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EXECUTIVE SUMMARY

This is the tenth annual report relating to the water quantity/quality program for Matthew Creek. This

monitoring program is administered by Tembec Enterprises Inc. and funded by the Forest Investment

Account. Nanrich Water Management Consultants Ltd. (on behalf of Tembec) has implemented the water

quality and water quantity program in Matthew Creek since 1998. The Tembec/FRBC hydrometric station

is situated above the City of Kimberley Diversion. This study has been undertaken to provide ongoing

data on the current standard of water quantity and quality in Matthew Creek.

Matthew Creek is a fourth-order mountain stream located in the East Kootenays. It is a designated

Community Watershed for the community of Marysville, and provides a secondary source of drinking

water for the City of Kimberley. The creek has fisheries values and provides habitat for two blue-listed

species: bull and cutthroat trout. In addition to these water uses, historic forest harvesting has occurred in

the watershed of Matthew Creek, and started up again in 2001. Road building and tree removal can have

impacts on the water quality and quantity of streams. For these reasons, Matthew Creek was considered a

high priority stream for water quality and quantity monitoring. The baseline data collected on the physical

and chemical characteristics of Matthew Creek will be used to determine the current status of water

quality and provide information that will help to develop Water Quality Objectives that are consistent

with the site specific characteristics and seasonal and temporal variation inherent to this drainage. The

baseline data will also be used to compare any changes observed as development and harvesting in the

drainage occur.

The project protocol was to collect continuous water level data, as well as water temperature, pH, specific

conductance and turbidity from continuous sensors set up in the stream. This continuous data was

collected throughout the operating period of March 28 to October 1, 2007. Stream flow measurements

were made periodically throughout the year to develop a stage/discharge relationship for the computation

of stream discharge. Grab sampling was collected for several water quality parameters at the automated

monitoring station. The grab sampling collected basic water quality parameters approximately every week

from March 28 to July 17, plus one sample on October 1, 2007. The water quality parameters sampled

included the general parameters of pH, conductivity, turbidity, TSS and true colour.

The automated data collection was excellent. Only one point was removed from the dataset: a slightly low

pH value on July 18. Comparisons between the automated, field and laboratory data demonstrated slight

differences for the pH and specific conductance data. In general, however, these differences were
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relatively small and indicated no major instrumentation or calibration errors for the water quality

parameters.

Sediment values in Matthew Creek were very low. Even the peaks during spring freshet in late March,

early April, throughout May and early June were relatively low. The automated monitor clearly recorded

these sediment events, and were also evident in the grab sample and field data, despite their lower

sampling frequency. Grab and field sampling were timed to coincide with the peak in freshet as well as

sedimentation. The data indicated that turbidity increased during the freshet due to surface water runoff

containing soils and debris. Slight increases in true colour were also found during the freshet period, but a

clear spike was not correlated with discharge.

The water in Matthew Creek had low concentrations of dissolved ions, as evidenced in the low specific

conductance values. The pH was generally neutral and varied little. These characteristics likely reflect the

geology of the area and are entirely within normal ranges. Clear seasonal trends, varying with discharge

were demonstrated not only for sediment, but also for ions. Ion concentrations were reduced during

freshet, lowering the pH and specific conductance of the water.

In general, the water quality poses no acute or chronic threat to aquatic life or human health (water must

be suitably treated and disinfected prior to consumption, however). An exception may be the high water

temperatures, which slightly exceed fish spawning and egg development guidelines, and may reduce the

fall spawning success and fecundity of salmonids, including bull trout. With this exception, the water

quality of Matthew Creek appears excellent, with the measured water chemistry measurements acceptable

to current B.C. Water Quality Guidelines.

In order to improve on the data collection in the future, it is recommended that the following additions or

modifications be made to the water quality and quantity sampling program on Matthew Creek:

 If sediment monitoring is of high priority in this monitoring program, it is recommended that

grab samples for turbidity and TSS are collected at a higher frequency during the freshet

season. The reinstatement of the increased sampling effort used in previous years will ensure

that the seasonal changes are fully characterized, and will provide a backup in the event of

problems with the automated data.
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 Because forestry activities and harvesting have resumed within the Matthew Creek

watershed, the water quality and quantity monitoring program should continue so that the

effects of forestry land use activities can be evaluated
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1 INTRODUCTION

1.1 BACKGROUND

The infrastructure at the Matthew Creek Hydrometric Gauging Station near Marysville, B.C. was

originally established in 1989 for the City of Kimberley's Watershed Management Program. This station

was installed and operated by Water Survey of Canada, but was destroyed during the spring freshet of

1996 and temporarily reinstalled in the old Ministry of Forest’s abandoned gauge site 30 m downstream

from the original location.

In March 1998, with Forest Renewal B.C. (FRBC) funding, the station was relocated and modernized

with digital recording equipment and continuous water quality monitoring sensors. Water Survey of

Canada (WSC) personnel operated the station until July 31, 1998. Nanrich Water Management

Consultants Ltd. (NWMC) assumed the operation and maintenance of the station, on behalf of Tembec

Enterprises Inc. (Tembec), on August 1, 1998 and has maintained the program since.

The water quality and quantity monitoring program for Matthew Creek is administered by Tembec and

funded by Forest Investment Account (FIA) – Landbase Program. This monitoring program gathers status

and trend information on the physical, chemical and biological characteristics for Matthew Creek. The

primary objectives are to assess effects of forestry activity on raw drinking water while also enabling

further assessment of water quality trends. This report (2007) is the tenth annual report relating to

Tembec’s water quality/quantity program for Matthew Creek.

1.2 RATIONALE AND OBJECTIVES

The Matthew Creek watershed was identified by MoE as one of the more important watersheds for study

in the Kootenay Region. Matthew Creek is a designated Community Watershed that supplies water to the

community of Marysville, B.C. and provides a secondary source of water to the City of Kimberley, B.C.,

whose primary source is the adjacent watershed of Mark Creek. In addition to being a source of drinking

water for two communities, Matthew Creek serves as a valuable habitat for fish, a resource which is

important recreationally as well as biologically. Forestry activities, including timber removal and road

building, have occurred in the past and started up again in 2001. It is considered important to track the

effects of anthropogenic influences on water bodies that are integral to the survival of a high value

fisheries resource and that provide drinking water to communities.
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The specific objectives of the Matthew Creek Monitoring Program are to:

 Collect good water quantity and quality data to help characterize baseline conditions

 Track trends

 Evaluate effects of forestry land use activities

 Provide information to assist MWALP to set Water Quality Objectives specific to Matthew

Creek

1.3 WATERSHED CHARACTERISTICS

1.3.1 LOCATION AND MORPHOMETRIC INFORMATION

The Matthew Creek hydrometric monitoring station (E231497) is situated on the left bank of Matthew

Creek directly above the City of Kimberley intake that supplies drinking water to the community of

Marysville. The station is located below the canyon and 3,500 m above the confluence with the St. Mary

River see Appendix B, Table 2.9 and Appendix D, Location Map.

The streambed at the station is relatively stable, with a hydraulic control primarily composed of bedrock

or large rocks and very coarse gravel. The channel is well armored with relatively low sinuosity.

 Location: Latitude: 49:39:38N – Map Reference 082F070

Longitude: 116:04:13W – Map Reference 082F070

 Elevation: 1,035 m

 Drainage Area: 148 km2

 Average Depth: 0.6 m low water, 1.2 m high water

 Average Width: 15 m

 Stream Slope: 0.015 m/m

 Stream Bed Material: 30% boulders, 45% cobbles, 10% bedrock, 15% gravel

 Maximum Instantaneous Discharge: 62.1 m3/s @ 21:39 MST on June 8, 1996

 Maximum Daily Discharge: 50.4 m3/s on June 4, 1996

 Minimum Daily Discharge: 0.116 m3/s on January 24, 2001
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1.3.2 WILDLIFE

Several whitetail deer and several black bear were observed during routine visits to the station. All these

observations were made on the Matthew Creek Forest Road near the gauging station.

