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EXECUTIVE SUMMARY

Alberta Environmental Protection (AEP) and the City of Edmonton have been
concerned about the effects of storm and combined sewer discharges on water quality in the
North Saskatchewan River for a number of years. Investigations into this concern began in
the mid-1980’s, when Planning Division of AEP concluded that water quality in the river was
the most important issue related to the North Saskatchewan River Basin Planning Program.
Although literature sources suggest that storm and combined sewer discharges can be major

sources of pollution to receiving streams, it was not known how Edmonton’s urban runoff
affected the river.

River water quality during a storm event was monitored in 1987, but storm and
combined sewer discharges were not sampled. Since then, the City of Edmonton has
monitored a number of these discharges, and in 1991, Alberta Environmental Protection and
the City of Edmonton launched a joint study to sample storm and combined sewer discharges
at the same time that river water quality downstream was sampled.

The purposes of the study were 1) to determine the proportions of varicus
substances contributed by storm and combined sewer discharges during a rainstorm, as
compared to other sources, 2) to calibrate the event model MULTT for future use in predicting
effects of specific storm events or pollutant spills on river water quality, 3) to determine the
impact of storm events on river water quality downstream as far as the border with
Saskatchewan, particularly with reference to the Prairie Provinces Water Board objectives.
It must be emphasized that monitoring one storm event can only be a beginning toward

accomplishing these purposes, and additional storm event studies would be required to verify
the model calibration and impacts in the river.

A storm event was successfully monitored in September 1991. Consultants for the
City of Edmonton sampled four major storm sewers and one major combined sewer, staff of
the Gold Bar Wastewater Treatment Plant sampled the final effluent and secondary bypass,
and staff of the E.L.Smith and Rossdale Water Treatment Plant sampled raw water intakes.
Also sampled were the final effluent from the Capital Region Sewage Treatment Plant and
effluents from seven industries in the Edmonton and Fort Saskatchewan area. Staff of AEP
sampled the river at three locations: at Rossdale, below the city but above the Capital Region
STP outfall, and at Vinca Bridge, 45 km downstream of the E.L.Smith plant. As well,
automatic samplers were located at Pakan, about 100 km below the city, and at the border
with Saskatchewan, to sample the storm-affected water as it passed these locations.

Concentrations of various substances in storm sewer effluent were very high,
particularly from the large sewer called Quesnell. For example, counts of fecal coliform
bacteria in samples from Quesnell ranged up to 450,000 per 100 mL during the September
1991 event. Fecal coliform levels were even higher in samples from Rat Creek, a large
combined sewer. Of all the sources, the combined sewers contributed the greatest proportion
of fecal coliform bacteria to the river. The storm sewers contributed the greatest proportion
of total suspended solids, and the final effluent from Gold Bar WTP contributed the highest

proportion of nutrients. The highest proportion of total organic carbon and sodium was from
water that entered the city from upstream (background).

Mass loads of various substances contributed by monitored sources were added up
and compared to the mass in the river measured at Vinca Bridge. These loads were very
similar for sodium. For non-conservative substances, the effluent loads were reduced to
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account for instream processing, and the differences between loads measured in effluents and
the load in the river was less than 10% for fecal coliforms, total phosphorus, total kjeldahl

nitrogen and total organic carbon. The majority of sources were accounted for in sampling
the event.

The water quality of the river as it entered the city during the 1991 storm was
excellent, with low concentrations of most substances. Storm sewer discharges affected the
river at Rossdale, but the water treatment plant intake and two automatic sampler intakes
were affected differently. Concentrations of substances at this site were higher than at the
background sampling site, E.L.Smith, and exceeded Alberta Ambient Surface Water Quality
Interim Guidelines for total suspended solids and for fecal coliforms for use as a raw water
supply.

Data from Vinca Bridge included effects from all of the sources sampled during the
storm event, and after some degree of mixing. Concentrations at this site increased during
the passage of the storm-affected water. Levels of various substances were generally lower
than those in samples collected at Capital Region, but were higher than at Rossdale. Counts
of fecal coliform bacteria exceeded Alberta Ambient Surface Water Quality Interim Guidelines
for direct and indirect contact recreation and irrigation of vegetable crops.

Samples collected at Pakan and the border as the storm-affected water travelled
downstream of Vinca indicated that concentrations of various substances had declined
through dispersion and in-river processing, so that the effect of the stormwater passage was
barely discernible. However, for larger storms that occurred during the summer of 1991,
greater effects in these downstream locations were seen.

Historical data collected by Environment Canada for the Prairie Provinces Water
Board (PPWB) at the border were examined to determine whether storm events in Edmonton
could be related to recent excursions of PPWB water quality objectives. The substances of
concern are fecal coliforms, lead, copper and zinc. For an eight-year period during open
water, median concentrations of fecal coliforms, lead and zinc (as well as TSS) were
significantly higher for storm-affected river samples than for non-storm affected samples.
The relationship for other variables, namely copper and phosphorus, was not significant,
Although it appears that rainstorms in the urban area influence water quality at the border,

the actual sources of high values for substances of concern is not clear and would require
further investigation.

