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would lead to erroneously low debris flow frequencies, because of the chance of missing 
debris flows that had occurred in the time period between the last and second-to-last 
events. This is the case when a single very old tree allows the dating of a very old scar, 
but there are no other trees of similar age to either confirm this date, or to allow the 
dating of debris flows that occurred between this old debris flow and the series of 
younger ones closer to the present. 

Figure 4.2 shows the record length available for each basin. Figure 4.3 shows the 
frequency distribution of debris flows in all basins. As expected, there is a notable 
decline of events with time. This is due to a loss of record as the probability of tree 
survival decreases. Despite these data limitations, it seems the periods around 1905- 
1908, 1917-1920, 1964-1967, 1973-75, 1978-80, 1983184, 1989190 were particularly 
active. It should be noted, however, that the last four high-activity periods are due to 
individual storms rather than years of high debris flow activity. Table 4.1 lists debris 
flow frequencies for each basin. 

Table 4.1 
Debris flow frequencies for studied basins in the Kalum Forest District 

nts i reacdkmth i return intRrval 
 ears)^ ears) .............................................................. ; .................................... ................................ . . ; .......... ..lr .- ................... 

Upper Shannon ............................. i ..................... 3 ..................... : 53 ................ ; 13. . . . .  ............. ................ ............. 
..U.~~e!..C.o~oer. t r b u l a ~ . l  ............... i .................. 8 ..................... : ............. 1.'6 ........... : ................ '5 ................. 
.. UPP~! . .?W?~~-  b.-lav.? .............. ; ..................... 3 ..................... ; ............... 5' ................. .................. : .................. 17 

... "~~er.Lesat.? .................................... ..................... 6 ..................... 1 ............... 22 ................ ij ........... ......+ .................. 

...k!dd!e.Lega!.? .................................. : ..................... 6 ..................... ; ............... 5.2 ................ ; ................. .9 ................... 

...L!?wer..Lwa!.e ................................... i ..................... 6 ..................... ; .............. 33.3 .............. i ................ 37. ................. 
Mushroom 79 ............................................................. i ..................... 6 ..................... ; ................................... : ...................................... 13 

5 ... FIY ...................................................... ............................................ ;, ............ ..8a. ...............~ ...................................... 16 
37 ,..Last ......................................................................... 4 ...................... ................................... ; 9 .................. ................... 

13 140 ... Wi!!.ia.m.s ............................................ i ............................................ ; ................................... ; ...................................... 11 
Kitirnat : ........................................................................................................ 11 127 12 

4 95 ... Tulk.! ................................................. i.... ........................................ i ................................... i ...................................... 24 
91 Guru ................................................... 5 j .i.... ... ..................... ..................... .................................. 
29 

............ .............,..., 
Slibovic 4 ............................................................. ............................................ .......................................................................... 7 ; ... 8 Co!dwa!er ........................................ i. ......... ...........9 ..................... ~.......... ..... 6.8 ................ i ...................................... 

1 ... C!.ea!cu! ............................................ i ............................................ ; ................ 4 ................. ; ...................................... 4 
10 91 ................................. ... Gon!usju+ ........................................ i........... ~............... ................... .j.......... ............................ 9 
5 62 ... S.w,i!ch.bac!! ...................................... i ............................................ ; ................................... ; ...................................... 12 
8 Bushwack 89 ............................................................. ; ............................................................................... . 1. ...................................... 11 
15 145 ... Zy.m.aco!d ......................................... i.. ......................................... .~................ ............... ....j ...................................... 10 
10 27 ... S.ch.neuz ........................................... i ............................................ ; ................................... : ...................................... 3 
5 43 .................... ... p.e!!a ................................................ i ................................................. i .................. 9 .................. 

