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EXECUTIVE SUMMARY

A wastewater plume delineation study for the Glenbrook combined sewer overflow was
conducted in February 1995 to assist in setting priorities for contaminant monitoring in the
Fraser River estuary. The work was undertaken as part of the component of the Fraser River
Action Plan concerned with identifying contaminants entering the Fraser River. The
Glenbrook CSO discharges into Sapperton Channel at New Westminster, B.C. The
wastewater plume was measured in the receiving water using a Rhodamine dye tracer and a
towed in situ fluorometer. Two injections of dye were made over two days for different stages
of the tide. The dye plume was also observed on February 17th using the CASXmultispectml
imager flown on a small airplane. 1%.reeseparate images were obtained.

The surveying methods were successful in accurately delineating the plume, particularly the
areas of shorn contact and the cross-channel width and depth of the plume. Estimates of
secondary dilution were obtained. In general it was found that the plume was confiied to the
north shore of the river, forming a narrow streak less than 100-150 m in width downstream of
the outfall. The highest concentrations were observed next to the shore and the plume
remained in continuous contact with the shore from the outfall to the North Arm of the
estuary. The plume was carried upstream on the flood tide for a distance of 2,600 m, near the
end of Sapperton Channel. The plume width was approximately 150 m wide in Sapperton
Channel. Mixing was found to be most effective within 300 m of the outfall, producing a
minimum dilution of about 60:1. Dilutions of 100:1 were observed at a distance of 850 m on
ebb flows, and reached approximately 400:1 at the junction to the North Arm. Vertical
mixing was found to be rapid, producing nearly-uniform concentrations over the water column
within 200 m of the outfall.
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1.0 INTRODUCTION

The pollution abatement component of the Fraser River Action Plan, an initiative of the federal
Green Plan, is concerned with identifying contaminants entering the Fraser River Basin from
both point and non-point sources. One aspect of this component centers on delineating
wastewater dispersion from the Glenbrook combined sewer overflow (CSO). These dispersion
results will be used, in conjunction with results from the Glenbrook CSO characterization
study, for establishing priorities for subsequent monitoring of contaminants and toxicity in
water, sediments and biota, and for assisting in setting priorities for pollution abatement
measures.

The Greater Vancouver Sewerage and Drainage District (GVSDD) operates the Glenbrook
combined sewer overflow. It discharges into Sapperton Channel (Fig. 1.1) in the Fraser
River. The profile of the sewer and the dimensions of the pipe are shown on the drawing
contained in Appendix 1. At high tide the outfall is almost completely submerged, whereas at
the lowest tides the bottom of the pipe is above the river’s water level. Flow in the sewer is
intermittent, occurring during periods of rain or melting snow when the capacity of the
combined sewer system is exceeded.

Sapperton Channel is part of the Main Arm of the river situated between the trifurcation at
New Westminster and the mouth of the Pitt River. It is separated from the main channel by a
series of flooding banks called City Bank. These banks are submerged at higher high tide, and
are effective in creating a flow regime in Sapperton Channel that is distinct from the main
channel to the south. During winter months (November-March) flood tides reverse the flow in
the channel. Thus, the dispersion pattern extends upstream of the outfall as well as
downstream.

On February 16-17, 1995, a plume delineation study was carried out with the following
objectives:

Q to map the regions of the river that are exposed to the effluent on both flood and ebb
tide, and

● to assess the effective dilution rate under winter low flow conditions.

Over the two surveying days, the Fraser River discharge at Hope averaged 640 m3/s.

A fluorescent red dye was injected into the receiving water at the end of the outfall to act as a
measurable tracer of the effluent. Dye concentmtions were measured in the river using a
towed fluorometer, and the dispersion pattern was observed remotely using an airborne
multispectral imager. Data from these two methods have been synthesized to give a map of
the dispersion patterns on flood and ebb tide.

The surveying methods and background data are described in Chapter 2 followed by a
discussion of the effluent plume delineation results in Chapter 3. The conclusions of the study
are presented in Chapter 4.
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2.0 METHODS

Effluent dispersion in the river water was mapped using a fluorescent tracer injected at a
known rate at the point of discharge. Rapid measurements of fluorescence were made to
define the horizontal and vertical extent of the tracer over periods of time that were governed
by natural forcing, primarily tide and river flow at the Glenbrook CSO location. The
fluorescence readings were calibrated to provide equivalent effluent concentration, and we~
mapped in time and in two or three spatial dimensions. The in situ measurements were
supplemented with airborne imagery on the second day.

2.1 In Situ Inst rurnentation and Procedures

Dye concentmtion data were acquired with Seaconsult’s TRACER system. The instrument
package contained a Variosens in situ fluorometer and a Sea Bird SBE19 conductivity-
temperature-depth (CTD) instrument connected to the ZMZ4Q automated data acquisition
system (Berglund et al., 1989). The fluorometer and CTD were mounted in a remotely
controlled tow-fish (Fig. 2.1 ) and towed at a predetermined depth behind the survey vessel.
The tow-fish was connected to the data logging system by an electro-mechanical cable which
passed through a davit and wheel attached to the gunwale of the survey boat (Fig. 2.1). The
data were sampled at approximately one-half second intervals and automatically logged to hard
disk files. The field scientist directed the survey based on real-time data display to ensure that
successive transects mapped the spatial extent of the effluent plume. Specifications for the
Variosens fluorometer are given in Appendix 2.

Vessel positioning was carried out using a Trirnble Geoexplorer GPS receiver mounted on the
survey vessel as a rover unit. In continuous operation, this receiver logs up to 10,000 position
measurements at a sampling interval of approximately one second and provides an absolute
accuracy during surveying of *100 m. Every two hours these data were downloaded to
computer in the field. The rover unit positions were post-corrected to within *5 m using
simultaneously-collected data from a permanent base station in Victoria.

The sensor data and the GPS position data were subsequently merged using the time-stamp of
each observation. The DATAQ clock was synchronized with the GPS receiver at the start of
each survey day.

2.1.1 Fluorescent Dye Specifkations

Intracid Rhodamine WT liquid dye (Appendix 3), supplied by the Crompton and Knowles
Corporation, was used as the fluorescent tracer. The concentration of the Rhodamine dye is
200 g/L in the liquid solution (approximately a 20% solution), based upon the supplier’s
specifications.