The upper and mid reaches of the Matthew Creek watershed are habitat for mountain caribou, a species

red-listed and considered by MoE to be endangered or threatened (upgraded from blue-listed in 2002)

(Ministry of Environment website).

1.3.3 FISH

A fish reconnaissance and inventory program in 1999 identified that Matthew Creek supports large

populations of two salmonid species, westslope cutthroat trout and bull trout. Both these species were

found to be widely distributed throughout the mainstem of the watershed as well as the third order

tributaries and larger sub-basins. Stream size, physical barriers (3.5 m high falls) and extreme gradient

limit the upstream distribution of cutthroat and bull trout. Other fish species utilizing the Matthew Creek

watershed include brook trout, longnose dace and slimy sculpin (FishWizard database).

1.3.4 SEDIMENT SOURCES

Gluns and Toews (1989) summarized that soils in the watershed derive from metasedimentary argillites

and quartzites that weather to silty materials. Parent materials are primarily blankets of quickly well

drained, gravelly, silty colluvial or morainal matter. Coarse fragments cover 25-70% of the soil surface.

The predominant soil classification is Eutric Brunisols. Slopes in the basin are between 40 to 70%,

steeper near the watershed divide and along major watercourses.

On September 9, 1998, an observation survey of the watershed was made by NWMC. After leaving the St

Mary Road, the Matthew Creek Forest Road almost immediately climbs in elevation to approximately

1280 m, 245 m above the creek. The forest road, in its present location, is well above the creek and the

slope into the watershed is approximately 50-70%. The slope is heavily timbered with an abundance of

vegetation on the ground surface. The road lies high above the creek for about 8 km and then, at this

point, it descends and lies approximately 15 m above the creek. At approximately the 8.5 km mark, a high

cut bank may pose some threat of siltation into the creek as the road at this point is very close to the creek

and only about 6 m above the stream.
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1.4 HISTORIC AND PRESENT LAND USE

Matthew Creek is a designated Community Watershed and supplies water to the municipality of

Marysville, B.C. It also provides a secondary source of water to the City of Kimberley, B.C., whose

primary source is the adjacent watershed of Mark Creek.

Approximately 3,500 m upstream from the confluence with the St Mary River, the City of Kimberley has

a diversion that provides drinking water for the community of Marysville. The annual average diversion

for the years 1993 to 1995 was 184.75 million imperial gallons. The only other resource use for the creek,

except for recreational (fishing, hiking and snowmobiling) use, is a license holder, Donald Barry, who

draws 92.5 dam3 per annum of water for irrigation purposes and 500 imperial gallons per day for domestic

purposes.

In 2001, harvesting activities resumed in the Matthew Creek watershed. Between October 1, 2006 and

September 30, 2007, there was no harvesting in the watershed. There is harvesting planned in the

watershed over the next year, 179.2 hectares. No road building occurred over 2006/07 with 4.7 kms

planned between October 1, 2007 and September 30, 2008 (Tembec 2007). Forest development plans

may change due to the increasing amount of Mountain Pine Beetle activity in the area.

The Matthew Creek watershed was affected by a large wildfire in July, 1985. Originating from a

lightening strike, the fire was discovered on June 30, and was contained a month later. Tractors,

helicopters, aircraft and firefighters were all employed to stop the blaze (Gluns and Toews 1989).

Although Phos-Chek fire retardant was used on the fire, there were no known instances of the retardant

being deposited on a stream channel. The fire consumed approximately 400,000 m3 of timber, primarily

lodgepole pine (Pinus contorta). While crews were still cleaning up, Gluns and Toews (1989) tested creek

sites above and below burned areas and in control areas that were unburned. They determined the effects

of the fire on several water quality and quantity parameters of Matthew Creek and found that the major

effect was an increase in nitrate concentrations, but relatively minor changes to specific conductance,

alkalinity, hardness, calcium, magnesium, phosphorus and pH.
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1.5 MONITORING WATERSHEDS

1.5.1 PHYSICAL MEASUREMENTS

Physical measurements, along with chemical measurements, are included in the abiotic or non-living

components of the environment. Physical attributes of a watershed include the geology of the area, as well

as climatic characteristics, such as fire frequency, solar radiation, type and amount of precipitation, and

wind direction and speed. In streams, the physical characteristics commonly measured include stream

flow, channel width and depth, temperature, substrate composition, turbidity and colour. Physical

measurements give an idea of the structure of the environment and the basic processes that support or

limit its life, such as the amount of solar energy and water that it receives. This study has measured basic

stream characteristics of stream flow, air and water temperature and turbidity of Matthew Creek.

1.5.2 CHEMICAL MEASUREMENTS

Like physical measurements, the chemical components of a system are abiotic, or non-living. Chemicals

within the system can be both natural and man-made. Chemical measurements include the mineral

composition of the soils and the ions found in the water. These chemicals are the result of both physical

and biological degradation, and illustrate how many of the constituents of an ecosystem are ultimately

connected by their elemental composition. This study has measured the following chemical components

of Matthew Creek: pH, total suspended solids, dissolved oxygen, specific conductance and true colour.
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2 METHODS

2.1 SITE DESCRIPTION

For this study, Matthew Creek was sampled at one site within its drainage basin: along the main stem of

the creek, just upstream of the City of Kimberley’s water intake. This site is downstream of the junction

of the three major tributaries - the West Fork, Middle Fork and East Forks of the upper watershed. Access

to the site is through a gravel road used by forestry traffic, as well as by city workers accessing the intake

works. The site is easily accessed during all seasons using the access road to the City of Kimberley Intake

site.

At the sampling site, the channel width of Matthew Creek is approximately 22.3 m; its wetted width is

approximately 16.9 m. This relatively wide channel is made up primarily of cobble material, with

boulders being subdominant. A random pebble count of 30 stones across the channel found the average

intermediate length of the substrate to be 24.2 cm. Very little gravel and sand is found at this site,

indicating that it is subject to erosion. No islands were found in the area, but a few sidebars were present.

Boulders and bedrock compose the left bank of the creek, with a vertical slope running down to the creek.

A mature forest of conifers grows on either side of Matthew Creek. On the right bank it descends to the

creek level; on the left, it sits atop the rocky slope. This riparian vegetation provides approximately 25%

canopy cover over the stream.

2.2 PROJECT SCHEDULE

The sampling program for 2007 began March 28 and concluded on October 1. Monitoring consisted of

automated monitoring, grab samples and field samples. The basic set grab sampling included collecting

information on TSS, turbidity, conductivity, pH, and true colour. See Table 1.0, Water Quality Sampling

Calendar 2007, see Table 1.0, page 11. This report captures data from March 28 to October 1, 2007.

Automated Continuous Monitoring:

Water quality was continuously monitored (hourly intervals) for water temperature, turbidity, pH and

specific conductance. The station was activated on March 28 and deactivated on October 1, 2007, at the

end of the 2007 project schedule. Water level data was supported by stream flow measurements. Stage
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discharge relationships were established by discharge measurements throughout the period. The Matthew

Creek station has a rain gauge in addition to the water level recorder.

Grab Sampling:

The grab sampling program consisted of a basic sampling set including pH, conductivity, total suspended

solids (TSS), turbidity and true colour, which were sent by courier to a laboratory for analysis. Samples

were taken weekly from March 28 to July 17, plus a final sample taken on October 1 (n=19).