92 ... Fjober? ............................................. i .................... ..................... i ............... ................. i ...................................... 18 

75 6 ... Mean ................................................ i ..................................... ................................... ; ...................................... i 4  . . 3 38 ................................................................................ ... 9 Siandard.Dev!at!on ......................... i j ...................................... 
1-15 4-145 
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4.4 Spatial Impact Of Debris Flow-Triggering Storms 

In order to quantify the impact of a debris-flow triggering storm over the entire Forest District, 
a map was produced that shows the location of studied gullies where debris flows were triggered 
during a storm. For reasons of easier interpretation, only three storms are planed (Figure 4.4). 
These storm are the October, 14, 1974, October, 31, 1978 and December 5, 1990 storms. It is 
obvious from the this figure, that the 1978 and 1974 storms had the largest impact, triggering 
debris flows at 17 and 15 out of 32 researched basins, respectively. The 1990 storm triggered 
only 8 of 32 debris flows. These storms might have initiated debris flows at other locations. 
However, the type of dating method used, and the accessibility of sites precluded a complete 
assessment of all debris flows triggered in the Kalum Forest District. 

The spatial distribution of debris flow systems affected by these storm suggests that these "high 
magnitude" storms cause abundant debris flows irrespective of the existence of high intensity 
precipitation cells as suggested for example by Church and Miles (1987). Although these cells 
may exist and may be responsible for the initiation of some debris flows, large storms seem to 
have a region-wide impact with regard to debris flow initiation. It is those storms (particularly 
the 1978 storm) that require detailed analysis of meteorological and climatological conditions 
to identify a situation that could be responsible for a storm of similar magnitude. 

The data presented on Figure 4.4 also suggests that several basins are independent of sediment 
recharge time, or alternatively have very short recharge times. This is demonstrated by the fact 
that in seven cases debris flows were triggered during both the 1974 and 1978 storms. A 
preliminary assessment of the sediment availability of these basins shows that these are in fact 
basins with abundant sediment stored in the source area and the channels. These basins have 
been referred to as transport-limited with respect to debris flow frequency by Jakob (1996). An 
analysis of the sediment availability of debris flow basins is crucial to understand their debris 
flow frequency characteristics, which allows a more appropriate management of debris flow 
hazard. For example, a weathering-limited basin that had just witnessed a debris flow, and had 
previously been classified as a high hazard, may now be classified as moderate or low hazard. 
However, this rating must be upgraded over time, when fresh sediment starts to accumulate in 
the channel, and the debris flow system is recharged. 

4.5 Landslide Prediction Based on Hydroclimatic Events 

In the introduction it was stated that rainfall intensity is most likely insufficient to explain 
observed debris flow occurrence. Antecedent conditions and rain-on-snow events are likely to 
have significant impact on soil water conditions and runoff. Similarly, high wind velocities in 
conjunction with high freezing-levels can greatly enhance snowmelt, particularly during 
conditions with high relative humidity, which is usually the case during fall rainstorms along 
the western slopes of the British Columbian Coast Mountains. 

A review of available data showed that snow data is not regularly documented by Environment 
Canada until December. This means that any information on snow pack before December is at 
best sporadic. Wind velocities as well as freezing levels are measured only at few locations 
(closest Atmospheric and Environment Service (AES) station at Port Hardy, northern Vancouver 
Island), and are therefore not reliable enough for the development of a regional index. Local 
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inversions, and other abnormal layering of air masses in the Terrace area are unlikely to be 
recorded at the Port Hardy station, which is considerably more under oceanic influence than 
Terrace. The effect of wind is very difficult to quantify because of great variability in time and 
space. Data from one station could only provide a very rough representation of the influence 
of wind on snowmelt. 

In the last paragraph, it was established that data limitations require a different approach to 
develop a means to predict the occurrence of landslides. This approach aims towards an analysis 
of the direct consequence of the factors discussed above. Rainfall, wind, freezing level, as well 
as snow depth will ultimately influence runoff. Runoff can be treated as a function of all those 
hydroclimatic variables that trigger debris flows and landslides, and is therefore believed to be 
an appropriate expression of the severity of a given storm. The magnitude of a runoff event can 
be expressed as the peak discharge Q,,. 

Q,, = F @, Fl, V,, Sd), and [Equation 4.11 

where: 
k is a measure of rainfall intensity, 
F1 is the freezing level, 
V, is the wind velocity, 
Sd is the snow depth, and 
Q,, is the peak discharge of a nearby stream. 

The rivers and creeks for which peak discharge data were available are the Zymagotitz River, 
the Kitimat River, the Zymoetz River, the Exchamski River, the Little Wedeene River, the 
Skeena River, the Nass River and Hirsch Creek. 

