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Abstract
This report describes research activities in 2003-04, the third year of a 5-year project on sediment
budgets and runoff processes in the Gold Creek community watershed near Cranbrook, BC.
Objectives of the project include investigation of the physical processes of runoff generation and
sediment production, and the effects of forest management practices on these processes and on
water quality. Streamflow, turbidity, and suspended sediment data were collected at four
hydrometric stations installed previously. Snow accumulation and sediment source data were
also collected. Results for this year showed near-average snowmelt runoff, an exceptionally dry
summer, and low sediment yield compared to average conditions. Detailed mapping of terrain
and bedrock geology was conducted in 2003, and helps explain the observations on groundwater
control of runoff made in previous years. This year’s data and results will contribute to
conclusions and extension products in the final year of the study.

Introduction and project history
This annual progress report covers work done in fiscal 2003-04, the third year of a 5-year project
which was originally granted funding for 5 years beginning in fiscal 2001-02 under the FRBC
research program. Since FRBC was disbanded, the project has received funding from FII on a
year-to-year basis.
This report gives a very brief review of the project objectives and methodology, which were
described more fully in previous annual reports to FRBC and FII (2002 and 2003), and in the
final report for project KB96047 (Jordan, 2001). The reader of this annual report should have
these previous reports on hand. This review is essentially the same as in the April 2003 annual
report, as the objectives and methodology have not changed. A summary of the results and data
for 2003-04 follows.
The study in the Cranbrook City watersheds began in 1998 as part of an FRBC-funded project,
KB96047, which was studying sediment budgets in community watersheds. The current project,
which began in 2001, is a continuation of this study. In terms of funding, this is the third year of
a 5-year project. In scientific terms, this is the 6th year of data collection in a project which has a
planned duration of 8 years.
Partners in the study are the City of Cranbrook, and Galloway Lumber Ltd., the forest licensee
for the area.

Objectives and methodology
The study investigates natural and development-related sources of sediment, the effects of forest
practices on sediment production, and the impacts on water quality, in the Gold Creek watershed,
one of the City of Cranbrook’s two community watersheds.
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The strategy behind setting up a sediment budget study in the Cranbrook City watersheds
was to choose a location in a different hydrologic and geologic environment from those in
which past studies have been conducted. The drier and colder climate of the East
Kootenays, and the sedimentary bedrock geology, are quite different from those of the
West Kootenays and the Okanagan, where other studies in the B.C. Interior have been
located. Results from the first three years of study suggested that the mechanisms of runoff
generation and sediment delivery from forest roads are different in the Cranbrook City
watersheds than in other watersheds which have been studied, showing that the strategy
was sound.
The specific objectives of the project are:
•
to identify natural and development-related sources of sediment in typical watersheds
which are used for community water supply;
•
to investigate the effect of road construction, maintenance, and deactivation, and of
forest harvesting, on sediment production;
•
to investigate the physical processes of runoff generation, sediment production, and
sediment delivery to streams;
•
to compare sediment budgets in watersheds with different bedrock geology and soil
texture, and in different hydrologic regions;
•
to develop techniques for identifying sediment sources and development-related water
quality impacts, and for monitoring physical water quality on an operational basis;
•
to develop improved forest management practices for reducing the impacts of forest
development on water quality;
•
to conduct extension activities to communicate the study results to the forest industry
and water users, and to work with the partners representing these groups to develop
improved tools for planning land use and forest development in community watersheds.
Our approach for the study was to find two or more similar small watersheds, one of which is a
control with no roads or logging, to investigate the effects of roads and harvesting on sediment
yield. We selected three small headwater tributaries of Gold Creek, one of which had extensive
development proposed for 1998-99, one with a lesser amount of past development, and a control.
These are called GA, GB, and GC respectively. At each site, a water level recorder, turbidity
meter, and automatic pump sampler are installed. These allow the computation of daily
streamflow and sediment concentration. The location of the Gold Creek watershed and its
tributaries is are shown on Figure 1, and a more detailed map, including roads and cutblocks, is
given in Figure 14.
At a site on Gold Creek above the city water intake, the city installed a permanent streamflow
station in the autumn of 2001, funded in part from this project. We operate a turbidity meter and
pump sampler at this site. In previous years, we had a water level recorder at the site, and did
some stream gauging, to enable us to estimate streamflow.
A pair of snow courses, in a clearcut and the adjacent forest, and an automatic recording climate
station, were installed in 2001, on the divide between GA and GB at about 1840 m.
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Water samples are collected daily at each site during the spring freshet, and at less frequent
intervals, typically once or twice a week, at other times. The turbidity of each sample is
measured in our lab, and samples exceeding 1 NTU (close to the limit of detection for suspended
sediment) are sent to the Ministry of Forests lab in Victoria for analysis of suspended sediment
concentration. These data are then used to calculate the suspended sediment yield for each day,
which is the product of discharge and concentration.
If suspended sediment concentration is missing for a particular day, then plots of concentration
against turbidity or against discharge, with a relation fit by eye, are used. Most of the time, we
have reliable suspended sediment data during the peak spring runoff period, and estimated values
are needed only during periods of lower flow, when a very small part of the annual sediment
yield takes place. This procedure assumes that the one daily sample is representative of the daily
average sediment concentration; in the study watersheds, there is very little diurnal variation in
flow during snowmelt, so this assumption is valid.
Field estimates of erosion from forest roads and cutblocks are made in the tributary watersheds
following each year’s spring freshet. These can be compared to the sediment yield
measurements, providing information on the significance of sediment from forest development in
the overall sediment budget.

