2 O.9m x 60m steel culvert 
D5 1.3m steel culvert H9 36m, 3 span, concrete bridge 50cm pump powered by 80hsp. tractor 
D6 1.5m concrete culvert t i10 20m, 3 span, t imber bridge 

Du&u_Q& kfereford Creek Drainage Channel Survey  
DR1 1.2m concrete culvert I-IF1 2.1 3m, multiplate culvert 

t i ~ 2  goomm, steel culvert Crossing Inventory 
--_ .... __ 

DWG No. 2.27 



Pi t t  Luke --- Lower Pit t  systern showing t idal inf luence 
on  drainage ctiannels ( I  954). 

Hatzic Prair ie - Drainage ci-iannels on  Lagace Creek 
near  Dale Road Bridge (1984) .  

I I - l a t z i c  Prairie SLucly I 

I Simi lar i t ies betweeri i4atric I'roirie 

Dra inage Channels  and  Tidul Charinels 

PdIICV1692-991 west hydraul ic consultants 

DWG No. 2.28 



ARDSA Criteria 
Areas Below 3.6 rn GSC 

NHCV1 692-905 

Legend: 

Areas below 3.6 m GSC 

Distance in metres 

ARDSA Criteria 

2.4 m Average Summer Lake Level 
-1-1.2 m ARDSA Required Freeboard 

3.6 m Elevation below which ARDSA 
criteria cannot be acheived 

DWG No. 2.29 



BWG No. 3.1 
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November 1990 

DWG No. 3.4 



I Sylvester Road 

MAY 1.1920 

0 SCALE: Ikrn 
t I 

(Approximate) 

MARCH 11.1981 

JUNE, 1 940 

Channel Changes 
Along Lagace Creek 

DWG No. 3.5 



JULY 2 1,1962 

SEPTEMBER 11.1 979 

I-Iatzic Prairie Study 

Landsl ide Act iv i ty in 
SCALE- 

L :---_I Patt ison Creek Basin 
I k m  (Approximate) 

northwest  hydraulic consu l tants  

DWG No. 3.6 
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Distarlce in metres 

SAND SILT CLAY 

DWG No. 3.1 0 





Pattison Creek Watershed 

18 May 1968 

DWG No. 3.1 2 



Debris lorreni. = 30 m3/m 
i i rosion frorrl Slide T3 

Debris Frosion 

LIrosion Ka te  -- 200 rn3/nr 
-1- 70% for trees 

-- - 

Debt-is 1 ort c:nt 
Sediment Dudgel  

DWG No. 3.1 3 



2.1 June 1990 

DWG No. 3.14 



b) Sediment budget for debr i s  flow event 
(about  o n e  hour). 

Distance (m) 

c) Post-debris torrent  s e d i m e n t  budget 
(about one  day). 

d)  Total sediment  budget 
(about one  day). 

Distance (m) 

DWG No. 3.15 





A 

SEE DETAIL 

0 
0 
0 
5? ---- ---- 

-----  

t 

SCALE 1=200 

FRASER RIVER 
Q DYKE 

C 
18000 5 0 0 0  4500 

HATZIC SLOUGH 

COLLARS APPROX. 6 m  DEEP I 
I 

SECTION A - A  
SCALE 1-200 

DEWDNEY-ALOUETTE REGIONAL DISTRICT 

HATZIC PRAIRIE DRAINAGE STUDY 

APPROVED S.G. 

SCALE 1:200 HATZIC SLOUGH PUMP STATION/FLOODBOX 

DWG No. 
P L A N  AND SECTION-SHEET 2 ASSOCIATED -. ,-,. ,........ ,- 



OUTLET 
- 

F L O W  

I 

FLOOR GRATINGS 

- - - - - - - ------- 

FLOOD BOX NO. I 

------ --- ------ 

FLOOD BOX NO. 2 

------ ------ ---------------- 

FLOOD BOX NO. 3 

------ ------ 

FLOOD BOX NO. 

------ ------ 

------ 
---Ap- 

------ 
75rnm MUD SLAB  

SECTION B-B 
SCALE  1=100 

PROJECT No. V P 9 7  DEWDNEY-ALOUETTE REGIONAL DISTRICT 

DATE OCT. 91 

APPROVED S.G.  

SCALE 1:100 
HATZIC SLOUGH PUMP STATION/FLOODBOX 

DETAIL  PLAN-SHEET 3 



3 0 0  2 5 0 0  
FIXED 1 r 
HANDRAILS \ I 1 I I 

SLOPE 0.5% 

6 0 0 m m  ROCK RIP-RAP 
4 0 0 m m  ROCK FILTER 
3 0 0 m m  GRAVEL BEDDING 

ELEV. 
8 .40  1 

DETAIL SECTION A - A  
(DYKE DELETED) 

SCALE 1=100 

75mm MUD SLAB 
6 0 0 m m  GRAVEL BEDDING 8. FILTER 
3 0 0 m m  SAND FILTER 
FILTER CLOTH (MIRAFILP250) 

L 

DEWDNEY-ALOUETTE REGIONAL DISTRICT 

HATZIC PRAIRIE DRAINAGE STUDY 

HATZIC SLOUGH PUMP STATION/FLOODBOX 

DETAIL SECTION-SHEET 4 

PROJECT NO. VP97 SCALE 1:loo 
DATE OCT. 91 
APPROVFD S G DWG No. 4 . 4  

A,,Arn 
ENGINEERING 



1600@ FLAP 

REMOVABLE STEEL 

ELEV. 4 .60 BEAMS 150x450  DEE 

FILTER CLOTH 

----- DEBRIS SCREEN 
----- 

2 0 0 X 2 0 0  STOP LOGS 

75mm MUD SLAB 
6 0 0 m m  GRAVEL BEDDING 8 FILTER 
3 0 0 m m  SAND FILTER 
FILTER CLOTH IMIRAFI-P250) 

SECTION C - C  
PUMP CHAMBER NO. I 

SCALE 1=100 



H A T Z I C  L A K E  







L a k e  







EBurr 'uBrnm~ PROPOSED DYKE 

PROPOSED WALL 

P/S PROPOSED 
PUMP STAT1 ON 

----I------~ 
...,-...,.-V,-.v-w~----L, .-_+.____..o_~__. HATZIC PRAIRIE DRAIN AGE STUDY 

SCALE I :  50 

ASSOCIA<-ED 
----- _, ENGINEERING 









Closure Dam a t  
End of Reservoir 

Note: Contour interval = 10 m .  

Diversion o f  

Scale 1:5000 
Patt ison Creek 



H A T Z I C  L A K E  

SITE PLAN 
S C A L E  1=250 



1.-ENGTI-i '1'0 SlJIT .. .. . 5 in, 2 7 0 0  LENGT-I  -1-0 SUIT - -.. ..-------.--.--.-..-..I-------. - . . - -. .. - -. - / FIIOUND EI.EVA.IION GROUND ELEVATION 

DEBRIS SCREENS 
I 

UPSTREAM ONLY 

I-I.P. 310x79  

/- 
- t3EAM FOR STOP 

LOG REMOVAL- 

I 

I r TOP OF PILE 
ELEV .  6 . 6  

-- 
EXIST. GROUND 
ALONG Q- OF ' ,/ EXIST. BRIDGE I 

I I I I 
3 2 3 ~ ~ 3 . 5 3  s ‘ r ~ .  I I I 1 

I I 
I I \ / SHEET PILES 

PIPE PILES TO -1-I- I I I I 1-1- SEEPAGE CUTOFF 
APPROX. - 8 . 0  I I I I I I I 1 I I TO - 6 . 0  (-19.7 FT.) 

L 1  1 i u i _ l  
(-26.2 FT. )  L' DOWNSTREAM ONLY 

GALVANIZf!Ll 
HANDRAIL-S 
(REMOVABI-E)  

W A L K W A Y  

STIFFENER 
(END DIAPtiRAGMS 
TO EL.  4 . 3  

STOP LOGS 
DOWbISTREAM 

C 310 Ct-tANNEL.. 
S ILLS I I jI I1 CONCIIETE SI-AR 

I I 
I I 
I I 
I I 
I I 
I I I I 
I I I I 
I I 
I I 

I I SECTION 
I I 

I I I I SCALE 1=100 
U U 

UPSTREAM EII.EVA1-ION 
SCAL-['I l=lOO 

t iATZ IC  PRAIRIE DRAINAGE STUDY 

HATZIC L A K E  L E V E L  CONTROL AND 

DEBRIS CONTROL STRUCTURE-SHEET 2 

12ROLJECT No. VP9.7 ' ,I-s-E 1:100 
... . - I 

J ASSOCIATED - -  ENGINEERING 



- --\. . 

M u d  F i a t s  





-- 

CONCRETE WALL = 

RAISE YOUNGSTON ROAD 
TO MATCH DYKE CREST 

-- 

ROJECT No. V P 9 7  

RIVERSIDE / YOUNGSTON ROADS 

ASSOCIATED ' 

ENGINEERING 





TABLE 1.1 
COMPARISON OF ELEVATIONS OBTAINED BY FIELD SURVEY AND 
AVAILABLE MAPPING 

Centreline of Farms Road Bridge 

ASSOCIATED 
ENGINEERING 



TABLE 1.2 

SUMMARY OF DRAINAGE AND FLOOD PROOFING REVENUES 
AND WPENDITURES 

' Not calendar year values. 

* 
Does not include a total of $6,978,568 for dyke reconstruction including engineering 

DAID - Dewdney Area improvement District 
MOTH - Ministry o f  Transportation and H~ghways 
CPR - Canadian Pacific Railway 
BCE - BC Environment (previously Ministry of Environment) 
PEP - Provincial Emergency Program 
DARD - Dewdney-Alouette Regional District 



Table 2.1 

HATZIC PRAIRIE STUDY 

Annual Maximum Peak Instantaneous Flows 
in Norrish and Kanaka Creeks 

1961 278 15 Jan 76 10 Oct - 
1962 259 19 Nov 51 3 Jan - 
1963 399 26 Nov 104 23 Dec - 

Year 

1964 1 40 30 Nov missing missing 1 1965 1 58 4 Feb 86 4Feb 71 

.- 

Norrish &'%a 

13 Dec 71 13 Dec 
1 ODec 38 3 Apr 
20 Jan 110 20 Jan 

354 5 Jan missing missing - 

9 Apr 5 1 6 Dec 
19 Jan 78 26 Jan 

171 5 Mar 100 12 Jul 
97 13 Oct 62 28 Oct 

1974 163 21 Dec 76 
, -- 

21 Dec , , , ,  yes A 
2 Dec 101 8 Dec 
26 Dec 42 I 5  Jan 
1 Nov 81 12 Jul 

99 7 Nov 57 28 Oct 

4 ~ 4 1  

missin g missing 146 21 Dee up_-____- 

298 26 Dec 112 2 6 D e c - 7 1  - J i  

Date 

1 1984 missing missing -- 108 4 Jan 

I985 127 1 Nov 70 1 Nov 

- - 

- 1960 I 158 6 Feb 27 24 Oct 

m 3/s m3/s 

1 
1986 missing missing missing missing 
1987 1 47 3 Mar 54 3 Mar 
1988 missing missing 55 12 Dec 

Y i S  1 - 
1989 233 10Nov - 260 est. * 9 Nov l e 3  - . , ,  --- 

Date 

1981 137 1 Oct 68 1 Oct Yes 
1982 missing missing 107 3 Dec - 
1983 207 12 JuI 89 12 Jul Yes 

[ I 1990 400 est. * 10 Nov -- 97 10 Nov _- 
- 

1692-4C0 wkl 

* Maximum of record. 

ASSOCIATED 
ENGINEERING 



Table 2.2 

HATZIC PRAIRIE STUDY 

Annual Maximum Instantaneous Flow Frequency Estimates 
for Upland Tributaries to lagace Creek 

* The area used In this analysis totals 33km2. The total mountainous area to the edge of the floodplain is 39 km2. 
Because the flows are calculated at the point at which the creeks enter the floodplain, 6 km2 of mountainous region 
is unaccounted for in the tributary flow, but will eventually end up in Lagace Creek. 

**Located midway between Pattison Creek and MacNab Creek. 

/ 

Tributary 

East Side 
1 Scorey Creek 2 .O 3 1 24 21 17 14 10.3 
Dale Creek 1 3.3 48 37 32 27 22 16 I 

Drainage area to 
edge of flood plain 

(km*) * 

L 

/ 
I 

i 
1 

Hereford Creek (North & South) 1 3.6 52 40 35 29 24 17 
Pattison Creek 6 .O 80 62 54 44 36 27 
Unnamed creek** 22 17 15 12 10 7.4 
MacNab Creek into Allen Lake 

, , -  
- 53 4 1 36 29 24 

West Side 

Annual maximum instantaneous flow ( m w  
Recurrence interval (years) 

1 / Currie Creek 2.5 38 29 
i Kenworthy Creek 4.5 63 48 42 35 28 

Bouchier Creek I 1 .O 16 12 8.8 7.2 5.3 1 Belchartan Creek 4.8 67 51 -- 37 
-- 

200 1 50 25 10 1 5 / Mean Ann. 



Table 2.3 

HATZIC PRAIRIE STUDY 

Summary of Analysis from Seven Storm Events 

5 days M.W.A. 
(6 days) daily 

1892-402 wkl 

* Recurrence intervals are for the maximum instantaneous or maximum daily flow, depending on how the maximum 
flow was recorded. Summer recurVence intervals are for flows between May and August. 

**See Figures 2.5 to 2.1 0 for locations of gauge stations. 
A L. . Alouette Lake 
S.F . Stave falls 

M.W A Mission West Abbey 
M H R Mission Hartley Road 



Table 2.4 

HATZIC PRAIRIE STUDY 

Flow Frequency Estimates for Four Points 
along Lagace Creek System 

f i i . o n  / Effective 1 200 - Year I 50 - Year 

/ / 1 Drainage / Instantaneous / Daily / Instantaneous / Daily 
(my.) 

-- 
Sylvester Road 6 80 - 59 - 
(Pattsion Cr.) 

I 
I 320 160 

I 1 1 Dale Road 38 I 240 120 

Instantaneous 1 Daily 
(m./si I ! (m3,s) 1 

25- Year 

-- I 

1692-403 wkl  

1 



Year 

Dec 1980 
June 1981 
July 1983 
Nov 1989 
Feb 1990 

1 1 Nov 1990 

Table 2.5 

HATZIC PRAIRIE STUDY 

Flood Record Summary 
of Hatzic Lake at the Pumphouse 

- I 
Days Pumping - Pumphouse Records 

Days over Maximum Level at Pumphouse 
3.323 m GSC (I I fi) Gauge (ff) T Geodetic (m GSCY 

, 

5 13.2 3.993 
12 12.25 3.704 
16 13.0 3.932 

6 2 12.7 3.841 
0 - 8 .O 2.408 
10 4 --- 13,6 4.1 15 

---- I' a 

* To convert the gauge reading from Imperial to Geodetic, 
convert the gauge reading to metric and subtract 0.030 rn. 

ASSOCIATED 
ENGINEERING 



Table 2.6 

HATZIC PRAIRIE STUDY 

Backward Routing Results 
(based on 24- hour time increment) 

June 1981 -floodboxes did not operate 23 10.1 112 
-pumps on for 20 days 

- - 

July 1983 -floodboxes did not operate 47 15.3 '1 68 
-pumps on for 25 days 

Year 

i 
Nov 1989 -floodboxes operated 110 20.3 224 1 

-pumps on for 6 days (4 days) I 1 
I 

Conditions 

- , . , , ,  - , - - , ,  

Feb 1990 -floodboxes operated 130 32.0 
-pumps were not used (5 days) 

Dec 1980 -floodboxes operated 55 14.7 
-pumps on for 7 days (5 days) 1 ,  

220 29.7 
-pumps on for 10 days --- - 

- - - -. . 

1692-405 wkl  

* Based upon a drainage area of 90 km2. 

** The water level gauge at Mission was inoperative during the February, 1990 storm; 

instead, the Fraser River level recorded at the pumphouse was used in the analysis, 

which is not necessarily equal to the mean daily Fraser River level. 



Table 2.7 

HATZIC PRAIRIE STUDY 

Forward Routing Results 
(based upon hourly time increment) 

Norrish Creek 

-pumps on for 20 days 1 I 
July 1983 -floodboxes did not operate 70 

-pumps on for 25 days 

NOV 1989 -floodboxes operated 
-pumps on for 6 days 

1 1 NOV 1990 -floodboxes operated 120 17.8 1 98 0.70 0.56 1 1 
1692-4m wkl 

* Based upon a drainage area of 90 kmz. 



Table 2.8 

HATZIC PRAIRIE STUDY 

Number of Days of Flooding 
Based upon Forward Routing Analysis 

-- 

Conditions * Everglades Ha tzic 
Sub division Prairie 

Existing Condition 0 0 > 20 > 20 
Scenario 1 0 0 2 0 
1 .8mGSC-A  0 0 1 0 
1.8mGSC - 6  0 0 0 0 

...... . . . . . .  ... . . 
.................................... 

I I July . .  1983 .. .I , ............................... ' ., ,. . . . .  . .  . . . . . . . . . . . . . . . . . . . . . .  
I 

Existing Conditions 
Scenario 1 
1 .8mGSC-A  
1.8mGSC - B 

Existing Conditions 8 
Scenario 1 6 
Scenario 2 6.5 
Scenario 3 1.5 5.5 9 

-- I. 
1692-413 wkl 

* Scenario 1 : Existing conditions with additional pumps. 
Scenario 2: Existing conditions with additional f l dboxes  and additional CPR culverts. 
Scenario 3: Existing conditions with additional f ldboxes,  additional CPR culverts, and add~t~onal pumps 
1.8 rn GSC - A: Existing conditions with additional pumps, Initial water level at pumphouse as recorded 

for the storm. Additional pumps operate for water levels above 1.8 rn GSC 
1.8 rn GSC - B: Existing conditions with additional pumps. Initial water level at pumphouse set at 1.8 rn GSC 

Additional pumps operate for water levels above 1 8 rn GSC. 

0 10 20 > 20 
0 0 6 10.5 
0 0 5 10 
0 0 2 8 

Existing Conditions 
Scenario 1 
Scenario 2 
Scenario 3 

1.5 1 4 7.0 
1.5 0 3 5.5 
1.5 1 3 5.5 
1.5 0 2.5 5 



Table 2.9 

HATZIC PRAIRIE STUDY 

Total Precipitation for a 10-Year 5-Day Storm 
at Three Gauge Stations 

Total 5- Day Precipitation 

Mission West Abbey 

Pitt Polder 

Stave Falls 255 

Average 237 

1691-414 wkl 

Table 2.10 

HATZiC PRAIRIE STUDY 

Total Precipitation for a 5-Day Storm 
during December 1979 

Total 5- Day Precipitation (mm) 
(recurrence interval in brackets) 

/ Mission West Abbey 

Pitt Polder 

1 1 Stave Falls 

ASSOCIATED 
ENGINEERING 



Table 2.1 1 

HATZIC PRAIRIE STUDY 

Lake Volumes at Increasing Water Levels for Various Dredging Scenarios 
on the East Side of Hatzic Lake * 

Table 2.12 

- 
-A 

which East Side of Hatzic ~ a k e  is Dredged (m, 

HATZIC PRAIRIE STUDY 

Volume of Dredged Material 

1.5 

I---- 

Elevation to which East Side of Hatzic Lake is Dredged (m, GSC) 

1.0 0.5 j 0.0 

AI- 
1 lake Volume (106 ms) 7 

1.0 0.5 

Lake Volume (106 
3.0 3.0 

3.5 3.5 3.5 4.3 
4.4 4.4 5.0 5.7 

5.8 6.4 
2.438 .- 7.7 8.1 8.6 9.4 

1692-407 wkl 

* The east side of Hatzic Lake extends from the mouth of Hatzic Slough 
to the Everglades (sectors E l ,  E2, E3 - see Appendix G). 



Table 2.13 

HATZIC PRAIRIE STUDY 

Average Summer Lake Depth - East Side of Hatzic Lake (May to August) 
-- 

Average Lake Depth (m GSC) 
1.20 1.45 1.95 

0.75 0.80 1.45 1.95 2.45 

I E4, , , 
1.45 1.50 1.70 1.95 2.45 

1- 

* For location of sectors E l ,  E2, and E3 see Appendix G. 1692-4~8 wkl 

Table 2.1 4 

HATZIC PRAIRIE STUDY 

Additional Live Storage - Winter Storm (September to April) 
Assumes that the lake level rises to above 2.41 m GSC 

- , , ,  , 

at Start 
1.5 0.0 

J 

0.9 1.7 
0.9 0.9 0.9 

--- 
1692-408 wkl 

ASSOCIATED 
ENGINEERING 



Table 2.15 

HATZIC PRAIRIE STUDY 

Fraser River Levels and Total Precipitation 
for Typical Winter Storms 

(18 Dec 1800hrs) 

(1 1 Jan 1600hrs) 

1692-415wkl 

* Total precipitat~on is taken at Mission West Abbey gauging station. 



HATZIC PRAIRIE STUDY 

Flood Record Summary 
of Hatzic Lake at the Pumphouse 

1951 Feb 
1955 MayjJune 
1955 Nov 
1956 June 
1959 AprjMay 

1960 MayjJune 
1964 JunejJuly 
1966 Dec 
1968 Jan 
1972 June 
1974 June 

1979 Dec 
1980 June 
1980 Dec 
1981 June 

1989 Nov 
1990 Feb 

* To convert the gauge reading from Imperial to Geodetic, 
convert the gauge reading to metric and subtract 0.030 m. 

ASSOCIATED 
ENGINEERING 



Table 3.2 

HATZIC PRAIRIE STUDY 

Time Sequence - November 1990 

MOTH - Ministry of Transportation and Highways 
- Caterpillar (bulldozer) 

/S of Sylvester Rd. Bridge -light erosion on left and right bank U/S of 
1 riprap protection near bridge 

etween Dale Rd. and Farms -erosion of existing spoil piles 
-0.3 m freeboard 

-2.4 m multiplate culvert filled to capacity 
-water not yet flowing over the road 

-U/S of culvert, channel filled with gravel and 
900 mm culvert nearly plugged 

-creek flow over road 
-excess flow from north creek flowing down 

-flooded between L. Clarke property and 
Dale Rd. 