Field Sampling:

Air and water temperature, pH, turbidity, specific conductance and dissolved oxygen were measured

using field instruments during every site visit.

2.3 DATA COLLECTION

Ideally, in order to use physical and chemical data in the evaluation of water quality of a stream, one or

more control sites and treatment sites are monitored, both prior to any disturbance to establish baseline

conditions, and after the disturbance, to determine any perturbations to the system. This design has come

to be known as a before/after control/impact (BACI) design (Green 1979). As is the case in this study,

replication and randomization of treatment or control sites often cannot be achieved. No control sites

matching the geomorphology, forest type, stream size and gradient of Matthew Creek were available, nor

are baseline data prior to modern human effects available for this site.

What was measured is the state of Matthew Creek at a strategically located site, based on a thorough

measurement of many of its physical and chemical characteristics. This study design required a

statistically simple analytical approach because many of the assumptions of inferential statistics had been

violated (Hurlbert 1984; Stewart-Oaten et al. 1992). The sample design is still valid, however, because

sampling within the site was done in a systematic and replicated fashion.

The water quality and quantity monitoring program has been carried out in accordance with Resource

Inventory Standards Committee (RISC), MoE, and WSC standards (Environment Canada, White 1999;

MoE 1998 et al; MoE 1997). Where no RISC standards exist, the Contract Monitor developed a

scientifically rigorous inventory protocol.
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2.3.1 CONTINUOUS MONITORING

The Matthew Creek site is equipped with continuous monitoring equipment. This equipment gathers

water level and water quality data. Water quality probes were reinstalled at the continuous monitor on

March 28, and measured water temperature, pH, turbidity and specific conductance, until removed on

October 1, 2007. The precipitation gauge was also activated this year, on March 28, 2007.

The stream flow data was analyzed according to standard operating procedures for hydrometric surveys.

Interpretation and detailed methodology were provided by NWMC for collecting and analyzing the

automated water quality and quantity data recorded at the station. The automated data was graphed, and

comparisons between discharge and water quality parameters made.

2.3.1.1 HYDROMETRIC MEASUREMENTS

2.3.1.1.1 Water Level Data

The hydrometric station (water level data) operated continuously during all seasons. The methods used to

measure the stream flow for water quantity were the standard operating procedures for hydrometric

surveys and were based on standard methods used by Water Survey of Canada. The methods used to

calculate the data were based on the Water Survey of Canada hydrometric survey standards and standard

methods. These standards also meet or exceed all RISC standards for the collection and compilation of

hydrometric data.

Continuous record of stage at Matthew Creek was obtained by using an external pressure-sensing device

that was pressurized by a nitrogen gas purging system. The Tavis Pressure Transducer was connected to a

pressurized orifice line that was anchored in the water, and was connected to a Valcom Data Logger that

recorded the changes in water level on a continuous basis. The Logger was programmed to log and record

water levels every half-hour and was also programmed to record the maximum and minimum water levels

every six hours. The half-hourly data is reduced to daily mean water levels and this data is used for

publication. Both the Valcom Data Logger and Tavis Pressure Transducer are approved WSC hardware.

The performance specifications for both these instruments are displayed in Appendix B, Tables 1.1 and

1.2.
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The water level reference at this station was obtained by acquiring a water level at or near the orifice

using a benchmark and gauge plate. Benchmarks are referenced twice a year to ensure that the

benchmarks are stable and are referenced to a local datum.

2.3.1.1.2 Stream Flow Measurements

Discharge measurements, or stream flow measurements, were made at periodic intervals, usually every

four to six weeks, to verify the stage-discharge relationship or to define any change in the relationship

caused by changes in channel geometry and/or channel roughness. Stream flow or discharge is defined as

the volume rate of flow of water expressed in cubic meters per second (m3/s). Discharge measurements

are made by one of many methods. The conventional method of gauging streams is the use of a current

meter.

When using this method, observations of width, depth and velocity are taken at intervals in a cross section

of the stream while wading or by using a bridge to support the metering equipment. The current meter is

used to measure the velocity through a timed interval at a given section in the stream. Discharge (m3/s) in

any given stream is the product of the velocity and the cross-sectional area at a given section in the

stream. A Price 1210 AA type flow meter was used to measure the stream throughout the year.

During the period of operation for this report, wading measurements were made during medium and low

flows by using a dry hand wading rod to suspend the current meter in the water. The high water

measurements were made using the bridge crossing Matthew Creek on the St. Mary Road. A weight

assembly attached to an "A" reel and bridge frame was used to suspend the current meter from the bridge

during high flows.

2.3.1.1.3 Precipitation

The precipitation gauge that was activated March 28, 2007, is a tipping bucket rain gauge that records

every 1/100th of an inch of precipitation. The gauge is connected to a Hobo Event Logger that logs the

1/100th of an inch of precipitation as an event. These events are converted, using the BoxCar 4.0 program,

to a precipitation graph Appendix C, Figure 3.0. The data is converted to millimeters for reporting.
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2.3.1.2 WATER QUALITY MEASUREMENTS

As mentioned, the continuous monitor on Matthew Creek recorded water quality variables in addition to

stage height. Hydrolab Datasonde 4, Water Quality Multiprobes were installed at the site. The

Multiprobes was housed in a 6-inch PVC tube and were attached to the bedrock near the orifice site. The

multiprobe was connected to the Valcom Data Logger and recorded continuous water quality parameters.

The sensors attached to the multiprobe were pH, specific conductance, turbidity and water temperature

sensors. The performance specifications for the Hydrolab Datasonde 4 are displayed in Appendix C,

Table 3.5. The Valcom Logger was programmed to log data every hour. It is possible to record more

frequently; however, the loss in monitoring detail is insignificant and should not affect interpretation.

Such a vast increase in data becomes unmanageable.

The multiprobe was downloaded, serviced and cleaned on a monthly basis after installation. The data

from the multiprobe was quality checked with a WTW Multiline P4, a multifunctional chemistry and

water quality monitor (hand sampler) to ensure quality assurance. A LaMotte 2020 Turbidimeter was

used to measure turbidity.

During its operation, the station was visited roughly every four to six week. The probes were cleaned and

repositioned in the water on a monthly basis. The data was downloaded and its accuracy compared to

field samples taken at the same time, to indicate any servicing requirements.

The data collected from both the laboratory and from field measurements were entered into spreadsheets

and then displayed in various table and graphical form. The data were compared to current Canadian and

B.C. Water Quality Guidelines (CCME 1996; B.C. MWLAP 1998a and 1998b).

There is some question among statisticians regarding how to treat non-detection data. In this report, data

that were below detection limits were included in the descriptive statistics by entering the detection limit.

Some statisticians advocate the use of zero, or half the detection limit, however, for conservative means,

the detection limit was used in this report.
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2.3.2 GRAB SAMPLING

2.3.2.1 Laboratory Sampling

Discrete water quality samples were taken at the Matthew Creek site throughout the spring and summer.

The sampling program began on March 28 and continued weekly until July 17. An additional sample was

taken on October 1, 2007. All samples were analyzed for the following parameters: pH, conductivity,

total suspended solids (non-filterable residue), turbidity and true colour.

Table 1.0 Water Quality Sampling Calendar, 2007

Date No. of Samples

March 28 – July 17, weekly

Q/A Field Sample

Replicate Samples

October 1

Total Number of Samples:

17

1

2

1

21

Standard techniques outlined in government RISC (Resource Inventory Standards Committee) documents

were followed (MoE et al. 1998, MoE 1997). Samples are taken from the shore by dipping a clean bottle

into the water and moving it through the cross-section of the sample location until the bottle is filled. The

sample is capped immediately after removing the bottle from the water and place into a freezer packed

cooler for storage. The samples were collected in a standard 1L polyethylene bottle. After the sampling,

all bottles were immediately placed in an ice-filled cooler and transported to the laboratory where they

were analyzed within 48 hours. Bodycote Laboratories in Surrey, BC, performed the chemical analysis.