Results for 2003
Work done in 2003
Instruments were installed at each site in early April, as in past years. Snow surveys were done
at our snow course pair, from March through May, by Galloway Lumber and MOF staff. Flow
metering was done on several occasions on the three tributary streams, especially on GC which
has a natural gauging section (as opposed to a weir), to revise or check the accuracy of the
streamflow rating curves. The City operated the gauging station on Gold Creek and provided us
with the data.
Daily water samples were collected at the four instrument sites by the automatic pump samplers,
supplemented by occasional grab samples during site servicing visits. The samples were
analysed for turbidity and conductivity at our lab in Nelson, and further analysis for suspended
sediment concentration and dissolved solids was done at the Ministry of Forests lab in Victoria.
Most of the equipment at our instrument sites functioned well in 2003, with some exceptions
which resulted in minor data loss. At the main Gold Creek station (site GM), the OBS turbidity
meter failed early in the season. The data from the OBS meter are not used in the sediment
budget calculation, except to fill in missing data if the pump sampler malfunctions; the data are
used mainly to help interpret individual events. The weir at site GB developed a leak during the
peak flow period. Discharge for this period had to be estimated from site GC, which leads to
some uncertainty in the runoff and sediment yield results. There are some additional data gaps at
sites GB and GC during the late summer period, due to insufficient site visits. These are not
significant, as streamflow was very low at this time, and data for the missing periods can be
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reliably estimated. During the late summer low flow period, the pump samplers at sites GA and
GB gave misleadingly high turbidity and suspended sediment concentration values, as because of
low water depth and velocity, operation of the pump sampler disturbed the bed and entrained
organic debris. These data problems were corrected (to the extent possible) in computing the
sediment yield results.
The snow surveys at several representative clearcut/forest pairs in the watershed, which were
planned for around the end of March 2004, could not be completed. This was because of access
difficulties - unseasonably warm weather in late March caused the snow to be untrafficable for
snowmobiles, and travel on snowshoes was very difficult as well. However, snow surveys at the
permanent snow course were completed as planned, as a snowmobile trail to the site had been
packed earlier in the winter.
A survey of erosion from roads in the GA and GB watersheds was done following the snowmelt
period, as in past years.
Most field, lab, and preliminary data analysis work was done by Emilee Fanjoy, the senior
technician on our staff who is now based in Kamloops, and Joe Alcock, acting Research
Geomorphologist with the Ministry of Forests, based in Golden. Staff of Galloway Lumber
contributed time in the field, doing snow surveys and assisting with snowmobile access. Final
data analysis was done in April-May 2004 by Peter Jordan, the lead scientist for the project, who
was on leave from April 2003 through March 2004.
Runoff conditions and sediment yield
The snowpack in 2003 was slightly above average (424 mm snow water equivalent [SWE] at the
Moyie Mountain snow course on April 1, compared to a normal SWE of 401 mm). Preliminary
inspection of water level data, and discharge on Gold Creek (site GM) show that 2003 was about
average for spring runoff. However, the summer was exceptionally hot and dry. This is
reflected in the total April-September runoff for Gold Creek, which is below average at 169 mm.
Because of extreme forest fire conditions, access to the forest was restricted for part of the
summer, and some mid-summer data are missing from our instrument sites due to lack of
maintenance. However, most instruments functioned well during the more important spring
runoff period.
Sediment yields for 2003 were much lower than in 2002, and were below the average for the 5year period of results to date. This is because of lower peak spring discharge, and a lack of
significant rainfall events in spring and summer. In 2002, a large rain-on-snow event in May
was responsible for much of the sediment yield that year.
A summary of sediment yield results for all four watersheds in 2003, along with results from
previous years, is given in Table 1. Runoff data are summarised in Table 2. Figures 2 and 3
show discharge, turbidity, and daily sediment yield at the GM station. Figure 4 shows discharge
for the three tributary stations, GA, GB, and GC. Figures 5 to 10 show the water level and
turbidity data for GA, GB, and GC, during the spring runoff period; these are the data which are
used to compute discharge and sediment yield.
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Road erosion data for 2003 and previous years are summarised in Table 3. The erosion survey
shows that the contribution of sediment from road erosion was extremely low in 2003,
amounting to only about 3% of the sediment yield from GA. (This is an extremely rough
estimate, as erosion from observed sediment sources on the roads was so low as to be barely
measurable; a more realistic way to state the contribution of road erosion to the sediment budget
of GA is to say it is between 0 and 10%.) No observable erosion occurred from the cutblocks; all
skid trails were recontoured following logging in 1998 and 1999, and are now well revegetated.
Some windfall occurred along the GA stream channel at the edge of one cutblock; this may have
been responsible for some sediment in the creek.
The road erosion data in Table 3 illustrate the typical trend of decreasing sediment yield over
time, as the road surfaces and cuts stabilise and revegetate in the 5 years following construction,
and vehicle use decreases. Elsewhere in the Gold Creek watershed, however, it was noted that
grading of the mainline road in preparation for log hauling resulted in an unusually dusty road
surface, due to the very dry conditions, and the potential for accelerated sediment production
when rainy weather arrived. This may be reflected in the elevated turbidity in Gold Creek during
the first rainfall in early September (Figure 2); however the highest turbidity sampled was less
than 4 NTU (less than the general guideline for domestic water sources of 5 NTU).
In general, the results from 2003 support the preliminary conclusions made in earlier reports, in
particular:
• road erosion contributes only a minor amount of sediment to the GA stream, and no
measurable sediment was contributed from the recent clearcuts;
• natural disturbance events play a controlling role in the sediment regime of small streams, as
indicated by the consistently higher sediment yield of GB, which was affected by a debris