-Gas Station at intersection of Farms Rd. and 
Dale Rd. flooded approximately0.15-0.30 m 

ylvester Rd. I km north of 2:00 pm -road flooded by approximately 0.15-0.30 m 



Table 3.2 (cont'd) 

-scoured right bank immediately D/S of 
bridge and left bank further D/S of bridge 

-scoured left bank immediately U/S of bridge 

2:00 pm -erosion of left and right banks 

-D-9 Cat repairing bank erosion, pushing bed 

and Farms Rd. Bridge material up both banks 

4:00 pm -debris flow littering Legace Creek with gravel 
boulders and debris (primarily logs) 

At 90" bend D/S of 4:00 pm -debris broke through right bank dyke, 45" 

Farms Rd. Bridge SW from main channel, and flooded onto 

C. Schroots property 

-wood debris accumulated for approximately 
60 m U/S of bridge 

-2.4 m multiplate culvert completely submerged 

-south channel overflowing road 

Hatzic Bridge U/S of CPR 1 :30 pm -lake level approximately 1 ft below main 
bridge beam 

-no debris has collected 

1:30 pm -lake backing up to J. Kokoska property 

ASSOCIATED 
ENGINEERING 



Table 3.2 (cont'd) 

Farms Rd. at L. Clarke 3:30 pm -lake backing up causing 0.60-0.75 m 
of flooding 

-area appears to remain unflooded 

-MOTH removing logs piled against bridge 
-channel 650 ft U/S of bridge cleared with 
a D-7 Cat 

-water levels receding revealing new bars and 
trapped wood debris 

U/S of Farms Rd. Bridge -creek meandering between new bars, 
attacking left and right banks 

Between Farms Rd. Bridge -TD-25 Cats cleaning channel and repairing 
left and right banks 

Hatzic Bridge U/S of CPR 11 :30 am -MOTH repairing east abutment washout 
-debris that had collected at bridge and 
culverts, since Nov 11, removed 

-debris primarily from the Everglades and 
included tables, trelises, freezers, etc. 

1 1  :30 am -low areascompletely submerged (cars 
covered by flood waters) 

-D-9 and TD-25 Cats cleaning channel and 



Table 3.2 (cont'd) 

-A. Neufeld house surrounded by water from 
early Nov 9 to Nov 14 

-debris jam extends 60 m U/S of bridge 

-continues to be flooded, all roads are still 
under water 

-areas east of Farms Rd. Bridge and 
south/north of Dale Rd. Bridge still flooded 

-large fields north of Dale Rd. and east of 
Farms Rd. still flooded to Sylvester Rd. 

-creek is within its banks but adjacent fields 
still flooded 

-MOTH removing debris jam at bridge 

-all Cat work completed and all debris 
removed from channel 

ASSOCIATED 
ENGINEERING 



TABLE 4.1 
FLOOD RECORD SUMMARY AND PROJECTED POWER CONSUMPTION COSTS 

Page I of 2 



TABLE 4.1 
FLOOD RECORD SUMWRY AND PROJECTED POWER CONSUMPTION COSTS 

Page 2 of 2 

Assumptions: (i) Pumps on elevation is 2.44 m. 
(ii) Operating costs calculated using secondary metering and include minimum monthly and demand charges. 
(iii) Pumping during Nov-March periods results in a minimum charge of 50% of the max monthly charge for the Nov-March period, 

applied over the following 11 months. 
(iv) Minimum monthly charge without pumps running assumed @ 1000 kW - hrs = $64.29, from power consumption records. 
(v) Assumed average power consumption for existing pump = 274 kW/hr/pump from power consumption records. 

' Total pumped hours taken from pump logs unless noted otherwise. 
1980 annual cost based on December 12th - 21st only. 
Assumed pumping hrs/day = 90% of 24 hrs = 21.5 hrs (based on typical hours/day pumped obtained from pump logs) 
Cost projections for 10 months, based on available records from Jan-July 1991. No pumping assumed for Aug-Oct but minimum charges apply due 
to pumping previous November. 

5 Clock hours appear too low and are inconsistent with number of days pumps were operating. 



TABLE 4.2 

PATT'ISON CREEK DIVERSION TO AMBER LAKE 
APPROXIMATE DIMENSIONS AND QUANTITIES 

1) Diversion Berm - 400 m long 
- starts at elevation 190 m ends at elevation 160 m 
- approximate volume: 80,000 m3 

2) Diversion Canal - volume = 30,000 m3 excavation 
- storage volume = 600,000 m3 and more with 

maintenance 

3) Earth Dam - about 120 m long with a maximum height of "1 0 to 
elevation 163 m 

- volume = 24,000 m3 

4) Spillway - rock control structure set at elevation 158 m 
- length = 75 m 
- height = 8 m 
- volume = 17,000 m3 

5) Clearing Trees - 16 hectares 

6) Access Road within Pro~ect Area 
- length = 1000 m 

ASSQCIATED 
ENGINEERING 



TABLE 4.3 SUMMARY OF CONSTRUCTION COST ESTIMATES 

Pump Station/Floodbox Structure 
.I Triplex Pump Station (Built Separately) 
.2 4 - 1.83 m x 1.83 m Floodboxes (Built Separately) 
.3 Combined Triplex Pump Station and Floodbox Structure 

Crossing CP Rail Embankment 
.I Bridge Crossing at CPR Embankment 
.2 2 - 3.05 m Culverts without Ground Stabilization 
.3 2 - 3.05 m Culverts with Ground Stabilization 

Debris Control Structure 
.I Floating Walkway at Lougheed Highway 
.2 Boom Chain at Lougheed Highway 
.3 Boom Chain at Pump Station 

Lake Dredging 
. I  Lake Side Disposal 
.2 Offsite Disposal 

Dyking Lagace Creek and Hatzic Slough 

Raising Roads Above Flood Levels 
.I Using Local Granular Fills 
.2 Using Imported Granular Fills 

Construct Water Bars in Pattison Creek Catchment 

Pattison Creek Diversion into Amber Lake 

Sediment Excavation from Lagace and Pattison Creek 
(10 Year Period) 

Sediment Excavation from Sediment Trap (10 Year Period) 

Lengthen Sylvester Road Bridge over Pattison Creek 

Lake Level Control Structure 
.I At Lougheed Highway (including Debris Control Structure) 
.2 At pump Station Including Boom Chain 

Bank Protection Downstream of CPR Culverts 

Local Drainage Problems 

Local Dyking 
.I Benbow Subdivision:EarthfilI Dyke 
.2 Benbow Subdivision: Concrete Wall Alternative 
.3 Riverside Road Subdivision 
.4 Isolated Properties 

Raising Homes 
.1 Most Probate Cost Per Home 
.2 Raising Homes in Benbow Subdivision 

(9 Home which Submitted Damage Claims) 
.3 Raising Homes in Benbow Subdivision 

(19 homes below Floodproofing Elevation) 
.4 Raising Homes in Riverside Road Subdivision 

(24 Homes below Floodproofing Elevation) 

Improvements t o  Existing Pump Station 

Diversion of Local Creek, 800 m North of Scorey Creek 

Estimated Cost 
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HATZIC PRAIRIE STUDY 

TERMS OF REFERENCE 

1. Int roduct ion  

The Hatzic  Lake watershed l i e s  e a s t  of Mission on the  north s ide  
of the  Fraser  River, s e e  Figure 1. The t o t a l  watershed is about 
8900 ha .  The lake covers an area  of 337 ha ,  and around the  lake 
and t o  t h e  north of t h e  lake  is about 2531 ha of l e v e l ,  a rable  
lowland. About half  of the  watershed is s t e e p l y ,  sloping mountain- 
s i d e ,  some of which has been logged. The f loodpla in  is  predomin- 
a n t l y  a g r i c u l t u r a l  land, with s c a t t e r e d  small holdings,  small sub- 
d i v i s i o n s ,  and rec rea t iona l  p roper ty ,  The lake  is a popular area 
f o r  swimming and boating i n  t h e  summer. 

The watershed l i e s  i n  t h e  Dewdney-Alouette Regional D i s t r i c t  
(DARD) ,  with the southwest por t ion  of t h e  watershed being i n  the  
D i s t r i c t  of Mission, t h e  north and nor theas t  por t ion  of the water- 
shed being i n  E lec to ra l  Area "E," and t h e  southeas t  por t ipn  being 
i n  E l e c t o r a l  Area " B . "  The ~ a t z i c  I s l and  Ratepayers '  Associat ion,  
t h e  Dewdney Ratepayers'  Associat ion,  the  Hatzic  Prairie-McConnel1 
Creek Ratepayers'  Associat ion,  and t h e  Shel tered Cove Improvement 
D i s t r i c t  represent  s p e c i f i c  i n t e r e s t s  i n  t h e  f loodpla in .  Dyke 
maintenance and the  operat ion and maintenance of the  pump s t a t i o n  
and floodboxes a r e  t h e  r e s p o n s i b i l i t i e s  of t h e  Dewdney Area 
Improvement D i s t r i c t  ( D A I D )  . In t h e  unorganized a reas ,  road main- 
tenance i s  under the  j u r i s d i c t i o n  s f  t he  Ministry of Transporta- 
t i o n  and Highways ( M T H ) .  I n  t h e  p a s t ,  %mth NTH, the  Ministry of 
Environment ( M O E ) ,  and . the Provincf a 1  Emergency Program (PEP)  have 
con t r ibu ted  t o  the  cleaning out  of Legace Creek and Pa t t i son  
Creek. 

Severa l  l ands l ides  have occurred i n  the  P a t t i s o n  Creek watershed. 
I n  l a r g e  storms, heavy sediment loads a r e  t ranspor ted  downstream, 
w i t h  heavy deposi t ion occurr ing i n  the  t r a n s i t i o n  zone between 
lower P a t t i s o n  Creek near Sy lves te r  Road, and the  downstream end 
of Legace Creek near Dale Road. Along with subs tant , ia l  aggrada- 
t i o n  i n  t h e  channel, new a reas  of aggressive bank erosion have 

curred ,  threatening adjacent  bui ld ings .  Occasionally,  the creek 
s broken out of its es tab l i shed  channel, spreading gravel  over 

ad jacent  f i e l d s  and f looding nearby bui ld ings .  On severa l  
ons remedial work has had t o  be ca r r i ed  out by the Province 
emergency bas i s .  There is a c l e a r  need t o  s t a b i l i z e  the  
provide for  its regular  maintenance, and reduce the  t h r e a t  
cent  p roper t i e s  ." 

I n  l a r g e  regional  storms and during the Fraser  River f r e s h e t ,  the 
floodboxes a re  closed and the  lowlands a re  completely dependent on 
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pumping for flood protection. The existing pumps which have a 
combined capacity of 5.6 mm/day from the watershed area are quite 
inadequate to the task, and widespread flooding occurs. Th e 
flooding of houses and barns is most severe in the intense winter 
storms when the maximum flood stages are usually reached. How- 
ever, the floodboxes will usually open after one to three days of 
high river levels, greatly increasing the outflow and providing 
flood relief. According to questionnaires that have been returned 
by landowners, the houses that are most affected by flooding 
appear to be in the Benbow Street subdivision in Hatzic Estates 
and in the Riverside Road subdivision off Farms Roads where the 
houses were built before floodplain regulations came into effect. 
The Everglades recreational property at the south end of Hatzic 
Island and the trailer park at the north end of the island are 
also areas that are heavily impacted. The most damaging storms 
for agriculture have occurred in the summer when crops are most 
sensitive to damage due to prolonged inundation. The agricultural 
area that is most affected by flooding problems is a large 
depression of about 500 ha in Hatzic Prairie, lying about 2 km 
north of the lake and centered on the Farms Road and Dale Road 
area. Because of the low elevation of this land and its location 
on the far side of the lake from the pump station and floodboxes, 
it appears from the reports we have received that the land can be 
flooding when there is barely enough water at the pump station to 
run the pumps. The farming areas to the east and south of the 
lake are generally at a higher elevation and have only fairly 
minor flooding problems that are localized in the bottom of 
swales . 

I 

Ant entirely different water problem occurs in many years toward 
the end of. summer when the Fraser River begins to recede, causing 
the lake level to fall as well. The shallow areas of the lake 
become exposed mud banks and the recreational values of the lake' 
are substantially diminished. Recreational users of the lake have 
called in the past for stoplogs or gates to be installed on the 
upstream end of the floodboxes, but cost considerations and 
concerns about potential flooding damages have prevented any 
action from being taken so far. 

y efforts hav been made to deal with these problems over the 
of past studies is contained in the Reference 

. The basic underlying problems are that the runoff and 
t transport from a large upland watershed impact heavily on 
ome parts of the floodplain and that there has been no 
authority and only a limited tax base available to deal 
problems. 



2. 

The purpose of the study is to develop a comprehensive plan to 
reduce flood damages and channel instability. ' 

The report will update and expand on previous reports. It will 
also examine several concerns raised by representatives of major 
ratepayer groups and by individual landowners through their ques- 
tionnaires. The emphasis in the final report will be on the 
identification of practical options and realistic cost estimates. 
The report should provide landowners and the different levels of 
government with a technical and cost basis for deciding on future 
actions. 

The listing of study tasks begins with general issues that the 
consultant will deal with and then proceeds to specific tasks. 
Several constraints and guidelines on how the consultant will deal 
with these tasks are outlined in the sections on Technical 
Criteria, Environmental Considerations, and Cost Estimates. 

Task No. 1 

The consultant will prepare a comprehensive historical review 
of major flooding events, channel instability problems, and 
the construction of flood protection works in the area. 

Task No. 2 

The consultant will describe existing institutional arrange- 
ments and responsibilities for flood protection and internal 
drainage and how these responsibilities have evolved over 
time. The consultant will identify capital works expendi- 
tures, emergency works expenditures, regular operation and 
maintenance expenditures, and local taxation revenues for 
flood protection purposes over the past 25 years. If the 
existing institutional arrangements appear adequate for 
dealing with the flooding and cha 
improvements that are being propose 
shall recommend alternative arrangeme 
that could be adopted. 

Task No. 3 

The consultant will compile information on ghe 
value of the flood damages from past reports, dama 
questionnaires, and selected interviews with la 
consultant will also identify the approximate 
perty in the a£fected areas. 



Task N o .  4 

The c o n s u l t a n t  w i l l  d e f i n e  the w a t e r s h e d  and major  sub-  
w a t e r s h e d  b o u n d a r i e s .  The c o n s u l t a n t  w i l l  check whether any  
s t o r m  d r a i n a g e  measures  i n  the  Dis t r ic t  o f  M i s s i o n  h a v e  
a l t e r e d  t h e  w a t e r s h e d  b o u n d a r i e s .  

Task N o .  5 

The peak  f l o w  e s t i m a t e s  f o r  Legace  Creek  i n  the r e p o r t  
" I n v e s t i g a t i o n  of S e d i m e n t a t i o n  and  F lood  C o n t r o l  on Legace  
Creek"  by Nor thwes t  H y d r a u l i c s  L t d . ,  are abou t  twice a s  h i g h  
as t h e  e s t i m a t e s  i n  the r e p o r t  "Peak Flow E s t i m a t e s  f o r  Smal l  
S t r eams  i n  the Lower F r a s e r  V a l l e y ,  " by  J. Cheng, M i n i s t r y  of 
Envi ronment .  The c o n s u l t a n t  w i l l  r e v i e w  the runof f  e s t i m a t e s  
and  methodology and recommend v a l u e s  t o  be used  i n  t h i s  s t u d y  
f o r  the a v e r a g e  peak d a i l y  d i s c h a r g e  and  the  i n s t a n t a n e o u s  
peak  d i s c h a r g e  f o r  the mean a n n u a l  f low and the 5 ,  1 0 ,  25,  50 
and  200-year  s to rm e v e n t s .  The c o n s u l t a n t  w i l l  p r o v i d e  peak 
f low e s t i m a t e s  f o r  a l l  t h e  major  u p l a n d  t r i b u t a r i e s  where 
t h e y  e n t e r  the  f l o o d p l a i n .  Where p o s s i b l e ,  the peak f l o w  
e s t i m a t e s  w i l l  b e  c r o s s  checked  w i t h  any  a v a i l a b l e  f i e l d  
i n f o r m a t i o n  t h a t  c a n  be g a t h e r e d  on the b e h a v i o u r  of  the  
c r e e k s  a t  key  p o i n t s  such  as the S y l v e s t e r  Road b r i d g e  on 
P a t t i s o n  Creek .  

T h e  c o n s u l t a n t  w i l l  e s t i m a t e  the  r e c u r r e n c e  i n t e r v a l  f o r  
s e v e r a l  s t o r m s  i n  nrdcent y e a r s  tha t  h a v e  caused  e x t e n s i v e  
f l o o d i n g  i n  t h e  H a t z i c  P ra i r i e .  The s t o r m s  of  i n t e r e s t  
o c c u r r e d  i n  December 1980,  J u n e  i 9 8 1 ,  J u l y  1983, November 
1989 ,  F e b r u a r y  1990 and November 1990.  The summer storms 
s h o u l d  be r e l a t e d  t o  a  f r e q u e n c y  c u r v e  f o r  summer s t o r m  
e v e n t s .  

The c o n s u l t a n t  w i l l  examine p l a n s  and p o s s i b i l i t i e s  f o r  up- 
l a n d  development  tha t  cou ld  a f  f  ec t  f u t u r e  upland  r u n o f f .  The 

n s u l t a n t  w i l l  assess whether f u t u r e  change  i n  the c h a r a c t e r  
the u p l a n d  is l i k e l y  t o  p r o d u c e  s i g n i f i c a n t  changes  i n  

ther the peak f low e s t i m a t e s  or t h e  t i m e -  a v e r a g e d  f l o w  
timates c o n t a i n e d  i n  the r e p o r t  "Review of O u t l e t  Condi- 

t i o n s  a t  H a t z i c  L a k e , "  by  J.  Wigmore, M i n i s t r y  of Envi ron-  
ment .  I f  it a p p e a r s  d e s i r a b l e  that  some form of stormwater 
management measures  s h o u l d  be implemented as p a r t  of the de- 
ve lopment  p r o c e s s  on the u p l a n d ,  the c o n s u l t a n t  w i l l  make 
g e n e r a l  recommendations on the n a t u r e  o f  the c o n t r o l s  t h a t  
s h o u l d  be c o n s i d e r e d .  



Task No. 6 

The consul tan t  w i l l  prepare a h i s t o r y  of logging a c t i v i t i e s  
i n  t h e  watershed and es t ima te  t h e  cont r ibut ion  t h a t  logging 
may have made toward the  f looding  problems, s l i d e  problems, 
and sediment t ranspor t  problems i n  the  area .  The consul tan t  
w i l l  determine what logging is planned fo r  the fu tu re .  

I f  t h e  consul tant  considers  t h a t  f u t u r e  logging a c t i v i t i e s  
may s i g n i f i c a n t l y  a f f e c t  f u t u r e  runoff ,  s l i d e ,  or sediment 
t r a n s p o r t  problems, he w i l l  recommend p o l i c i e s ,  p r a c t i c e s  and 
procedures t h a t  w i l l  minimize t h e s e  problems. 

Task No. 7 

The repor t  "Hatzic pump s t a t i o n "  by Crippen Consul tants ,  
t abu la ted  t h e  occasions and ex ten t  t o  which the water l e v e l  
a t  t h e  pump s t a t i o n  exceeded t h e  Hatzis  Lake flood s t a g e  of 
3 .35  m (11.0 f t .  ) .  The consu l t an t  w i l l  update these  records 
from t h e  pump s t a t i o n  logs through t o  the  present .  The con- 
s u l t a n t  w i l l  t r y  t o  determine i f  the  s tage  readings have been 
on geodet ic  datum s ince  1949. 

The consul tan t  w i l l  review t h e  pump logs ,  previous r e p o r t s ,  
and w i l l  contact  the  o f f i c e s  of the  Water Survey of Canada 
(WSC) and the  Inspector of Dykes for  any records giving the  
r e l a t i o n s h i p  between the water l e v e l  on the  downstream s i d e  
s f  t h e  floodboxes and $,he WSC gauge a t  Mission. The consul- 
t a n t  w i l l  a r range fo r  manual readings t o  be taken on t h e  
s t a f f  gauge on t h e  downstream s i d e  of the floodboxes during 
t h e  study i n  order t o  f u r t h e r  def ine  the  r e l a t i o n s h i p  f o r  
var ious  s tages  and flows i n  t h e  Fraser  River. 

Task No. 8 

The consul tan t  w i l l  i n s t a l l  a low l e v e l  s t a f f  gaug 
downstream s i d e  of the  floodboxes. The consul tant  
s t a l l  automatic water l e v e l  recorders  on t h  
t h e  floodboxes in  the v i c i  
Lake upstream of the  highwa 
b r idge .  The s i t e s  se lec ted  and t h e  a 
s t a l l a t i o n  should be, capable of record 
s t a g e  t o  be expected a t  each loca t ion .  
provide  vandal - res is tan t  s t  
similar t o  those used by MO 
and instrument s h e l t e r  des e from MOE. The 
Minis t ry  w i l l  provide th ree  S eve1 recorders  f o r  



the study. The consultant will service the water level 
recorders on a weekly basis during the study and prepare a 
combined record of all the stage data collected to show the 
dynamic behaviour of the system. All the stage records and 
the stilling wells will be turned over to the Regional Dis- 
trict at the end of the study. 

Task No. 9 

The consultant will report on the condition of the existing 
pumps and their prospects for an extended operating life into 
the future. 

The existing pump capacity is 6.06 m3/s. The Wigmore report 
determined that a pump capacity of 14.4 m3/s would be suf- 
ficient to control the runoff from a 10 year-2 day summer 
storm between May and August, when the Fraser River is in 
freshet and the floodboxes are closed. The consultant will 
identify a suitable location for a new pump station having a 
capacity of 14.4 - 6.06 = 8.34 m3/s. The consultant will 
provide preliminary drawings for a new pump station and will 
determine all costs associated with constructing a new pump 
station and outlet works. Several different options of twin 
pumps and single pumps, with electrical drive and non- elec- 
trical drive should be investigated. 

At the one end ~f the spectrum would be a two-pump, electri- 
cal, fully automatic pump station with a hinged fish screen 
in front of one ~f t h ~  pumps. The fish screen would be simi- 
Par to the one that has just been installed on the Matsqui 
Slough pump station. The details and cost of the fish screen 
would be provided to the consultant by MOE. The new pump 
station would become the lead pump station, with the existing 
pump station becoming the back-up. At the other end of the 
spectrum would be a single large motor-driven pump with man- 
ual or rudimentary semi-automatic controls which would only 
be operated in large storms. A tentative minimum operating 
level for the pumps would be 1.8 m (6.0 ft.), but the consul- 
tant will investitsate whether a lower level would be neces- 
sary in order to achieve a desirable drainage effect in the 
Hatzic Prairie area around Dale Road. 

In the long term, the operating procedures and operating 
costs of the pump stations will be of great importance to the 
local community. With the growing concern over flooding, it 
is possible that the pumps will be used more than they have 
been in the' past. The consultant will review the current 
operating procedures and determine whether any changes in the 
operating procedures could result in reduced flooding up- 
stream. The consultant will clearly identify the increase 
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that will occur in annual operating and maintenance costs if 
pumping capacity is increased and operating procedures 
changed. The consultant should illustrate the effect of in- 
creased pumping capacity or changes in operating procedure by 
preparing a table similar in concept to Table 2 in the 
Crippen report. The table should distinguish between the 
power costs as the station is presently being run and the 
power costs with enlarged pumping capacity and any changes in 
operating procedures. All comparisons should be made in 
terms of 1991 dollars. 

Task No. 10 

The Wigmore report investigated the effect of doubling the 
existing floodbox capacity. The consultant will identify a 
suitable location for a new floodbox outlet and will prepare 
a cost estimate for new floodboxes having a total end area of 
13.4 m2. The consultant will carry out a geotechnical inves- 
tigation of the foundation conditions at the proposed site of 
the new floodboxes and the new pump station. 