(a) Calibmtion

The Variosens fluorometer was calibrated under laboratory conditions using standard
Rhodarnine solutions of 0.05, 0.1, 1, 10, and 100 ppb made from the dye stock used in the
study diluted with distilled water. The calibration (Fig. 2.2) yielded the following regression
equation at laboratory temperature:

F’ = lo(v-2.16045)/l.1843 (2.1)
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Figure 2.1 Survey boat showing the davit and wheel for towing the in situ fluorometer
(upper photograph). The towfish contains the CTD and the Variosens
fluorometer (lower photograph).
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where F = uncorrected Rhodamine concentmtion (ppb) and
V = output voltage (volts D.C.).

Equation (2. 1) was used to convert the fluorometer output voltages to dye concentration.
reference temperature for this calibration was 21 ‘C. All field measurements of F’
corrected for the in situ temperature using the relation

The
were

F=

where F =
T=

F’exp(O.026(T-T,ef)) (2.2)

temperature-corrected Rhodamine concentration (ppb) and
in situ temperature measured with the CTD (°C).

As shown in Fig. 2.2, the Variosens has a range of four decades, providing dilution
measurements well in excess of 0.1 %. The post-survey calibration check results, shown in
Fig. 2.2, indicate that the difference between F calculated from equations (2.1) and (2.2) and
the reference concentration is less than 10% for F> 0.1 ppb. This calibration check was
carried out on the survey vessel using the standard solutions at 6“C.

(b) Background Fluorescence

The river water has a weak natural fluorescence that must be taken into account to delineate
the measured Rhodamine fluorescence of the wastewater. A background fluorescence of 0.16-
0.18 ppb was measured with the Variosens fluorometer upstream and downstream of the
dMuser prior to dye injection on both surveying days. This background value was found to be
uniform across the river and steady over both days. Thus, separation of the Glenbrook
wastewater from the river water was unambiguous at fluorescence readings greater than 0.2
ppb.

2.1.2 Dye Iqjection Method

Given the discharge pipe submergence through most of the
CSO during the survey period and lack of a suitable upstream

tidal cycle, the low flow in the
access point, the Rhodamine dye

was injected into the receiving water using a special pumping system-. The key feature of this
system was the recirculation chamber which premixes the dye with a continuous supply of
river water to give a tracer density matched to that of the receiving water. This mixture
ensures that the tracer does not artiilcially sink to the bottom (Rlmdamine has a specflc gravity
of 1.15). The dye was injected into the visible wastewater stream, about 5-8 m from the end
of the outfall, through a 3-m long manifold positioned 1 m below surface. Estimates of the
initial dye concentration in the wastewater are provided in Section 3.3. The manifold,
recirculation chamber and dye boat are shown in Fig. 2.3. The CSO pipe can also be seen in
the background. This injection method ensured that dye entered Sapperton Channel
throughout the survey at a location and orientation consistent with the outfall alignment.

The l-m injection depth was chosen based on observations of the flow in the CSO and the
behaviour of the dyed river water after leaving the manifold. The CSO flow formed a visible
turbulent jet as it left the pipe, penetmting perhaps 8-10 m out into the river before turning and
mixing into the receiving water. Except at slack water, the river flow was parallel to shore,
whereas near the pipe, the jet flow was perpendicular to the current. The jet was clearly
visible at the surface and appeared to penetrate to a depth of at least a metre or more. We
observed that the dyed river water tended to mix upward from the manifold as it was swept
into the jet; thus, the irjection depth placed the tracer into the CSO stream, tagging the
effluent near the point where it became passive in the tidal river flow.
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Although the tide range was about 2 m during these surveys, the bottom of the CSO pipe was
never exposed and the jet flow did not noticeably change in character, even at low tide. For
this reason the manifold depth was not adjusted from its 1-m depth.

It is unfortunate that no appropriate location for dye injection within the CSO structure was
available. Since there is an undetermined initial dilution as the jet mixes into the river in the
frost 10-15 m after leaving the pipe, the dilution of raw effluent cannot be determined from the
measurements. The survey data do provide estimates of secondary dilution of the effluent in
the river after initial mixing has taken place. A method for estimating the initial dilution is
described in Section 3.3.

2.1.3 Survey Techniques

The versatility of the TRACER system allows both vertical and horizontal mapping of the
effluent plume. In vertical mode, profdes are measured from a stationary vessel by lowering
and raising the instrument package to clearly define any variations in dye concentration over
depth.

When towed, the instrument package delineates the horizontal extent of the dyed plume.
Figure 2.4 shows all the horizontal lines near the outfall during the survey on February 16,
1995. This figure demonstrates the high sampling density and excellent spatial coverage
across and along the river. Near the outfall where concentrations are high and the dilution is
rapid, the transects are close together and frequent. As the plume mixes downriver, the line
spacing is increased because concentrations are more uniform within the wastewater stream.

2.1.4 Data Compilation

Because the survey data can be collected rapidly over a wide area, a concentration contour plot
in plan view can be constructed that represents a snapshot of the effluent dispersion pattern.
To compile this picture, the horizontal transect data are amalgamated over the survey period.

The process to derive a contour plot for a given time interval has two steps:

(1) A set of concentration thresholds is defined that will correspond to the contour lines of
the plot. For each threshold, a map is prepared of all survey locations where
concentration exceeded the threshold. The line that encloses these locations is a
concentration isopleth.

(2) The fill set of threshold plots is superimposed to derive the complete concentration
contour map.

Isopleths are drawn by hand to allow the scientist to resolve any anomalous information that
can result from spatial variability in river turbulence over the ftite survey interval. Any
geogmphical limit to the combined set of survey transects is also drawn.

The shoreline was digitized from the Canadian Hydrographic Chart Number 3490 at a scale of
1:20,000, and represents the approximate high-water position.
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Figure 2.4 Plot of all survey tracks on February 16, 1995 showing the dense coverage of
the wastewater plume along the north bank.
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2.2 Airborne Imadmg of the Dve Plume

2.2.1 Introduction

Remotely sensed imagexy has been successfully used in supplementing in situ dye studies for
the purposes of mapping and modelling municipal and industrial effluent discharges into water
bodies (Borstad and Aitken, 1994; Borstad and Zacharias, 1994; Danaher et al., 1992;
Zalloum et al., 1993). A3though detection of tracer dyes in the water column is limited to the
secchi depth, remote sensing can be used to synoptically examine a large area in two dimen-
sions, in contrast to conventional point or transect sampling. Remote sensing also provides a
synoptic picture of the movement, dispersion and deposition of the effluent, which may not be
immediately evident using other methods. Although larger outfalls can be detected and
monitored from space, most industrial and municipal outfalls are better examined using
airborne methods, which includes airphotos, video and multispectral imagery. One promising
technique is the use of airborne digital multispectral imagery, which has the spectral sensitivity
required to map dye concentrations well beyond the threshold of airphotos and video systems.
Certain imagers also have the ability to examine very small spectml ranges, which is beneficial
when detecting fluorescent dyes (Danaher et al., 1992; Zalloum et al., 1993).