4.6 Stream Discharge Data As A Measure For  Storm Impact 

The objective of this analysis is the linkage of landslide events with days or periods of unusually 
high peak discharge. If the dates are matching, it may be possible to use peak discharge data as 
an indicator for imminent mass movement activity. 

It should be emphasized that the eight stations listed in Table 4.3 have largely different drainage 
areas. This implies that local rainstorms are unlikely to affect very large watersheds such as the 
Skeena River (42,200 km? and the Nass River (1 8,500 km2 ). It also means that even if the 
entire watershed is affected by a rainstorm, the basin area and intermittent storage will be 
responsible for considerable lag-times between the time of peak intensity of a rainstorm and the 
maximum discharge. This implies that mass movements may have occurred long before the 
peak flood reaches the gauge, which is clearly not desirable for this application oriented 
approach. Data from drainages of different size were analyzed to quantify the effect of 
watershed size on time lag of the recording of peak discharge. 

In theory, if it can be established that once a certain threshold of peak discharge is reached in 
hydrologically "responsive" watersheds, and landslides are likely to occur, forest operators could 
be informed and forestry related activities be shut down. This, of course requires not only 
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continuous monitoring of the flood stage, but also a rapid mode of data transfer and accessibility 
to make this approach operational. 

The first step in analyzing the data was to record peak discharge on the day that the debris flow 
or landslide most likely occurred. There is always some lag, between the onset of the storm and 
the river peak discharge. Therefore, the highest discharge in the 7 day period following the 
event was recorded with a '+ 'sign, and the number of days and the associated discharge were 
noted (Table 4.3). To clarify this procedure, an example will be given. In the 5th column of Table 
4.3 (Skeena) the cell of the 4th row reads: 

This means that the peak discharge on September 28, 1988 was 559 m3/s. Two days later (+2) the 
peak discharge increased to 2890 ml/s, which represents the highest discharge in the 7 day period 
following the storm date. Consequently, the time lag between the peak discharge at the time of the 
storm and the maximum discharge is two days. 
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Table 4.3 
Linking landslide dates and peak discharge 

Date Z y m w O K .  i Zymae~T.  j ZymagoliD i S k m s  NP. 4 Kitimat i E16hYndii Hi-& 

28.9. j 419+1 ; da i 117+1 i l l4W2 i 109+2 i l l + l  j lldal i 5911 i lOl+l  
I j 1380 i 116 i 1190 i 18W 1 18 i 2820 

.............................................................................................................. : ................... : ................... i ....................... i ................ i ..................... i 4 8 8  I 5 1 0  

9.10. / 492+1 / d a  i 5O+l i lOlW6 i I I W + l  j 8O+l i l l s01 l  i 537 / Id5+l 
1991 j 1810 i 2W j 5320 : 4810 i 401 , i 25W 

.............................................................. : ............................................... A ................... : ................... : ....................... ! ................ : ..................... i 467 

5.12. 1 15 +1 , i dn i I O i 2  i 205+5 i 155+1 i 9 t I  i 128r2 : I 5 1 3  ; 2 8 + 2  
1990 i I08 j 25 i 180 i 711 119 , i 1040 i l l  , 

.................... i ..................... I ................... i ....................... : ....................... : ................... i ................... i ....................... ! ................ i ..................... 1 191 

28.9. i I57 + I  i da / 9 7 t l  i 159+2 i 171*? i 164 i 186+1 / 2612 / 120 
1988 i 1280 i 181 j 2890 i 1770 j i I I W  i s 1 8  j 

.................... ; ..................... i ................... ! ....................... : ....................... : ................... ; ................... : ....................... : ................ 1 ..................... 
20.9. i 124 + I  i da j 9 7 r l  i I2MX2 i 119a2 1 161 1 1140+l i 7 1 + 2  i l l 5  
1987 j 819 j 201 ; 1010 i 2150 i i 1530 .................... : ..................... : ........................................... : ....................... : ................... : ................... i ....................... ! ................ j ..................... j 405 j 

25.12. i 2614 i dn 1 10% i 251+1 i 140 / l S + l  i l l S + 4  i 3 1 + 4  1 2 5 %  
1986 i 18 I n i 262 i 30 i 111 i 41 , .................... t ..................... ! ................... i ....................... : ....................... : ................... : ................... : ....................... : ................ j ..................... i d l  