Task No. 11 

In August, the Fraser River and Hatzic Lake usually begin to 
drop, exposing mud flats in the lake. Recreational users 
want the lake held at 2.44 m (8.0 f t. ) through to the Labour 
Day weekend. The farming community, on the other hand, is 
concerned. that any attempt to block the floodboxes or use 
stoplogs will increase the risk of flooding In the event of a 
storm. 

The consultant will review the possibilities for installing 
some form of stoplogs or control gates at the floodboxes. 
The consultant will review the storm potential in the month 
of August, and assess the increased flooding risk if some 
forms of gate were installed and additional pumping capacity 
were provided. The consultant will identify any additional 
operating procedures that would have to be in place for deal- 
ing with a storm event if the gates were in place. The cost 
estimate should cover the stoplog or gate requirements for 
the existing floodboxes as well as for the new floodboxes. 

Task No. 12 

A local erosion problem exists on the property downstream of 
the CPR culverts. The consultant will review the problem and 
the MOE file on the issue and report on the solution and 
costs of dealing with the problem. 



Task No. 13 

The Wigmore report investigated the hydraulic effect of in- 
stalling two additional 3 m diameter culverts under the CPR. 
The consultant will discuss with the CPR how this could be 
done and will provide a cost estimate for doing the work. If 
the costs are in the same range as that of providing a 
bridge, then it would be much preferable to have a bridge. 

Task No. 14 

In large storms a great deal of debris including picnic 
tables will lodge in front of the CPR culverts partially 
blocking the waterway. The consultant will investigate the 
installation of a diverter boom upstream of the highway 
bridge. If access ramps from the highway are required for 
the periodic removal of debris, then the cost of the ramps 
should be included in the cost estimate. The consultant will 
identify who should be responsible for this maintenance. 

Task No. 15 

Soundings were made of Hatzic Lake in 1951. MOE is trying to 
establish the datum of the soundings. The consultant will 
carry out a bathymetric survey of the lake. The consultant 
will use the 1951 sounding map, old air photos, and any anec- 
dotal information be can gather to try to determine the 
location and magnitude of the accretion and sedimentation 
that has occurxed in the lake since 1951. Particular 
attention should be paid to any areas where the buildup of 
sediment could be affecting flood discharges. The consultant 
will report on any conclusions that can be drawn from the 
data about long-term sedimentation trends in the lake. 

Task No. 16 

Calls have been made to dredge the lake to increase its flood 
storage capacity and enhance its recreational potential. The 
consultant will estimate the increase in live storage that 
would be available if extensi,ve dredging were undertaken, and 
he will estimate the significance of this increase in live 
storage volume relative to the volume of storm runoff that 
can be expected in major storms. The consultant will also 
review the pump station stage records for several large 
storms in the past to see whether the additional live storage 
volume would have been available at the start of the storm. 

The consultant will analyse some samples of the sediment to 
determl~e the suitability sf the material  for spreading on 



farmland or as a  commercial t o p s o i l ,  The consul tan t  w i l l  
check on whether t h e r e  a r e  any p o t e n t i a l  cos t  recovery oppor- 
t u n i t i e s  from t h e  s a l e  of the  dredged mate r i a l .  The consul- 
t a n t  w i l l  es t imate t h e  c o s t . o f  extensive dredging. I f  it 
appears t h a t  t h i s  might be a  v iable  opt ion ,  the  consul tan t  
w i l l  i d e n t i f y  how the  ma te r i a l  could be disposed o f .  The 
consul tant  should a l s o  consider  whether some small-scale , 
l oca l i zed  dredging would be d e s i r a b l e  t o  improve the drainage 
hydraul ics  of the  l ake .  

Task No. 17 

A suggestion has been made t h a t  Chilqua Slough might a  b e t t e r  
o u t l e t  t o  the  Fraser River r a the r  than improving the e x i s t i n g  
o u t l e t  works. The consul tant  w i l l  i n v e s t i g a t e  t h i s  p o s s i b i l -  
i t y  before undertaking a  d e t a i l e d  a n a l y s i s  of the  cos t  of 
upgrading the  e x i s t i n g  o u t l e t  works. The old floodbox 
through the CPR washed out in  " the  1948 f lood . The consul tant  
should consider whether a  floodbox in c lose  proximity t o  the 
railway a t  the proposed o u t l e t  of Chilqua Slough would pose 
any t h r e a t  e i t h e r  t o  t h e  railway or  t h e  dyke due' t o  the  
v i b r a t i o n  caused by the  passage of heavy t r a i n s  a t  the  design 
flo'od s tage  on t h e  Fraser  River.  

Task No. 18 

According t o  the  ques t ionna i res ,  nine landowners descr ibed 
f looding  problems t h a t  may be r e l a t e d  more t o  inadequate 
d i t c h e s  or c u l v e r t s ,  or poor maintenance r a t h e r  than to the  
f looding  problems of the  main channels or  t h e  lake.  The 
l o c a t i o n  of these landowners is shown on Figure 2 .  The con- 
s u l t a n t  w i l l  review t h e  ques t ionnai res  and problems and 
recommend improvements. 

Task No. 19 

Suggestions have been made i n  e a r l i e r  r e p o r t s  and by land- 
owners tha t  Hatzic Slough is s i l t i n g  up. , Given the aggrada- 
t i o n  occurring on Legace Creek t h i s  would be a  reasonable 
t h i n g  t o  expect.  However, a  comparison of c ross  sec t ions  
surveyed a t  the t h r e e  br idges  between Dale Road and Hatzic 
Lake show l i t t l e  d i f f e rence  i n  cross sec t ion  between surveys 
c a r r i e d  out by MOE i n  Ju ly  1984 and March 1991. This is 
q u i t e  su rp r i s ing .  The consul tan t  w i l l  pick up the thalweg of 
t h e  channel between Dale Road and Hatzic Lake and compare it 
with the thalweg surveyed i n  1984. The consul tan t  w i l l  a l so  
survey cross  sec t ions  a t  approximately 500 m i n t e r v a l s  and a t  
any obvious c o n s t r i c t i o n s  or shallower p o i n t s .  I f  the  chan- 
n e l  appears t o  have been s t a b l e  over t ime, the  consul tant  
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w i l l  determine what is happening t o  t h e  f i n e s  t h a t  come down- 
+ stream from Legace Creek. 

The consul tant  w i l l  c a r r y  out a  backwater ana lys i s  t o  de ter -  
mine whether Hatzic Slough should be deepened or widened t o  
provide a  b e t t e r  o u t l e t  during flooding condit ions or  t o  
reach the ARDSA base flow freeboard c r i t e r i a  ( see  Section 4 )  
f o r  t h e  lowlands i n  Hatzic  P r a i r i e .  The consul tant  should 
i d e n t i f y  any long-term maintenance problems t h a t  might r e s u l t  
from deepening t h e  channel.  The consul tant  should a l s o  
recommend a  maintenance cycle and descr ibe how the  mainten- 
ance would be ca r r i ed  ou t .  

Task No. 20 

The consul tan t  w i l l  survey t h e  main drainage channels on 
Hatzic  P r a i r i e  up t o  the 4 m contour .  The loca t ion  of the 
main drainage channels is shown on Figure 2 .  The survey w i l l  
pick up cross  sec t ions  a t  about 300 m i n t e r v a l s ,  a t  major 
changes i n  c ross  sec t ion ,  and w i l l  pick up c u l v e r t s  and 
br idges .  The consul tant  w i l l  c a r r y  out backwater ana lys is  on 
t h e s e  d i t ches  f o r  base flow condit ions t o  determine what i m -  
provements would be required t o  meet ARDSA drainage c r i t e r i a .  
The winter base flow value w i l l  be taken,  as 10 mm/day as 
shown i n  t h e  Wigmore r e p o r t .  

A creek s t a r t i n g  about 800 m north of Scorey Creek on 
Sy lves te r  Woad suns qorthwest t~ Matzic Slough. A suggestion 
has  been made t h a t  t h i s  flow shsu%d be d i rec ted  t o  the south- 
west t o  lower Hatzic  Slough in order t o  minimize flooding in  
t h e  area  north of Dale Road. The consul tant  w i l l  a ssess  the 
mer i t  and c o s t  of t h i s  proposal.  

Task No. 2 1  

The consul tan t  w i l l  c a r r y  out a  flood-routing ana lys i s  t o  
determine t h e  e f fec t iveness  of the  proposed improvements in  
reducing the  magnitude and durat ion of flooding in  the Hatzic 
P r a i r i e  a r e a .  The consul tant  should carry out the  ana lys i s  
f o r  the  J u l y  1983 storm, the November 1989 storm and the  
November 1990 storm and a  10 year-5 day storm. The ana lys i s  
should ca r ry  out runs with the e x i s t i n g  o u t l e t  works and pump 
s t a t i o n ,  with t h e  e x i s t i n g  o u t l e t  works plus  the  new pump 
s t a t i o n ,  with the  new o u t l e t  works and the e x i s t i n g  pump sta-  
t i o n ,  and with the  new o u t l e t  works plus the  new pump s ta-  
t i o n .  This should provide a  p i c t u r e  of the r e l a t i v e  effec-  
t i v e n e s s  of the  various options t h a t  a re  being considered. 
The consul tan t  should be able  t o  c a l i b r a t e  the  flood-routing 
runs f o r  t h e  e x i s t i n g  system t o  anecdotal information tha t  
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t h e  consul tant  can gather  from t h e  ques t ionnai res  and i n t e r -  
views with se lec ted  landowners. 

Task No. 22  

According t o  t h e  ques t ionnai res ,  1 2  houses and 6 barns or 
outbui ld ings  have experienced major f looding.  Most of the  
houses were i n  t h e  Benbow S t r e e t  subaiv is ion  off Shook Road 
and i n  the Riverside Road subdiv is ion  off Dale Road. Several  
complaints were a l s o  made about t h e  inconvenience t h a t  occurs 
due t o  the  flooding of the roads.  The consul tant  w i l l  check 
with neighbours of the landowners we have received quest ion-  
n a i r e s  from t o  determine whether the  ques t ionnai res  we have 
received s o  f a r  represent  t h e  f u l l  ex ten t  of the  flood 
damages t h a t  a re  being experienced with respect  t o  bu i ld ings .  
The consul tan t  w i l l  e s t imate  t h e  cos t  of f loodproofing t h e  
houses and of providing flood p ro tec t ion  t o  barns.  The con- 
s u l t a n t  w i l l  es t imate the  c o s t  of r a i s i n g  roads above t h e  
f looding  l e v e l s .  l he consul tan t  w i l l  d i scuss  the p r a c t i c a l -  
i t y  and e f fec t iveness  of these  measures. 

Task No. 2 3  

A t  present  the  peak discharges coming down Legace Creek con- 
t r i b u t e  t o  widespread f looding on Hatzic  ' P r a i r i e .  The con- 
s u l t a n t  w i l l  examine whether these  flows could be contained 
by dykes through the  lowlands around Dale Road and passed 
d i r e c t l y  through t o  p a t z i c  Lake. This may be d i f f i c u l t  t o  
implement because of houses and bu i ld ings .  I t  may requ i re  
t h e  r a i s i n g  of some br idges .  I t  would requ i re  the  i n s t a l l a -  
t i o n  of floodboxes on most of the  t r i b u t a r i e s  t o  Hatzic  
Slough, and it would requi re  l o c a l  pump s t a t i o n s  a t  the major 
t r i b u t a r i e s .  The pump s t a t i o n  would be s ized  t o  deal  with 
t h e  ARDSA c r i t e r i a .  This proposal  would decrease the  deten- 
t i o n  e f f e c t  of the  flood s torage  t h a t  is p resen t ly  occurr ing 
on Hatzic  P r a i r i e  and would l i k e l y  r e s u l t  i n  a more rapid  
r i s e  i n  lake l e v e l s :  The consul tan t  w i l l  examine whether 
t h i s  might cause any problems. The consul tan t  w i l l  d i scuss  
t h e  merit  and cos t s  of t h i s  proposal compared t o  improving 
the  main o u t l e t  works. 

Task N o .  24 

In  determining what approach should be taken t o  dea l  with 
P a t t i s o n  Creek and Legace Creek, a fundamental ques t ion  i s  
what sediment volume can be expected from the  Pa t t i son  Creek 
watershed i n  f u t u r e  years .  Obviously, i f  the  a v a i l a b i l i t y  of 



e a s i l y  t ransported mater ial  i s  nearing an end, then the solu- 
t i o n s  t h a t  would be considered f o r  Legace Creek and the cos t s  
of dea l ing  with the problem may be qu i t e  d i f f e r e n t  from the  
measures t h a t  w i l l  be requi red  i f  . t he  s l i d e  problem i s  s t i l l  
i n  i t s  e a r l y  s t ages .  The consul tan t  w i l l  review the r e p o r t s  
" Inves t iga t ion  of sedimentation and Flood Control on Legace 
Creek" by Northwest Hydraulics and "Pat t i son  Creek Risk 
Assessment" by Thurber ~ n g i n e e r i n g  Ltd.  The consul tant  w i l l  
supplement these reviews by s i t e  reconnaissance and a i r  photo 
i n t e r p r e t a t i o n ,  i f  necessary,  t o  provide a  c l e a r e r  p i c t u r e ,  
i f  poss ib le ,  of the volumes of sediment and the cha rac te r  of 
sediment t h a t  w i l l  l i k e l y  have t o  be de'alt with i n  f u t u r e  
years .  

Task N p .  25  

The consul tan t  w i l l  a s sess  whether any measures could be 
taken in  the  upper P a t t i s o n  Creek watershed t o  reduce t h e  
generat ion and t ranspor t  of sediment from the  e x i s t i n g  s l i d e s  
and whether any measures or p r a c t i c e s  could be implemented t o  
reduce the  l ikel ihood of a c t i v a t i n g  new s l i d e s  in  the f u t u r e .  

Task No, 26 

About 1 km upstream of Sy lves te r  Road the re  a r e  two small 
l akes  lying i n  a  saddle t o  the  south of Pa t t i son  Creek. A 
suggest ion has been made t h a t  Pa t t i son  Creek could be 
d ive r t ed  i n t o  the  saddle and t h e  northern lake  used as  a 
major long-term sedim'ent bas in .  The consul tant  w i l l  Inves t i -  
ga te  the  f e a s i b i l i t y  of t h i s  proposa l .  

Task No. 27 - 

The Thurber report  observed t h a t  major deposi t ion was occur- 
r i n g  i n  the  sec t ion  of P a t t i s o n  Creek upstream of Sylves ter  
Road. A suggestion has been made t h a t  ra ther  than maintain 
t h i s  sec t ion  of channel, t h a t  it be l e f t  as  a  major n a t u r a l  
depos i t ion  zone for  the  f u t u r e .  The consul tant  w i l l  a s sess  
t h e  f e a s i b i l i t y  of t h i s  proposal .  The consultant w i l l  de ter -  
mine t h e  e f f e c t  of t h i s  proposal  on adjacent  p r i v a t e  proper ty  
and whether it might be d e s i r a b l e  t o  r e l o c a t e  Sylves ter  Road 
i n  t h e  v i c i n i t y  of p a t t i s o n  Creek. 

Task No. 28 

The "McConnell Creek - Hatz ic  P r a i r i e  O f f i c i a l  Community 
Plan" by DARD, shows land zoned as  Rural Res ident ia l  on 
Legace Creek downstream of the  junction with Pa t t i son  Creek. 
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MOE i s  cu r ren t ly  withholding approval of development on t h i s  
land because of the  n a t u r a l  hazard r i s k .  The Northwest 
Hydraulics repor t  focused on t h e  problems of dea l ing  w i t h  the  
sediment load from a  25-year event .  The consul tan t  w i l l  
examine the poss ib le  consequences of a  200-year event on the  
e x i s t i n g  houses adjacent  t o  P a t t i s o n  Creek and on the land 
t h a t  is zoned Rural Res iden t i a l .  The consul tan t  w i l l  d i scuss  
t h e  a d v i s a b i l i t y  of i n s t i t u t i n g  p r o t e c t i v e  measures or zoning 
changes i n  high r i s k  a r e a s .  

Task No. 29 

Plans  a r e  being developed t o  c a r r y  out an extens ive  cleanout  
of P a t t i s o n  creek and Legace Creek t h i s  summer, with funding 
be ing  provided by PEP. Bank p ro tec t ion  w i l l  be undertaken in  
some a reas  and two small  sediment t r a p s  a r e  being contem- 
p l a t e d  in  the  channel upstream of Seux Road. Once ' the work 
is completed, the  consul tan t  w i l l  resurvey t h e  channel from 
P a t t i s o n  Creek a t  Sylvester  Road downstream t o  Legace Creek 
a t  Dale Road, repeat ing the  cross  sec t ions  t h a t  were picked 
up i n  the 1984 survey. While waiting for  the  r e s u l t s  of the 
new survey the  consul tant  w i l l  use the  1984 survey data fo r  
pre l iminary  planning purposes. The consul tan t  w i l l  provide 
an opinion on t h e  e f f e c t i v e n e s s  of the  proposed sediment 
t r a p s  upstream of Seux Road. 

Task No. 30 
I 

The sec t ion  of channel between P a t t i s o n  Creek a t  Sylyes ter  
Road and Legace Creek a t  Dale Road i s  a  zone of heavy deposi-  
t i o n  of sediment, ranging i n  s i z e  from cobbles a t  the up- 
s t ream end t o  f i n e  sand a t  the  downstream end. Bank eros ion ,  
aggradat ion ,  and avulsion have been charac ter  i s t i c s  of t h i s  
zone. Landowners f ea r  the  sudden l o s s  of bu i ld ings  or of 
having major new channels suddenly running ac ross  t h e i r  pro- 
p e r t y .  F i she r i e s  ob jec t  ' t o  the  f requent  and extens ive  
d i s r u p t i o n  of h a b i t a t  t h a t  accompanies present  maintenance 
a c t i v i t i e s .  Suggestions have been made t o  concent ra te  main- 
tenance a t  se l ec ted  sediment t r a p s .  M r .  Anderson, upstream 
of t h e  Farms Road br idge  on Legace Creek, has  made some 
a t tempt  a t  removing sand and gravel  i n  the p a s t .  Another 
sugges t ion  has been t o  use setback dykes t o  reduce the r i s k  
of avuls ion a s  well  as  the  need t o  heavi ly  r i p r a p  extended 
l eng ths  of channel. 

The consul tant  w i l l  c a r r y  out a  thorough review of t h e  
op t ions  for  dea l ing  w i t h  the  problems in t h i s  s e c t i o n  of the 
channel.  The goal i s  t o  determine whether t h e r e  is a  b e t t e r  



way of dealing with the problems than the present method. 
Thus the options can range from minor modifications of the 
ex is t ing  system, through the buy-out of properties and leav- 
ing nature to  take i ts  own course, to  the implementation of 
well defined s t ructural  measures to  ,confine and control the 
channel. The consultant w i l l  discuss the re la t ive  merits and 
cos ts  of the different  options. The consultant w i l l  a lso  
c l ea r ly  describe the e f fec t  of the different  options on the 
propert ies adjacent to  the creek. 

The consultant w i l l  a lso  determine what w i l l  be the l ike ly  
behaviour of the system i n  extreme events, in par t icular  the 
behaviour to be expected a t  the road crossings and the nature 
of any breakout of the creek from its defined channel. 

For each option the consultant w i l l  describe both the annual 
maintenance requirements and the maintenance tha t  w i l l  be 
required i n  the longer term. For example, i f  sediment ponds 
were used and cleaned annually, what additional maintenance 
would s t i l l  be required upstream and downstream over time? 
The consultant w i l l  describe any changes that  can be expected 
i n  the appearance of the channel over time for each of the 
options. The consultant w i l l  investigate whether any commer- 
c i a l  sand and gravel removal operation could be implemented 
t o  reduce or eliminate maintenance costs.  I f  t h i s  i s  not a 
r e a l i s t i c  option, then the consultant w i l l  identify how the 
volumes of sand and gravel that  he estimates w i l l  have to  be 
removed from Pattison Creek and Legace Creek w i l l  be disposed 
of i n  the long term. ' 

With regard to long-term maintenance, i f  there are  any main- 
tenance requirements for Pa t t i  son Creek above Sylvester Road 
or Hatzic Slough below Dale Road that  have not already been 
f u l l y  addressed under other tasks,  then these additional 
requirements w i l l  be deal t  with as par t  of t h i s  section. 

Task No .  31 

The consultant w i l l  prepare a comprehensive summary of the 
r e s u l t s  of a l l  investigations, describing the , different  
actions that  could be taken and the different  flood protec- 
t ion  benefi ts  that would be received. The summary w i l l  
d e t a i l  c lear ly  the costs and operation and maintenance 
requirements of the d i f fe rent  options. 

The consultant w i l l  prepare the required copies of the report 
and present the findings of the report at a public meeting. 



Task No. 32 

If the consultant thinks of 0th-er investigations that$ should 
be carried out as part of the study, he shall describe the 
nature of the proposed investigations and the costs of carry- 
ing them out. The decision on whether to include any of 
these additional investigations would be settled at the time 
the contract for the study is signed. 

4. Technical Criteria 

The construction of pump station and floodbox improvements through 
the river dyke will be to the standards of the Fraser River Flood 
Control Program. The consultant will obtain the approval of the 
Inspectord of Dykes for the proposed designs. 

The 200-year Fraser River fldodplain elevation is 9.3 m in the 
Hatzic Prairie area. Aside from some minor exemptions to 7.6 m 
that were permitted for some mobile home installations on Hatzic 
Island, all new construction and any fPoodproofing of exi"sting 
buildings would be to the 9.3 m elevation. 

In accordance with the Flood Protection Program Guidelines any 
dyking along Legace Creek would be for the 50-year flood. In the 
lower agricultural lands, where widespread ponding occurs and 
economic considerations govern rather than safety considerations, 
the design would be based, if possible, on the ARDSA design cri- 
teria. The criteria requires the removal of the estimated total 
runoff from the 10 year-52ay storm within 5 days in the dormant 
period between November 1 and February 28, and for the removal of 
the estimated total runoff from the 10 year-2 day storm within 2 
days in the growing period between March 1 and October 31. The 
estimated total runoff consists of the direct storm runoff and the 
base flow. Base flow is treated as being proportional to the up- 
stream catchment area. The design base flow values used in the 
Wigmore study were 10 mm/day in winter, 5 mm/day in spring and 
fall, and 2.5 mm/day in summer. These values represent the base 
flow values that can usually be expected in the channel and 
ditches at the end of a major storm, or when periods of mild to 
moderate precipitation are occurring on a daily basis. In seasons 
of the year when drainage is still the primary need, the ARDSA 
criteria call for the design base flow water surface elevation in 
ditches to be held at least 1.2 m below the surface of the 
adjacent land to provide a good outlet for tile drains. Experi- 
ence has shown that lowland channels that are sized to meet the . 
base flow criteria, usually have sufficient capacity for the storm 
flow. 