2.2.2 Airborne Instrumentation

The instrument package used to acquire the airborne imagery in the present study is based on
the Compact Airborne Spectrographic Imager (CASI), an imaging spectrometer/multispectral
irnager sensitive in the 403 (blue) to 916 (near infmred) nanometre spectml regions (Borstad
aud Hill, 1989). The instrument (Fig. 2.5) can collect imagery in up to 15 spectral regions
(bands), which can be programmed prior to the mission or at any time during the flight. The
spectral bands can be very narrow to examine specific photochemical processes, or very wide
for use in low illumination conditions. The dynamic range of the CASI is 12 bits (4096 grey
shades), which is approximately 30 times more sensitive than the human eye. The CASI data
are collected on 8 mm videotapes, which can contain up to 1.1 gigabytes of digital data, or
about 1 h of flight time. The data are extracted by software and tmnsferred to a PC hard disk
or other storage medium. In addition to the CASI, an onboard gyroscope and flux-gate com-
pass provide pitch, roll and yaw information which are used in conjunction with GPS inform-
ation to correct the imagery and project it into UTM coordinates (Zacharias et al., 1994).
The entire package weighs less than 75 kg and is mounted in a small single engine aircraft.

2.2.3 Survey Procedures

Airborne operations were planned around three speeitlc time periods on February 17, 1995,
corresponding to the beginning of the dye injection (07:00 PST), and the times of the tide and
current extremes that would influence the dye plume:

flight 1 07:55-08:10 PST flood tide
flight 2 09:31-09:41 PST slack water
flight 3 11:56-12:05 PST ebb tide.

A single flight line over the outfall was flown eight times during three separate flights at flood,
slack and ebb tides as planned. Weather conditions were poor on February 17th, with
approximately 3 miles visibility in rain with moderate turbulence and a low cloud ceiling.
Data were acquired between 300-400 m altitude using the following four channel handset:
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Figure 2.5 A schematic diagram of the Compact Airborne Spectrographic Imager (CASU
illustrating both the spatial and spectral dimensions.



-12-

Band start End Band-
Wavelength Wavelength width

(rim) (m) (m)

450 515 65
; 520 560 40
3 570 636
4 700 760 ::

Due to low illumination conditions, the ideal bandset for sensing in the fluorescence and
excitation peaks of the dye could not be used, and a more generalized bandset using wider
spectral bands was selected. As cloud ceilings were predicted to be at about 300 m or less, a
wide angle lens extension was attached to the CASI head which alters the instantaneous field of
view (IFOV) from 350 to 78°. Using the wide angle lens ensured that the area of interest
would be covered during each pass, especially during times of high turbulence, when aircraft
roll and pitch can point the lens toward areas other than the study site.

2.2.4 Geometric and Radiometric Co&ction of the Data

Before the imagery can be analyzed, the data must undergo radiometric calibration and
geometric correction. Radiometric calibration involves converting raw digital counts to
radiance units of pW/cmz/sr/nm and applying a correction function to remove striping and
other systematic errors that are inherent in the sensor. Geometric correction uses roll, pitch
and yaw information from an onboard gyro and flux-gate compass during data acquisition to
correct the imagery for aircraft movements. Autonomous GPS information collected on the
plane is used to project the imagery into UTM coordinates, The use of autonomous GPS
limits the position accuracy of the geocorrected image to *5O m, which can be reduced to
*10 m through differential correction. During this survey, the data for differential GPS
corrections were collected, but diftlculties with the aircraft GPS receiver did not allow
differential corrections to be calculated. AS a result, the autonomously corrected imagery was
fit to scanned airphotos which provided good geometric fidelity and gave a visual “context” to
the data.

The pixel sizes of the original fdes varied with speed, altitude and dwell time on the array
(integmtion time), and ranged from 0.8 to 1.0 m in the across track direction and 3.5 to 9 m in
the along-tmck direction. The geocorrection software resampled the various pixel sizes to
2x2 m square.

Simple red/green ratios were used to nommlize the illumination dtiferences between scenes in
order to calibrate the imagery. The image ratio is as follows:

~312 = ~ 570-636 f ~ 520-560 (2.3)

Although there are other methods of normalizing the different images using more complex
ratios and separating background signals from river and dye signals using cross-correlation
techniques, simple ratios have proved effective for scene normalization and dye calibration
(Danaher et al., 1992). The redgreen ratios have the additional benefit of highlighting the
red/green differences between the dye plume and surrounding water due to
fluorescence/absorption characteristics of these spectral regions.
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2.2.5 Calibration of the Imagery With In Situ Fluorometry

Of the eight images acquired over the Glenbrook CSO during the three flights, one image from
each flight was calibrated to in situ fluorometer data to create an image of effluent
concentration in parts per billion (ppb). Once the imagery is corrected for roll, pitch and yaw
and projected into UTM coordinates, a location on the image can be queried for its radiance
value or digital number in the case of the ratio and compared to the corresponding value of the
fluorometer at that point. One limitation in the present survey is that the use of autonomous
GPS limited the position accumcy of the imagery to i-50 m, which combined with the larger
swath of the wide angle lens, resulted in some uncertainty in the exact location of a pixel in the
image.

Another difficulty in comparing the boat and aircraft data concerns the movement of the plume
over time and the position of the boat during aircraft passes. Only the f~st flight obtained
coincident boat and aircraft data over areas with dye concentrations greater than 1 ppb. As a
result, all the subsequent images have been calibrated to the fwst image, in which the plume
was moving quickly and was quite small.

Three similar methods of matching in situ and image values were used to calculate the
regression equation. The frost was to fmd areas of homogeneous fluorometer values and locate
the same area on the image. The second method was to convert the in situ fluorometer values
into a raster format and overlay the data on the imagery (Plate 1), where an X-Y plot of the
two values can be easily created. The final method was to extract only those fluorometer
values coincident in time with the image acquisition (within 1 rein) and plot the values over the
image. It was found that the coincident boat and aircraft data at 08:01 PST were sampled very
near to the dye injection boat, and due to a lack of differential GPS and an imperfect wide
angle lens correction, the imagery had to be “shifted” slightly so that the high and low
concentration areas agreed.

