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ABSTRACT 
 
The H60 is a concept used in the Interior Watershed Assessment Procedure (IWAP; MoF 1999) 
by which the upper altitudinal zone within a watershed is weighted for its assumed contribution 
to peak flows.  The approach assumes that there is a direct and immediate link between snowmelt 
and surface flow, there being little lag in delivery of water from the snowpack to the stream.  
However, work with stable isotopic tracers in water, namely deuterium and oxygen-18 (18O) in 
other part of the world, have demonstrated that there may be a considerable storage capacity 
within catchments, and long lags between the entry of water into the soil and its emergence as 
part of streamflow.  This project uses tracers and water chemistry to test some of the assumptions 
in the H60 concept.  It aims to determine the location in the watershed that makes the dominant 
contribution to the water in the peak hydrograph by using chemical means.  The key uncertainty 
being studied is the lag between snow melt and water entering the stream channel.   
 
In the first two years of the study the snowpack in four small watersheds was marked with two 
selected chemical tracers, namely deuterium and chloride, that are (i) detectable in very small 
quantities and (ii) move conservatively through the soil (i.e. are not adsorbed onto soil particles 
but move through inertly with the snowmelt water).  Streamwater was sampled continuously 
during the snowmelt season in order to determine the time at which water from particular 
locations in the catchment actually contribute to the peak-flow hydrograph.  By this means a 
picture is beginning to emerge of the travel times of water in the watersheds and the contributions 
of different zones and altitudinal belts to the important peak flows. 
 
The results to date indicate that both tracers work for the intended purpose, though there are 
problems with using chloride in research catchments as it interferes with other water quality 
studies.   
 
 
INTRODUCTION 
 

When a watershed is being logged, especially if that harvesting forms a substantial proportion of 

the watershed area, one of the main concerns is the effect on the height of peak flows.  In the 

interior of BC, the peak flows occur during the spring freshet which completely dominates the 

annual hydrograph.  These peak flows have the potential to re-shape the river channel or threaten 

human habitation and infrastructure within the watershed.  In response to this concern for the 



influence of logging on the annual flood peak, harvesting plans limit the size of the cut within 

mountain watersheds.  In addition, the Interior Watershed Assessment Procedure (IWAP; MoF 

1999) prescribes an additional limitation on cutting within the upper portions of watersheds that 

are thought to be the main contributors to the peak of the annual flood.  

 

Watershed assessments investigate the potential impact of proposed timber harvesting on 

streamflow.  Research has shown that forest harvesting leads to increased snowpack depth, earlier 

snow melt and faster rates of melt of the exposed snowpack (Toews & Gluns 1986; Winkler 

2001).  This may lead to earlier snowmelt peak flows or higher peaks depending on the elevation, 

aspect and areal extent of the harvesting (Gluns 2001).  Currently the Interior Watershed 

Assessment Procedure (IWAP) uses the equivalent clearcut area (ECA) and road density to 

account for the effects of harvesting on peak flows (MoF 1999). 

 

In the IWAP the upper 60% of a watershed (by area), defined by the 60% hypsometric line (the 

so-called H60 line), is taken to be the major source area of the spring freshet and the generator of 

peak flows, in particular.  The selection of the H60 line was based on studies in Colorado and 

observations in the Kootenay region of BC, and was an “educated guess” intended to provide a 

conservative working definition of the most influential snow zone in BC interior watersheds 

(Gluns 2001).  The validity of the H60 line was tested by Gluns (2001) in two typical watersheds 

near Nelson, BC.  His approach recorded snowlines and snow water equivalent (SWE) in the 

snowpack and superimposed these on the daily hydrograph through the snowmelt seasons of five 

years.  Both watersheds had average snowlines at an H65 at the time of peak flow, and Gluns 

(2001) concluded that this validated the H60 as a working estimate.   

 

Gluns’ test of the H60 relied on the co-ordination of the position of the snowline and the 

hydrograph peaks.  A more detailed assessment along the same lines is being conducted by Dr 

Rita Winkler at Upper Penticton Creek (UPC) Experimental Watershed.  This new project looks 

at SWE at various elevation bands in the watershed in relation to the growth of the snowmelt 

hydrograph.  The approach used by Gluns and Winkler makes an assumption that there is a very 

direct and immediate link between snowmelt and surface flow, there being little lag in delivery of 

water from the snowpack to the stream.   

 



This project uses tracers to test the H60 concept by measuring the location in the watershed that 

actually contributes the water in the peak hydrograph.  The chemical tracer method aims to test 

the assumption implicit in the studies of Gluns and Winkler by using a different approach and 

producing a different basis for identifying the most sensitive snowpack zone in a watershed.  The 

key uncertainty being studied is the lag between snow melt and water entering the stream 

channel.  The implicit assumption in the current thinking is that there is very little lag between 

snow melt and water contributing to the hydrograph.  Given the implications of this issue on 

forest planning, it is important that the assumptions in the IWAP be tested scientifically. 