I n  backwa te r  c a l c u l a t i o n s  i n  the lowland c h a n n e l s ,  the c o n s u l t a n t  
s h o u l d  u s e  the Manning "n"  v a l u e s  d e f i n e d  i n  the memorandum 
"Des ign  Cr i t e r i a  f o r  the Farm D r a i n a g e  O u t l e t  A s s i s t a n c e  Program, " 
b y  K .  Wi l son ,  u n l e s s  s t r o n g  f i e l d  e v i d e n c e  s u g g e s t s  tha t  o t h e r  
v a l u e s  s h o u l d  be used .  When c h a n n e l  improvements  are  p roposed  
a n d  any  s t o r m  f low c a l c u l a t i o n s  are t o  be made, a new p r a c t i c e  is  
b e i n g  a d o p t e d  of assuming that  one bank above the b a s e  f low e l e v a -  
t i o n  w i l l  be ma in ta ined  r e g u l a r l y  by  machine and w i l l  be p r i m a r i l y  
g r a s s e d ,  and the o t h e r  bank w i l l  be l e f t  t o  d e v e l o p  h e a v y  b r u s h  t o  
p r o v i d e  enhanced f i s h  habi ta t  v a l u e s .  For  m o d e l l i n g  p u r p o s e s  t h i s  
means t h a t  t h e  one bank above the base f low l e v e l  is t r e a t e d  a s  a 
w a l l .  The d e s i g n  memorandum a l s o  p r o v i d e s  a  b a s i s  f o r  s i z i n g  c u l -  
v e r t s  on the f l o o d p l a i n .  

T h e r e  i s  some e v i d e n c e  t ha t  a  number of benchmarks i n  the H a t z i c  
P r a i r i e  area may be i n  e r r o r  by as much as 0 . 3  m. T h i s  error may 
a l s o  a f f e c t  the s p o t  h e i g h t s  shown on the  t o p o g r a p h i c  mapping. 
T h i s  i s s u e  i s  c u r r e n t l y  b e i n g  i n v e s t i g a t e d  by MOE. The M i n i s t r y  8 

w i l l  p r o v i d e  t h e  c o n s u l t a n t  w i t h  an  updated  l i s t  of benchmark e l e -  
v a t i o n s  t o  be used  i n  the s t u d y .  I n  t h e  c o u r s e  of the s u r v e y ,  the 
c o n s u l t a n t  w i l l  p i c k  up a  number of  f i e l d  e l e v a t i o n s  i n  the low 
a r e a s  t o  compare with the s p o t  e l e v a t i o n s  shown on t h e  mapping. 
The c o n s u l t a n t  w i l l  report on h is  f i n d i n g s .  

I n  s u r v e y i n g  t h e  c r o s s  s e c t i o n s ,  the s u r v e y s  w i l l  e x t e n d  f a r  
enough i n t o  the f i e l d s  t o  p r o v i d e  r e p r e s e n t a t i v e  f i e l d  e l e v a t i o n s  
beyond any berm e f f e c t s  caused  by past f l o o d i n g  or c l e a n i n g .  A l l  
d i t c h  c r o s s i n g s ,  b r i d g e s  and c u l v e r t s  sha l l  be s u r v e y e d ,  comple te  
w i t h  cross s e c t i o n s  u p s t r e a m  and downstream, and unde r  b r i d g e s .  
S i l t  d e p t h s ,  the c o n d i t i o n  of  the s t r u c t u r e ,  and o b s e r v a t i o n s  on 
h y d r a u l i c  improvements t h a t  cou ld  be made t o  the s t r u c t u r e  s h a l l  
be no ted  a t  the t ime  of s u r v e y .  pho tographs  sha l l  be t a k e n  of a l l  
c r o s s  s e c t i o n s  and s t r u c t u r e s .  

I n  a d d i t i o n  t o  the s p e c i f i e d  c h a n n e l  and d i t c h  s u r v e y s ,  the con- 
s u l t a n t  w i l l  c a r r y  o u t  a l l  a d d i t i o n a l  s i t e  and t o p o g r a p h i c  s u r v e y s  
t h a t  are n e c e s s a r y  t o  p roduce  r e l i a b l e  cost e s t i m a t e s  f o r  the 
s t u d y  t a s k s .  

A s  p a r t  of the s t u d y  r e t u r n s ,  the c o n s u l t a n t  w i l l  p r o v i d e  a d i s k  
c o n t a i n i n g  a l l  t h e  s u r v e y  d a t a  i n  a format  that  is s u i t a b l e  f o r  
u s e  on D A R D ' s  equipment .  I n  a d d i t i o n ,  the c o n s u l t a n t  sha l l  pro-  
v i d e  two  comple t e  c o p i e s  of  a l l  o f  the new s u r v e y  d a t a  that i s  
c o l l e c t e d ,  i n c l u d i n g  p l a n s  showing the l o c a t i o n  of a l l  cross sec- 
t i o n s ,  b r i d g e s ,  c u l v e r t s ,  and benchmarks p i c k e d  up i n  the s u r v e y ,  
p l o t s  of t h e  c r o s s  s e c t i o n s  and d i t c h  p r o f i l e s ,  a l l  the b r i d g e  and 
c u l v e r t  d a t a  and a s s o c i a t e d  n o t e s ,  s i t e  s u r v e y s  and other topo-  
g r a p h i c  and  b a t h y m e t r i c  s u r v e y s ;  and c o p i e s  of a l l  p h o t o g r a p h s  



t a k e n  d u r i n g  t h e  s u r v e y .  The c r o s s  s e c t i o n  d a t a  s h a l l  b e  p r e -  
s e n t e d  i n  a manner s i m i l a r  to t h e  1984 MOE su rvey .  The c r o s s  sec -  
t i o n  p l o t s  s h a l l  h a v e  the  same v e r t i c a l  and h o r i z o n t a l  s c a l e s .  
The c o n s u l t a n t  sha l l  a l s o  p r o v i d e  two copies of the summary o u t p u t  
of a l l  t h e  f i n a l  backwate r  r u n s  and f l o o d - r o u t i n g  r u n s .  

5. Env i ronmenta l  C o n s i d e r a t i o n s  

The s t u d y  h a s  been  d i s c u s s e d  w i t h  r e p r e s e n t a t i v e s  of t h e  F e d e r a l  
and P r o v i n c i a l  F i s h e r i e s .  A b r i e f  summary of t h e i r  comments is  as 
f o l l o w s :  

(1) The f i s h e r i e s  o f f i c e r s  r e c o g n i z e  that  t h e r e  a r e  b o t h  sed imen t  
p rob lems  and f l o o d i n g  problems i n  the a r e a ,  and t h e y  do n o t  
s e e  any major conf l i c t s  beyond the normal  conce rns  of f i s h e r -  
ies .  They f a v o u r  a comprehens ive  p l a n  that  would s t a b i l i z e  
the problems and would a v o i d  the need  to  have  a n n u a l  c h a n n e l  
c l e a n o u t .  

( 2 )  For  most channe l  work, t h e  c o n s t r u c t i o n  would have  t o  o c c u r  
be tween J u l y  15  and  September 1 5 ,  w i t h  minor v a r i a t i o n s  i n  a 
g i v e n  y e a r .  

( 3 )  T h e r e  a r e  coho,  chum and t r o u t  i n  t h e  sys t em.  The t r o u t  
spawn ups t r eam of t h e  salmon. The major  spawning a r e a  s t a r t s  
a t  Farms Road and goes ups t r eam on Legace  Creek t o  t h e  l a k e .  
They do no t  t h i n k  t h e r e  is any f i s h e r i e s  r e s o u r c e  ups t ream of 
S y l v e s t e r  Road on P a t , t i s o n  Creek.  They s a y  t h a t  most of  t h e  

/ 

s e c o n d a r y  t r i b u t a r i e s  have  i m p o r t a n t  spawning a r e a s ,  i n  some 
c a s e s  of g r e a t e r  v a l u e  t h a n  o n  Legace  Creek .  

( 4 )  They were r e c e p t i v e  t o  the i d e a  of a sediment  pond ups t r eam 
o f  Farms Road, even  i f  it is i n  a spawning a r e a .  T h e i r  de- 
s i r e  i s  t o  minimize  t h e  f r e q u e n c y  of  c h a n n e l  c l e a n o u t .  

( 5 )  They a r e  open t o  the i d e a  of s e t b a c k  d y k e s .  When it was sug- 
g e s t e d  t h a t  the s e t b a c k  might  be a b o u t  6 m ,  a  s t r o n g  desire 
w a s  e x p r e s s e d  f o r  a much g r e a t e r  s e t b a c k .  I t  was t h o u g h t  
tha t  the 6 m wid th  would n o t  l e a v e  the channe l  wi th  enough 
room t o  meander and t h a t  it would o n l y  be a  s h o r t  p e r i o d  of 
t i m e  b e f o r e  e r o s i o n  would b e  o c c u r r i n g  and r e q u e s t s  would be 
made f o r  bank p r o t e c t i o n  measures  to be u n d e r t a k e n .  

(6) They are a l s o  conce rned  a b o u t  r i p a r i a n  v e g e t a t i o n .  They 
would f avour  measures  t h a t  would permit shade  v e g e t a t i o n  t o  
grow a l o n g  the banks  of t h e  c h a n n e l .  



(7) In Hatzic Lake they said that there are marsh areas that are 
available to fisheries and wildfowl and that any attempt to 
dredge the lake would have to compensate for any loss of 
habitat. 

( 8 )  They did not have a strong opinion on dredging at this time. 
If the dredging diminished fisheries values, they would seek 
compensation or mitigation, but they were not clear on 
whether any damage would occur. They did not favour the idea 
of creating an island. 

(9) With regard to the tributary that runs northwest into Hatzic 
Prairie and which the landowners have suggested should run 
southwest, the only observation was that if changes occurred 
that would result in loss-of habitat, then mitigation or com- 
pensation would be required. 

(10) On increasing culvert or floodbox capacity, they had no 
objection. 

(11) On increasing pumping capacity, they said that measures such 
as a fish screen would be required to reduce mortality on any 
new pump. 

The consultant must develop the proposed improvements in the light 
of the broad general concerns that have been expressed by the 
fisheries representative. The consultant will provide an environ- 
mental assessment of the key improvements that are recommended in 
the report and on the mgintenance procedures that will be re- 
quired. The consultant will1 identify any conditions that might 
occur during construction, or changes that will result from the 
project that might have significant environmental impact. 

6. Cost Estimates 

A preliminary screening should be made of the technical feasibil- 
ity and order of magnitude of costs of the different tasks. Any 
tasks that are judged to be impractical, undesirable, or exces- 
sively costly for the benefits that would be obtained shall be 
identified. The consultant will be given direction on whether to 
remove these tasks from further consideration. 

It is expected that the majority of tasks will represent options 
that should be costed out in detail. The consultant will prepare 
comprehensive cost estimates that give the assumptions on which 
the cost estimates are based. For example: How will the spoil 
material be disposed of? How much fencing or landscaping or 
utilities relocation will be required? In what seasons of the 



year will the various construction activities occur? Which parts 
of the project would be built under contract and which parts on a 
day-labour bqsis? 

The unit costs and quantities used in the estimate shall be iden- 
tified; and the cost estimate shall be broken down in such a way 
that priorities can be established between sub-projects. The cost 
estimate shall include estimates of the cost of final design, 
supervision of construction, the preparation of as-built drawings, 
the preparation of operation and maintenance manuals, general 
administrative charges and contingencies. The cost estimate shall 
include estimates of land acquisition costs, and right-of -way 
costs including survey costs. Where the proposed activities are 
of a magnitude that would have a significant adverse effect on the, 
viability of a parcel of land, the land acquisition cost should 
assume that the whole parcel wil1"be purchased. The capital costs 
shall be expressed in 1991 dollars. 

With regard to maintenance costs, the consultant shall recommend 
operation and maintenance procedures for the project that consider 
to the extent possible both the Fisheries' concern about protec- 
tion of the fisheries resource, and the landowners' need to have 
an effective flood protection system. The recommendations should 
include a description of the nature and frequency of maintenance 
activities, and should identify all the measures that go beyond 
the existing practices. The consultant shall estimate the addi- 
tional annual operation and maintenance costs that would be 
associated with the project, including the power costs for the 
pump stations. I 

7. Reference Material 

The following material will be available for inspection by consul- 
tants at DARD's office. Copies or loans of the material will be 
made available to the successful consultant as required. 

Air Photographs 

Oblique air photos taken of the November 1990 storm, showing 
flooding on Hatzic Prairie. 

Surveys 

(1) "~atzic Lake Outlet Channel Survey," MOE, May, 1982 
( 2 )  "Legace Creek, " MOE, July 1984 
( 3 )  "Hatzic Slough Bridge Sections," MOE, March 1990 



Mapping 

(1) 1:5000 Contour Planimetric, 1983 
( 2 )  1:5000 Roll Nos. and Parcel Size 
(3) 1:5000 Contour Line Base 
(4) 1:10,000 Lot Plan 

Reports 

(1) "A Look at the ~i'story and Problem," DAID, 1981 
( 2 )  "Dewdney-Hatzic Lake Official Community Plan," DARD, 

1988 
(3) "McConnell Creek-Hatzic Prairie Official Community 

Plan," DARD, 1988 
(4) "Dewdney-South Dewdney Dyking District - All Information 

Available to Jan. 10, 1974" 
( 5 )  "Dewdney Area Improvement District, Dyke Rehabilitation 

Program, Stage 1 Report," Klohn Leonoff, 1983 
( 6 )  "Dewdney Area Improvement District, Contract N o .  4, 

Rehabilitation of  Hatzic Slough Dam and Floodbox," KKPohn 
Leonoff, 1987 

( 7 )  "Performance Test on Hatzic Pump Station," J.V. Eby and 
J.P. Riley, 1963 

( 8 )  "Review of Outlet Conditions at Matzie &aketlQJ. 
Wigmore, MOE, 1983 

( 9 )  "Hatzic Pump Station, Report on ~dditionai Pumping 
Capacity," Crippen Consultants, 1984 

(10) "Physical Characteristics and Water Quality of Hatzis 
Lake," DARD, 1976 

(11) "Hatzic Prairie Land Use and Drainage Study/' Ministry 
of Agriculture, 1980 

(12) "peak Flow Estimates for Small Streams in the Lower 
Fraser Valley," J.D. Cheng, MOE, 1980 

(13) "Hatzic Prairie Debris Flow Landslide Identification 
Study," P.J. Woods, MOE, 1983 

(14) "Dewdney Area Improvement District, Legace Creek Flood- 
ing, December 1979," A.A. McPherson, MOE, 1980 

(15) "Investigation of Sedimentation and Flood Control on 
Legace Creek," Northwest Hydraulic Consultants, 1985 

(16) "pattison Creek Risk Assessment," Thurber Engineering 
Ltd, 1990 

8. Coordination 

The study is being funded by a grant to the Dewdney Alouette 
Regional District from the Ministry of Environment's Sustainable 
Environment Fund. A contract for the study will be signed between 
the consultant and DARD. The Ministry has agreed to provide tech- 
nical support for the study and direction to the consultant will 
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be given by Mr. K. Wilson of MOE. An Advisory Committee has been 
established representing all the major interests in the study 
area. The Advisory Committee will meet with the consultant on a 
monthly basis at the DARD office in Mission to monitor the pro- 
gress of the study and give guidance on problems that arise during 
the study. Three meetings will also be held at intervals with 
representatives of the Federal and Provincial Fisheries Branches 
so that the consultant can outline the measures that are being 
proposed, and efforts can be made to minimize environmental im- 
pacts.- The meetings will be held at the Fisheries Office in 
Mission or in the field. 

The study report shall describe clearly the investigations that 
have been carried out of the specified tasks and the improvements 
that are proposed. In cases where any investigations have been 
curtailed, the reasons for cutting short the investigation shall 
be clearly outlined. Plans, profiles, and cross sections will be 
provided for all the proposed channel and dyke improvements. 
Tables will be prepared identifying the effects of construction on 
individual properties. Conceptual site plans will be prepared for 
the pump station, floodboxes, and CPR culvert improvements. Con- 
ceptual site plans will also be prepared for any sediment basins 
or other control structures proposed on Legace Creek or Pattison 
Creek. 

Completion of the report shall not exceed 6 months from the con- 
sultant receiving notice to proceed with the study. The report 
shall be presented in metric units; but imperial units may be 
shown in parentheses to aid in public awareness of important quan- 
tities. Twenty-five copies of the report shall be submitted. The 
consultant shall give presentations of the findings of the study 
report to the Advisory Committee and.to a public meeting. This 
type of presentation usually requires the preparation of special 
materials, such as plans, slides for an overhead projector, and a 
4- to 6-page summary of the report. DARD will arrange for the 
printing of any copies of the summary report required for distri- 
bution at a public meeting. 

10. 

The nature of the study lends itself to the employment of staff 
with broad experience and sound engineering judgement in hydrol- 
ogy, hydraulics, construction, costing and geotechnical investiga- 
tions. Expert advice will be required on forestry practices and 
environmental assessment, The study also lends itself to a Pro- 
ject Manager w h ~  can pull together s1?. the dlffzrent aspects sf 
the study, ensure quality control in the work, and discuss all 
aspects of the study authoritatively at the Advisory Committee 
meetings and at the public meeting. 



The c o n s u l t a n t ' s  proposal s h a l l  include the following: 

(1) a l i s t  of s t a f f  t o  be employed i n  the study, together  with a  
d e s c r i p t i o n  of t h e i r  r e l evan t  experience; 

( 2 )  d e t a i l s  of the  f i r m ' s  expe'rience with s imi la r  p r o j e c t s ;  

( 3 )  d e t a i l s  of sub-consul tants ,  i f  required:  

( 4 )  a schedule of r a t e s  f o r  personnel and est imated disburse-  
ments; 

( 5 )  a  desc r ip t ion  of the e f f o r t  t h a t  would be put i n t o  each t a s k ,  
including where appropr ia t e  the  method of a n a l y s i s ,  t h e  
models used, and the output  t h a t  would be produced; 

( 6 )  a  schedule l i s t i n g  the  s t a f f  hours,  s t a f f  c o s t s ,  and d i s -  
bursements f o r  each t a s k .  

( 7 )  a  PO% contingency f o r  any new tasks  t h a t  a r e  i d e n t i f i e d  as  
being necessary during t h e  s tudy;  

( 8 )  a schedule for  completion of the  report  i d e n t i f y i n g  the pr in-  
c i p a l  a c t i v i t i e s  and time t o  complete each a c t i v i t y .  

Any expenditure from the  contingency fund w i l l  only be on t h e  
w r i t t e n  au thor iza t ion  of DARD. The sum of the study cos ts  l i s t e d  
i n  Item 6 .  w i l l  r e p r e s e n t ,  an upset p r i c e  f o r  the  study, providing 
a l l  t h e  tasks  a r e  f u l l y  completed. I f  some t a sks  a r e  shortened 
during t h e  study, payment t o  t h e  consul tant  w i l l  be made on the  
b a s i s  of the  f r a c t i o n  of the  task complete. Subject t o  t h i s  qual- 
i f i c a t i o n ,  four equal progress  payments w i l l  be made t o  the  con- 
s u l t a n t .  The f i r s t  th ree  payments w i l l  be made when the consul- 
t a n t  submits a  claim showing t h a t  25%, 50% and 75% of the  work 
i d e n t i f i e d  in  Item 6 .  has been completed. The f i n a l  payment t o  
t h e  consul tan t  w i l l  be made upon completion of a  s a t i s f a c t o r y  
f i n a l  r e p o r t ,  t h e  r e t u r n  of a l l  s tudy mater ia ls  t o  the Regional 
D i s t r i c t l a n d  t h e  p resen ta t ion  of t h e  repor t  t o  a  publ ic  meeting. 

KWW : khh 

Kenneth W. Wilson, P.Engo 
Senior Hydraulic Engineer 
Water Supply and 

Drainage Sect ion 
Water Management Division 
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HATZIC PRAIRIE STUDY - PATTISON CREEK CATCHMENT 

1.0 INTRODUCTION 

Tasks 24 and 25 relate to the existing and potential problems of the sediment generated 

within the Pattison Creek catchment. Previous studies have shown the existence of 

debris sources within the basin and the periodic mobilization of the material as debris 

flows and floods towards Hatzic Prairie. The TOR calls for an evaluation of the volume 

and character of the sediment available, and to assess whether measures can be taken to 

reduce the generation and transport of material. It is also required to consider whether 

siny measures or practices can be implemented to reduce the likelihood of .activities of 

new slides. 

Two reports have been produced by Northwest Hydraulics Consultants (NHC) in 1982 

and 1985, both consider the slides on Pattison Creek and the historic activity in the basin. 

Thurber Engineering Ltd. (TEL) produced a risk assessment of Pattison Creek in 

November, 1990, in response to a debris flow event earlier that month. Several 

generations of airphotos have been availablk both to this study and the previous NHC's 

work. 

The chronology shown on p able 1 may be deduced from the airphotos and the reports of 

previous studies. 

3.0 DESCRImION OF THE CATCHMENT 

Pattison Creek is a small west-facing catchment of some 6 km2 which drains towards the 

flat floodplain of Hatzic Prairie on the north side of the Fraser River. The elevation of 

the watershed ranges from EL, 1,200 m down to approximately El. 20 m on the 

floodplain. The creek has formed a large fan below El. 260 m which has spilled out 

across the floodplain and disrupted the local drainage which flows predominantly 

southwards towards Hatzic Lake and the Fraser River (Figure 1). The fan is estimated to 

have a surface area of 2.1 km2 (TEL, 1990). 
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The Pattison Creek catchment is formed on granodioritic rocks of the Coast Batholith, 

although sheared and low grade chroritized metamorphic rocks are also seen in outcrop 

in the upper part of the fan. Within the catchment, the rock is kostly obscured by 

surficial deposits comprising a variable thickness of coarse colluvium and glacio-fluvial 

sands and gravels, probably of ice-contact origin and till. Very coarse colluvial deposits 

form aprons below rock outcrops on the south side of the valley. 

Tree cover obscures much of the ground within the catchment. The catchment has been 

partially clearcut at several periods in the past. It appears that an access road was driven 

into the basin on the north slopes in the 19501s, and clearcutting of that area followed 

over the period into the 1960's. This road was subsequently driven around the perimeter 

of the catchment to permit logging of the crest of the southern slopes, Only limited 

logging has been carried out on the steeper slopes of the catchment, The clearcut areas 

have since been replanted. Selective logging has been carried out in the upper part of the 

fan. 

There appear to be several sources for the coarse fraction of the deposited materials; they 

do not all come from the part of the basin above the fan: 
Q 

The sources include: 

+ colluvium and reworked glacial deposits within the basin; 

e coarse colluvium from the rock slopes downstream of the waterfall; 

e reworking of the glacial deposits present below El. 120 m on the north 
side of the creek. 

The finer fraction, predominantly medium and fine sand, which causes much of the 

' problem beyond the fan, originates from the gIaciaI deposits within the basin and is able 

to wash through the coarser materials which are widely gap-graded. 

4,O DRAINAGE SYSTEM 

The tributary creeks which coalesce to form Pattison Creek drain at slopes between 22" 

and 25". The creek gradient at the apex of the fan lies at 9" and falls to 5" in the wider 
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'part of the fan above the Sylvester Road Bridge and to 3 - 4" downstream. The main 

branch of the creek is incised into bedrock from El. 600 m down to a waterfall at El. 