Eighteen dye concentration values were extracted from the boat data and plotted against the
redgreen ratio values (Fig. 2.6). A regression was applied to the data which resulted in a
linear fit with an r2 of 0.9. New dye concentmtion ranges were calculated from the regression
equation and used to calibrate the imagery.

2.6 River and CSO Flows

Environment Canada maintains a flow gauge at Hope and these data have been used to
characterize the flow in the estuary, recognizing that there will be additional contributions
from downst- tributaries. On February 16, 1995, the flow rate was 622 m3/s, and on
February 17, 1995, it was 658 m3/s.

There was no capacity to measure the CSO flow during the survey period, although water level
measurements were made at the diversion point to the overflow pipe. These data showed that
the discharge duration was 61 h (14:00 PST Feb. 16 to 03:00 PST Feb. 19, 1995). Based on
modelling information supplied by the GVSDD, January to March monthly overflow volumes
range from about 32,000 mq to 143,000 m3. These volumes occur in discrete events which
average between 7 and 17 per month. Using the February volume of 32,000 m3, 8 events, and
an event duration of 61 h, an order-of-magnitude estimate of the average flow volume would
be 0.02 mq/s, or about 20 L/s. Very roughly these numbers show that the CSO flow is a small
fraction of the river flow, and that if it were completely mixed into the river, the maximum
achievable dilution would be about 30,000:1.
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3.0 PLUME DELINEATION

3.1 Tide and Current Conditions

The tide and current variations through the survey period are shown in Fig. 3.1. The water
level is denoted by h and the current by U. These data were calculated with the Fraser River
model (Hodgins et al., 1977) based on known tides at Steveston and the river flow of 622-658
m3/s. The f~st injection commenced about 1 h before slack water on the turn to ebb (09:00
PST Feb. 16, 1995) with the objective of measuring ebb dispersion patterns. The injection
was continued until slack water on the turn to flood. As can be seen on the graph, the time of
slack water lags high and low water by 2-3 h. The dispersion measurements were resolved
into three surveys representing:

Survey 1 late flood-turn to ebb with flow back over the CSO
Survey 2 full ebb
Survey 3 late ebb—turn to flood.

The second injection was started just before daylight on February 17th, near the time of high
water leaving three hours of flooding currents, followed by 4.5 h of ebbing current. Flood
speeds peaked at approximately 80 cm/s and ebb currents at 85 cm/s. The objective of this
survey was to measure upstream dispersion characteristics to background concentration,
followed by the ebb back over the CSO and firther downstream. These measurements were
resolved into 4 surveys:

Survey 4 till flood
Survey 5 early ebb—flow back over the CSO
Survey 6 full ebb
Survey 7 full ebb (3 m depth survey)

3.2 General Dkmersion Patterns

3.2.1 Ebb ~OWS

A clear dispersion pattern was mapped for ebb conditions on both days. This
in the concentration maps for surveys 2 and 6 and 7 (Fig. 3.2 to 3.4). The
streak on the north side of the river, attached to the bank from the CSO to

pattern is shown
effluent forms a
the North Arm.

The principal dispersion pathway is into the North Arm with some transport into Annacis
Channel. There was no evidence for transport down the Main Arm. Mixing near the outfall
was observed to be vigorous in the strongly turbulent river flow. Dye concentrations were
reduced from about 80 ppb near the injection point to less than 0.5 ppb within 1,500 m of the
outfall. Concentrations were typically 0.2-0.3 ppb around the trifucation area. Dilution
estimates are provided in Section 3.3.

The depth of maximum concentration was within 2 m of the surface because of the injection
technique, and surveying was carried out at a depth range of 1.2-2.0 m. In order to compare
the dispersion pattern at a deeper level with the near-surface patterns, survey 7 was made at 3
m depth when the ebb pattern was well established and not changing rapidly. The contour
maps in Fig. 3.3 (at 1.5 m) and 3.4 (at 3 m) show that the overall dispersion behaviour is
similar, but that concentmtions at 3 m are slightly lower. In addition, it appears that the
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surface flow has a greater tendency to disperse wastewater into Annacis Channel than does the
flow at 3 m.

Surveys 1 and 5 (Fig, 3.5 and 3.6) capture similar conditions with initial movement up
channel followed by ebb dispersion downstream. Under the flow reversal there is some
pending up of effluent just downstream of the diffuser and concentrations of 10-100 ppb were
measured. The 1 ppb contour extends downstream about 800-1000 m on both days.

The most consistent feature of all ebb flow patterns is the width of the streak at concentrations
above 0.3 ppb; typically this width ranges from about 150-200 m between the outfall and
Pattullo Bridge and less than 100 m downstream of the bridge.

In general vertical mixing of the dye cloud was rapid and virtually complete within 100-200 m
of the outfall. The total water depth in the initial mixing zone at the end of the outfall is
approximately 7-9 m depending on the tide phase. Typical profdes of temperature and dye
concentration obtained near slack water on February 16th are shown in Fig. 3.7. The first
profde (Fig. 3.7a) was measured within 60 m of the dye injection point and was located in the
visible pool of dyed water; maximum concentrations of 80-90 ppb were located within the
upper metre. There is also dye at significant levels (-1 ppb) relative to the detection limit
between 3 m and the bottom. The second profde (Fig. 3 .7b) was measured on the edge of the
plume approximately 230 m from the outfall-it shows complete vertical mixing at 0.20-0.23
ppb, just above the detection limit.

3.2.2 Flood Flows

The dispersion pattern on late ebb, as the current is turning to flood upstream, is illustrated in
Fig. 3.8 and shows the pooling up of wastewater around the outfall, particularly on the its
downstream side. Upstream of the outfall, the current direction tends to move wastewater
away from shore toward the centre of Sapperton Channel. The full flood dispersion pattern is
shown in Fig. 3.9; in contrast to the early flood sequence, wastewater is distributed along the
north shore of the channel at concentrations of 0.3 to 10 ppb. The width of the plume is
approximately 250 m and covers about a third of the channel width. Further upstream the
plume becomes more dilute reaching background concentmtions of 0.2 ppb at the limit shown
in Fig. 3.9. The width of the dilute plume extends approximately the full width of Sapperton
Channel, reaching the rows of pile dolphins bordering City Bank on its north side.