2.3.2.2 Field Measurements

During station visits, field measurements were taken at the automated station site with a portable meter to

increase the accuracy and reliability of the automated and grab sample data. Measurements were taken by

the WTW MultiLine P4 field meter and LaMotte 2020 Turbidimeter, which have the capacity to measure

air and water temperature, pH, dissolved oxygen, turbidity, and specific conductance.

2.4 QUALITY ASSURANCE AND QUALITY CONTROL
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The field quality assurance program was a systematic procedure, which, together with laboratory quality

assurance, ensured confidence in the data acquired. First, only qualified, trained and experienced

personnel who followed established protocol were used. Replicate samples were collected on May 30 and

July 17. A field blank and trip blank were collected on October 1 to serve as a quality check. Spiked

samples have not been implemented into the quality assurance program yet, but should be implemented

next year and coordinated with the Bodycote Laboratory. As required by FIA and MoE, a Quality

Assurance Certificate was completed for the grab sampling on October 1, 2007 by a qualified and

certified biologist appointed by Tembec Enterprises Inc.

Bodycote Testing Group Laboratories, formerly Norwest Labs, conducted their own quality control

procedures each time samples were analyzed and were included in with the results, but the results of these

tests are not reproduced here, except to say that they passed all procedures within the allowable limits.

Bodycote is also a member of the CAEL (Canadian Association of Eligible Laboratories) and submits

regularly to government testing and audits. These methods ensured that the data was reliable and

indicative of environmental conditions at that time.

Quality assurance for the continuous data is challenging. While operating manuals for automated

monitors exist (MoE et al 1998), there are no standards for ensuring the accuracy of sensors, data

standards, software and hardware. Because duplicate automated samplers and probes would be

economically unfeasible, the most reasonable approach to this problem is regular maintenance and review

of the data to minimize and/or detect any potential problems in the equipment. The water quality data

from the multiprobe was quality checked with the WTW MultiLine P4 and LaMotte 2020 Turbidimeter at

each site visit for quality assurance. Field calibration of the sensors occurred during each field visit, and

the probes were sent to the laboratory for annual calibration during the winter. A certificate of calibration

from Campbell Scientific for the Hydrolab is included in Appendix C, Table 3.6.
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3 RESULTS AND DISCUSSION

3.1 CONTINUOUS MONITORING

3.1.1 HYDROMETRIC MEASUREMENTS

NWMC personnel obtained continuous stage record at the hydrometric station throughout the monitoring

period.

The 2007 runoff characteristics were typical of high mountain streams in the interior of British Columbia.

There were several major and significant peaks during the freshet period in 2007. The steep shallow soils

of the Matthew Creek basin yield significant amounts of precipitation to stream flow thus creating a

hydrograph dominated by high flows in the spring when precipitation is high and transpiration is low.

Flows are normally reduced through high transpiration rates during the summer when there are low

precipitation rates. This year the precipitation rates were near average during the early and late spring,

diminishing the snow levels in the mountains, creating a near normal runoff during the early and late

spring.

During the 2006/07 winter, there was a near normal snow pack, approximately 110% of normal within the

watershed area as of May 1, 2007, with early spring runoff above normal for May and June. The spring

temperatures were warmer than normal into the end of March and some precipitation started to increase

flows. There was above normal runoff conditions during the end of March and throughout April. This

was brought about by warmer weather and precipitation in the lower and mid elevations of the drainage

basin. The runoff stayed moderately high into the first three weeks in May, with major peaks occurring

on May 13 and 19. Flows remained fairly high for the rest of May and into the first two weeks of June.

The peak for the period occurred on June 4. This peak was the result of moderate to heavy precipitation

combined with warm temperatures which cleaned most of the snowpack off the middle to high elevations

of the drainage. The flows generally stayed high throughout June and the first two weeks in July and

declined into the summer months as the temperatures increased. Temperatures were high during July and

August with very little measurable precipitation. There were rain events during the third week of July and

August that increased flows slightly. Warm temperatures remained into September decreasing flows to

the middle of the month and then flows increased slightly the third week of the month from precipitation

events. No record was obtained at the station after October 1, 2007.
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The total discharge for the period of operation is not applicable as a total year of data was not obtained.

The maximum daily discharge for the period occurred on June 4 with a discharge of 37.6 m3/s; the

maximum instantaneous discharge occurred on June 4 at 17:00 with a discharge of 51.1 m3/s. This is an

unofficial instantaneous maximum as data was not collected for the full year. The low for the period of

record was 0.186 m3/s on September 18. Overall the record from the station for the period March 28 to

October 1, 2007 can be rated as very good to excellent. The stage/discharge relationships were also very

good, well within the +/- 5.0% deviation, the average being <2.0% from Stage Discharge Curve # 29 and

# 30 (see Appendix B, Water Quantity Data and Computations). Stage/discharge curve # 29 was used

from March 28 to June 4, displayed by Figure 2.1 and curve # 30 used from June 5 to Oct 1, displayed by

Figure 2.2 (see Appendix B, Water Quantity Data and Computations). The hydraulic control at the

station was altered considerably by high water (filled in) during the freshet; this altered the

stage/discharge relationship of Curve # 29 by approximately 130 %. A hydrograph showing the trend in

the flow characteristics is displayed by Figure 2.3 (see Appendix B, Water Quantity Data and

Computations). Pictures in Appendix A also show the change in control with considerable filling taking

place downstream of the orifice and is very evident from pictures that were in previous reports.

3.1.2 WATER QUALITY MEASUREMENTS

The complete data record from the Matthew Creek site, with its average hourly recordings for turbidity,

specific conductance, water temperature and pH, can be found in Appendix C. Figure 3.2 presents the

uncorrected dataset in graphical form. Figures 3.3 to 3.6 present the corrected automated water quality

data against the automated water quantity data. Only one data point was removed from the dataset: a

slightly low pH value on July 18. Otherwise, the continuous record was excellent. Table 3.2 compares the

automated data against the field and laboratory data, while Table 3.4 provides summary statistics for the

automated data.

Water Temperature

Figure 3.3 demonstrates that the water temperatures increased in the spring and summer, then decreased

during the fall until the discontinuation of monitoring. Monthly averages were as follows: 1.9ºC for

March, 4.0ºC for April, 4.2ºC for May, 6.1ºC for June; 11.8ºC for July; 11.7ºC for August, 8.6ºC for

September and 5.5ºC for October. A high of 16.0ºC was recorded on July 27, and a low of 0.2ºC was

recorded on April 4. The average temperature during the recorded period was 7.4ºC.
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As with other years, water temperatures were high during the summer period. The water in Matthew

Creek was quite warm during the heat of the day during several days throughout early July to early

September, such that it exceeded the Water Quality Guidelines for salmonid embryo survival, which

allows a maximum ranging between 13 and 15ºC (MWLAP 1998a). The development of the year’s fish

would have progressed past the embryo stage by the time these temperatures are found in the summer;

therefore, temperature is not expected to affect the developmental phase of the resident fish populations.

Water temperatures throughout September also exceeded the guidelines for spawning salmonids, which

can withstand weekly maximums of up to 8 to 10ºC (MWLAP 1998a). Salmonids have been observed

spawning in Matthew Creek during this period, and these high temperatures may indicate some potential

for reduced fecundity or delay in spawning activities. These water temperatures are relatively high for a

mountain stream, and may be due to the openness of the canopy and the shallow water at the sampling

site, allowing high light intensity and penetration.