flow or debris flood before the study began;
• groundwater flow is important in the runoff regime of this area which is underlain by
permeable, fractured, sedimentary rocks;
• the GA watershed, which is underlain by limestone, has a much slower hydrograph rise and
slower recession than the other two tributaries.
Data from the climate station and the snow courses, both located in the upper part of the GA
watershed, are shown in Figures 11 and 12.
To put this year’s data in the perspective of the 6 years of the study, discharge hydrographs for
the three tributary watersheds for all years are shown in Figure 13.
Terrain and geology mapping, and interpretation of groundwater conditions
Detailed terrain and bedrock geology mapping was completed in 2003 as planned. This mapping
covers a 16 km2 area of the Gold Creek watershed which includes the three sub-watersheds.
Mapping is at a scale of 1:10,000 and meets the TSIL B mapping standard. It was done by Carol
Wallace, P.Geo., and Will Halleran, P.Geo., of Nelson. The maps and report are not included
with this report due to their large size; however, copies can be provided by the Ministry of
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Forests on request. Figures 15 and 16 are simplified terrain and geology maps, made from the
GIS files that were included with the mapping.
The terrain and geology mapping provide a greater level of detail, and much more field
checking, in the study area than was given by earlier reconnaissance (TSIL D) terrain stability
mapping and 1:100,000 geology mapping. The surficial geology and bedrock geology
information, data on soil depth and texture, and the mapped location of springs, enable better
interpretation of the role of groundwater and surface runoff in the hydrologic response of the
sub-watersheds. The mapping confirms the observation, tentatively made from streamflow and
water conductivity data in 1999 and 2000, that a greater proportion of permeable limestone
underlying the GA watershed is responsible for the observed differences in the spring runoff
hydrographs between the three watersheds. The mapping shows that the entire area of the GA
watershed is underlain by the limestone-bearing Kitchener Formation, instead of only part of the
watershed, as the earlier mapping showed. It also indicates that faults may control the locations
of springs which are the source of much of the streamflow.
The following observations on bedrock and groundwater conditions are based on our field
observations as well as information from the detailed mapping. They are given to provide some
tentative conclusions about the hydrologic response and sediment yield of Gold Creek and the
three study sub-watersheds.
The Gold Creek watershed is underlain by mainly sedimentary Proterozoic rocks of the Purcell
Supergroup. In the study sub-watersheds, GA and part of GB are underlain by the Kitchener
Formation, which consists of silty dolomite, dolomitic argillite, and argillaceous limestone. To
the north, most of GB and GC are underlain by the Van Creek formation, consisting of thinly
laminated siltstone, shale, and minor sandstone; the Nicol Creek Formation of amygdaloidal
basalt flows, tuff beds, and volcaniclastic sedimentary units; and metadiorite sills. These
formations are well displayed in the forest road cuts.
The bedrock units dip to the northeast, and outcrop on ridgetops and cliffs. The actual source
area for some groundwater in the study subwatersheds may lie to the southwest of the actual
topographic divide. The bedrock is generally hard but breaks apart on bedding planes and
fractures, and can typically be ripped by machine during logging road construction. Some rock
units have high porosity, likely caused by long term solution weathering of the carbonate rock,
leaving voids and tubes in the rock, parallel to bedding. This is especially the case in the
Kitchener Formation limestone and dolomite.
Springs and seepage areas were mapped at several locations in the sub-watersheds, especially on
the southern side of GB, and along the GA channel just upstream from the measurement station.
Some of these springs are suspected to come from a deep groundwater source which may be
fault-controlled, and maintain a substantial baseflow after the spring snowmelt period.
Most rainfall and snowmelt has been noted to go into the overburden and not run off on surface,
given the deep LFH soil horizon and generally permeable overburden and bedrock. Streams are
fed almost entirely by groundwater outflow after the snowmelt period. It is interpreted that much
groundwater flow occurs along fractures and bedding planes, and through the large voids in
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limestone and dolomite, in the sedimentary bedrock. After rainfall, seepage was noted coming
out along bedding planes and fractures and contacts in road cuts.
In some gullies, no surface stream or alluvial sediment track was noted, but the surface soils
were moist or saturated, indicating a water table near or at surface. These gullies are the sites of
near-surface soil water flow concentrations.
No water balance for the study sub-watersheds is possible at this time, as the discharge of springs
is not known, the evapotranspiration can only be estimated, and the true area of watershed
contribution is not known. However, some general inferences can be made from the streamflow
and conductivity data collected.
In the 5 years of data collected so far, it is apparent that GA has a lower snowmelt peak, slower
recession, and higher late-summer baseflow than GB and GC. All three sub-watersheds, and the
main Gold Creek, lack the strong diurnal variation in discharge during streamflow that is
observed in West Kootenay streams underlain by granitic rocks. These observations are
consistent with the interpretations of groundwater-dominated flow throughout the study area, and
especially of deep bedrock groundwater flow in GA. In the three sub-watersheds, conductivity
(and dissolved solids concentration) is highest in GA, lower in GB, and much lower in GC. This
reflects the distribution of carbonate rocks in GA and GB, and much less soluble clastic and
igneous rocks in GC, and may also be a measure of the proportion of streamflow which is due to
deep groundwater flow through bedrock.
These observations of groundwater conditions also help explain the very low sediment yield,
especially from logging roads, in the study area. In general, recent roads and logging have been
concentrated in ridgetop and midslope areas, with an adequate riparian buffer along streams and
seepage areas. However, it should be noted that if roads and ground-based logging were to
intercept springs and seepage areas which were not known before construction, there is a risk of
significant contributions of sediment to the stream system. Several such locations have been
noted in the Gold Creek watershed outside the study sub-watersheds.