Two vertical profdes, measured approximately 210 m and 315 m upstream of the outfall (Fig.
3.10) show that vertical mixing is complete at these distances. A third profde (Fig. 3.11),
measured later in the day about 60 m from the outfall, shows greater variation in dye
concentration, consistent with its proximity to the release point of the dye, but shows also that
the dye is becoming mixed through the water column.

3.2.3 Localized Effects

The highest concentrations of dye were associated with localized circulation features. On the
change from flood to ebb, current speeds around the end of the outfall approached zero and
there was a period of slack water lasting about 15-25 minutes. As the currents began to
strengthen on ebb, the flow circulated around the end of the outfall pipe and dyed water (and
by inference wastewater) accumulated in a pool behind the outfall pipe, in contact with the
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shore for about 100 m downstream. As the tide fell and the current strengthened, this pooled-
up water was swept out of the pocket behind the pipe and was flushed downstream. During
the strong ebb flow which followed this tendency to accumulate behind the pipe, turbulent
mixing was quite intense and the tmcer was dispersed rapidly.

Virtually the same situation was observed on flood tide in the opposite direction. As currents
flowed upstream past the end of the outfall pipe, a back-eddy formed behind the pipe. The
outer edge of the eddy was clearly marked by a convergence of debris about 30 m out from
shore. The circulation in this eddy was such that dyed water was drawn in and accumulated
against the shore. As the dye injection continued the size of the pool increased and moved
upstream in continuous shoreline contact (Fig. 3.12). Gradually as the flood continued the
eddy weakened and the dyed water was dispersed further out from shore.

3.3 Dilution Rates

Dilution has been estimated by determining a representative initial concentmtion after the
wastewater has mixed into the river water, within approximately 20 m of the end of the pipe.
This initial concentration CO was calculated using measured dye concentrations in the
recirculation chamber and a mixing volume based on current flow and the width of the
hjection manifold. Specifkally, the mass of dye added per unit time to the river was
calculated as

M= COQO (3.1)

where M is the mass of dye in mg/s,
COis the measured concentmtion in the recirculation chamber (mg/L), and
QOis the calibrated flow through the recirculation chamber (L/s).

The width of the manifold was 2.8 m and the mixing depth into the water column was
estimated to be 1.4 m. The volume of water mixed with the dye per unit time was given by

V= UX 2.8X1.4 (3.2)

where V is the volume flux of water available for dilution in the initial mixing zone (mq/s).

The concentration of the dye after initial dilution CIDin pg/L was found from

CID = M/V, for U>O (3.3)

It was not possible to measure representative values for CID from the dye injection boat since
the sampling location was too far away from the boat. Instead the fluorometer was towed
through the areas of highest dye concentration, which were clearly visible from the mobile
boat, in an attempt to measure representative values. It must be borne in mind that the actual
dye distributions within 25 m of the injection boat were extremely patchy, at scales
comparable with the inter-sample distances; thus, only a few sample points were obtained over
many tows that contained high values (of the order of 60-100 ppb) consistent with the initial
mixing model described above.
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Figure 3.12 Sketch of the location and approximate size of the back-eddy which formed on
flood flows behind the outfall pipe.



-30-

The pumping system wasintended toprovide aconsta,nt mass ofdyefor each injection; thus,
as U changed with the tide, the concentration CID would vary. At slack water, with U-O,
concentrations would increase as dye pooled up around the boat, and this pooling up was
observed. As explained in Section 3.2.3, eddies swept the dyed water mass in behind the pipe
and the whole area from shore out to about 50 m was occupied by visible red water. Although
the mean flow in the river was virtually zero, localized eddies were present and the pool of
dyed water continually expanded for the roughly one-half hour of slack water. For this
reason, concentrations near the outfall did not simply continue to rise; rather, the highly
patchy nature of the wastewater stream during periods of strong flow was transformed into a
more spatially uniform pool. AS flow speeds increased, this pool was eroded away into the
current stream.

The results of applying this simple model (equation 3.3) and the comparison with the measured
peak values are shown in Fig. 3.13. The large open circles show the dye concentrations
measured in the recirculation chamber. on February 16th the rate was increased at 09:30 PST
to give a brighter tracer patch. At approximately 10:00 PST two near-field measurements
were obtained with the Variosens fluorometer (open squares in Fig. 3. 13) which compare well
with the values obtained from the mixing model (solid squares). The average difference was
8%. Thereafter, some difllculties were experienced with the dye injection pump and
concentmtions in the recirculation chamber increased. Only one other near-field measurement
was obtained, but at 23.5 ppb it is only one-half of the predicted value (50.4 ppb). This large
difference is explained by the patchiness of the dye cloud and the fact that the fluorometer did
not pass sufilciently close to the injection boat to sample a representative concentration. Just
after noon of February 16th the injection boat was struck by a log, dislodged from its anchors
and set adrifl. Dye was pumped into the river throughout subsequent towing and
repositioning; however, the injection process was not well enough controlled through this
operation, and subsequently, to give good dilution estimates.

The pumping system was stabilized on February 17th and there were no incidents to interrupt
operations. Concentmtions in the recirculation chamber were maintained at a reasonably
constant level of 250-300 mg/L with one low and one high reading (Fig. 3.13). Three near-
field measurements were obtained and agree well with the initial mixing model (average
difference of 11 %). The values for CID have been used subsequently to estimate secondary
dilution.

The peak concentrations and effective dilution for the ebb dispersion pattern measured on
February 17, 1995, are shown in Fig. 3.14. This figure was constructed by selecting the
maximum measured values at various distances from the outfall contained in transect 37. This
transect was long, extending from the outfall to Poplar Island in the North Arm, and gave a
complete mapping of the plume over a 34 minute period. The concentration of dye after initial
mixing as defined previously was 56.6 ppb. The effective dilutions were calculated as 56.6
divided by the measured concentration.

These graphs show clearly that the maximum effective dilution is approximately 150:1. A
minimum dilution of 100:1 is achieved at 900 m downstream of the outfall. The relatively
small amount of additional dilution between 900 m and 2,600 m reflects the fact that the plume
remains approximately constant in size; the dye was mixed from the surface to bottom and the
width of the plume remained roughly constant. Thus, little fimther dilution was possible. As
the data show, concentrations in the North Arm (distances beyond 2,300 m) were little
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different than at the junction. These curves also show that dilution israpid near theoutfa.ll,
which is consistent with the high level of turbulence observed in the flow. Dilutions of 10:1
were achieved within 100 m of the outfall, and increased to 50:1 at 200 m.