260 rn at the apex of the fan (see Plate 1). Elsewhere, creek channels are developed in 

colluvial and glacial soils. 

The Pattison Creek fan is predominantly a coarse bouldery deposit with material up to 

1.5 m diameter near the apex fining down to a maximum size of 0.5 m diameter at 

Seux Road Bridge. Finer gravel and sand sizes are carried down to Hatzic Prairie where 

they create aggradation of the channel, periodic avulsions, flooding and deposition of 

sediment over the fields. A moderate proportion of organic debris is contained in the 

deposits throughout the upper part of the fan and is estimated to range up to 20%. 

The active channel is 20 m wide for 600 m from the apex widening to some 50 m at 

Sylvester Road. The upper part of the fan partially spreads to cover a saddle hoIding two 

lakes to the south of Pattison Creek at El. 150 m (Figure 2, Plates 2 and 3). The fan has 
8 

been deposited onto this saddle and may have been instrumental in the formation of the 

northern of the two lakes (termed Amber Lake). Drainage from the lake has been 

deflected to the west of the fan and joins Pattison Creek at El. 130 m. Below this point, 

and down to some 350 m above Sylvester Road Bridge, the creek is incised into glacial 

deposits on the north side and into colluvium or rock on the south. Beyond 

Sylvester Road, development of the fan is constrained by the steeper slopes formed in 

glacial deposits to the north; it spills out onto the floodplain deposits of the prairie to the 

south. 

An avulsion appears to have occurred prior to the 1940 airphotos some 250 m upstream 

of the Sylvester Road Bridge on the north side. 

5.0 PAST INSTABILITY 

Slide and avulsion events as deduced from the airphotos are itemized on Table 1, 

A major slide is deduced to have occurred from the south side of the catchment in 1935 

(NHC, 1985) probably in the coarse colluvium, and is said to have generated a large 

debris flow (terminology is defined in Table 2). Lesser debris flow activity is considered 

to be ongoing and characteristic of most of the gullies, but events are of generally small 
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magnitude (say 4 0 0  m3). Continued ravelling of the thick colluvial aprons does not 

generally appear to trigger events precipitating large debris flows, although it is possible 

that the 1935 event may have occurred in this way. There does not appear to have been 

any increase in activity on the south side as the result of logging in the past 30-40 years. 

By contrast, there is a progressively increasing level of activity from the north side of the 

catchment where failures in largely glacio-fluvial materials (possibly with some tills) 

have precipitated debris flows (Plate 4). The event of November, 1990 has been 

described in detail by TEL. Initial activity at Point A (Figure 2) prior to 1962 was 

followed by a progressively deteriorating situation at Point B over the subsequent period, 

and latterly the failure at Point C in 1990. Recent advice from NHC shows that 

300,000 m3 of material has been removed below point B and that up to 130,000 m3 has 

been removed below point C over a 30-year period. Other incipient failures have been 

recognized. Most existing failures are intimately related to the presence of the Forest 

Access Road where the sidecast material below the road, or steep unprotected cuts in soil, 

have caused triggering events precipitating debris flows. The failures are seen to be 

initiated at the access road, but to fail retrogressively to affect the slopes above the road 

and to create debris flows with significant destructive power downstream. 

6.0 POTENTIAL FUTURE INSTABI1,ITY 

The soil failures on, or due to, the Forest Access Road construction on the north side of 

the catchment have not stabilized. The exposed materials are highly erodible and further 

extensive sources of the same materials appear to be available. Small failure scars on the 

road indicate that other large failures could develop. 

There does not generally appear to be any likelihood of increased activity on the south 

side where the availability of materials is related to channels and is released as small 

debris flows from colluvial sources which will continue to occur, However, a large 

magnitude, low probability event (such as apparently occurred in 1935) should be 

considered a possibility. 

The potential debris flows on the north side are strongly related to the availability of 

water, i.e. periods of higher than average antecedent precipitation, storm. cells or 

rain-on-snow events, Low frequencyharge magnitude precipitation could generate large 
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pulses of material which would be transported to the fan below. Equally, higher 

frequencyflower magnitude precipitation could result in smaller debris flows, but with 

considerable accumulation of sediment downstream. This concurs with NHC's previous 

conclusions. However, further failures on the road could trigger substantial debris flows 

without extreme precipitation events if new sources of glaciofluvial materials are 

exposed. Such a situation has been identified at Point D (Plate 4). Further large debris 

flows are likely to be generated as the headscarp at Point B recedes and captures the 

flows from the channel below Point C. 

It would be prudent to assume that the level of activity in the Pattisofiagace Creek 

system will be at least as great as that in the last 30 years. TEL describe the channel of 

the November, 1990 event as being scoured to bedrock along part of its length but it is 

likely that this occurs periodically after each main event. Larger events could be 

experienced due to more extreme precipitation events than occurred during this 

antecedent period. 

In recent studies involving natural hazards, it has been found to be helpful to express 

quantitatively the likelihood of the magnitude of future events. Obviously in this case the 

application of standard statistical analyses does not apply, but the concept of probability 

can also be used subjectively. The reliability of probabilities selected subjectively 

improves as our knowledge of the history of past events increases, Probabilities derived 

in this way are referred to as "allocated" to avoid any misunderstanding as to their origin 

(Morgan, 1990). Allocated probabilities of future occurrence of debris flows in the 

Pattison Creek Basin (above the fan) are given in Table 3. The values in this table may 

be used for planning and risk assessment purposes, but the notes attached to the table are 

important and qualify the application of the results. 

The following probabilities express the anticipated productivity scenario for the next 

30 year ppriod and are compatible with Table 3. 

a) 75 percent chance of 250,000 m3 or greater 

b) 50 percent chance of 625,000 m3 or greater 

In addition to these debris flow quantities, it is estimated by NHC (personal 

communication) that further accumulations will result from debris flood and flood events 
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and could total some 300,000 m3 over a 30-year period. Thus it is concluded that there is 

a 75% chance of a total sediment load of 550,000 m3 being accumulated over 30 years 

and a 50% chance of 925,000 m3 being accumulated. 

7.0 SEDIMENT TRANSPORTATION MECHANISMS ON THE FAN 

As the sediment content in stream flow increases, the onset of yield (shear) strength has 

significant implications for stream hydraulics. The flow ceases to act as a Newtonian 

fluid. For example, Figure 4 of Hungr et a1 (1984) shows that for a given discharge, the 

velocity of a debris flow (torrent) can readily be 2 to 5 times slower than the velocity of 

cleaner water under turbulent flow. However, it has been shown (Pierson et al, 1987) that 

water flows can carry a significant volume of coarser particles (as high as 50%) and still 

retain Newtonian behaviour with all the characteristics of noAal  stream flows. Thus as 

the sediment transportation mechanism on alluvial fans in mountainous areas changes 

from a debris torrent, or flow, to a debris flood (less bulking but still non - Newtonian 

behaviour) to sediment laden water, to "clean" water, then the hydraulic performance 

changes accordingly. In other words, surges of bulked debris with discharges, and 

potential for channel erosion well in excess of normal flood flows can and commonly do 

occur at the apex of any alluvial fan. By contrast the outstanding characteristics of debris 

floods further downstream are reworking of sediments, deposition (aggradation), and 

channel blockage (avulsion). The two most important parameters which govern the 

downstream limit of the highly destructive debris flow phase are the degree of channel 

confinement and the slope of the fan. However, it is also important to keep in mind that a 

spectrum of high to low energy events can occur on debris flow prone creeks, and that 

even within the same event, channel erosion at a given location can be rapidly replaced 

by deposition. 

The field evidence indicates that debris flows do not proceed further than some 300 - 

400 m downstream of the waterfall. TEL estimate that debris surges in the range 200 - 
400 m3Jsec. developed in this zone during the November, 1990 event, transporting an 

estimated volume of 54,000 m3. Debris in this zone consists of 20-40% sand and gravel 

with the remainder being cobbles, boulders and organic material. Maximum boulder size 

is 1.5 m and organic content q a y  range up to 20%. This debris flow deposition has since 

beer! patially reworked by the creek. 
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Between the end of the tongue of debris flow deposited material and Sylvester Road 

Bridge, the deposits are typical of debris flood deposition. The material becomes clast- 

supported, rather than matrix-supported, with much evidence of fluvial sorting. The 

maximum grain size reduces from 1.5 m to 0.5 m, although the organic content in the 

uppermost sediments continues to be high. Downstream of the bridge, fluvial 

transportation mechanisms predominate and the approaches used by NHC (1985) for 

estimating bedload transport are valid. 

8.0 MITIGATIVE MEASURES 

The chronology of events since the availability of airphotos and after the development of 

the main settlements in Hatzic Prairie, indicates that deposition of sediment due to 

hazards in the Pattison Creek catchment has been a persistent problem since at least 

1935. No life-threatening events have apparently occurred, but economic hardship has 

resulted from flooding from these causes. 

As the prime source of supply within the basin is related to forest access road 

construction, some rehabilitation can be undertaken to reduce the possibility of further 

failures and generation of sediment. These works relate primarily to control of water and 

include the construction, or improvement, of water bars (to prevent the concentration of 

flow down the roads) and the installation of culverts. However, the existing slide scars 

are now so large, and the exposure of erodible materials so great, that sediment will 

continue to be generated. There is no economic means of mitigating this situation. As 

the trees on the upper reforested slopes grow, the severity of the runoff will be decreased 

with some marginal benefit to basin stability. 

Future logging practices must avoid creating slope instability which results in long-term 

problems for neighbouring areas. 

8.2 Material Trans~ort. 

The slope nf the fan (4" - 9") indicates that debris flows will begin to deposit imediately 

below the waterfall and will runout in the upper part of the fan. Highly destructive 
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events therefore do not endanger roads or habitation. There is no indication that finer 

debris flows have continued far into the fan. Thus any scheme for capture or diversion 

must deal with debris floods during which material is brought from within the basin, the 

upper part of the fan is reworked, and material is transported downstream. 

8.3 Diversion Structure8 

The topography and volumes of material being considered in the vicinity upstream and 

downstream of Sylvester Road Bridge do not allow serious consideration of a debris 

catch basin in that area. However, the area between Pattison Creek and Amber Lake 

merits further investigation as a depositional basin. 

As described earlier, an existing fan spills over into the saddle towards Amber Lake. The 

creek is incised into the north flank of this fan. With the construction of a diversion 

embankment, and excavation of a channel, the creek and hence debris floods could be 

routed towards the saddle. Because deposition would occur within this channel with each 

event, continual maintenance would be required. However, there is available space for 

storage of material which covld be bulldozed to provide a higher berm and hence 

additional protection on the north side. It would be essential to ensure that avulsions 

were not able to occur allowing the creek to regain its existing channel. Flows could be 

routed either through Amber Lake, or back through tlie existing Amber Creek to Pattison 

Creek. A control structure (weir) could be further considered at the existing confluence 

of the two creeks where bedrock outcrops. 

The effect of routing flows southwards through the saddle towards other properties would 

need to be carefully considered. Capturing material at this location would not preclude 

reworking of the existing material in the channel which would reduce in severity with 

time. Moreover flood flows could be minimized if the saddle routing was selected. 

8.4 Protective Structures 

Some properties marginal to the creek could be at risk due to avulsions, especially on the 

north side upstream of Sylvester Road Bridge. Protective berms might be necessary to 

reduce tine risk from the higher magnitude events. 
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The Sylvester Road bridge is thus located in a marginal location with regard to the 

application of stream hydraulics with respect to capacity etc. 

8.5 Creation of Depositional Zone U~stream of Svlvester Road 

Where bridge crossings are concerned, it is important to maintain control over the 

upstream sections of the creek that are vulnerable to avulsion. Thurber (1990) has 

c&ctly pointed out that the creek for a distance of some 800 m upstream of the bridge 

location can overflow onts private property on both the left and right banks. Deposition 

and termination of maintenance would encourage this potential for avulsion. 

,There is some merit to relocating the bridge away from the area of uncertain hydraulic 

performance (e.g. to a location below the confluence with Lagace Creek). However, as 

discussed above; the creek channel upstream would have to be maintained to avoid an 

avulsion. 

There does not appear to be a viable opportunity for relocating the bridge upstream. 

This report on Tasks 24 and 25 is provided as input to the final report for the Hatzic 

Prairie Study. 

Yours truly, 

GOLDER ASSOCIATES LTD. 

Graham E. Rawlings, P. Eng. 
Principal 
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TABLE 1 

SLIDE AND AVULSION EVENTS ON PATTBON CREEK 

EVENT DATE COMMENTS 

1. Landslide, s~uth side Pattison January 1935 
Creek Basin. 

Deduced from 1930 and 1940 airphotos and records of 
most severe winter storm of century (Won, 197 1). 

2. Avulsion in channel between Seux Jannary 1935 Deduced from 1930 and 1940 airphotos and record? of 
, Road and Farms Road Bridges. most severe winter storm of century (Won. 1971). 

3. Rapid sedimentation in Pattison 195'1 
Creek Channel. 

4. Major slide, north side Pattison Between 1952 
Creek Basin; and 1962 

5. North side of basin clearcut by this 1962 
date with access road to limit of 
watershed. Instability from road 
excavation at eastern limit of lower 
access road. Small slide developed 
in tributary below lower hairpin on 
access road, north side. 

6. Creek channel aggraded 1.5 rn 1968 
between Seux Road and Farms 
Road Bridges. 

MOE records. 

NHC, 1982. 

Axphoto BC 4067:211, July 1962. 

MOE Records. 

7. Access road continued around 
eastern limit of basin; south side 
not visible, possibly clearcut. Slide 
scar below lower hairpin 
substantially larger. 

8. Avulsion at Farms Road Bridge, December 1979 MOE Records. Airphoto BC 79193-005 
flow directed into Bouchier Creek. 
Slide below lower hairpin almost 
up to road. 

9. No apparent changes from 1979. 1981 Axphoto BC 81005 L15, N1 

10. Debris flow from failure on Upper November 10,1990 'EL, 1990 
Access Road, north side of basin. 



TABLE 2 

CLASSIFICATION OF DEBRIS MASS MOVEMENTS 

(AfteriO. Hungr, 1988) 

Debris FlowPebris Torrent*: low fines content ( ~ 1 0 %  silt and clay) 
high organic content, often 60% timber, mulch 

* high velocities 
* a synonym for debris flow applied in the Pacific 

Northwest 

Debris Flood: transitional between flood and debris flow 
small debris surges dragged by flowing water 
magnitude may compare to that of a debris flow 
low discharges, moderate velocities 

Debris Slide: shallow failure of the colluvial veneer 
common over resistant and impervious substratum 
occurs on open slopes and in gullies 

* associated with heavy rain 

Debris Avalanche: unchannelled debris flow 
a debris slide with long displacement 
flow-like motion, high velocities 

Mudflow: * fine-grained debris flow (>30% silt and clay) 

Slow Earth Flow: slow, plastic displacement of cohesive soil 
no dilution, low water content 
low slope angle 

Rapid Earth Flow: rapid flow of material liquefied at its natural water 
content - no dilution 
source material is not colluvium 
quick clay flow, sand liquefaction flow 

Rockslide: * dry rock deb&, limited reach 

Snow Avalanche: snow or slush and debris 



'TABLE 3 

ALLOCATED PROBABILITY OF OCCURRENCE OF DEBRIS 
FLOWS ON PATTISON CREEK 

Annual Probability Debris Flow 
Ranee Mainitude (m3) 

Notes: 

1. Applicable time period, 30 years, 

2. Our present understanding and records of the occurrence of debris flows 
do not permit a rigorous estimate of probabilities. The above values 
represent a quantitative consensus which is compatible with the history of , 
debris torrent occurrence during the last 30 years and the potential for 
future activity reported by NHC (1985, 1991), Thurber (1990) and as 
indicated by the recent (July 1991) helicopter inspection of the basin. 
The magnitudes are believed to be a reasonable estimate, but both these 
and the quoted annual probabilities should be reviewed and are subject to 
change as further data and information become available. The figures do 
not include the transportation of material from the basin by normal flood 
events. 
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Plate 1 - Waterfall at apex of fan 
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Plate 3 - Extension of fan towards Amber Lake 
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Golder Associates Ltd. 
CONSULTING ENGINEERS 

November 12,1991 912-1966 

Associated Engineering (B.C.) Ltd. 
4940 Canada Way 
Burnaby, British Columbia 
V5G 4M5 

ATTENTION: Mr. Kerrv Rudd, P.Eng. 

RE: GEOTECHNPCAL, INVESTIGATION AND ASSESSMENT 
HATZIC PRAIRIE DRAINAGE STUDY 
PROPOSED HATZIC SLOUGH PUMP STATION 
AND FLOODBOX INSTALLATION 
HATZIC, B.C. 

Dear Sir: 

Golder Associates has carried out a geotechnical investigation at the site of the proposed 

pump station and floodbox structures to be constructed at the Hatzic Slough dam near 

Hatzic Lake, B.C. The purpose of this investigation was to provide supplementary 

information on the soil and groundwater conditions at the proposed pump station and 

floodbox site. 

The following report presents a summary of the factual results of our drilling 

investigation and provides our comments, recommendations and design parameters for 

the geotechnical aspects of the pump station and floodbox design and construction. 

This study was carried out within the Hatzic Prairie Drainage Study, specifically Task 

No. 10 as identified in the Terms of Reference for this study, undertaken on behalf of the 

Dewdney-Alouette Regional District. 
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The scope of this report is limited to the determination of the foundation engineering 

properties of the site and does not include the investigation, chemical testing or 

assessment of potential soil or groundwater contamination of the site. 

1.0 EXISTING SITE CONDITIONS 

The Hatzic Slough dam and pump station site is located approximately 800 m upstream 

and to the east of the confluence of the Hatzic Slough channel and the Fraser River near 

Hatzic, B.C, as shown in Figures 1 and 2 within Appendix I following the text of this 

report. The "dam" structure actually forms a segment of the Fraser River flood control 

dykes on the north side of the river floodplain within the Dewdney Area Improvement 

District. 

The Hatzic Slough dam measures approximately 150 m in length and provides a closure 

structure across the I-Iatzic Slough channel, which is the main outlet channel for Hatzic 

Lake. The slough channel is oriented in an east-west direction at the dam location, with 

I the dam structure oriented perpendicular to the channel in the north-south direction. 

A dual-unit pump station and a four-bay gravity floodbox structure are located adjacent 

to the southern bank of the slough channel. Water is supplied to the pump station and 

i floodbox forebay area by means of an inlet channel incised into the southern bank of the 

slough channel. A concrete outfall structure is situated on the downstream (western) toe 

of the dam, where the accumulated discharge from the pump station and the floodboxes 

is discharged to the slough channel via a short outlet channel. 

The land adjacent to the Hatzic Slough channel is currently used for farming and animal 

grazing and generally consists of cultivated fields and open pastures with isolated stands 

of mature trees. 

The Hatzic Slough dam is located within the floodplain of the Fraser River and is 

underlain by river floodplain sediments. The surficial geology in the dam area can 
1 

generally be characterized as comprising a surficial layer of silty sand to sandy silt with 
I trace amounts of clay and organic material. The surficial silt stratum is variable in 
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thickness and composition and is underlain by, and grades into, a relatively clean sand 

stratum which extends to depths of up to 20 m and greater below the ground surface. 

It is understood that a recent upgrading and rehabilitation program was carried out on the 

Dewdney area dykes in 1987 to improve the stability and integrity of the dykes and pump 

station facilities. Details of the rehabilitation program are described in detail in the report 

prepared by Klohn Leonoff Ltd. dated December 12, 1983 and titled "Fraser River Flood 

Control Program, Dewdney Area Improvement District Dyke Rehabilitation Program, 

Stage I" prepared for the B.C. Ministry of Environment, Water Management Branch. 

The rehabilitation program is understood to have included the installation of toe drains 

and seepage weighting berms on the land side of the dykes. In addition, work carried out 

at the Hatzic Slough dam included repairs to the concrete components of the pump 

station and floodbox, installation of a land side toe drain adjacent to the floodbox and 

installation of seven water pressure relief wells on the land side toe of the dam. 

2.0 PROPOSED SITE DEVELOPMENT 

It is understood that it is proposed to increase the discharge capacity of the flood control 

facilities on Hatzic Slough by constructing a new pump station and floodbox, to 

supplement the existing facilities at the Hatzic Slough dam site. 

We understand that the pump station and floodbox design details have yet to be finalized. 

However, it is understood that a multi-bay concrete floodbox structure equipped with 

flapgates is proposed, having an invert level at approximately elevation -0.5 m relative to 

Geodetic datum. The proposed pump station is understood to have a design invert level 

at approximately elevation -1.0 m and pump station output is planned to be discharged 

through an enclosed bay constructed integral with the concrete floodbox structure. 

We understand that two possible locations have been considered for the pump 

station/floodbox facilities, including alignments located on the northern and southern 

banks of the slough channel, as shown schematically in Figure 2. However, based on 

hydrological concerns, geotechnical criteria and logistical considerations, it is understood 
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that the southern location is currently considered to be more favorable, as discussed in 

more detail in Section 5.2 below. 

3.0 FIELD INVESTIGATION 

3.1 Previous Investir_lations 

The Klohn Leonoff report described above contains a summary of the available 

geotechnical information at the Hatzic Slough dam, including test hole logs from 

previous geotechnical investigations carried out at the site. These investigations include: 

boreholes and test pits put down at the site by Klohn Eeonoff Ltd. in 2983 as part of the 

rehabilitation program; boreholes put down by the Department of Highways for the 

Water Resources Branch in 1963; and boreholes put down by the Prairie Farrn 

Rehabilitation Association (P.F.R.A.) during the original dyking investigation in 1948. 

Although not reproduced within this report, this information has been used to supplement 

the soil and groundwater information obtained within the present study. 

3.2 drill in^ Investigation 

The current field investigation consisted of putting down a total of eight rotary boreholes, 

designated as BH1 through BH8, using a track-mounted auger drill rig on September 9 

and 10, 1991. The boreholes were put down to depths which varied from 0.5 to 15.2 m 

below the ground surface at the approximate locations shown in Figure 2. Boreholes 

BH1 through BH3 were put down along the proposed southern alignment, and boreholes 

BH4 through BH8 were put down on the proposed northern alignment. 

Dynamic Penetration Tests (DPT's) were carried out adjacent to boreholes BHI through 

BH7 to obtain a profile of penetration resistance with depth from which the density or 

consistency of the subsurface soils can be inferred. The DPT's were put down to depths 

which varied between 10.4 to 16.8 m below the ground surface, and penetration 

resistance profiles are reported on the borehole logs. 
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The customized SDS Drilling dynamic penetration probe was employed in carrying out 

the DPT's. This probe has a non-standard 60 mm diameter tip and is equipped with a 

150 mm sleeve behind the probe tip to reduce drilling rod friction. 

All of the field work was carried out under the full-time supervision of a member of our 

engineering staff who located the test holes approximately in the field and logged in 

detail the soil and groundwater conditions encountered. During the drilling of the test 

holes, representative soil samples were taken from the flights of the solid stem augers for 

detailed examination and subsequent identification testing in our soils laboratory. 