Extension activities
No written extension products were produced or planned in 2003-04. The only extension
activity was participation in the watershed advisory committee annual meeting in April 2003.
The annual September watershed field trip was cancelled due to the forest fire situation.
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Table 1. Gold Creek tributaries, sediment results for 1999 to 2003
watershed

GA

GB

GC

GM

area (ha)

255

338

273

9500

clearcut area (ha)

67.8

23.2

0

roads (km)

5.17

0.83

0

1999:
sediment yield (tonnes)

2.8

12.5

1.5

sediment yield (tonnes/km2)

1.1

3.7

0.6

maximum turbidity (sample; NTU)

5.2

7.7

4.1

maximum recorded turbidity (OBS meter;
NTU)

12

60

12

3.9

5.2

0.7

sediment yield (tonnes/km )

1.5

1.6

0.2

maximum turbidity (sample; NTU)

7.7

4.6

3.9

7

8

6

0.7

0.3

0.04

sediment yield (tonnes/km )

0.3

0.1

0.01

maximum turbidity (sample; NTU)

6.0

2.6

1.5

maximum recorded turbidity (OBS meter;
NTU (preliminary data))

11

21

3

5.4

126 2

5.1

541

1.9

5.7

4.7

41

33

104

2000:
sediment yield (tonnes)
2

maximum recorded turbidity (OBS meter;
NTU)
2001:
sediment yield (tonnes) 1
2

2002:
sediment yield (tonnes)
2

2

sediment yield (tonnes/km )