Total dilution of contaminants in the CSO wastewater stream can be estimated by combining
the results of Fig. 3.14 with an initial dilution model that accounts for the buoyant jet mixing
of the pipe outflow into the ambient river water. The calculations shown in this section reflect
initial mixing from the injection manifold into the receiving water beneath the boat; they do
not pertain to jet mixing. The buoyant jet model would treat the zone from the end of the pipe
outward to the point where the wastewater loses its momentum and becomes a passive tracer in
the river water. The physics of the mixing is governed by the momentum of the wastewater
flow, the depth of penetration into the river water, and any buoyancy difference between the
CSO water and the river water.

Based on our observations this zone is likely to be quite small, extending about 20-30 m out
from the pipe. The depth of the jet will be governed by the stage of the tide and the
submergence of the pipe. At low water the jet will be thin, with greater momentum for the
same discharge than at higher water. The important variables for the model are the water
surface elevation relative to the invert elevation of the pipe, the discharge in the CSO and the
flow velocity at the end of the outfall. The pipe roughness and the temperatures of the
wastewater and the river water will also be required. Given the tide range and submergence of
the pipe as a fimction of the tide, the initial mixing model would require two parts: a
backwater flow model for the pipe to give the flow at the river end, and a buoyant jet
component for the ambient river water. The final output would be the concentration of a
contaminant at the point of stagnation in the river. The dilution curve in Fig. 3.14 would
apply with that concentration.

Such an initial dilution model requires data for calibration and verification. The most useful
information would be measurements of the water level at the end of the pipe and the velocity
of outflowing water at that point. Coincident water levels further upstream in the CSO and/or
the CSO discharge would also be valuable.

3.4 Airborne Irnazing

3.4.1 Flight 1 (08:01 -08:02 PST February 17, 1995)

The first flight occurred shortly after dye injection during the flood tide. Small amounts of dye
were visible to the naked eye upstream of the injection boat (see Plate 1 and Plate 2 at the end of
this chapter). Dye concentrations could be seen to decrease rapidly within 100 m from the
injection boat, and the dye was evident at low concentrations as far upstream as the Canadian
Forest Products site in Sapperton Channel. There was also evidence of dyed water behind the
outfall pipe, along the shoreline, with concentrations in the range 0.5-1 ppb, During this image
pass, the sampling boat was between 20 and 80 m north and 15 to 75 m east of the outfall, where
the plume was quite narrow.

3.4.2 Flight 2 (09:35 -09:36 PST February 17, 1995)

The second flight occurred during slack tide 1.5 hours after the first image pass. Dye appeared in
the water column almost to the Canadian Forest Products site (Plate 3), but was accumulating at
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the highest concentrations around and north of the injection boat. (These accumulations are
explained by the back-eddy that formed at this time-see the previous section on localized
effects). The accumulating patch appeared separated from shore in the image to a much greater
extent than was observed with the fluorometer; for example, the synthesis in Fig. 3.9 shows that
the contours for the 1-10 ppb range extended to shore. This separation may reflect positioning
errors in georeferencing these images associated with uncorrected GPS, and the poor flying
weather which produced considerable aircrail roll.

Dye concentrations ranged fi-om less than 0.2 ppb to 4 ppb. Although there are much higher dye
concentration values in the fluorometer dat~ these high values do not appear in the image since
the image data are averaged over several metres to effect a smoothing of the field. Coincident
boat and aircraft data during this pass were located approximately 1.5-2 km northeast of the
outfall where concentrations were too low for image calibration. As noted previously this image
has been calibrated with values derived from the first image.

The speckle-like noise in the image (dispersed pattern of blue pixels in Plate 3) is the result of an
increase in the calculated ratio of the red and green bands [equation (3.2)] that is just at the
threshold of the chosen colour calibration scale. Several attempts were made to filter the image,
but these had the effect of erasing the pattern of the plume. Improvements in the image to reduce
the influence of the noise would result from an adjustment of the calibration intervals to better
reflect the ratio R~,2 near the upstream limit of the dye.

3.4.3 Flight 3 (11:58 -12:01 PST February 17, 1995)

The last flight was made during ebb tide 2.5 hours after the second flight (Plate 4). Dye is visible
for up to a kilometre southwest of the Pattullo Bridge at concentrations from 0.2 to 0.5 ppb, in
good agreement with the fluorometer measurements. The near-field plume shown in the insert of
Plate 4 also indicates that the highest concentrations (greater than 2 ppb) were located around the
outer edge of the plume, and not at the onshore edge. Although this feature agrees well with the
detailed measurements made with the towed fluorometer during this portion of the tide, the
fluorometer measurements and the overflight were not synchronous in this area of the plume. The
image shows a wide separation of the plume from shore just north of the Pattullo Bridge that k
not borne out by the in situ data. In this area of the river bank there were several moored barges,
house boats and tugs which interfered with the image data. By towing the fluorometer between
the moored vessels, confirmation was obtained that the dyed water was in uninterrupted contact
with shore from the outfall to the junction of the North Arm.

There are higher concentrations in the in situ data, but again lower concentrations may result from
averaging over several metres in the image pixels. A,s in the previous images, this image has been
calibrated using the regression calculated in the first image.
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1 The red/green ratio image of the first flight (08:01 to 08:02 PST) overlaid with the
coincident boat fluorometer track from 07:45 to 08:20 PST. The CASI image has
been corrected for roll, pitch and yaw errors and has been georectified using
autonomous GPS. As this image was acquired with a 78 degree wide angle lens
during moderate to strong turbulence, the edges of the swath appear distorted as
roll and pitch of the aircraft exceeded the correction abilities of the onboard
gyroscope . ..........................................................................................................................36

2 A dye concentration map for flood tide (8:01 to 8:02 PST) on February 17, 1995.
The red lines indicate the edges and extents of the CASI image and the imagery
has been merged with an aerial photograph for reference purposes . .................................37

3 A dye concentration map for slack tide (9:35 to 9:36 PST) on February 17, 1995.
The red lines indicate the edges and extents of the CASI image and the imagery
has been merged with an aerial photograph for reference purposes. .................................38

4 A dye concentration map for ebb tide(11 :59 to 12:00 PST) on February 17, 1995.
The red lines indicate the edges and extents of the CASI image and the imagery
has been merged with an aerial photograph for reference purposes. .................................39
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4.0 CONCLUSIONS

Theeffluent plume from the Glenbrook CSO was successfully delineated on February 16-17,
1995, during a period of low river flow, using a Rhodarnine dye tracer. The plume was also
imaged three times on February 17, 1995, using a CASI multispectral imager flown at
approximately 300 m elevation. Wastewater was discharging from the CSO during the study
period, but the flow rate was not measured by the GVSDD. Dye was injected into the
receiving water approximately 5-8 m from the end of the outfall pipe. The dye plume was
tracked from the diffuser to Poplar Island in the North Arm, which is a distance of about
4,500 m, and upstream to the end of Sapperton Channel (a distance of 2,600 m).