 

METHODOLOGY 

 

Study Sites and Tracers 

 

We have worked in four small research catchments, namely (i) Denis Creek part of the Upper 

Penticton Creek Long-term Research Facility, (ii) Little Redfish, a tributary stream at Redfish 

Research Catchment, near Nelson, (iii) Bear Skull Creek, a small stream north of Big White, near 

Kelowna (used in the first year only), and (iv) Cotton Creek, near Cranbrook which is the site of 

hydrological research by TEMBEC and UBC (also FSP funded).  The first two of these sites, 

where we have been fortunate to work in conjunction with researchers of the BC Ministry of 

Forests, have been studied in both years of this project, but the latter two for just a single season 

each.   

 

In the two established research areas much of the necessary research infrastructure is already in 

place, and key hydrological variables are already being measured.  The other two research 

locations have been chosen more opportunistically and in response to available snowpack. 

 

We have used two promising chemical tracers to indicate the contribution of snowpack water 

from specific altitudinal zones in a watershed to peak discharge.  We did this by (i) marking the 

snow pack in specific locations in the watershed using ice made with 70% deuterated water 

(D2O) and by applying chloride (as ordinary table salt) to the melting snowpack, and then (ii) 

through continuous sampling of the streamwater, to determine when this “body” of marked water 

leaves the watershed in the snowmelt hydrograph.  This approach measures the time between 



snowmelt and emergence of the water in the surface flow of the watershed, to provide insights 

into the lags and routing of the snowmelt water.   

 

The two chemicals were selected as tracers for the following reasons: (i) deuterated water (D2O) 

as it behaves as water and is accurately detectable at minute concentrations and (ii) chloride salts, 

as NaCl, as it is present in low concentrations naturally, and is reportedly a highly conservative 

element in soil water (i.e. it flows with water, having little interaction with the soil column).  

During the second year we only used chloride at Little Redfish as it would have interfered with 

water quality studies at Denis and Cotton Creeks.  The administration of chloride is problematic 

in that the salt, even when added as a partially frozen solution, speeds up the melting of the 

snowpack, thereby interfering with a part of the process it is meant to measure.  Deuterium is an 

ideal tracer, but it is expensive to acquire, and detection of deuterium in water samples requires 

specialised equipment and is expensive. 

 

Determination of the timing of snowmelt 

 

Continuous temperature recorders (match-box sized electronic data recorders) were buried in the 

snowpack at the time and location that the tracers were applied.  While submerged in the snow 

the temperatures being recorded would remain close to zero and would show little variation until 

the snowpack melted away, leaving the temperature logger in the open air.  Once in the open air, 

the loggers record a sharp diurnal temperature fluctuation.  In this way, we can determine a 

specific date(s) on which the snowpack at that location melted.  This melt date can then be related 

to the stage of the spring hydrograph and the timing of the appearance of the tracers in the stream 

water.   

 

Analysis of water samples. 

 

Water samples are collected from the streams using (ISCO) automatic water samplers located at 

the gauging stations at the bottom of the study catchments.  During the main snowmelt season 

four water sample are drawn from the stream each day and sampling is continued until well after 

the recession of the peak flows (though fewer water samples are drawn later in the season).  The 

water samples were sub-sampled to yield two samples.  One of these was analysed for chloride 



concentrations in the Trace Element Laboratory at University of British Columbia Okanagan.  

The second sub-sample is dispatched to the National Hydrology Research Centre, operated by 

Environment Canada in Saskatoon, for analysis of deuterium concentrations.  The analysis for 

deuterium is a more complex procedure requiring specialized equipment and personnel.  

 

 

RESULTS AND CONCLUSIONS 

 

Both tracers have proven to be useful.  Chloride though is less than ideal as it interacts with the 

snowpack and is therefore not easy to “apply” prior to snowmelt.  Also, chloride appears to 

emerge over an extended period, giving a diffuse signal rather than a clear sharp signal as appears 

to be the case with deuterium.  Deuterium works particularly well, but is much more expensive to 

use.  At this stage it appears that deuterium can be used at a dose of less than 1 kg (as 70% D2O) 

per 100 ha of catchment, whereas chloride in the same interior sites may need to be as high 1 kg 

(NaCL) per 10 ha of catchment. 

 

The results indicate a short lag (a few days to a week) between snowmelt and the appearance of 

the snowmelt water in streamflow.  This finding is particularly important and needs to be 

determined with greater accuracy and in other catchments.  In other words, the early indications 

are that the assumptions underlying the H60 concept are sound. 

 

The results to date are preliminary and await additional results to clarify the snowmelt discharge 

pattern.  Once the snowmelt timing can be accurately determined, it will be possible to be more 

specific about time lags between snowmelt and emergence of the snowpack water from the 

catchment.  Additionally, with further analysis, it will be possible to relate the emergence of the 

tracers to the location of the marked snowpack and the likely travel distance of the water to the 

stream.  

 

Based on current results, we are reasonably confident of moving into a large, operational size 

watershed for the next snowmelt season.  At the same time, this will give us the opportunity to 

work over a greater altitudinal gradient.  Given the large scale and the advisability of introducing 



the tracer into the snowpack earlier in season, we shall concentrate on using deuterium as our 

tracer. 
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