2.1

37

maximum turbidity (sample; NTU)

14.4

86

maximum recorded turbidity (OBS meter;
NTU (preliminary data))

3

32

196

1.7

3.2

0.7

112

sediment yield (tonnes/km )

0.7

0.9

0.3

1.2

maximum turbidity (sample; NTU)

8.8

9.2

3.9

10.6

16

3

19

–

2003:
sediment yield (tonnes)
2

maximum recorded turbidity (OBS meter;
NTU (preliminary data))

–

3

Notes:
1 Sediment yields for 2001 are very rough estimates. Sediment concentrations were near minimum detectable
levels, and shallow water caused sampling difficulties.
2 Sediment yield for GB in 2002 is an overestimate, due to bedload entrainment in the water samples.
3 Some missing or corrupt data.
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Table 2. Summary hydrologic information for Gold Creek and tributaries.
1999

2000

2001 1

2002

2003

340

220

60

255

130

GB

350

220

40

354

159 2

GC

250

80

30

301

153

Gold Cr at GM
(estimated for 1999-2001)

250

190

80

294

169

679

380

258

540

424

296

310

1998
Preliminary April-Sept runoff (mm):
GA

April 1 snow survey at Moyie Mtn.
snow course, 1930 m (mm SWE)
(Apr 1 normal = 401 mm)

348

April 1 snow survey at MOF snow
courses, 1840 m (mm SWE)
(average of forest and clearcut)
* Notes:
1 Runoff for 2001 is very approximate, as data for some periods has been estimated.
2 Some discharge data for 2003 is missing; runoff was estimated from GC data.

Table 3. Results of road erosion surveys, Gold Creek tributaries, 1999 to 2003.

Source erosion (m3)
3

Source erosion per unit road length (m /km)
Source erosion (T)

2

Sediment produced (T)

3

Sediment delivered to streams (T)
2

Sediment delivery, GA (T/km )

1

1999

2000

2001

2002

2003 4

12.6

6.8

2.5

4.7

5

2.1

1.1

0.4

0.8

0.9

22.6

12.3

4.4

8.4

9

6.5

5.1

0.9

2.3

0.6

0.46

0.29

0.12

0.16

0.05

0.18

0.11

0.05

0.06

0.02

Notes:
1 There are 6.0 km of road in the watersheds, 5.2 in GA and 0.8 in GB.
2 Mass is calculated assuming a sediment bulk density of 1.8 T/m3.
3 “Sediment produced” is the amount of eroded sediment which leaves the road prism.
4 Erosion survey in 2003 is more approximate than in other years; erosion is given to only one significant figure.
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Figure 1. Location map for Gold Creek watershed study.
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Figure 2. Gold Creek at GM – Discharge and sample turbidity.

Figure 3. Gold Creek at GM – Calculated daily sediment yield for 2003.
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Figure 4. Discharge for Gold Creek tributaries, 2003.
Note: Data for the peak flow period at site GB is missing due to a leak in the weir. For
computing runoff and sediment yield, discharge was estimated from GC data.

Figures 5 to 10 (following pages): water level and turbidity for the three tributaries. The top
figure on each page shows the data from the pressure transducer and OBS (turbidity) meter at
each site. Turbidity data are not corrected for spurious signals or drift of the OBS meter zero.
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Figure 5. GA – Water level and turbidity for snowmelt freshet period. (Note: horizontal axis is
day of the year; day 100 = April 10.)

Figure 6. GA – turbidity of water samples collected by pump sampler.
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Figure 7. GB – Water level and turbidity for snowmelt freshet period.

Figure 8. GB – turbidity of water samples collected by pump sampler.
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Figure 9. GC – Water level and turbidity for snowmelt freshet period.

Figure 10. GC – turbidity of water samples collected by pump sampler.

R04-047 Annual Report, 7 June 2004

Page 16 of 22

Figure 11. Temperature and rainfall from climate station on GA-GB watershed divide.

Figure 12. Snow course data, upper GA watershed (elevation 1840 m).
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Figure 13 (below and following page). Hydrographs for GA, GB, and GC for all years of the
study. Discharge in 2003 was below average, and was very low in the late summer due to the
hot, dry weather. Note the extremely low flows in the exceptional drought year of 2001.
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Figure 14. Map showing the GA, GB, and GC watersheds, and roads and cutblocks. For
location, compare with Figure 1.
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Figure 15. Simplified terrain map showing general terrain categories. (Due to incompatible
projections in the GIS files, this map and the following map cannot be overlaid with the features
on Figure 14. The area covered by Figures 14, 15, and 16 is approximately the same.)
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Figure 16. Simplified geology map.
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