The following conclusions were reached based on the delineation measurements:

1)

2)

3)

4)

5)

During ebb (downstream) flows the plume forms a narrow streak approximately 50-100
m wide, attached to the north shore. The highest concentrations of dye were found
next to shore, and the lowest concentrations were located along the mid-channel plume
boundary. Shoreline contact was continuous from the outfall to the trifurcation, and
around into the North Arm.

On flood (upstream) flows the plume is slightly wider than on ebb (150 m), with
maximum concentrations along the shore. The plume moved approximately 2,600 m
upstream, reaching the end of Sapperton Channel but not into the Main Arm of the
Fraser River. It is expected that the maximum upstream extent of the wastewater
would be a fi.mther 1,500 m (not all of the flood cycle was monitored in this study), but
that wastewater dilutions would reach 400:1 at an excursion exceeding 2,500 m.

The highest concentrations were measured within 300 m of the outfall and were
associated with localized eddies that tended to accumulate dyed water behind the outfall
pipe, along the shore. These eddy effects were associated with the turns of the tide,
and generally lasted less than 1.5 hours.

Mixing is most effective within 300 m of the outfall, producing secondary dilution of
about 60:1. At greater distances, dilution increases slowly: the plume extends from the
surface to bottom, and the width of the plume is relatively constant because lateral
mixing is a weak process in the estuary. Secondary dilution of 100:1 was observed on
ebb flows at a distance of about 850 m downstream of the outfall. At 100 m from the
outfall, the minimum observed dilution was 40:1. We note that total CSO wastewater
dilution will exceed the values reported here through initial dilution at the end of the
outfall (see Section 3.3).

Vertical mixing was generally rapid, and the tracer was dispersed over the water
column within 200 m of the injection point.



-41-

5.0 REFERENCES

Berglund, B. C., C.M. Rendell and D.O. Hodgins, 1989. DATAQ: A PC-based realtime data
acquisition system using multitasking. Proc. Conference and Exposition on Marine
Data Systems, April 26-28, 1989, New Orleans.

Borstad, G. A., and D.A. Hill, 1989. Using visible range imaging spectrometers to map ocean
phenomena. Proceedings from the Advanced Optical Instrumentation for Remote Sensing
of the Earth’s Surface from Space, 1129.

Borstad, G. A., and J.A, Aitken, 1994, Combined Sewer Outflow Mapping Using an Imaging
Spectrometer, Report for Environment Canada, Conservation and Protection Branch by
G.A. Borstad and Associates Ltd.

Borstad, G. A., and M.A. Zacharias, 1994. Plume Delineation of a Pulp and Paper Mill Outfall
Using Airborne Multispectral Image~ and Rhodamine Dye. Report for Environment
Canada, Conservation and Protection Branch by G.A. Borstad and Associates Ltd.

Danaher, S., E. O’Mongain and J. Walsh, 1992. A new cross-correlation algorithm and the
detection of rhodamine-B dye in sea water. International Journal of Remote Sensing,
13(9), 1743-1755.

Hodgins, D. O., T.R. Osbom and M. C. Quick, 1977. Numerical model of strati.fkd estuary
flows. J. Waterway, Pen, Coawal and Ocean Div., ASCE, WWl, 25-41.

Zacharias, M. A., S.A. Akenhead, G.A. Borstad and R. Kerr, 1994. Three dimensional geo-
referencing of airborne mukispectral data for use in a GIS. Symposium Proceedings GIS
94, Vancouver, B.C.

Zalloum, O., J. O%longain, J. Walsh, J. Danaher, S. Stapleton, 1993. Dye concentration
estimation by remotely sensed spectral radiometry. International Journal of Remote
Sensing, 14(12), 2285-2300



-42-

Appendix 1 Drawing of the Glenbmok CSO

(Source: Greater Vancouver Sewerage and
Dm.inage District)
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Appendix 2 Equipment Spec~@att”ons
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rnunkipal wastewater diffusion data
industrial effluent dispersion studies
outfd]-difthser design & commissioning
mine tailings disposal
dredge spoil dispersion
chlorophyll from biological productivity
sediment suspension & beach erosion
diffusion coefficients for modelling
transport-diffusion model verification
therrmil plume delineation
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●

accurate dispersion measurements
3-dimensional plume maps
optimum survey control
fully computerizeci data logging
synchronous data from all sensors
towed and vertical profiling operation
high vertical and horizontal resolution
tracing to 10 km or more frotn outfall
cost-effective mixing studies

EEil
TRACER is a versatile, cost-effective
instrument system for acquiring high-
resolution water quality measurements.
It combines an accurate in situ fluororneter/
nephelometer and CTD with precise
microwave positioning in an integrated
data acquisition package. TRACER is
designed for towed or vertical profiling
operations from small to mid-sized vessels.
Simultaneous real-time displays of sensor
data and vessel trackline/ position allow
rapid location of plumes, and optirnurn
surveying while underway.

IResults I

Survey results are presented in two- and
three-dimensional maps delineating plumes
in the receiving waters.

A deep-tow, winch-controlle(i system
is available for water depths exceeding
500 rn. Drugonj(]I is a lighter, more
portable system for small boat surveys. ,, ,./’, ,,; :..-

effluenl t .persion
in a tjord

TRACER will be used by

● pulp mills ● refineries
● mines ● municipalities

~● en ineers ● scientists

for regulatory compliance, effects monitoring
design, water quality impact analysis,
and model calibration/verification.

TRACER was designed and built by
Seaconsult to meet Canadian and U.S.
standards for effluent mapping.

Seaconsult provides complete programs
from conceptual design to field services,
data analysis, and reporting.

Seaconsult will also assist industry to meet
regulations and to obtain government
approvals.