There are specific temperature guidelines for the bull trout found in Matthew Creek; the optimum

temperature range for spawning is from 5.0 to 9.0 ºC. Incubation temperature optimums are much lower,

at just 2.0 to 6.0 ºC. Optimum rearing temperatures range from 6.0 to 12.0 ºC (MWLAP 1998a).

Diurnal fluctuations in water temperature can clearly be seen; with differences between day and night

temperatures sometimes up to 5ºC during the summer months. These diurnal differences diminished as

temperatures decreased, with differences of between 1 and 2ºC occurring during the early spring and fall

months. Daily highs were generally recorded between 14:00 and 16:00 MST, while daily lows were

generally recorded between 06:00 and 08:00 MST, regardless of the season. This diurnal pattern is to be

expected: by the mid afternoon, most radiant energy has been absorbed; therefore, temperatures are at

their highest. Heat is gradually lost from this point on until the morning, after which the sun’s energy is

absorbed again and temperatures rise. No relationship between water discharge and temperature was

apparent (Figure 3.3). Water temperatures taken in the field by the field meter were generally in excellent

agreement with the continuous Hydrolab data (Table 3.2).

pH

There were seasonal changes to pH (Figure 3.4) throughout the data record; with a clear and distinct

relationship with water discharge and season. The average pH was a neutral 7.49, and varied by just over

1 pH unit throughout the recorded period. A high of 8.18 was recorded on the first data record of

sampling, March 23, prior to freshet, and a low of 7.05 was recorded on June 5, at the peak of the spring
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freshet. pH increased with decreasing flow, with distinct troughs seen in late April, early May, mid May,

and from early to mid June. These troughs all correspond to increases in streamflow throughout the

freshet period. This inverse relationship between flow and pH is to be expected, since during high runoff,

the ions that contribute to alkalinity are diluted. No strong diurnal trends were discernible; however, pH

did appear to record its lowest levels during the night, and increase to its highest in the afternoon. Once

again, this pattern closely follows the inverse of the diurnal changes in water level, and demonstrates the

sensitivity of water chemistry to hydrologic regime.

The Hydrolab data were generally slightly higher than the field data, while the Bodycote data were

generally slightly lower in value comparatively (Table 3.2). Because different apparatus are used and

because pH should ideally be measured in the field, and not at the laboratory, the differences between

these methods are not unexpected.

Turbidity

Turbidity is notoriously difficult to record on an automated system, its measurement being influenced by

many factors, including instrumentation error and drift, the presence of large debris recordings, direct

sunlight, ice, bubbles and biofilms (algae growth on the turbidity probe) (White 1999). The turbidity data

suggests that the sensors were correctly aligned to avoid sunlight spikes and were properly maintained

and cleaned to minimize biofilm and calibration errors. Spikes in turbidity occurring at a regular time

interval during the day can indicate interference due to sunlight. Biofilms would be recorded as a gradual

increase in turbidity until cleaning or calibration, after which turbidity would dramatically drop.

Calibration drift would be recorded in a similar manner; however, the turbidity could drift in either an

increasing or decreasing manner until the next calibration. None of these potential problems was noted in

the data.

The turbidity recordings taken from the Matthew Creek station were excellent, and no data corrections

were required. Figure 3.5 demonstrates that turbidity was generally below 1 NTU (average was 0.8 NTU,

median was 0.0 NTU), with exceptions occurring during the spring freshet. Turbidity is strongly

positively correlated with discharge, with turbidity clearly increasing during the freshet period. Turbidity

is caused by the amount of suspended matter in the water, including clay, silt, fine particles of organic and

inorganic matter, and microscopic organisms. When spring freshet or fall extremes occur, the runoff from

the land carries soils, sediments and organic material, which is discharged, with the water, into the stream.
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The sensitive responses of turbidity to water discharge are apparent with each flood event, including those

in the first freshet peaks in late March/early April and the largest freshet peak in early June. A maximum

turbidity value of just 32.2 NTU was recorded on June 6, which was the date of highest discharge for the

stream. Other smaller peaks of 16.8 and 26.5 NTU were recorded on March 30 and April 8, respectively,

during the rising arm of freshet. Following freshet, turbidity decreased to generally low levels from early

June to the end of the sampling period, with the majority of values recorded as 0 NTU. The transient

spikes observed in the data record during the late summer and fall likely represent debris, rather than any

significant sediment or runoff. Exceedences of turbidity water quality guidelines are discussed below in

the laboratory data section.

The Hydrolab, field meter and laboratory data were in generally excellent agreement during most of the

year (Table 3.2). The peak in turbidity recorded by the Hydrolab was also observed in the field and

laboratory data. While the agreement between the field methods was not as good at the higher turbidity

levels, the relatively correspondence supports the conclusion that samples were take correctly and

appropriately with all three methods.

Specific Conductance

Figure 3.6 shows the continuous monitoring data for specific conductance. Clear seasonal trends, varying

with water discharge, were noted. Beginning at a peak concentration of 50 μS/cm in late March, specific

conductance decreased substantially during the freshet, to a low of 13 μS/cm on June 5, which

corresponded to the major discharge peak. Like pH, the increased discharge during freshet corresponds to

substantial drops in specific conductance. The discharge peaks in early April, early to mid May and early

to mid June corresponded to troughs in the specific conductance data. Following freshet, specific

conductance increased steadily, leveling off between 38 and 48 μS/cm by early August, the same time at

which discharge reached its baseline levels.

These seasonal patterns and relationship with discharge rates are as expected. Because specific

conductance corresponds to a measure of the ionic strength of the water, the more dilute the water, the

lower the specific conductance. Common ions like calcium, magnesium and potassium are diluted during

the spring freshet (or fall extreme runoff events), and increase while flows lessen. These changes in ionic

concentration result in the seasonal differences seen in specific conductance and are tied directly to water

flows. No strong diurnal trends were apparent for specific conductance.
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There was generally a close agreement among the three methods used to measure specific conductance

(Table 3.2). Data recorded by the Hydrolab was generally lower than both the field and laboratory data. In

general, it is recommended that specific conductance be measured in the field rather than in the

laboratory; therefore, the field meter and the Hydrolab are expected to demonstrate the closest agreement.

Specific conductance never exceeded the water quality guideline of 700 μS/cm.

3.2 GRAB SAMPLING

Table 3.3 and Figure 3.7 show the results of the laboratory-tested water quality monitoring of pH,

conductivity, turbidity, total suspended solids (TSS) and true colour, as measured at Matthew Creek from

March 28 to October 1, 2007. The quality assurance portion of the sampling program included the

determination of the mean relative difference of the duplicate samples collected on May 30, July 17 and

October 1, 2007 (difference between the two samples divided by the mean of the two samples). All

duplicate samples were well within the acceptable 25% standard (Table 3.3). The exceptions were the

turbidity values on May 30, which were 0.1 and 0.2 NTU for each replicate. The turbidity values on

October 1 were also 0.1 and 0.3 NTU. Although these samples differed by more than 25%, they are at the

lower end of the detection limits. These differences at very low turbidity levels do not indicate any

sampling error. Duplicate, test blank and field blank results were not included in the determination of the

summary statistics.

3.2.1 Laboratory Analysis

pH

The pH measured at the laboratory varied by just over 1 pH unit, averaging a neutral 7.13 (Table 3.3,

Figure 3.7). The grab samples recorded a very slight drop in pH during the freshet period, but in general,

no seasonal trends were evident. The pH values measured by the laboratory were very slightly different

than those recorded by the automated monitor, exhibiting higher variability. It is generally recommended

that pH is measured in the field, and not in the laboratory, so these differences are not unexpected.