14.2, i 10 i nil / 4 / 74 i 60 i 2.5 i I4 j 4 i I 
1986 j 

.................... : .................... : ........................................... : ....................... : ................... : ................... : ....................... i ................ j ..................... 
: "Ja 26.12. i 1211 : i l o t 1  i 197+l i 176+2 i II+Z i 5W+I I Y+I  i 6 9 r l  

1979 54 / 104 i 271 i 586 i 74 1 794 .................... i ..................... i ................... i ....................... : ....................... : ................... ; ................... ; ....................... i ................ j ..................... i l l 8  i l l 0  

31.1h i 5 3 5 i l  i da i 11211 i 980+2 j 149a2 / 194+l j 974+l i 27211 i 127+l 
1978 I980 1 134 j 1940 : 4670 i 274 : , 2410 i 510 341 

................... r ..................... : ................... : ....................... : ....................... : .................. 4 ................... ! ....................... 2 ................ j ..................... 
11.11. i 47+2 I ni. i I I t 4  i 11414 i 2W+2 j I I + I  i lltl i 18+1 i l O + l  
1975 j €4 i I5 i 171 i 2l4 i 17 j 168 .................... i ..................... ; ................... i ....................... i ....................... i ................... ; ................... i ....................... 2 ................ i ..................... i 29 i 24 

12.1. i 11 i nir i 2 i 98 i 51 i 1.4 i I 4  4 . 4  i I 
1974 j .................... : ..................... : ................... : ....................... : ....................... : ................... : ........................................... : ................ : ..................... 
14.10. i ZW+l j da i 14 +1 i 162012 i 182W2 j lO+ l  I 2 7 2 I I  i 111+1 1 1012 
,974 i 1470 i 182 i 4020 j 32W 1 131 j 1610 

................... j.... ................. i ................... ! ....................... : ....................... : ................... i ................... ! ....................... i ................ 2 ..................... i s 7 2  i 1 1 6  

17.1. i l 8 + l  . i d a  i 2+6 i 18017 / 611-6 i 1% 1 4016 i 1 4  i 41-6 
1973 j 31 j 5 i 121 i 102 j 9 i I05 

................... ................... ................................................................... ................... ....................... ................ ..................... 
j I I  ; i s  

...................... : : : : 2 2 
17.1. i 17 i "la i l i 81+2 i 77+2 j 2 + 5  j 16+4 i 8+2 i 2 + 3  
1971 i 218 1 $27 i 6 

.......................................... ................... ................................................................... ................... ........................................ ................... j 44 : I 2  : : 4.1 
1 : 8 , l. 

28.11 i 181+2 j da i 60') ! 748+l i 85512 j 81+l  j 589+2 i Z 6 + 2  / 14011 
1969 i 459 i 71 1 I570 j 2010 i 97 i I I W  .................... : ..................... : ................................................................... : ................... : ................... : ....................... : ...................................... i l l 1  : I 4 8  

12.1. i 1616 I <a i I + l l  i 5 9  i 51'1 j I + l  i l o t 1  ) l a 4  i 1 + 4  
1968 j 64 j I8  j 566 j I19 i I 5  i 292 

.................... :..... ......... : ................... : ....................... : .......................................... d ................... : ........................................ 1 ..................... 
i 60 j I9 

16.10 / 7016 i ds i I716  / 191+7 1 294 +I i 1 1 2 6 1 6  i 5 0 m  j 
1965 i 646 j 169 j 1780 i 111 i 869 ..................... ................... ....................... ....................... ................... ................... ....................... ................ .................... i 4 1 3  j 

..................... : : : : : : : 4 
30.12. / i 8811 i i 195 i 155+l i 
1961 j j 149 i 275 j ................... a ; ................... : ............................................... : ................... t ................... 1 ....................... : ................ < ..................... 
5.12. i i % + I  i i 47012 i 799+1 i 
,959 j j 867 i 1460 i 1980 j .................... : ..................... 3 ................... : ............................................... : ................... : ................... : ....................... : ...................................... 
21.11. i i 1 1 1 + 2  i i 171+2 1 276'2 i 
1956 j i 1W i 815 i 408 j ................... 4 ..................... : ................... : ............................................... ' ................... 8 ........................................... : ................ 2 ..................... 
11.4. i i l l + 5  i i 116 i da i 

j 12 1952 
................... ....................... ....................... ................................................................................ ..................... .......................................... : : : : 2 