Relatively undisturbed piston tube samples were also obtained at boreholes BH1 and 

BH2. On completion of the logging and soil sample collection, the test holes were 

backfilled to ground surface with a mixture of the native soil and bentonite pellets 

installed as seals within the impervious subsurface soils. 

Following completion of the drilling investigation, our site inspector conducted a brief 

visual and photographic reconnaissance of the dykes and existing facilities in the vicinity 

of the proposed pump station site. 

Borehole locations and ground surface elevations were determined for boreholes BH1 

through BH7 by survey carried out by Associated Engineering (BC) survey crews on 

September 24, 1991, as shown in AE(BC) drawing VP97-24-001 dated October 1991. 

4.0 SUBSURFACE CONDITIONS 

Detailed descriptionseof the soils encountered in the boreholes are presented in the 

Record of Boreholes in Appendix 11. Inferred soil profiles are shown in cross-sections 

plotted along the proposed southern and northern alignments shown in Figures 3 and 4, 

respectively. 

The following is a summary of the inferred subsurface conditions encountered at the site 

based on the results of the current drilling investigation, previous geotechnical studies 

and published geological information. 
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It should be noted that considerable variation in the soil and groundwater conditions was 

observed between the test holes put down during the previous and current investigations. 

Similar, and possibly greater, variations in subsurface conditions may be encountered 

across the site. 

4.1 

A surficial layer of granular fill material was encountered at boreholes BH1, BH3, BH4 

and BH8. The fill material was variable in composition but generally consisted of 

gravelly sand, sand and gravel and sand with trace amounts of silt and cobbles. The 

thickness of this stratum was observed to vary from 0.9 to 3.4 m at the boreholes put 

down during this investigation, Thicker or deeper sequences of granular fill were 

encountered during the previous ir~vestigatlons carried out at the site. 

It is inferred that the dyke cross-section was originally constructed of a layered sequence 

of sand and gravelly sand fill materials. Additional layers of similar granular materials 

were subsequently placed on the dam crest and sloping sides during rehabilitation and 

improvement programs. 

Borehole BH8 was put down at the crest of the dyke in the vicinity of the proposed 

northern alignment. Coarse cobbly and bouldery granular fill was encountered to a depth 

of approximately 0.5 m below dyke crest, the maximum depth of penetration where 

effective refusal was encountered. Several attempts were made to put the borehole down 

to greater depth by relocating the borehole within a 3 m radius on the dyke crest. Similar 

coarse granular material, and effective refusal to penetration, was met. This material was 

not encountered in any of the-other test holes put down during the current investigation, 

however, cobbly and bouldery layers were encountered in test pits put down at the site 

during the previous investigations and may be present within the dyke fill materials at 

other locations. 

Based on the DPT penetration resistance profiles, the granular dyke fill materials are 

inferred to be in a loose to compact state of relative density. 
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4.2 Topsoil and Organics 

A layer of topsoil was encountered at the ground surface at boreholes BH2, BH5, BH6 

and BH7. This layer was measured to vary in thickness from approximately 0.3 to 0.6 m 

at the borehole locations and generally comprises silty sand to sandy silt with roots and 

decomposing organic material. 

Based on the observed ease of penetration of the drill string and the DPT penetration 

resistances, this material is inferred to be very loose or soft. 

A thin layer of grey and brown silt with decomposed fibrous and amorphous organic 

material was encountered in borehole BH2 at a depth of 8.1 m below the existing ground 

surface, This material is inferred to be compressed native topsoil or peat, The moisture 

content of this material was measured in our soils laboratory to be 53 per cent, indicating 

that it is not highly organic. Although this layer was not encountered at the other test 

hole sites, it is anticipated that isolated layers or lenses of organic material exist within 

the natural foundation soils on other portion of the site. 
i 

4.3 Silt and Sandv Silt 

A thick sequence of layered silt and sandy silt was encountered beneath the surficial fill 

and topsoil layers in all of the test holes put down at the site. This sequence was found to 

be highly variable in thickness and composition, both with depth and across the site, and 

was observed to vary from siit with traces of fine sand, clay and organics to interlayered 

silty fine sand and fine sand. 

Although considerable variability was noted in the layering and composition of the 

various layers that comprise this sequence, a general trend of decreasing plasticity and 

increasing sand content was observed with increased depth below the original ground 

surface. In several boreholes, the interlayered silt and sand sequence grades into the 

underlying sand sequence, described below. 

The thickness of the silt stratum is inferred to be somewhat greater, and consequently 

extends to a lower elevation, on the south side of the slough channel compared to the 
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north side. The thickness of this sequence was measured to vary from approximately 6 to 

10 m below the natural grade on the southern alignment, compared to an average 

thickness of approximately 4 to 6 m on the northern alignment. The silt stratum also 

appears to be more frequently and extensively interlayered with clean sand layers on the 

northern alignment compared to the southern alignment. 

Moisture contents within this sequence were measured to vary between 25 to 44 per cent, 

with most values in the range between approximately 33 to 37 per cent. Higher moisture 

contents were generally found to be associated with the layers containing higher 

quantities of clay and organics, while the lower range of moisture content values 

generally correspond to non-plastic silt and silty sand layers. 

The grain size distribution of a sample obtained from a silt layer within this stratum is 

shown in Figure 5. It should be noted, however, that significant variation in grain size 

distribution was encountered within individual boreholes and between adjacent 

boreholes. 

Based on the observed resistance to drill string penetration and DPT profiles, the 

consistency/density of these materials was generally inferred to vary from very loose or 

soft to compact. 

4.4 Sand 

TKe surficial silt and sandy silt stratum overlies, and generally grades into, an extensive 

stratum of relatively clean sand which is inferred to extend to a significant depth below 

the existing river and floodplain level. All of the boreholes put down at the site during 

the present investigation were terminated within this stratum at maximum depths of up to 

some 15 m below the natural grade. Previous investigations at the site indicate that this 

stratum extends to depths of up to 20 m, and likely greater, below the ground surface. 

The grain size distribution of a sample of the sand stratum is shown in Figure 5. 

Golder Associates 



Associated Engineering (B.C.) Ltd. November 12,1991 
- 9 - 912-1966 

The sand stratum was encountered at depths which varied from approximately 7 to 11 m 

below natural grade along the proposed southern alignment and 3 to 6 m below natural 

grade along the northern alignment, respectively. 

Based on the DFT penetration resistance profiles obtained at the boreholes, these 

materials are generally inferred to be loose to compact. 

4.5 Groundwater Conditions 

Water was observed in borehole BHl at a depth of 2.4 m below the existing ground 

surface during drilling. Although water was not observed in any of the remaining 

boreholes put down at the site, many of the samples recovered from the augers were 

observed to be very moist or wet. It is anticipated that the groundwater levels at the site 

will vary directly with the relative water levels maintained in the adjacent Fraser River 

and Hatzic Slough. 

"Perched" water levels are anticipated to be present within and above the relatively 

impervious silt layers within the stratigraphy. During and following periods of sustained 

precipitation, the groundwater level is expected to be perched at or near the ground 

surface on the interior portions of the property where silty strata are present at the ground 

surface, Marshy or swampy terrain was observed in low-lying areas adjacent to the 

dykes at the time of the field investigation. 

5.0 GEOTECHNICAL ENGINEERING COMMENTS AND 
RECOMMENDATIONS 

5.1 General 

The results of the current investigation and the previous field investigations indicate that 

the natural subsurface soil conditions generally consist of a surficial layered sequence 

comprising silt, sandy silt and silty sand with trace amounts of clay and organic matter, 

which is underlain by, and generally grades into, a significant thickness of relatively 
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clean sand. The thickness of the surficial silt stratum varies widely across the project 

area, ranging from a few meters to in excess of 8 m. 

The thickness of the surficial silt stratum is somewhat greater, and extends to a lower 

elevation, on the south side of the slough channel compared to the north side. The 

surficial silt stratum also appears to be more frequently and extensively interlayered with 

clean sand layers on the northern pump station/floodbox alignment compared to the 

southern alignment, although considerable heterogeneity and interlayering appears to be 

present throughout this stratum. 

Based on the results of the current and previous investigations, the dyke fill materials at 

the site appear to comprise a layered sequence of relatively permeable sand and sand and 

gravel deposits with variable quantities of silt, cobble and boulder-sized particles. No 

evidence of dyke zoning or the presence of an impermeable dyke core has been identified 

within the dyke in the vicinity of Hatzic Slough, although it is understood from the Klohn 

Leonoff report that the portion of the dykes located to the east of Hatzic Slough are 

constructed primarily of silt. 

Previous reports of high seepage flows through the dykes, particularly adjacent to the 

existing floodbox and pump station, support the conclusion that the existing dyke fill 

materials are relatively permeable. 

The previous dyke rehabilitation and upgrading program dealt with high seepage 

gradients through and beneath the dykes by installing water pressure relief wells and 

seepage weighting berms and filter layers on the downstream (eastern) toe of the dykes to 

control groundwater discharge and reduce the potential for internal erosion and piping of 

the dyke fill materials and natural foundation soils. 

Construction of the proposed pump station and outlet facilities will involve significant 

temporary excavations below the existing ground surface. These excavations will be 

carried out both within the dyke fill materials and to significant depth into the natural 

foundation soils. In addition, permanent excavations will be required within the banks of 

the slough channel for construction of the inlet and outlet channels to the new facilities. 
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These excavations will modify the drainage path beneath and through the dykes and may 

influence the existing structures. 

The following issues are anticipated to have geotechnical implications during the design 

and construction of the proposed pump station and outlet works: 

e siting of the proposed facilities, and assessment of ,the impact of the 
construction of the proposed structures on the existing pump station and 
floodbox; 

e excavation, temporary shoring and.dewatering during construction of the 
pump station and floodbox structures; 

e excavation and subsequent backfilling and reconstruction of the dyke 
cross-section; 

e foundation preparation for the pump station and floodbox structures; 

b excavation and long-term operation of the new approach and outlet 
channels, including the installation of rip rap erosion protection and the 
requirements for graded filter layers to prevent piping; and 

o mitigation of the effects of potentially high groundwater flow gradients 
which are anticipated during extreme flooding events on the Fraser River. 

d 

These issues are addressed separately below. 

5.2 Sitinp of Proposed Structures . 

It is understood that the geometry and configuration of the existing pump station and 

floodbox facilities precludes, or considerably complicates, the possibility of increasing 

the capacity of the flood control~facilities through construction of adjoining structures. 

Previous evidence of piping and erosion immediately.adjacent to these facilities prior to 

the rehabilitation program carried out in 1987 also makes construction in close proximity 

to these structures unattractive. 

The two alternative alignments, shown approximately in Figure 2, have been evaluated 

on the basis of geotechnical criteria. In general terms, the greater the depth to which the 
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i 
I relatively impermeable silt stratum extends below the ground surface and the less 

permeable it is, the more favorable the conditions are for development of the pump 
I 

i 
i 

station and floodbox facilities from a geotechnical perspective. This is attributable to the 

reduced potential for groundwater seepage, piping, base heave, base softening and slope 

1 instability at the pump station, approach channel and forebay areas caused by high 
i differential water pressures which can exist across the dyke (and thus acr'oss the 

I relatively impermeable silt stratum) during freshet flood conditions in the Fraser River. 
\ 

In addition, the control of groundwater flow, foundation preparation and backfilling 

operations may also be less difficult during construction of the pump station facilities if a 

significant thickness of relatively impervious silt exists below the level of the required 

excavations. 

As discussed above, the natural silt sequence appears to be present in greater thickness, 

and extends to greater depth below the required level of temporary and permanent 

5 excavations, along the proposed southern alignment and is therefore considered to be a 
6 more suitable site for the proposed structures than the northern alignment. 

I It is recommended that the proposed structures be set back from the existing facilities a 

minimum distance of at least twice the depth of the required excavations at the pump 
I 

a station site, or approximately 15 m, to minimize the impact of construction and long-term . 

operation of these facilities on the existing structures, 
I 
I 
i 5.3 Excavation and Temporary Shoring 

L 5.3.1 Pump Station 

8 )  The proposed pump station floor slab level is understood to be approximately elevation - - 1.0 m, which is approximately 6 m below the level of the existing ground surface 

i adjacent to the pump station site. It is therefore anticipated that the pump station will be 

founded within the layered silt and silty sand stratum. Excavation to the proposed 

foundation ;level, including over-excavation to permit placement of the subslab structural 

fill layer described below, will result in a total excavation depth of up to 7 m below the 

surrounding ground surface. 
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The timing of construction of the pump station will be critical due to the influence of the 

ground and surface water levels on excavation shoring and dewatering procedures. 

Installatio* of a braced sheet pile cutoff wall or cofferdam system, likely in combination 

with well points or pressure relief wells, may be required to: 

@ provide temporary excavation support; 

e control construction seepage flows, particularly if construction is carried 
out during periods of extended wet weather and/or during high water 
levels in the adjacent channels; 

O prevent excavation base heave or disturbance of the foundation soils under 
high seepage gradients; and 

b to permit preparation of the foundation soils and the placement and 
compaction of structural fill and granular backfill materials. 

If a braced sheet pile system is employed, it is recommended that sufficient allowance be 

made within the sheet pile walls to permit construction of the station and backfilling 

around the perimeter walls using free-draining, select granular fill materials as described 

below. 

The use of well points or relief wells installed within the relatively permeable sand 

stratum underlying the site is expected to be required to control groundwater flow 

volumes and/or excessive groundwater flow gradients during construction. The design of 

this system will depend on the relative water levels in the slough channel on either side of 

the d a d d y k e  and the excavation shoring methods employed. 

It should be no,ted that, although the subgrade soils are generally characterized as having 

low plasticity, these materials contain minor amounts of clay-sized particles and organic 

material and may undergo immediate compression and continuing long-term 

consolidation settlements when subject to increased effective loading resulting from the 

placement of surficial fill materials, structural loads or lowering of the groundwater table. 

Suitable precautions should be taken by the contractors during construction to ensure that 

disturbance and/or settlement of the existing pump station and floodbox is minimized. 
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5.3.2 Floodbox and Pump Station Outlet Works 

It is  anticipated that construction of the concrete floodbox and integral pump station 

discharge outlet will require excavations to depths of up to approximately 10 m below the 

dyke crest level and 5 m below the surrounding natural grade. It is anticipated that the 

floodbox structure will be founded within the layered silt and silty sand stratum. 

Temporary excavation procedures required for construction of the floodbox will be 

strongly influenced by the water levels in the adjacent slough and river channels. 

Installation of a suitable well point or water pressure relief well system will likely be 

required to control seepage gradients and safeguard against excavation instability, piping, 

base heave or softening of the silty subgrade soils. 

Excavation through the dyke cross-section above the ground and surface water levels 

may be carried out in open cut. Temporary excavations should be developed at side 

slopes of 1.25 horizontal to 1 vertical (1.25H:lV), or flatter. Excavations carried down 

below the groundwater level will likely require the use of suitably braced or tied-back 

sheet pile shoring. 

Alternative excavation and shoring systems could include the following: 

e the use of temporary cofferdams constructed using fine-grained fill 
materials or partial sheet pile cutoff walls tied into the existing dyke, 
combined with dewatering wells or well points; or 

e staged excavation procedures to maintain the integrity of the existing dyke 
over a portion of its cross-section while a portion of the dyke is 
subexcavated and replaced and floodbox facilities are constructed in 
segments. 

5.4 Foundation Pre~aration 

The natural silty foundation soils are generally soft or loose, of low-plasticity and are 

highly susceptible to disturbance when exposed and subject to construction traffic, 

ponded water or excessive groundwater flow gradients. These materials are also weak 
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and will provide minimal passive soil resistance to resist lateral loads imposed on 

below-grade structures, particularly when subject to upward flow gradients resulting 

from differential water levels across the dykes. 

Although the subgrade soils are generally characterized as having low plasticity, these 

materials contain minor amounts of clay-sized particles and organic material and may 

undergo limited immediate compression and continuing long-term consolidation 

settlements when subject to increased effective loading resulting from the placement of 

surficial fill materials, structural loads or permanent lowering of the groundwater table. 

The magnitude of the post-construction settlement of grade-supported facilities will 

depend largely on the construction schedule and the care with which excavation and 

foundation preparation is carried out. 

The allowable bearing capacity of the silty subgrade soils in their undisturbed state is 

of significant post-construction settlements, s are disturbed 

during construction, 

Although no details regarding foundation loads or the dimensions of the proposed 

structures were available at the time of preparation of this report, it is anticipated that the 

weight of the pump station and floodbox facilities will be less than or equal to the weight 

of the existing soils, possibly resulting in a slight "net unloading" of the subgrade soils 

when compared to the existing in situ stress conditions. 

It is recommended that all grade-supported facilities, such as the pump station and 

floodbox structure, be founded on a m i n j - ~ _ ~ ~ m ~ , 6 0 0 ~ t h ~ - l a y e r  of structural fil!, 

placed and compacted on the prepared subgrade surface following subexcavation and 

removal of all loosened, softened or disturbed materials or soils with a high organic 

content. 

Placement and compaction of structural fills should be carried out as described in Section 

5.5 below. 
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A representative sample of the proposed fill materialts) should be obtained and tested for 

moisture content, gradation and moisture-density (Proctor compaction) characteristics 

prior to use on site. 

Foundation preparation should be carried out over the entire plan area of the proposed 

structures and, where possible, should extend beyond the perimeter of these structures a 

distance at least equal to the depth from the underside of the foundations to the natural 

foundation soils. 

, 
Following excavation to grade, it is recommended that a . layer of - woven - - .--- - filter - fabric, such- 

as Mirafi P-250 or equivalent, be placed on the prepared subgrade surface prior to 
%--. -_ - --- .. 

placement of the granular fill, 

In order to provide a seepage cutoff through the granular bedding zone, it is 

recommended that slots or small trenches be cut completely through the completed 
I granular bedding layer to expose the underlying filter fabric. These slots should be 
I aligned with the longitudinal axis of the dyke and spaced at about 5 m horizontal ----., - - -- - - .-* 

I intervals - along the length of the floodbox or to correspond to the locations of seepage 

1 collars, if installed. The slots should be backfilled with an impervious fill material such 

/non-shrink'concrete mixture, 

i 

5.5 Backfill Materials and Procedures 

5.5.1 General 

It is recommended that fill placement and compaction operations should be carried out 

according to the following criteria: 

4 fill materials should be placed in horizontal lifts not exceeding 0.3 m in 
loose thickness, and compacted to a minimum of 90 per cent of modified 
Proctor maximum dry density; 

4 care should be taken during placement and compaction to ensure that no 
segregation of materiais occurs, particularly at the edges of the areas being 
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compacted, and that all clumps or intact pieces should be broken up to 
ensure that uniform compaction is achieved; 

v all oversized materials, and deleterious substances such as wood or 
organics, should be removed, by hand if necessary, during fill placement; 

d the initial lift of fill placed in contact with the subgrade soils should be 
placed using static compaction only, with special care taken to avoid 
disturbance of the subgrade, followed by placement and compaction of 
subsequent lifts using vibratory compaction equipment; and 

d fill placement and compaction adjacent to 
structures, walls, services and utilities shoul - 
hand operated equipment, such as jumping jacks, to ensure adequate 
compaction is achieved without overstressing the adjacent facilities. 

All structural fills or - backfill behind below-grade walls or other ancillary facilities not 

requiring an impervious cutof I-graded, 75 mm minus sand 

and gravel having less than 5 (U.S.S, No. 200) sieve. 
-- 

Suitably graded filter cloth, such as Mirafi P-250 or equivalent, should be employed at 

the boundaries between all granular fill and/or native soil. materials of sharply contrasting 

grain size distributions to prevent migration of fines. Alternatively, the use of graded 

granular filters, designed to permit sufficient groundwater flow while preventing 

migration of soil particles, is recommended to form a transition zone between contrasting 

materials. 

5.5.2 Pump Station Backfill 

It is recommended that a ackfill, such as clean 

well-graded sand and gravel, e walls of the pump 

station, particularly at the rear (west side) of the station where backfill loads and water 

pressures are expected to be a maximum. The backfill zone at the rear of the pump 

station can be triangular in cross-section, varying from a minimum of approximately 

0.6 m width at base slab level, to a minimum width at least equal to 112 the embedded 

wall height at ground surface level. 
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5.5.3 Dyke Backfill 
\ 

Although the existing dyke does not appear to be constructed with an impervious central 

core zone at the pump station and floodbox location, it is recommended that the dyke 

backfill zone be constructed using - -.-. *.-. . relatively -.-- -.+--l. -. impervious .._, .-.- I,. -- A X  fill, to provide improved 

performance and to ensure th rough the backfill zone, 

between the backfill and the fl new fills and the natural 

subgrade soils or existing dyke fill materials. Backfilling of the temporary excavation 

through the dyke will require strict attention to backfill material placement and 

compaction procedures to avoid -- the .- _possibility of creating a preferential seepage or 
" .  " - ,. 

internal erosion and piping path through the dyke. 

Backfilling through the dyke should be canied out using silty, relatively - - A -  impewious 

granular fill, such as silty glacial till or other materials having low permeability .- 
characteristics similar to the silty subgrade soils. The silty materials excavated from the 

pump station and floodbox excavations may be suitable for backfilling provided that they 

have an appropriate water content for compaction and care is taken to separate and 

remove all organic zones, coarse granular materials or pervious sandy layers. These 

materials will likely be difficult to handle and compact if they become wet and should be 

protected against absorption of moisture from rainfall or surface water flows. 

The surface of the excavation should be cleaned of any loose or softened material prior to 

initiating backfilling operations. The surface of the relatively impervious silty subgrade 

soils should be scarified and conditioned to the appropriate water content immediately 

prior to placement of the fill material to assist in forming a tight seal between the 

subgrade soils and the impervious backfill. The water content of the backfill during 

placement should be at or slightly below the optimum water content foi- compaction, as 

determined by laboratory compaction analyses, and should be conditioned by the addition 

of water in the field during placement, if necessary, to ensure proper compaction and to 

bring the in-place water content to I to 2 per cent above the optimum water content for 

compaction. 

If seepage collars are used around the floodbox, careful attention should be given to 

ensuring adequate compaction of fills in the vicinity of the seepage collars. 
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It is recommended that consideration be given to incorporating ----. a free-draining granular 

filter zone to be placed and compacted in the dyke backfill zone on the east side of the 
_ _ --_' * 

dyke. This zone should extend from the landside face of the dyke approximately one 

third of the length along the buried floodbox, and should be connected to the granular 

backfill zone at the rear of the pump station. 

5.6 Filter Lavers 

In areas where rip rap or quarry tailings is to be applied as a surfacing layer on the banks 

and bed of the drainage channels, such as adjacent to the pump station intake floodbox 

structures, it is recommended that filter layers be provided at the interface between these - 

materials and the natural subgrade soils or fill materials to prevent piping and migraGon - 
of fine-grained soil particles* 

Filter layers can consist of either suitably graded, free-draining granular fill materials or a 

continuous geotextile filter fabric lining. 

,The granular filter layer must be sufficiently permeable to permit the passage of water 

while having a broad range of particle sizes to restrict the movement or migration of 

fine-grained soil particles from either the natural subgrade soils or the filter layer itself 

when exposed to high groundwater flow gradients. 