Conductivity

Clear seasonal changes in the ionic concentrations of the water were recorded by the conductivity samples

(Table 3.3, Figure 3.7) and reflected the same seasonal changes recorded by the automated monitor. The
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laboratory conductivity values decreased from 48 μS/cm during the early spring to between 17 and 26

μS/cm during the freshet period. This decrease in conductivity corresponds to the decrease seen in the

automated data, in response to increased flow and diluted ionic content. A low of 17 μS/cm was recorded

on May 8. Following freshet, conductivity gradually increased, with a final value of 48 μS/cm recorded

on October 1. These values support the automated data’s findings that specific conductance is closely

linked with discharge. The drinking water quality guideline of 700 μS/cm was never exceeded.

It is important to note that the measurements of conductivity (lab data) and specific conductance

(automated and field data) are expected to differ slightly. Specific conductance corrects for temperature

differences and records the values at a constant 25 °C, rather than the actual temperature of the water

when the measurement is taken. Conductivity does not take this correction into account, but simply

measures the ability of the sample to conduct electricity. Therefore, the automated monitor and field

meter readings are termed specific conductance, while the Bodycote measurements are termed

conductivity. As with pH, it is recommended that specific conductance be measured in the field, and it is

believed that the values recorded by the continuous monitor and field are more accurate than the

laboratory values. Regardless, the conductivity of Matthew Creek is quite low, a condition indicating low

concentrations of ions and soluble minerals, likely the result of the geology of the watershed.

Turbidity

The laboratory turbidity values (Table 3.3, Figure 3.7) exhibited the same seasonal variation found in the

automated data. Despite the low frequency of monitoring, the turbidity peak on June 5 was recorded by

the grab sampling program. As demonstrated in Figure 3.5, the automated monitor recorded the same

turbidity peak. Both the automated and laboratory data indicated a very small range in turbidity values.

The automated turbidity data ranged from 0 to 31 NTU, in contrast to the laboratory data, which ranged

from <0.1 to 14 NTU. Like the automated data, the highest value of 14 NTU was measured on June 5, the

discharge peak during spring freshet. This data indicates that Matthew Creek has very low sediment

inputs throughout the sampling period.

Total Suspended Solids

Like turbidity, the total suspended solids measurements (Table 3.3, Figure 3.7) were also very low

throughout the sampling period, with the exception of the peak value of 104 mg/L recorded on June 5.

This spike corresponds with both the peak turbidity value and the peak discharge, demonstrating that
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turbidity and TSS are correlated. Like turbidity, the majority of the TSS samples was low and often below

the detection limit of 2 mg/L throughout much of the sampling period. The average TSS was just 4 mg/L.

Overall, the laboratory turbidity and TSS data indicate that sediment concentrations are very low in

Matthew Creek, with the automated data providing a bit more detail regarding sedimentation events in

Matthew Creek.

In order to assess the compliance of the turbidity and TSS values in Matthew Creek with the B.C. Water

Quality Guidelines, background concentrations must first be determined by government agencies.

Because sediment concentrations are naturally elevated during the spring freshet, two sets of background

concentrations must be determined: one for the freshet period and one for low flows. Once these

background concentrations have been set, Water Quality Objectives (MWLAP 1998a) are intended to

prevent increases above certain levels in order to protect aquatic organisms from degraded water quality,

suffocation and oxygen depletion that result from excessive sedimentation. It is important to consider the

intrinsic variation and natural sediment inputs to the creek when setting regulations. Ideally, streams in

their pristine state would be monitored to determine background sediment concentrations. Matthew Creek

has some level of disturbance, which may contribute to and complicate the determination of inherent

sedimentation. From this data, however, Matthew Creek does not appear to pose any risk to aquatic life

due to the extremely short duration of sedimentation of the water.

True Colour

During the sampling period, the true colour of the water averaged 10 colour units (Table 3.3), with several

samples either at or below the detection limit of 5 colour units. A peak of 16 colour units was recorded on

July 10. Generally, peaks in true colour correspond to discharge peaks, due to increased runoff of humic

materials from the soil. Humic materials (generally called tannins) result from the decomposition of

organic material, and give the water a rusty colour. At lower flows, surface runoff is reduced and the

colour of the water generally decreases; resulting lower colour values. This typical seasonal pattern was

not evident this year, although elevated true colour values were found during the early stages of freshet

from mid April to mid May compared to early spring and fall samples.

3.2.2 Field Samples

Additional field measurements were taken with the WTW MultiLine P4 field meter, and a LaMotte 2020

Turbidimeter field meter. These measurements included air and water temperature (discussed in Section



Matthew Creek Water Resource Inventory Report 2007

Nanrich Water Management Consultants Ltd. 21

3.1.2), pH, specific conductance, dissolved oxygen and turbidity. This data can be found in Table 3.2.

This field data is important to verify the data collected from both the automated station and from the grab

samples. Although the parameters can be directly compared for quality assurance purposes (when taken at

the same date and time), it is important to note that different technologies are used in each of the different

measurements. The pH, specific conductance and turbidity levels have already been discussed in relation

to the automated monitor and the grab samples (Section 3.1.2).

Dissolved oxygen concentrations in Matthew Creek were high, averaging 11.21 mg/L. While a few

samples were slightly below the most stringent water quality guidelines, no problems for aquatic life are

indicated by this data (Table 3.2). Developing fish embryos, which require 11 mg/L of dissolved oxygen

in the water column (MoE 1998b), are not expected to be negatively affected at any time in Matthew

Creek. Dissolved oxygen is likely near saturation, a common status for streams with high turbulence like

Matthew Creek and should pose no threat to the development or survival of aquatic life.
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 SITE ANALYSIS

Through the incorporation and concurrent interpretation of the physical and chemical data gathered from

the Matthew Creek site, it is possible to make some conclusions regarding the characteristics and

functioning of this watershed. Since nine years of data have been collected in Matthew Creek, an analysis

of all the data may be useful to generate broader recommendations and conclusions, including the setting

of site-specific Water Quality Objectives.

The hydrometric data collected appears to be very good to excellent. The steep shallow soils of the

Matthew Creek basin yield significant amounts of precipitation to stream flow. This creates a hydrograph

that is dominated by several peaks of high flows during the spring runoff when precipitation is high and

transpiration is low. During the summer and fall months, flows are reduced through high transpiration

and low precipitation rates. This year the flows were above normal for the spring and early summer and

normal for late summer and early fall months. Major storm events were also noted as increases in flow,

indicating that the creek is very responsive to watershed events. The channel below the hydrometric

station is very broad and flat, strewn with large boulders. This type of control is very sensitive and

subject to change with extreme fluctuations in flow or ice conditions. Because of these extreme

fluctuations in flow, and changes to the hydraulic control more measurements in discharge have to be

taken in order to establish or re-establish the stage/discharge relationship. The extremes from the

statistical data indicate that 2007 would have been an above average to normal runoff year but data was

not collected for the full year. This was the result of the above normal snow pack recorded during the

winter months. Precipitation during the early spring and summer months sustained above normal flows

throughout the period of operation. The Maximum discharge recorded at this site was 62.1 m3/s in 1996.

The 2007 maximum discharge was 51.1 m3/s, slightly less than that recorded in 1996 but could have

reached the record high if weather conditions had have been different during the runoff period. The

average discharge for the 17 years of record can no longer be determined as the past several years data

have not been complete. Continuous, long term monitoring enables us to determine more accurately the

various parameters of the stream during extreme seasonal and climatic changes within the watershed. The

data collected to date establishes a database for future development within the watershed.