2.11. i i l i l W i  i dl i 
i i8W 1945 i ..................... ....................... ....................................... ....................... ................ ................... i ..................... : ................... : ....................... : : : ' 2 

I O I .  i i M I  i 
9 1  ................... .i ..................... : ................... : ....................... ; ....................... 2 ................... 7 ............ : ................ 4 ..................... 
22.12. i i 191 i 1210 : 
1928 j 

mean i 2.2 i , 2.3 j 2.5 i 2.9 2.4 i 2.3 i 2.2 6 i 2.25 
timclag j 

For detailed explanation, refer to previoius page. 
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Table 4.3 shows that on average there is a 2 to 2'" day time lag between the date of the landslide 
as determined by correlation with peak precipitation, and peak flood flow. It is interesting to 
note that there are little differences between smaller watersheds like the Hirsch, and Little 
Wedeene basins and large watersheds ofthe Nass and Skeena River. It is also interesting to note 
that on February 14, 1986 and January 12, 1974 the discharge of all rivers in the region was 
negligible. Also, Septer and Schwab (1995) did not record any landslide or flood damage on 
these dates. Given the relatively late occurrence ofthese precipitation events, it is likely that 
the snowpack in the watersheds were sufficient to completely absorb the rain, which prevented 
landslides from occurring, and which accounts for the fact that the peak discharge of rivers 
during and immediately following the event did not respond noticeably. 

Figures 4.5 to 4.12 are flood frequency plots of various rivers in the region. They are plotted 
using the Weibull distribution. The Weibull extreme value distribution with the probability 
density function expressed in Equation 4.4, was found to adequately represent the statistical 
distribution of flood data. 

F(x) = c/b *[x-O)/b]c-1 * e-~"-~"' [Equation 4.21 

where: 
b is the Scale parameter 
c is the Shape parameter 
e is the Threshold (location) parameter 
e is Euler's constant (2.71. ..) 

For comparison, other right-skewed distributions (Gumbel, Rayleigh, Exponential, Lognormal, 
Gamma) were plotted and return periods calculated. The differences were generally within - 
20%, which was thought to be acceptable given the scope of this study. Recorded, landslide 
initiating storms were correlated with extreme flood flows and the return interval of the 
corresponding flood flow was determined (Table 4.4). This correlation was carried out all rivers 
listed above (Figures 4.5 to 4.12). 

4.7 Results 

The conclusion from the analysis in the preceding section is that a large range of peak discharge 
return periods can be associated with mass movements. Return periods range from less than one 
year to 150 years. 

Several contingencies may be responsible for this behaviour. First, the spatial resolution of the 
occurrence of landslides does not allow an accurate assessment with regard to the impact of 
mass-movement triggering storms over an entire watershed. Second, local variability in soil 
water conditions, drainage and subsurface hydrology is too complex to be predicted by a 
regionally generalized runoff index. Third, watersheds are too large to respond quickly enough 
to intensive precipitation that the stream gauge data would provide a meaningful way to issue 
warnings when a critical threshold is exceeded. 

Figure 4.13 shows the frequency plot of peak discharge recurrence intervals listed in Table 4.4. 
This subset of data represents the six largest storms that are all likely to have triggered debris 
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flows. Most storms are plotted several times, however for different rivers. Figure 4.13 - 
demonstrates that the large majority of landslide triggering storms occur at peak discharge retum 
intervals less than 10 years, which implies that landslide triggering storms may be of high 
frequency and moderate magnitude. 

This is not to say that low frequency, high magnitude events do not trigger landslides. During 
these events, landslides will undoubtedly occur. However, the majority of landslides will occur 
during high to moderate frequency, and moderate magnitude runoff events. This observation 
has important implications for forest operation management. "Moderate runoff events" (1-10 
year retum interval) must be taken into consideration in harvesting layout, road design and road 
maintenance in unstable terrain. This conclusion is in accordance with Hogan and Schwab's 
(1991) findings that "moderate storms" characterized by low magnitude - high frequency events 
(2-10 year return interval) are important for the same reasons. 