For information, contact

Seaconsuit Marine Research Ltd.
8805 Osler St., Vancouver, B.C.
Canada V6P 4G 1
Tel: (604) 266-9135
FdX: (604) 266-8855



VARIOSENS@ in-situ Fluorometer
Fast acting field fluorometer

for

CHLOROPHYLL

FLOW AND DIFFUSION OF WATER
BODIES BY FLUORESCENT DYE
TRACERS

SIMULATION OF THERMAL FLOWS
IN WATER

SEWAGE TRACING

TURBIDITY

SAND MOVEMENTS BY DETECTION
OF COULOURED PARTICLES

IN OCEANOGRAPHY AND INLAND WATERS
MARINE SCIENCE AND ECOLOGY,
FISHERIES RESEARCH. OCEAN BIOLOGY,
INDUSTRIAL POLLUTION,
ELECTRIC POWER PLANTS.

The VARIOSENS has proved its reliability
[n many years’ practical operation In the
MEDITERRANEAN, ATLANTIC AND PACIFICS,
IN THE NORTH AND BALTIC SEA, IN RIVERS
LAKES, MOUNTAIN AND GLACIAL WATERS.

VARIOSENS II

By means o’ ~pt!cal bandfllters or absorbers the Instrument can be adapted to the Indlwdual meas~rlng
problem. ThI~ ,nstrument has a Ihnear-logarithmic output, straightly linear over four decades, Its hous:ng
IS of a highly corrosion resistant stainless steel its rugged construction permits operahon in water c!epths
down tO 8f)fl m w!+h a ‘n..,)n” i<~ln~t ,,r f~ 19 kn(ntc and o,,an nna.at,mn n +hc, ~ r< -,mmm \.,,+h h-- ~



VARIOSENS II in-situ Fluorometer

with 1 recewer and 1 transmitter
in parallel position
Rigid stainless stell construction
Dimensions

VARIOSENS Ill in-situ Fluorometer

with 2 recewers and 1 transmitter
in parallel posmon
Dimensions

SPECIFICATIONS

Longitudinal constant current supply

Battery power recwured

Measuring range

output

Res~onse time

Automatic zerosetting
no drifting of output

Selectable spectral range filters
for optional fluorescences

1 set of filters included in instrument
as standard (see below)

Cable connection
Cables are not included

15 kg
L500XW280XH100mm

22 kg
L500XW380XH100mm

0,2A with over a current stabilizing converter

20-30V 0,4A

4 decades Iin.-log. (O-10-11 Rhodamme WT)

O-lmAor5VDC

updating rise and decay approx. 1 decade m 1/3 sec

400-750 nm

E & O plug for 4-core cable

ACCESSORIES

Sample-hold circuit for Ievelling of the output vatues by time integration for stationary operation.

Acrylic glass cones for high turbidity measurement.
Acrylic glass cones with light guides for measurement in test model tanks

Recorder and battery kit in spraywatertight housing.

Recorders available as 1-,2- and 3-channel units:

1- channel – standard
2-channel – simultaneous recording of output from 2 recewers

(e. g. turbidity and chlorophyll)
3-channel – as 2- channel and additional recording of third measurement

(e. g. depth)

Data Conversion Unit with digital display and BCD output (log. output Iinearizmg).

FILTERS

Transmitter filters for excitation of Rhodamin Wl, Chlorophyll, Uranm, FluoresceIn, Eosin.

Receiver filters for fluorescence measurmg of Rhodamin Wl, Chlorophyll, Uranin, Fluoresce,
Eosin,

Other filters on request. One set of filters is included in the instrument as standard (see above).
All filters are of special development for the VARIOSENS in-situ fluorometer.
They have an extremely high blocking factor between the transmitter light and the fluorescence
wave lengths.

SPARE PARTS

Pressureproof Borosilicate window
Photodiode red/yellow sensitive, low noise
Flash lamp
PCB’S for transmitter and receiver
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Rho&mine Dye Speci@ca&”ons



mllllil
Industrial Products

IntracideRhodamine WT
Liquid

Technical Data Bulletin
N0,022-IPJ

Appearance

Specific Gravity

PH

Dispersion in Sea Water

Bieachability

Optimum Excitation
Wavelength

Optimum Analyzing
Wavelength

pH Sensitivity

Freezing Point

Viscosity

Comments

March, 1980

Clear, very dark red aqueous solution, substantially free from insoluble
matter.

Approximately 1.15 at 20/20° C. Gravity on a specific lot will be provided
on request.

10.8 i 0.7 at 20”C.

Shows complete dispersion when dropped into sea water.

Bleachable with sodium hypochlorite.

About 556 nm.

About 580 nm.

No significant change in fluorescence between 5.5 and 11.0.

Approximately -10” C.

Less than 25 centipoises at 25”C.

This color was developed to exhibit high tinctorial strength and a low
tendency to stain silt, dirt, and other suspended matter in shallow and
inland waters. It is particularly suitable for water tracing work by fluo-
rometry or by visual methods. A vendor of fluorometers such as G. K.
Turner Associates should be consulted for detailed information on fluo-
rometric techniques. For precise scientific work, the user should carry
out his own measurements on the starting material, since there will be
some variation from lot to lot.

The suitability of this product for a specific application should be evalu-
ated by a qualified hydrologist before use.

Crompton & Knowles Corporation
Industrial Products Division

Offices and Laboratories
FAIR LAWN, NJ O741O ● 17-01 Nevlns Road ● (201) 791-1122

SKOKIE, IL 60076 s P O BOX 68 ● (312) b75-5510

GIBRALTAR. PA . P,O BOX 341
READING. PA 19603 ● (215) 582-8765

DISCLAIMER: To out best knowledge me ,nformatmn ●nd recommendations cOn-
Iama rwem ●re accurate ana rehabte i-tOWeWr m,s mformwon and WI rOcOm men-
dat,on$ am Iufmshed wthwt wrranty reprewmatmn ,nducement or hcensm 01 any
k md meludmg but WI MI,I.O to m. ,mplmd WarrJIIt~S o) m*rcrunfsbtMy and Illness

hn ● oathcufar .s0 w CWp.xo Ctiutonws are encmmqed to conauct then, own tests
ana !0 read the $.r.mw! labels ca,et.lly befo,e using mem Furthermore !he customer
assumes sole Ihabbltly 10I any patent ,nlfmgemenl thai occurs by reason of 11$f0110W@n9
W, re.xnnmendat,ons of .smg me ,nformmton gtiven

CAUTION. Oyes a“a cfmmca!s may cause ,rntatto” ,! ama.asd to come ,n contact W(II
me sk,. The ,,$e d qo.e, and prowtw goggles ,s mcommendea when ha.dl,n9 fnese

pmducls as w,th anv om,.c uye or cnem,cai