The quality of the automated water quality data collected by the continuous monitor was excellent. Only

one slightly low pH value was removed from the dataset. In general, the laboratory, field and automated
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sediment measurements (TSS and turbidity) demonstrated that sediment in Matthew Creek was very low

during periods of low flow, and increased during the initiation and peaks of freshet. The automated

monitor recorded transient peaks in turbidity throughout the freshet, with the highest peak supported by

both the field and laboratory data. There was some discrepancy between the methods at the higher

turbidity levels, but in general, the agreement was good. True colour was slightly elevated during the

early stage of spring freshet, although the positive relationship between discharge and true colour was not

as clear this year as in previous years. Usually, true colour peaks during the discharge peaks, suggesting

the movement of tannins and humic acids during spring runoff.

Low specific conductance values indicate the general paucity of soluble ions and minerals. The pH of the

water was relatively neutral, and varied little. These characteristics likely reflect the geology of the area

and are entirely within normal ranges. Ion concentrations were reduced during freshet, lowering the pH

and specific conductance of the water. The increase in discharge serves to dilute the ions substantially,

even though the total ion export actually increases during this event.

The analyses of data gathered from the continuous monitor, the laboratory samples and the field samples,

provided consistent conclusions regarding water quality. It is important to keep in mind that these

conclusions are relevant only for the one site on Matthew Creek that was sampled. It is fair to assume that

water quality upstream of this site is similar; however, conclusions regarding the water quality of the

creek below the sampling site should be made cautiously and only with further information about

downstream activities and stream characteristics. In general, the water quality poses no acute or chronic

threat to aquatic life, with the exception of water temperatures, which are sometimes high during the

summer and fall, and may reduce the spawning success and fecundity of salmonids, including bull trout.

With this exception, the water quality of Matthew Creek appears excellent, with the measured water

chemistry measurements acceptable to the current B.C. Water Quality Guidelines.

4.2 SAMPLING DESIGN AND TECHNIQUES

A water quality and quantity sampling program on Matthew Creek has been in place for nine years now.

The sampling program has built on the annual reviews of the information and has become more

streamlined and focused on key issues and parameters. An assessment of trends in the turbidity data

concluded that water quality has been maintained over the 1998-2003 monitoring period (i.e. the test for

the presence of a trend was not statistically significant) (Summit 2004). The results from this analysis

guided the changes to the water quality/quantity program for Matthew Creek in 2004.
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4.2.1 CONTINUOUS MONITORING

Continuous and automated sampling offers several advantages over the traditional water quality sampling

methods such as grab sampling. This automated station produces a continuous record of environmental

characteristics that can be measured every hour or even every second. Patterns such as diurnal

fluctuations can be determined, as can unpredictable or short-lived events. Trying to sample a flash flood

after the fact with a grab sample is futile, as the event, and much of its effects, have passed. Automated

samplers are also able to store large quantities of information for extended periods of time, reducing the

need for frequent field visits.

These automated monitors, however, do have limitations. Only certain parameters can be measured, and

probes for the more detailed sediment sampling, and the nutrient and metals content for water are either

unavailable or very expensive. The structures themselves are very expensive to install and to maintain and

require constant cleaning and field calibration on a biweekly basis, as well as regular laboratory

calibration at least once a year. Some experts have recommended that probes should be removed for

laboratory testing at least every three months (Wade, pers. comm.). When backup probes are lacking,

removal at this frequency would leave the project with significant data gaps. The fact that regular

maintenance is essential for the generation of good quality data negates their benefit of storing large

quantities of information and the supposed reduction in field visits. It is evident that these systems are not

a hands-off method for data acquisition.

The data gathered from the continuous monitor on Matthew Creek demonstrated the benefits of

automated sampling. The discharge hydrograph created using the water level and discharge data retrieved

by the continuous monitor were excellent. The automated water quality data showed clear seasonal

relationships with the hydrometric data, and provided continuous hourly data during the installation dates.

Overall, the automated water quality data was reliable and of excellent quality. Only one point was

corrected within the dataset.

4.2.2 GRAB SAMPLING

Despite the relatively low frequency of their use (grab samples vs. continuous monitor), grab sampling is

invaluable to a water quality study. In addition to its low expense, grab samples can measure additional
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variables that cannot be determined by most automated systems. The frequency and timing of sampling is

crucial to the success and data collection of the program.

This year, the automated monitor functioned well and provided an excellent record of water quality. In

other years, automated data loss has resulted in the reliance on the grab sample data. If sediment

monitoring is of high priority in this monitoring program, it is important that grab samples are collected at

a higher frequency during the freshet season to ensure that the seasonal changes are fully characterized

and the inherent variation determined. Other studies have found systematic grab samples to underestimate

actual rates of sediment production in watersheds (Harr and Fredriksen, 1988; Corner et al., 1996).

Increasing the effectiveness of monitoring projects invariably requires an increase in sampling intensity,

usually by concentrating sampling intervals during periods of higher flows (Corner et al. 1996). It is

therefore recommended that the increased sediment sampling effort during the rising arm of freshet that

occurred in previous years is reinstated. It is not necessary to measure the other water quality parameters

(pH, conductivity, true colour) at this frequency.

The ability to compare the data collected from several methods was important for interpretation purposes

and demonstrated the value of quality assurance and the use of several analytical techniques. In general,

the water quality data retrieved from the hand held meter, the laboratory analyses and the continuous

monitor were in agreement. Slight inconsistencies were found, particularly with turbidity, pH and specific

conductance data. It is unreasonable to expect that these different methods would yield identical results;

slightly different results are expected with the different technologies used. It is more important that

consistency is achieved and that the limitations of each method are understood. It is recommended that

the continuous monitor be used as the primary data collection method for the pH and specific conductance

variables at Matthew Creek. While the automated turbidity data is important, the grab samples are

essential in interpreting excessive readings due to debris blockage and it is recommended that the

increased frequency of grab samples be reinstated. While the agreement between the field methods was

not as good at the higher turbidity levels, the relatively correspondence supports the conclusion that

samples were take correctly and appropriately with all three methods.

4.3 SUMMARY OF RECOMMENDATIONS FOR FURTHER WORK

In summary, it is recommended that the following additions or modifications be made to the water quality

and quantity sampling program on Matthew Creek:



Matthew Creek Water Resource Inventory Report 2007

Nanrich Water Management Consultants Ltd. 26

 If sediment monitoring is of high priority in this monitoring program, it is recommended that

grab samples for turbidity and TSS are collected at a higher frequency during the freshet

season. Although no problems with the automated monitor were recorded this year, the

reinstatement of the increased sampling effort used in previous years will ensure that the

seasonal changes are fully characterized, and will provide a backup in the event of problems

with the automated data.

 Because forestry activities and harvesting have resumed within the Matthew Creek

watershed, the water quality and quantity monitoring program should continue, so that the

effects of forestry land use activities can be evaluated.



Matthew Creek Water Resource Inventory Report 2007

Nanrich Water Management Consultants Ltd. 27

5 REFERENCES CITED

CCME (Canadian Council of Ministers of the Environment). 1996. Canadian Water Quality Guidelines.

CCREM Task Force on Water Quality, Environmental Quality Guidelines Division, Water

Quality Branch, Inland Water Directorate.

Corner, R.A., J.H. Bassman and B.C. Moore. 1996. Monitoring timber harvest impacts on stream

sedimentation: instream vs. upslope methods. Western Journal of Applied Forestry 11: 25-32.

Environment Canada. Hydrometric Technician Career Development Program, Volume1-5, Water Survey

of Canada, Environment Canada

FishWizard Database. www.fishwizard.com/FishWizardFrames.asp

Gluns, D.R. and D.A.A. Toews. 1989. Effect of a major wildfire on water quality in southeastern British

Columbia. Headwaters Hydrology, American Water Resources Association. June, p. 487 – 499.