Table 4.4 
Six largest storms as measured by maximum daily discharge for selected rivers 

River Q,, j Date / Recurr. / Q, i Date j Recurr. / Q i Date j Recurr. 

j daily / / Interval j daily / / Interval daily / / interval 

ZymoeQ / 1980 / 31,1078 / 45 i 1810 / 9.10.91 / 33 / 1470 j 14.10.74 / 13 .................... __._ ............................................ ;...: ..................................................................................................................... 
Zyrnagotii f 382 / 14.10.74 / 2 8 :  3 3 4 :  31.10.78/ 17 / 318 / 28.9.92 / 14 ......... ........................................................................................................................................................................... 
Skeena / 5310 / 9.1091 / 3.4 j 4020 f 14.10.74 i 74 / 3040 / 31.10.78 / 1.1 .............................................................. ..................... ...-. ,, ..................................................................................................... 
NaSS i 4810: 9.10.91 [ 6 1  4670: 31.10.78/ 5 ( 3800 / 28.9.92 / 2.8 .................................................................................................................................................. .......................... __ ..... ._ .........?.................. 
wedeene j 403 / 9.10.91 i 43 / 274 j 31.10.78 / 33 i I M  / 289.68 j s ........................................... .................................................................................................................. ........................................ 
Kilimat / 2820 j 28.9.92 / 150 1 2500 1 9.10.91 / 70 ( 2410 j 31.10.78 / 50 ................ ............................................................................................................................................................................... 
Exchamski / 572 / 14.10.74 j 20 538 / 28.9.88 / 13 / 537 j 9.10.91 / 13 .................. ....- ................................................................................................................................................................... 

i 541 / 31.10.78 / Hisch , 42 / 510 / 28.9.92 / 25 / 487 / 9.10.91 / 15 

River i Q, Date i Recurr. / Q., j Date Recurr. / Q i Date i Recurr. 

j daily j / Interval / daily / / interval i daily / i Interval 

Zy-h / 1380 / 28.9.92 / 10 / 1280 / 28.9.88 7 / 848 / 16.10.65 / 1.1 ..................................................................................................................................................................... ........................ -. 
Zwagotitz f 290 f 9.10.91 / 11 / 203 / 20.9.87 / 3.6 / 184 / 28.9.88 ( 2.8 ............................................................................................................ !... ..................................................... ............................. 
Skeena f 3190 / 28.9.92 / 1.1 / 3010 / 209.87 / 1.1 j 2890 / 28.9.88 ( 1 ............................................................................................................................................................... ! ....................................... 
Nass ! 3200 ( 14.10.74 / 1.8 i 2350 1 20.9.87 / 1 / 2032 / 28,1169 / 1 ........................ : ............................................................... ; ................... : ......................................... -!..- ............... ! ................... 
Wedeene 161 ; 20.9.87 / 4.8 / 131 ( 14.10.74 / 2 . 8 ;  119 / 5.12.90 / 2.3 ......................................................................................................................................................................................................... 
Kilimat / 1850 / 14.10.74 / 10 / 1530 / 20.9.87 / 8 / 1300 / 289.88 / 5 ................. ............................................................................................................................................................................. .................... 
Exchamski i 530 / 31.10.78 1 12 ( 488 / 28.9.92 ( 8 ; 413 / 16.10.65 / 4 .......................................................................................................................................................................... 7.., ................... 

i 320 / 28.9.88 / Hirsch . 5 j 193 / 5,1290 / 3 / 148 j 28.11.69 j 1.5 

4.8 Summary 

This study attempted to use hydroclimatic data to determine a threshold that could be used to 
identify storms that are likely to trigger abundant debris flows. The unavailability of snow depth 
data during late fall, as well as unrepresentative data of freezing level and wind velocity called 
for a different approach to identify a debris flow triggering threshold, which was found in the 
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The derivative of precipitation and snowmelt is runoff. Accordingly, runoff should yield an 
appropriate estimate of the combined effects of these variables. Gauged watersheds, however, 
are too large to react with sufficient speed during a storm to allow the use of flood stage data as 
a real-time warning instrument and exercise shut-down of forestry operations. This problem 
could be circumnavigated by choosing small ( 4 0  krn2) watersheds for stream gauging. 