While both the granular fill and geotextile fabric filters can be designed to restrict the 

migration of fine-grained soil particles, use of a granular filter has the following 

advantages: 

the additional thickness of granular material, when applied to sloping 
ground, improves the stability of the soil slopes, particularly when 
exposed to fluctuating water levels and frost action; 

placement of clean granular fill can be carried out under wet conditions 
where dewatering is not practical or completely effective; 

channel maintenance operations can be carried out in the future without 
concern for ripping or inierrupiing the integrity uf the filter layer; 
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b granular filters are generally less prone to blockage or clogging due to 
accumulations of impervious materials and biological growth; and 

b granular filters are not susceptible to decomposition with time if 
constructed with appropriately graded materials free from organics, 

Filter fabrics are often more attractive in areas where space limitations or restrictions are 

present or at the interface between rigid structures and backfill materials, such as 

retaining walls. 

The following grain size criteria are generally applied to determine the appropriate 

gradation of filter materials for a given subgrade soil: 

Criteria Required Ratio 

D15 filter 
4 C < 20 

D15 filter 
- < 6 (for uniformly graded subgrade soils) 

3) 
D50 filter 

< 25 

4) D5 ' 0.075 mm (ie. less than 5% fines) 

where DX represents the particle diameter where X per cent of the soil particles are 

smaller than this diameter when measured as a fraction by weight. 

It is anticipated that free-draining, well-graded pit run sand and gravel will be an 

appropriate filter material for "quarry tailings" type channel lining where the maximum 

particle diameter is approximately 150 mm. Coarser "rip rap" type channel lining will 

likely require the use of a dual filter layer, comprising both well-graded pit run sand and 

gravel and quarry tailings applied either as two separate layers or as a thoroughly mixed 

Golder Associates 



Associated Engineering (B.C.) Ltd. November 12, 1991 
- 21 - 912-1966 

composite layer. Examination and laboratory grain size testing of representative samples 

of the proposed materials is recommended to confirm the'suitability of these materials. 

A minimum thickness of 600 mm of granular filter material is generally considered to be 

appropriate to ensure that adequate coverage is achieved during construction. The 

required thickness will also depend on the gradation of the natural subgrade soils and the 

rip rap or quarry tailings layers. 

If a geotextile filter fabric is considered to be more desirable, a non-woven fabric such as 

Mirafi P-250 or equivalent should provide suitable filter protection and puncture 

resistance. Suitable precautions should be taken to avoid ripping or punching of coarse 

angular rock through the fabrics, and all fabric joints should be overlapped according to 

the manufacturer's recommendation to ensure uniform coverage and protection, 

5.7 Lateral Soil Pressures on Below-Grade Facilities 

Backfill placed immediately adjacent to walls or underground services or utilities where 

an impervious cutoff is not required should consist of clean, granular fill and should be 

carried out using light compaction equipment to minimize the risk of excessive loading 

or damage. No on-site materials are expected to be suitable for use as backfill where 

drainage or limited post-construction settlement is required. 

A coefficient of lateral earth pressure at rest of 0.45 should be used in the design of 

below-grade walls unless the wall is free to rotate at least 12 mm for each 3 m of height. 

If rotation is permitted, a lesser coefficient of active earth pressure of 0.3 may be used. 

In either case, it is recommended that the unit ..~ - weight . -  of the backfill should be considered 

to be a minimum of 20 kN per cu.m and all surcharge loads should be included. It is 

recommended that the resulting triangular earth pressure distribution be re-distributed in 

equivalent rectangular form over the entire embedded wall height. Hydrostatic and/or 

possible differential water pressures should be considered unless positive control of water 

pressures is provided on both sides of the walls. 
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5.8 Immediate and Low-Term Settlement 

The natural subgrade soils and dyke, fill materials are considered to be somewhat 

compressible under increased effective loading resulting from the placement of granular 

fill materials, increased structural loads or permanent lowering of the groundwater level. 

Settlement of grade-supported facilities will occur due to the immediate compression and 

continuing long-term consolidation of the fill materials and/or foundation soils. 

To minimize the effects of post-construction settlement on the pump station and 

associated facilities, the following procedures are recommended: 

d minimize the thickness and lateral extent of surface fill zones, particularly 
adjacent to grade-supported facilities; 

d remove all organic materials from beneath structural fill areas and 
foundations; 

e minimize the disturbance of the subgrade soils due to construction 
equipment and activities; 

O schedule the construction of permanent, settlement-sensitive facilities as 
long as possible after the placement of fill materials to allow compression 
and time-dependent consolidation of the foundation soils to take 

I 

e delay the interconnection of the various rigid pump station and floodbox 
components to permit each component to settle independently prior to 
connection; 

e make use of "flexible", settlement-tolerant connections between the pump 
station and the floodbox/outlet structure; or 

* , a combination of the above procedures. 

The magnitude of post-construction differential settlement of the various pump station 

components will depend on the weight of these components, construction sequencing and 

the care with which foundation and subgrade surfaces are prepared. If the above 

procedures are empl~yed, the magnitude of the totaf and differefitial settlements can be 

significantly reduced or can be made to occur prior to pump station completion. 
i 

Golder Associates 



Associated Engineering (B.C.) Ltd. November 12,1991 
- 23 - 912-1966 

\ 

5.9 Inlet and Outlet Channels 

It is anticipated that the inlet and outlet channels will be constructed having invert 

elevations at approximately -0.5 m relative to Geodetic datum, consistent with the 

preliminary estimates of the proposed floodbox invert level. This will result in 

permanent channel banks measuring approximately 4 to 6 m &'height. 

It is recommended that the inlet and outlet channels be constructed having side slopes not 

steeper than 3H:lV to safeguard against slope instability and reduce the potential for 
G* A 

shallow sloughing of the channel banks due to fluctuating water levels and frost action. 

It is also recommended that surcharge loads, resulting from the placement of additional 

fill materials or structures, be set back a distance equal to at least one channel depth from 

the crest of the channel banks to avoid overstressing the channel slopes. 

The use of steeper channel side slopes (as steep as 2H: 1V) can be considered if the slopes 

are lined with a sufficient thickness of suitably graded, free-draining granular material. 

The gradation of this material should either satisfy the filter criteria provided in 

Section 5.6 above, or a layer of filter fabric should be provided at the interface between 

the granular fill and the natural subgrade soils to prevent migration of fines. 

6.0 WATER PRESSURE RELIEF WELLS 

The relatively clean, highly permeable sand stratum which underlies the site is inferred to 

be in direct hydraulic connection with the Fraser River and the Hatzic Slough channel. 

During periods when high differential water levels exist across the dam, the most severe --- - 
case occurring during the passage of the spring freshet flood, high groundwater pressures 

would be expected within the sandy stratum which underlies the dyke. This would result 

in high hydraulic gradients within and across the silty stratum which overlies the sand 

stratum, with the highest gradients, and the corresponding highest risk of piping and 

erosion, expected to occur in areas where the silt stratum thickness is a minimum. 
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Construction of the pump station and floodbox structures, and the associated inlet and 

outlet channels, will result in a reduction of the thickness of the silt stratum and drainage 

path length and an increase in the risk of the piping and related problems. The thickness 

of the relatively impermeable silt stratum at the eastern end of the proposed floodbox and 

in the bed and banks of the inlet channel is judged to be insufficient to permit an 

acceptable factor of safety against piping of the fine-grained materials under the 

influence of the expected high hydraulic exit gradients. 

To reduce the risk of piping and internal erosion at these locations, the following 

measures are recommended: 

4 a minimum thickness of 1 rn of suitably graded granular filter material, or 
terial and coarse granular channel lining, should be 
nd banks of the inlet channel to provide additional 

protection against the migration of fine-grained soil particles under the 
high hydraulic gradients; and 

. gravity-flow water pressure relief wells should be installed adjacent to the 
eascG end of the floodbox to control differential hydraulic head and exit 
gradients across the relatively impervious silt stratum, 

The design and location of the relief wells should be determined during final design and 

layout of the pump station and floodbox structures. It is anticipated that two large 

diameter relief wells, located adjacent to the inlet channel a short distance east of the 

eastern end of the floodbox in a similar layout to the relief wells at the existing floodbox, 

will be sufficient to reduce the risk of piping to acceptable levels. 

7.0 SEISMIC LOADING EFFECTS 

The Hatzic Slough dam and pump station site is located within Seismic Zone 4 of the 

current (1985) National and British Columbia Building Code, which is one of the higher 

risk seismic categories. 
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As described in some detail in Mohn Leonoff Ltd's, earlier dyke rehabilitation 

investigation report, the extensive loose to compact sand sequence which underlies the 

site poses a significant liquefaction risk during a major seismic event. 

Liquefaction of the foundation soils will likely result in widespread subsidence of the 

subsurface soils and deformation of the flood control dykes and other grade-supported 

facilities. These deformations will also likely induce damage in the pump station and 

floodbox facilities that will require repair. 

We concur with the conclusions of the Klohn report, namely, that the probability of an 

earthquake occurring with sufficient magnitude to induce foundation liquefaction at the 

same time that the Fraser River is in flood stage is likely less than the probability of 

flooding due to overtopping of the dykes by a flood of greater magnitude than the 200 

year design flood. Thus, the risk of widespread flooding caused by liquefaction failure of 

the dykes is considered to be less than the risk level associated with the design flood. 

8.8 CONSTRUCTION INSPECTION AND DESIGN REVIEW 

The performance of the completed pump station and floodbox will depend to a large 

extent on the care with which the construction is performed. It is strongly recommended 

that detailed construction inspection be carried out by experienced geotechnical 

personnel during temporary excavation, foundation preparation, backfill placement and 

compaction and relief well installation to ensure good quality control of the construction 

operations. 

We also recommend that a geotechnical review be carried out of the pump station and 

floodbox construction drawings and specifications to verify the assumptions made 

regarding pump station configuration and geometry. 
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We trust that the above report satisfies the study objectives. If you have any questions 

regarding this report, or wish to discuss its contents, please do not hesitate to contact the 

undersigned. 

Yours very truly, 

GOLDER ASSOCIATES LTD. 

M,T. Bradshaw, P.Eng. 

Associate 

MTBlTPF: gmt 
912-1966 
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APPENDIX I1 

RECORD OF BOREROLE LOGS 

Approximate borehole locations shown in Figure 2. 



.I-he abbrev~at ion commonly employed on each " fiecord of Borehole," on the figures and in the text 
of the report, are  as  follows 

I .  S A M P L E  'TYPES 1 1 1  SOl l_  IIESCKIPTION 

AS auger sample (a )  C o h e ~ ~ o n l ~ r r  Sollc ' N' 
CS chunk sample Rlows/O 30m 
DO drive open Relar~i~e D ~ n o c ,  o r  Rlows/ft. 
DS Denison type sample Very loose 0 to 4 
FS foil sample Loose 4 to 10 
R C  rock core Compact 10 to 30 
S T  slotted tube Dense 30 to 50 

Very dense over 50 
TO thin-walled, open 
TP thin-walled, piston 
WS wash sample (b) Co/7esl\]e Soils 

'Cu' 

I I. PENETRATION RESISTANCES Con~i  ~cetx  k Pa psf. - - 

Very soft Dynamic Penetration Resistance. 0 to 12 0 to  250 
Soft 12 to 25 250 to 500 

The number of blows by a 63 5 kg (140 lb) F i r m  25 to 50 500 t o  1000 
hammer dropped 760 mm (30 in ) t o  drive stiff 5 0 t o 1 0 0  lOOOto2000 
uncased a 50 mm ( 2  in ) diameter,  60" cone Very stiff 100 to 200 2000 to 4000 
attached to "A" s i x  drill rods for a distance ' lard over 200 over 4000 
of 0.3 m (12 in.) 

Standard Penetration Resistance, N. 
The number of blows by a 63.5 kg ( 140 Ib) I v so1 .T-ESTS 
hammer dropped 760 mm (30 in.) required 
to  dcive a 50 mm (2  in.) drive open sampler C consol~dat ion test 
for a distance of 0.3 rn (12 ~ n . )  t i  hydrometer analysis 

M sleve analysis 
WH sampler advanced by static weight- MH combined analysis, sieve and hydrometer' 

weight, hammer Q undrained triaxial* 

PH sampler advanced by pressure-pressure, R consol~dated undrained triaxtal2 
hydraulic S drained triaxial 

PM sampler advanced by pressure-pressure, U unconfined compression 
manual V field vane test 

NOTES 
'Combined analyses when 5 t o  95 per cent of the material passes the No 200 sieve. 
2Undrained triaxial tests in which pore pressures are  measured are  shown as  Q or K .  
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DESCRIPTION INSTALLATION 

y, flne to rnedlum 

Very loose to loose, grey, 
~nterlayered, f~ne  to rnedlurn 
SAND, trace s~ l t  and SILT and 
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DESCRIPTION INSTALLATION 

Note: Auger met refusal at 0 5 m 
on coarse, cobbly, bouldery 
FILL. Several locat~ons 
attempted in a 3 rn d~arneter, but 
unable to penetrate Into stratum. 
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SITE PHOTOGRAPHS 

Approximate photograph locations shown in Figure 2. 
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PHOTOGRAPH 1 

Photo-mosaic looking northward along the centerline of the Hatzic Slough dam. 
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PHOTOGRAPH 2 

Photograph looking eastward from the edge of the dyke towards the existing pump station. Hatzic Slough 
Channel appears in the upper left-hand side of the photograph. 

. ~ . , 
. . .  

., . . ~ .- i.. .- . ~. 

PHOTOGRAPH 3 

Phc~tograph looking westward from the edge of the dyke in the downstrea~ii flow direction of Hatzic Slough. 
Thr outfall structure for the existing pump station appears at the light-hand side of the photograph. 
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envi rowest 
ENVIRONMENTAL CONSULTANTS 

July 8, 1991 

Associated Engineering (B. C.) Ltd. 
#300 - 4940 Canada Way 
Burnaby, British Columbia 
V5G 4M5 

Attention: Mr. Kerry Kudd 

Dear Mr. Rudd: 
I 

me No. ,,.." -.. . . .." ..,,,, 

.'-"?t-m.. -*., 

Re: Fish Species List for the Hatzic Prairie Watershed 

Please find attached a species list to help clarify any questions which may arise regarding other 
fishes within the watershed. Many of the listed species are suspected to occur in the watershed 
according to Freshwater Fishes of Canada (Scott and Crossman 1979) but have not been 
recorded by DFO Stream Information Summaries. 

Yours tqly,  a A 

s LrnTED 

Senior Project Manage 

ECL ENVIROWEST CONSULTANTS LIMITED phone: (604) 521-6500 

Suite 204 - 800 McBride Boulevard, New Westminster, B.C. Canada V3L 2B8 fax: (604) 521-2208 



Common Name Scientific ,Name Occurrence 

Coho Salmon 
Chum Salmon 
Pink Salmon 
Cutthroat Trout 
Rainbow Trout 
Mountain Whitefish 

carp 
Brassy Minnow 
Peamouth Chub 
Northern Squawfish 
Longnose Dace 
Redside Shiner 
Leopard Dace 
Longnose Sucker 
Largescale Sucker 
Brown Bullhead 
Threespine Stickleback 
Black Crappie 
Prickly Sculpin 

Oncorhynchus kisutch r 
0. keta r 
0. gorbhscha r (1947 only) 
0. clarki r (Draper Creek) 
0. mykiss r (Lagace Creek) 
Prosopium williamsoni s 
Cyprinus carpio s 
Hybognathus hankinsoni s 
Mylocheilus caurinus s 
Ptychocheilus oregonensis s 
Rhinichthys cataractae s 
Richardsonius balteatus s 
Rhinichtlzys falcatus s 
Catostomus catostomus s 
C. macrocheilus s 
dctalurus nebulosus s 
Gasterosteus aculeatus s 
Pomoxis nigromaculatus s 
Cottus asper r (Lagace Creek) 

r = recorded occurrence (DFO: Stream Information Summary) 
s = suspected occurrence (Freshwater Fishes of Canada (Scott and Crossman 1979)) 

envi rswest 
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ENVIRONMENTAL CONSULTANTS 

August 20, 1991 

Associated Engineering (B. C .) Ltd. 
#300 - 4940 Canada Way 
Burnaby, BC 
V5G 4M5 

Attention: Mr. Kerry Rudd 

Dear Mr. Rudd, 

Re: Natzic Lake Sumer  Water Level Co~~trok 

The following are a few concerns that should be considered before a proposed water level 
barrier is designed. 

1. Milfoil Yearly drops in water levels which expose mudflats in Hatzic Lake 
serve as a natural control for submerged vegetation, such as milfoil 
(Myriophyllum spp.), that would otherwise inhabit nearshore areas. 
Mudflat exposure deters the proliferation of submerged vegetation in 
the lake. If water levels are controlled in late summer, submerged 
vegetation will colonize these nearshore areas and decrease the 
recreational value of the lake for boaters in the future. 

2. Water level Water below the proposed barrier would remain at Fraser River levels 
during this period. Holding the lake at a defined level may help to 
alleviate any high temperature problems that the lake undergoes as a 
result of shallow water in the summer. The only concern, albeit a 
minor one, would be to ensure that a contingency plan for summer 
floods be formulated in case of heavy rains in August. 

ECL ENVIROWEST CONSULTANTS LIMITED phone: (604) 521 -6500 

Suite 204 - 800 McBride Boulevard, New Westm~nster, B.C. Canada V3L 2B8 fax : (604) 521 -2208 



3. Fish passage A. Coho Salmon - Adults migrate late in the season and over a 
prolonged period, often moving upstream when the first rains increase 
river flow in the fall. Spawning takes place from October to March. 
Hatching occurs in early spring. Fry emerge from early March to late 
July. In late March or April of the year following their emergence 
most fry migrate to the sea (ref. Scott, W.B. and E.J. Crossman. 
1979. Freshwater Fishes of Canada. Fisheries Research Board of 
Canada. Ottawa. 966p.). 

* 

B. Chum Salmon - Chum salmon begin to arrive at, the mouth of some 
streams in September, and arrival on the spawnifig grounds varies from 
September to early January. Hatching occurs from late December to 
February. Emergence occurs in late April to early May. The fry move 
immediately downstream to estuarine waters (Scott and Crossmar 
1979). 

The proposed barrier should have little effect on the downstream or 
upstream migration of salmonid species during the proposed detention 
period. 

If you have any questions please contact me at 521-6500. 

ANTS LIMITED 

envi rowest 



October 4, 1991 

envi rowest 
ENVIRONMENTAL CONSULTANTS 

Associated Engineering (B. C.) Ltd. 
#300 - 4940 Canada Way 
Burnaby, British Columbia 
V5G 4M5 

Aiientioil: MI. Ii:t:iry Rudd 

Dear Mr. Rudd: 

Re: Proposed Flood Control Works at Hatzic Prairie: Your File No. VP97-5-7. 

The following is a list of preliminary list of comments in response to your facsimile dated 
September 25, 1991: 

1. Pattison Creek Diversion: The infilling of Amber Lake represents a proposed impact which 
is not likely to receive regulatory agency approval. Marshes at the north and south 
ends of the lake are likely highly productive areas that may be utilized by local and 
migrating waterfowl as well as resident fish stocks. Additionaj. biophysical 
information is required to generate a more detailed assessment, 

2. Re-routing Lagace Creek: This proposal is not feasible as it stands. Alternate re-routing 
of Lagace Creek would require yearly fry salvages. The proposal represents a 
continual disturbance of fish habitat which increase the mortatlity of juvenile 
salmonids. The yearly re-routing of the creek would reduce its productive capacity 
for fish and wildlife. This proposal is unlikely to receive regulatory agency 
approval. An instream sediment trap would represent a more viable solution. 

3. Lagace Creek Deposition Zone: This proposal is likely to receive approval from regulatory 
agencies. 

4. Re-routing Unnamed Creek: Any comment pertaining to this proposal would be premature 
due to a lack of information. There is a need to identify fish and wildlife values for 
the area. 

The distinct lack of available information for the area as a whole presents a problem when 
formulating comments on proposed works. Correspondence with Mr. Konrad Johansen of the 

ECL ENVIROWEST CONSULTANTS LIMITED phone: (604) 521-6500 

Suite 204 - 800 McBride Boulevard, New Westminster, B.C. Canada V3L 2B8 fax :  (604) 521 -2208 



Mr. Kerry Rudd 
October 4, 1991 
Page 2 

Department of Fisheries and Oceans Habitat Branch on September 27, 1991 confirmed this 
conclusion. It is proposed that ENVIROWEST perform a preliminary biophysical survey of 
the areas considered in the proposed works the week of October 7, 1991. This will allow 
ENVIROWEST to comment with confidence regarding the proposed works. A report on the 
preliminary biophysical survey and further recommendations pertaining to the proposed works 
would be available October 11, 1991. 

Should you have any questions please contact me at 521-6500. 

Yours truly, ,-'7 ECL E ? ~ ~ I R o ~ E s T /  CONSULTANTS LINMITED 
/ 

envi rowest 



November 7, 1991 

1 f:3 J : > 

3 -. ' * i !  
a ENVIRONMENTAL CONSULTANTS 

: 

Associated Engineering (B. C .) Ltd. 
#300 - 4940 Canada Way 
Burnaby, BC 
V5G 4M5 

Attention: Mr. Kerry Rudd 

Dear Mr. Rudd: 

Re: Proposed Dredging of Hatzic Lake 

Listed below are a number of concerns which nlay be raised by environmental agencies about 
the proposed dredging of Hatzic Lake: 

Dredging Guidelines for Lakes - There exists a lack of guidelines for lake dredging. Guidelines 
for marine and instream dredging exist and may be utilized by Department of Fisheries and 
Oceans (DFO) personnel to assess a dredging proposal for Hatzic Lake. 

Salmon Spawning and Rearing - The removal of 1.7 million m3 of dredgate would take 
approximately six (6) months (Kerry Rudd pers. comm.). The permitted work window in 
freshwater habitats is typically from July through September (Ref. Envirowest letter dated 
August 20, 1991). The length of time required to dredge would require dredging take 
place over two or more seasons. 

Of considerable uncertainty is the value of the lake as a rearing area for juvenile coho 
salmon. Young coho salmon emerge in the spring and spend one (1) year rearing in 
freshwater streams and lakes. Since coho salmon spawn in local streams it is conceivable 
that fry would rear in Hatzic Lake. No data exists concerning coho salmon rearing in 
Hatzic Lake. 

Areas of the lake proposed to be dredged are utilized by chum salmon (Oncorhynchus keta) 
for spawning. Dredging would increase siltation of and/or remove spawning gravels. 
Dredging would likely not be permitted in known spawning areas (e.g. mouth of Draper 
Creek). 

ECL ENVIROWEST CONSULTANTS LIMITED phone : (604) 521-6500 

Suite 204 - 800 McBride Boulevard, New Westminster, B.C. Canada V3L 2B8 fax : (604) 521 -2208 



Mr. Kerry Rudd 
Associated Engineering 
November 7, 1991 
Page 2 

Contaminant Analysis - An analysis program must be fulfilled to ascertain the concentration of 
contaminants (heavy metals, organics, etc.) within sediment to be dredged. The analysis 
program would determine the means and mode of dredgate disposal (landfill, ocean dumping 
etc.). 