Green, R.H. 1979. Sampling design and statistical methods for environmental biologists. Wiley and

Sons, Inc., New York.

Harr, R.D. and R.L. Fredriksen. 1988. Water quality after logging small watersheds within the Bull Run

watershed, Oregon. Water Resources Bulletin 24: 1103-1111.

Hurlbert, S.H. 1984. Pseudoreplication and the design of ecological field experiments. Ecological

Monographs 52: 187-211.

Ministry of Sustainable Resource Management website:

http://srmapps.gov.bc.ca/apps/eswp/search_reset.do

Ministry of Water, Land and Air Protection. 1998a, updated 2007. B.C. Approved Water Quality

Guidelines. Water Quality Section, Water Management Branch, Environment and Resource

Management Department.



Matthew Creek Water Resource Inventory Report 2007

Nanrich Water Management Consultants Ltd. 28

Ministry of Water, Land and Air Protection. 1998b, updated 2007. A Compendium of Working Water

Quality Guidelines for British Columbia. Water Quality Section, Water Management Branch,

Environment and Resource Management Department.

Ministry of Environment, Lands and Parks, LandData BC and Geographic Data BC. 1998. Guidelines for

Interpreting Water Quality Data. Prepared for the Land Use Task Force, Resources Inventory

Committee. Version 1.0.

Ministry of Environment, Lands and Parks. 1997. Ambient Fresh Water and Effluent Sampling Manual.

Prepared for the Aquatic Inventory Task Group Resources Inventory Committee. Version 1.0.

Stewart-Oaten, A., J.R. Bence and C.W. Osenberg. 1992. Assessing effects of unreplicated

perturbations: no simple solutions. Ecology 73: 1396-1404.

Summit Environment Consultants Ltd, Water Quality Trends Assessment: Matthew & Russell Creeks,

Prepared by: Summit Environment Consultants Ltd., March 2004

Tembec Enterprises Inc. 2007. Matthew Creek Community Watershed. Harvesting and Road

Construction Summary 2006-2007.

White, E.T. 1999. Automated Water Quality Monitoring Field Manual. Prepared by the Ministry of

Environment, Land and Parks, Water Management Branch for the Aquatic Inventory Task Force

Resources Inventory Committee. Version 1.0.



Matthew Creek Water Resource Inventory Report 2007

Nanrich Water Management Consultants Ltd. 29

6 GLOSSARY OF TERMS

bank, right or left - the margin of a channel as viewed facing downstream. The expression "right" or

"left" applies similarly to right or left abutments, cableway towers, etc.

bench mark - a permanent, fixed reference point for which the elevation is known. It may, when

practicable, be related to GSC datum.

control - the condition downstream from a gauging station that determines the stage/discharge relation. It

may be a stretch of rapids, a weir or other artificial structure. In the absence of such features, the control

may be a less obvious condition such as a convergence of the channel or even simply the resistance to

flow through the downstream reach. A shifting control exists where the stage/discharge relation tends to

change because of impermanent beds or banks.

specific conductance - is termed specific conductance if standardized to 25°C. It is as measure of the

ionic content of the water, and specifically, its ability to conduct an electrical current. Dissolved ions

such as sodium, potassium, calcium, magnesium, sulfate and nitrate contribute to the specific conductance

of the water as do dissolved organic substances.

cross section of a stream - a specified vertical plane through a stream bounded by the wetted perimeter

and the free surface.

cubic decameter (dam3) – the volume of water required to cover an area of one square decameter (1000

m 2 ) to a depth of one meter.

discharge (Q) - the volume of liquid flowing through a cross section per unit of time. It is not

synonymous with "flow".

discharge measurement - the determination of the rate of discharge at a gauging station on a stream,

including an observation of "no flow", which is classed as a discharge measurement.
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dissolved oxygen - oxygen dissolved in the water. Oxygen is essential for most aquatic life forms and

chemical reactions within streams such that minimum concentrations are necessary for a functioning

system. Dissolved oxygen concentration is a function of the temperature of the water. With increasing

temperature, the solubility of oxygen decreases. At the same time, the respiratory requirements of aquatic

organisms increase with increasing temperature; however, there is less oxygen in the water to meet these

increased needs, and death can result.

flow - the movement of water in a channel without reference to rate, depth, etc.

gauge correction - any correction that must be applied to the gauge observation or gauge reading to

obtain the correct gauge height.

gauge height - the height of the water surface above the gauge datum; it is used interchangeably with the

terms "stage" and "water level".

gauge observation/reading - an actual notation of the height of the water surface as indicated by a gauge.

It is the same as a "gauge height" when the 0.000 metre mark of the gauge is set at the "gauge datum".

gauging station - the complete installation at a measuring site where systematic records of water level

and/or discharge are obtained.

level check - the procedure followed to determine the movement of a gauge with respect to the gauge

datum.

pH - the concentration of hydrogen ions in the water. The pH of water indicates how basic or neutral it

is. A pH of 7 is neutral, above 7 is basic and below 7 is acidic. The pH also influences the toxicity of

metals, especially aluminum and iron. At more acidic pH levels, these metals are significantly more

toxic.

reference point - a point of known elevation from which measurements may be made to a water surface.

It is also known as a measuring point.
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riparian – the vegetation that grows on the banks of streams. Riparian plants are terrestrial, not aquatic,

however, their leaf litter does contribute to the organic matter content of the stream and is often a major

source of food for aquatic organisms.

shift - a change in the stream control, which alters the stage/discharge relationship. The change can be

either temporary or permanent.

stage; gauge height; water level - the elevation of the free surface of a stream, lake or reservoir relative

to a gauge datum.

stage/discharge relation - a curve, equation or table which expresses the relation between the stage and

the discharge in an open channel at a given stream cross-section.

stilling well - a well (tube) connected with the stream in such a way as to permit the measurement of the

stage in a relatively still condition (natural surge dampened).

stream - the generic term for water flowing in an open channel.

stream gauging - all of the operations necessary for measuring discharge.

temperature - the temperature of the water directly affects the productivity of the system through

influencing the chemical reactions occurring within the water as well as the growth of plants and animals.

Any extreme of temperature will negatively affect growth, but in our temperate environment, it is more

important that temperature not be allowed to rise too high.

TSS (total suspended solids; non-filterable residue) - the total amount of solids suspended in the water,

or those large enough to be caught by a 0.45 m filter. A close relationship may be established between

TSS and turbidity, since they both measure clay, silt and colloidal material suspended in the water.

turbidity - is an optical characteristic of water, in that it is a measure of how much light passes through it.

Turbidity is caused by the amount of suspended matter in the water, including clay, silt, fine particles of

organic and inorganic matter, and microscopic organisms. High turbidity levels can obscure light

availability and reduce plant production as well as negatively affect some animal behaviors such as

predator avoidance. Particles can also settle out on the stream bottom and smother aquatic invertebrates
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as well as developing fish embryos. Turbidity is of a health concern for humans drinking chlorinated

water due to the possible reaction of chlorine with organic materials to produce carcinogenic substances.

wading rod - a light hand held, graduated, rigid rod, for sounding the depth and positioning the current

meter in order to measure the velocity in shallow streams suitable for wading. It may also be used from

boats or ice cover in shallow streams.

water quality guidelines – are provincially determined safe levels of substances for the protection of a

given water use, including drinking water, aquatic life, recreation and agricultural uses.

water quality objectives – are a refinement of the province-wide guidelines that are adapted to protect

the most sensitive water use at a specific location, taking local circumstances into account that may

influence the toxic action of the substance of concern.