This research has shown that currently gauged streams are not "responsive" enough to develop 
shutdown guidelines. The analysis of stream gauge data, however, has demonstrated the large 
range of return periods of peak runoff generating storms that can potentially trigger debris flows 
in the Kalum Forest District. Most importantly, it has shown that high frequency, low to 
moderate magnitude runoff events are capable of creating conditions favourable for landslide 
occurrence. 

According to the observations made in this section, the following research recommendations are 
given: 

Small watershed should be chosen to install rain gauges for at least 10 years to yield 
flood frequency data, and to record landslides at or close to the basin to use dischage 
data as a tool to define landslide triggering events, and refine these data as more 
landslides occur. 

It is strongly recommended to increase the density of debris flow gullies in which debris 
flows were dated, and then stratify these basins with respect to the closest gauged 
watershed. This procedure could then improve the spatial resolution of the impact of 
rainstorms in the region. 

At the same time, basins should be classified according to their sediment availability as 
suggested by Jakob (1996). This classification will provide information as to the 
responsiveness of a basin to the exceedance of precipitation thresholds. For example, 
weathering-limited basins are much less dependent on exogenic triggering thresholds 
since sediment recharge determines when the basin is "ripe" for another debris flow to 
occur. Transport-limited basins, however, display quasi-infinite amounts of sediment, 
and are therefore more likely to respond directly to the exceedance of hydroclimatic 
thresholds. 

The data set developed in this study will be instrumental in any further attempt to narrow 
envelopes of hydroclimatic indices that attempt to predict landslides. 
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5.0 CLOSURE 

Conclusions and recommendations presented herein are based on a visual site inspection of the areas 
mentioned in the report. This report has been prepared for the B.C. Forest Service, which includes 
distribution as required for purposes for which this assessment was commissioned. The assessment has . . 

been carried out in accordance with generally accepted engineering and geomorphological practice. 
Engineering and geomorphological judgment has been applied in developing the recommendations in 
this report. No other warranty is made, either expressed or implied. 

EBA trusts that this report satisfies your present requirements. Should you have any questions or 
comments, please contact our office at your convenience. 

Yours truly, 

EBA ENGINEERING CONSULTANTS LTD. 

Prepared by: 

Matthias Jakob, Ph.D., G.I.T. 
Senior Geoscientist 

Reviewed by: 

Bill Grainger, B.Sc. 
Geomorphologist 
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3.1- 1 ble granitic , Wedeew Creek-ad* Note the close joint spacing. 

Figure 3.2. Very soft volcanic rock in the upper Zymoetz (Copper) River watershed. 



GULLY W A U  SLOPE (%) 

Figure 33. Correlation between channel gradient and gully wall slope angle. 

Figure 3.4. Correlation between gully wall slope distance and channel slope. 



Figure 3.5. Sidewall failures in glacial-fluvial material of Kleanza Creek where channel side 
walls were logged. Note the large sediment wedge in the foreground. 



Figure 3.6. Chronic ravelling in very steep, highly fractured granitic rock. The gully sidewalls have been 
logged and are unlikely to revegetate due to the loss of a veneer of soil that supported the vegetation before 
logging. 



NB Dry antecedent moisture conditions (10 days) 

Wet antecedent moisture conditions (10 days) 

Landslides due solely to road drainage problems 

Figure 4.1. Plot showing precipitation amount - duration relation for reported hillslope failures (after Hogan 
and Schwab, 1991). 
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Figure 3.7. Frequency classes of slope gradients (percent), Kalum Forest District. 

Figure 3.8. Frequency counts of slope gradients (degrees), Queen Charlotte Islands (Figure 7, p. 20, Rood 
1990). 
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Figure 4.2. Record length for each debris flow basin. 
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Figwe 4.3 Frequency distribution of debris flows in all researched basins. Minor tick marks on the 
y-axis denote one dormant season between two calender years (e.g. 1959160). 



THEORETICAL QUANTILE 

Figure 4.5. Flood frequency curve of Hirsch River with the six largest storms indicated on the curve. 

THEORETICAL QUANTILE 

Figure 4.6. Flood frequency curve, Zymoetz River, with the six largest floods indicated on the curve. 



THEORETICAL QUANTILE 

Figure 4.7. Flood frequency of the Zymagotitz River with the six largest storms indicated on the curve. 

THEORETICAL QUANTILE 

Figure 4.8. Flood frequency curve of the Kitimat River with the six largest storms indicated on the curve. 