If you have any questions please contact me at 521-6500. 

Yours truly, 
E c L  Evm&EsT CoNsuLTANTs L m m m  

Project ~ i o l o ~ i s t  // 
SN/st 

envirowest 
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ENVIRONMENTAL CONSULTANTS 

December 16, 1991 

Mr. Kerry Rudd, P.Eng. 
Associated Engineering (B. C.) Ltd. 
Suite 300 - 4940 Canada Way 
Burnaby , B. C. 
V5G 4M5 

JAN 1 0 1992 

Dear Mr. Rudd: 

Re: Hatzic Prairie Drainage Study 

Please refer to your facsimile of December 05, 1991. As per your request, please find below 
our review of environmental concerns regarding conceptual projects for the Hatzic Prairie study 
area. 

1. Construct new triplex pump station with a total capacity of 8.34m3/s at Fraser River 
dyke; a fish pump and screen is included for one purnp only, the remaining two 
pumps have no fish pump. 

It is assumed that the remaining two pumps would be secondary to the purnp 
that possesses the fish pump: the second two pumps would commence operating 
once the pumping requirements exceed the capacity of the first pump. This 
concept would probably be approved by the Department of Fisheries and Oceans 
(Department). 

2. Construct a four-bay floodbox (4 @ 1.8m X 1.8m) at Fraser River dyke on east side 
of existing pump station. , 

The Department would likely approve the floodbox on the condition that 
operating guidelines are in place to ensure that migrating fish are not 
significantly impeded during peak downstream (juveniles) and upstream (adults) 
migration periods. 

ECL ENVIROWEST CONSULTANTS LIMITED phone: (604) 521-6500 

Suite 204 - 800 McBride Boulevard, New Westminster, B.C. Canada V3L 2B8 fax: (604) 521-2208 



Mr. Kerry Rudd 
Associated Engineering 
Hatzic Prairie 
December 16, 1991 
Page 2 of 3 

3. Construct dykes, set back where possible 15m from the top of banks, along both 
sides of Lagace CreekJHatzic Slough between Sylvester Road and Hatzic Lake.. 
Floodboxes would be built at tributaries and pump stations at major tributaries. 

As per item 2, operating guidelines that provide fish passage would be required 
by the Department. It is likely that fish screens and f3sh pumps would be 
required for intakes at each prospective pump station location. 

It may be necessary to compensate for impacts on riparian vegetation (shrubs 
and trees). 

4. Gravel extraction operation from Lagace Creek or between Suex Road Bridge and 
Farms Road bridge (length 800-1000m of creek). Gravel processing may include 
washing and crushing on bank area. 

See below. 

5. As item 4, but at Amber Lake. 

An application for gravel extraction as described in items 4 and 5 would only 
be eonsidered by the Department if it were for the sole purpose of increasing 
the drainage capacity of affected waterways. An application to process gravel 
within the riparian corridor would likely not achieve approval from 
enviromental agencies. If gravel processing is a critical component of the 
economical feasibility of $he proposed gravel extraction, off-site processing in an 
upland area equipped with a series of sedimentation ponds to remove suspended 
solids from discharge waters would have to be considered. 

If approved by the Department, gravel extraction would have to occur between 
July 01 and September 30 of any calender year. Gravel extraction would have 
to take place in the dry: a diversion channel would have to be constructed to 
pass water around the active extraction area. 

envi rowest 



Mr. Kerry Rudd 
Associated Engineering 
Hatzic Prairie 
December 16, 1991 
Page 3 of 3 

Should you have any questions regarding the above, please contact me at 521-6500. 

Project Biologist 

envi rowest 
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ENVIRONMENTAL CONSULTANTS 

December 19, 1991 

Mr. Kerry Rudd, P. Eng. 
Associated Engineering (B. C .) Limited 
300 - 4940 Canada Way 
Burnaby , B. C. 
V5G 4M5 

Dear Mr. Rudd: 

Re: Hatzie Prairie Drainage Study 

Your facsimile dated December 16, 1991 regarding a proposed floodbox and overflow creek 
at the confluence of Belcharton and Bouchier creeks raises the same concerns indicated in item 
2 of my letter dated December 16, 1991 (attached). The proposal is acceptable provided that 
operating guidelines for fish passage are in place. 

Another option would be to divert Belcharton Creek west into an improved Bouchier Creek. 
This would create improved compensation habitat opportunities in Bouchier Creek without 
detracting from habitats In Lagace Creek. This option would only be feasible if Bouchier Creek 
could handle flows from Belcharton Creek. 

In regards to item 1 of my December 16, 1991 letter (attached) concerning a fish pump for the 
proposed triplex pump station, a fish pump and fish screen would be required only on the 
primary pump. However, the primary pump must have the capacity to discharge the majority 
of peak summer flows. The secondary pumps should operate only in the event of extreme flood 
events during the Fraser River freshet period, as this period coincides with the period of peak 
downstream migration of juvenile salmonids. This scenario should meet with the approval of 
the Department of Fisheries and Oceans and the Fish and Wildlife Branch of the Ministry of 
Environment, Lands and Parks. 

ECL ENVIROWEST CONSULTANTS LIMITED 
-- phone: (604) 521-6500 

Suite 204 - 800 McBride Boulevard, New Westminster, B.C. Canada V3L 2B8 fax: (604) 521-2208 



Mr. Kerry Rudd 
Associated Engineering 
Hatzic Prairie 
December 19, 1991 
Page 2 

Should you have any questions about the aforementioned, please contact me at 521-6500. 

Yours truly, 
ECI, ENVIBRO.WmT CONSULTANTS L M T E D  

Project Biologist fl 
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APPENDIX D 

COST ESTIMATES 

ASSOCIATED 
ENGINEERING 



Included within this appendix are detailed construction cost estimates for the capital works 
identified within Section 4 of the report. 

These cost estimates have been developed based on the understanding that projects would 
be publically tendered and competitive bids would be received. Prices have been developed 
utilizing tendered unit prices received on similar publically tendered work and quotations 
from suppliers and contractors. Land acquisition costs where applicable have been derived 
from the taxation assessment role for the study area. 

In addition, where applicable, an allowance has been included for engineering, design and 
inspection services, and for a contingency allowance. All of the cost estimates include the 
applicable taxes including 7% GST and are expressed in 1991 dollars. 

ASSOCIATED 
ENGINEERING 
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HATZIC SLOUGH PUMP STATION/FLOODBOX Page 1 of 2 



ESTIMATED COSTS OF 
HAlZIC SLOUGH PUMP STATION/FLOODBOX Page 2 of 2 

NOTES: 

1. Estimated costs of building the two structures separately = 
2. Potential savings on floodbox by combining the two structures = 

3. ltem 25 is a BC Hydro requirement for the new services 
4. ltem 27 is necessary to maintain the existing pump station 



ESVMATED COST FOR PUMPING STATION ALTER S 

Site preparation, excavation, 
cofferdams, dewatering and flood protection 
Backfills, including bank protection works. 
Topsoil and seeding, and log boom chain 
Concrete, including formwork and 
reinforcement 
Miscellaneous metalwork, including doors, 
ventilation equipment,-and flap gates 
Waterproofing and hydrostatic testing 
Access Bridge 
Timber Pile Structure & Housing 

ELECTRlCAL 
Upgrade O/H line to 25 kV 
Upgrade existing pump station for the new 
voltage 
Power supply at new pump station 
including transformers 
M.C.C.'s for new pump station 
Float switches 
Wiring 
Interior and Exterior Lighting and 
Receptacles 
Engine controls and wiring 

MECHANICAL 
Supply and install pump frames 
Supply and install of discharge columns 
and support brackets 
Supply of pumping units 
Installation of pumping units 
Painting and finishing 
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ESTIMATED COST OF BRIDGE OVER MATTZlC 
SLOUGH FOR DOUBLE TRACK CPR CROSSING 

Based on two single span bridges, 32 m long 
Track possession of 7 - 14 days required, one track remains in operation at all times. 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF W O  3.05 rn CULVERTS 
THROUGH CPR EMBANKMENT 

1 Subtotal $ssS,OOO 1 

POTENTIAL ADDITIONAL COST OF GROUND STABILIZATION 

Item Quantity Unit Unit 
Rate 

Extension 



ESTIMATED COST OF FLOATING DEBRIS CONTROL WALKWAV 
STRUCTURE UPSTREAM OF LOUGHEED HIGHWAY 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF LOG BOOM CHAIN DEBRIS CONTROL 
STRUCTURE UPSTREAM OF LOUGHEED H l G H W  

Item Quantity Unit Unit Extension 
Price 



ESTIMATED COST OF LAKE DREDGING 

* 
Based on discussions with BC Lands. 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST FOR DYKING HARIC SLOUGH, 
LAGACE GREEK AND RELATED WORKS 

Page 1 of 2 

Quantity Unit Unit Cost Extension 
I 

LEFT BANK (LAGACE AND HATZIC) 

Stripping 
Bulk Fill 
Topsoil/Seeding 
Concrete Wall 
Property Acquisition 

SUBTOTAL 

RIGHT BANK (LAGACE AND HATZIC) 

Stripping 
Bulk Fill 
Topsoil/Seeding 
Property Acquisition 

SUBTOTAL 

PUMP STATIONS AND FLOODBOXES 

A6 Scorey Creek 
A5 Currie Creek 
A4 
A3 
,42 
A1 Bouchier Creek 
Belcharton F/B 
Flood boxes (1 0) 
Fish Ladders (6) 

SUBTOTAL 

UPGRADE ROADS 
AND BRIDGES 

Farms Road at Riverside 
Dale Road 
Farms Road at Stave Lake Road 

SUBTOTAL 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST FOR DYKING HARIC  SLOUGH, 
LAGACE CREEK AND RELATED WORKS 

Page 2 of 2 

Quantity Unit Unit Cost Extension 

Property Acquisition 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 1 pf 6 

Quantity Unit Unit Extension 
Price ($) 

Subtotal Incl. Eng. & 
Contingency (35%) 

I I I I 

Stripping I 748 m3 I 2.25 1 

ASSOCIATED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 2 of 6 

Quantity Unit Unit Extension 
Price ($) 

Remove Exist. Pavement I 4417 1 m2 I 2.20 1 9,716 1 
Tack Coat/Primer 4235 m2 1.15 4,870 

Stripping 1125 m3 2.25 2,532 

Section D-E (Farms Road) 

Section F-G 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 3 of 6 

Quantity Unit Unit Extension 
Price ($) 

Driveway Restoration 

Subtotal Incl. Eng. & 
Contingency (35%) 

Section H-I I 
Asphalt 50 mm I 1463 1 m2 I 6.65 1 $ 9,729 

Subbase I 2165 I m3 I 5.00 1 10,826 

Driveway Restoration 

Subtotal Incl. Eng. & 
Contingency (35%) 

Section E J  (Dale Road) 

Asphalt 50 mm 9571 I m2 6.65 $63,648 

Remove Exist. Pavement I 9161 1 m2 I 2.20 1 20,154 

ASSOCIATED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 4 of 6 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 5 of 6 

ASSOClAlED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (LOCAL SUBBASE) 

Page 6 of 6 - 

Quantity Unit Unit 
Price ($) 

Extension 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 1 of 6 

Quantity Unit Unit Extension 
Price ($) 

Driveway Restoration I 2 1  @a I 440.00 1 880 1 

I I I I 

Driveway Restoration 1 I ea I 610.00 I 61 0 

ASSOCIATED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 2 of 6 - 

Quantity Unit Unit Extension 
Price ($) 

Subtotal Incl. Eng. 
Contingency (35%) 

Section D-E (Farms Road) I 

Culvert Extension 

Driveway Restoration I 4 1  ea I 650.00 1 
I I I 

Subtotal 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 3 of 6 

Subtotal Incl. Eng. & 
Contingency (35%) 

Asphalt 50 mm I 1463 1 rn2 I 6.651 $ 9,729 

Quantity 

I I I I 

Remove Exist. Pavement 1254 m2 2.20 1 2,759 

. 
Unit Unit 

Price ($) 

Stripping I 2.25 1 762 

Extension 

I I I I 

Driveway Restoration I 6 ea 575.00 1 3,450 

Subtotal $ 77,884 

Subtotal Incl. Eng. & 
Contingency (35%) I I I 1 $105,000 

Section E-J (Dale Road) 

ASSOCIATED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 4 of 6 - 

Quantity Unit Unit Extension 
Price ($) 

Driveway Restoration I 3 1  ea I 820.00 1 2,460 1 

Driveway Restoration 

I I I I 

Section E-L (Dale Road) 

Asphalt 50 rnm I 1733 rn2 6.65 1 $ 11,521 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 5 of 6 

Base Course I 1909 1 m3 I 27.20 1 51,926 1 

Quantity 

I I I I 

Subbase 1 5320 m3 18.75 1 99,743 

Remove Exist. Pavement 

Unit 

Driveway Restoration 
I I I I 

Subtotal I I 1 $221,690 

Unit 
Price ($) 

Subtotal Incl. Eng. 81 
Contingency (35%) 

Extension 

Subbase 

ASSOCIATED 
ENGINEERING 



ESTIMATED COSTS FOR RAISING 
VARIOUS ROAD SEGMENTS (IMPORTED SUBBASE) 

Page 6 of 6 

Contingency (35%) $66,000 

TOTAL $2,736,000 

TOTAL INCL. ENGINEERIN 

Extension Unit 
Price ($) 

Quantity Unit 



ESTIMATED COST OF INSTALLING 
WATER BARS IN PATTISON CREEK CATCHMENT 

Based on installing twelve water bars and road crossings. 
Labour rates include 20% mark-up for Contractor's overhead and profit. 
Helicopter rental includes 10% mark-up for Contractor's overhead and profit. 

ASSOCIA' IEB 
ENGINEERING 



ESTIMATED COST OF 
PAlllSON CREEK DIVERSION TO AMBER LAKE 

*lo-year Maintenance = $25,00O/year for moving sediment by equipment except at the end of year 5 when a debris torrent 
is assumed and the added cost becomes $50,000 for movement of torrent deposit. 



ESTIMATED COST OF SEDIMENT IEXCAVATION 
FROM LAGACE AND PAmlSON CREEKS 

BASED ON A 10 YlEAR PERIOD 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF 
EXCAVATION FROM SEDIMENT TRAP 

BASED ON A 10 YEAR PERIOD 



ESTIMATED COST TO LENGTHEN 
SYLVESTER ROAD BRIDGE OVER 

PATISON CREEK 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF COMBINED LAKE LEVEL CONTROL AND 
DEBRIS CONTROL STRUCTURE AT LOUGHEED HIGHWAY 



ESTIMATED COST OF STOP LOGS AT EXISTING AND 
NEW FLOODBOX STRUCTURE INCLUDING LOG BOOM AT INTAKE CHANNEL 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF BANK PROTECTION WORK FOR nmIc  SLOUGH 
SOUTH OF CPR CULVERTS 



COST ESTIMATES 
FOR LOCAL DRAINAGE PROBLEMS 

Page 1 of 4 

CULVERT AT SYLVESTER/SEUX ROAD 

CULVERT WEST OF 35584 DURIEU ROAD 

DRAINAGE OF ROBSON PROPERN 

ASSOCIATED 
E N G I N E E R I N G  



COST ESTIMATES 
FOR LOCAL DRAINAGE PROBLEMS ' 

Page 2 of 4 

SWARD ROAD SUBDtVlSlON 



COST ESTIMATES 
FOR LOCAL DRAINAGE PROBLEMS 

Page 3 of 4 

LEISHMAN PROPERTY - 8689 SYLVESTER ROAD 

SOUTH OF CPR - McKAMlE ROAD AND NEWTON ROAD 

Clean out Culvert at McKamie Road and CPR 

ASSOCIATED 
ENGINEERING 



COST ESTIMATES 
FOR LOCAL DRAINAGE PR,OBLEMS 

Page 4 of 4 

Clean out CPR Culvert 

H. WHITE - 8413 McKENZlE STREET - BENBOW SUBDIVISION 



ESTIMATED COST OF 
LOCAL DYKING AND RELATED ROAD IMPROVEMENTS 

BENBOW SUBDIVISION DYKING COSTS 

RIVERSIDE ROAD/YOUNGSTON ROAD SUBDIVISION DYKING COSTS 

ASSOCIATED 
ENGINEERING 



LENGTHEN SYLVESTER ROAD BRIDGE 



ESTIMATED COST TO REPUCE EXISTING 
PUMP STATION IMPELLER 

ASSOCIATED 
ENGINEERING 



ESTIMATED COST OF DIVERSION OF UNNAMED CREEK 
800 m NORTH OF SCOREV CREEK 



APPENDIX E 

CREAGER FLOOD ENVELOPE CURVES 

ASSOCIATED 
ENGINEERING 



APPENDIX E 

BACKGROUND ON CREAGER FLOOD ENVELOPE CURVES AND FORMULA 

The Creager diagram, covering a large number of "unusual" flood peak discharges 
from the USA and some other countries, received wide circulation through a 
publication by Creager et al (1945). It was modified by Neill (1986) to include 
some data on unusual floods in Canada. With additional Canadian data, the 
modified diagram was included in the NRC publication "Hydrology of Floods in 
Canada" (Watt et al 1989). It was further modified by Neill (1991) to include a few 
additional data, as well as recent PMF estimates for projects in western Alberta. 
The 1991 version is shown in Drawing No. A2-1. 

The diagram plots peak instantaneous unit discharge (q = Q/A) against drainage 
area (A), over a range of 1 to more than 1,000,000 square miles. The data are 
enveloped by a set of curves that follow a complex formula devised by Creager, 
each curve for a different value of the Creager coefficient C. In terms of total 
discharge Q in m3/s and drainage area A in km2, the formula can be written 3s: 

For very small areas, the unit discharge q for a given C is virtually independent of 
area, that is, peak discharge increases almost proportionally to area: this reflects 
the physical condition that small basins are blanketed by the critical storms. For 
very large areas, the unit discharge for a given C is almost inversely proportional 
to area, that is, the peak discharge is almost constant: this reflects the physical 
condition that the area! coverage of a single storm is !irnited. 

The value of C for a given basin accounts implicitly for climatic, abstraction-from- 
rainfall and routing factors. It should be higher for regions of higher storm rainfall 
intensities, and for basins of lower infiltration capacities and steeper slopes. 

The limited plotting of unusual Canadian flood data (which were drawn from most 
provinces and territories) indicates that the highest gauged events in Canada 
generally have C values in the range of 20 to 40, with an upper limit of about 45 
to date. In contrast, many of Creager's data from USA and elsewhere reached 
C values of 100 or more. Recent PMF determinations in western Alberta 
correspond to C values in the range of 55 to 70. 
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APPENDIX F 

VARIABILITY OF INSTANTANEOUS TO DAILY MAXIMUM FLOW RATIO 

Unit hydrograph theory postulates that the time base of the direct runoff 
hydrograph for a given basin is more or less independent of the rainfall, but that 
the ordinates are proportional to the effective rainfall. It can therefore be reasoned 
that the peak-to-daily ratio for a given basin should not depend significantly on the 
frequency of the event. If the reported instantaneous and daily annual maxima for 
a given station are examined, the ratios usually found to vary more or less 
randomly and not to depend on the size of the event. 

On the other hand, the ratio is very dependent on the size of the basin, small 
basins tending to have larger ratios. It also depends on the time of day at which 
the instantaneous peak occurs. 

To examine these effects, numerical experiments were done assuming a simple 
triangular hydrograph with different time bases and different positioning of the 
peak within the day. Results are indicated in Drawing No. A2-2. These indicate 
that if the hydrograph base is 2 days or more, the ratio can vary from about 1.3 
to 2 depending on the time of day. For a time base of 1 day, the ratio can vary 
from 2 to 3. For a time bases of 12 hours, the ratio can vary from 4 to 6. For 
shorter time bases, the ratio and its range of variation rise steeply. 

It follows that for small basins with hydrograph time bases of one day or less, 
flood frequency analyses based on daily maxima are not of much value for 
inferring instantaneous maxima, and that the application of a constant multiplying 
factor to daily data is difficult to justify. 
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Attettion: Alan Bates 

COMMENTS RE: HATZIC LAKE DREDGE SAMPLES 

Physical analysis of the samples indicates that most have a reasonably good 
proportion of sand, silt, and clay. The exceptions are Dredge samples #9 and #10 
which are high in sand (over 80%), and samples #3, #4 and #8 which are somewhat 
high in silt. The high sand soils will not retain water or nutrients well, while 
soils high in silt may not drain properly. 

The principal limiting factor in all the soils is organic matter. It is 
low (below 3%) in all samples, and very low (below 1%) in samples #1, 2, 5, 7, 9 
and 10. Organic matter is important in supplying certain nutrients (principally 
Nitrogen and Sulfur), as well as helping to retain moisture and nutrients in the 
soil. Supplemental organic matter such as peat or manure would be useful to 
mix with these soils. 

I 
I 
I Chemical analysis of the soils does not show any particular problems. 

I Sodium and sodium absorption ratio levels are all low. None of the materials' 
tested are at toxic levels. Most of the nutrients tested are at normal levels 

I for surface soils. Salinity levels are low, which is good, and pH levels are 
within normal levels (5.5 to 7.0), although they are on the acid side. 

I Phosphorus and Boron are quite low in all the samples. 

In summary, these soils would all be suitable as fill on agricultural 
land, although some are more suitable than others. Mixing of these soils with 
existing surface soils by rototilling them would be preferential to simply 
spreading them on.top. Addition of lime and fertilizer would be necessary, 
particularly Boron and Phosphorus. Incorporation of additional organic matter 
would be helpful unless the dredged soil is mixed with a higher organic 
matter surface soil. 

7-& - 
. Guthrie, P.Ag. 

Laboratory Manager 
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ASSUMPTIONS 

.1 The MOE 1984 cross-sections are very similar to those surveyed by CBA-@re-PEP), 
and were used for the computations. The high bed levels were assumed to be 
representative of post debris torrent events and the dykes would be designed to hold 
back water under this condition. 

.2 The dykes on each side of the creek were set back 15 m (bank edge to toe). 

.3 For supercritical flows, mostly near and upstream from the Sylvester Road bridge, 
the flow depths were assumed to be close to critical depth. 

/ 

.4 The dykes are to be designed for the 50-year peak discharges. 
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Thatweg and Overbank Profiles for Pattison - Lagace Creek. 
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Thalweg and Overbank Profiles for Pattgon - Lanace Creek. 
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Cross-section locations used by MOE (Jul/Aug 1984, 1) Station 0+000 is I t the centerline of Dale Road 
March 1990) and by NHC (July 1991). Bridge. Positive c IS in the upstream direction. 

2) NHC added three a al cross-sections between 

Cross-section locations used by CBA ( ~ a y  1991, XS43 and XS44, and additional cross-sections 

Sept/Oct 1991) to assess pre- and post-dredging between XS38 and XS 

of Lagace Creek. 

Thalweg survey completed by MOE (~ul/Aug 1984) and 
@ resurveyed by NHC (July 1991). 

Cross-Section and Thalweg Surveys 

NHCV1692-976 

Distance in metres 
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