A preliminary calibration of the event model MULTI was attained with the
September 1391 storm event data for fecal coliform bacteria, total kjeldahl nitrogen, total
phosphorus, total organic carbon and sodium at the Vinca Bridge sampling site. Total

suspended solids was also run, but there was no correlation between predicted and observed
data.

This study provides a first step in assessing effects of storm and combined sewer
discharges on water quality in the North Saskatchewan River. Results generally confirmed
conclusions from other studies conducted by Alberta Environmental Protection and the City

of Edmonton that these discharges are a significant source of pollutants to the river during
wet weather.
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Effect of Storm and Combined Sewer Discharges in the City of Edmonton
on Water Quality in the North Saskatchewan River

1.0 INTRODUCTION

The water quality of the North Saskatchewan River has been an issue for decades.
There is a general perception among members of the public that the river is polluted. In
1970, a University of Alberta student conducted surveys to determine how the public, civil
servants and members of an environmental group perceive water quality in the North
Saskatchewan River (Watson 1972). About 95% of the general public interviewed thought
that the river was polluted, although only 55% thought the river was more poliuted
downstream of the city than upstream. The concept of "polluted” was rather vague in the
minds of people interviewed, but they suggested that it looked dirty and smelled bad at times.
People’s perceptions have probably not changed dramatically since then; they generally
assume that if municipal and industrial effluents are entering the river, it must be polluted.
The effluents that people focus on are the effluents from sewage treatment plants and
industries, rather than storm and combined sewer discharges. Even in Watson's thesis,
which discusses various effluents entering the river, there was no mention of the storm and
combined sewers as a source of pollutants to the river.

It is well documented in the scientific literature that urban runoff contains
substances that could adversely affect water quality in a receiving river (e.g., Colston and
Tafuri 1975, Cordery 1976, Pitt and Field 1977, Field and Pitt 1990, Norman 1991). These
pollutants include suspended solids, metals, phosphorus, nitrogen, organics and coliform
bacteria. Storm sewers drain rainwater and snow melt from residential, commercial and
industrial land, and this urban runoff may contain high concentrations of suspended solids
and metals. Urban runoff could alse contain anything that is put into the street or down
storm drains, such as motor oil, pesticides, and other wastes from residential activities.
Coliform bacteria counts may be high, resulting primarily from animal wastes or
interconnections between residential storm drains and sanitary drains. Combined sewers
convey domestic sewage toward the sewage treatment plant during dry weather, but in wet
weather, high flows may exceed the capacity of the sewer, and the excess overflows to the
river. Thus, combined sewer overflows are raw sewage mixed with stormwater. This effluent
has high counts of coliform bacteria and high levels of bicchemical oxygen demand (BOD) and

nutrients. Combined sewers are common in older sections of many North American cities,
including Edmonton.

Alberta Environment conducted some of the earliest work on stormwater runoff
quality in Edmonton. In 1973, a few samples of stormwater were collected during snowmelt
and summer rains; concentrations of BOD, suspended solids, metals and nutrients were high
(Alberta Environment 1973). A general study of the water quality in the Edmonton area was
conducted in 1982-83 by Alberta Environment {(Anderson et al. 1986), but it did not
specifically address impacts of urban runoff. It was acknowledged, however, that storm and
combined sewers were likely important sources of pollution.

The City of Edmonton has been aware for many years that urban runoff could have
an impact on water quality in the river. They have conducted various sampling programs
on sewers and creeks within the city. In the late 1970s, consultants for the City estimated
pollutant loadings from the storm and combined sewers (McLaren 1980). They suggested
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that treated effluent from the wastewater treatment plant contributed the greatest pollutant
load on an annual basis, but during wet weather, storm sewers contributed a higher load of
suspended solids and BOD, and combined sewer discharges contributed a higher load of
coliform bacteria. Much of the emphasis in studies conducted by the City has been on causes
of taste and odour in drinking water. Raw water is withdrawn from the river at two
locations, one upstream of nearly all stormwater outfalls (there are none within city limits),
and one within the city below 85 storm outfalls that discharge directly to the river. In 1982,
the Potable Water Quality Task Force (composed of city and provincial officials) concluded
that there were insufficient data on the river and the stormwater discharges to determine

their effect on river water quality upstream of the water treatment plants (City of Edmonton
1982).

A number of storm sewers were sampled by the City during 1980-84 (City of
Edmonton 1985a,b); again, the water quality of these discharges was relatively poor, and all
but two of the seven outfalls monitored indicated fecal sources even though none were
combined sewers and most drained residential areas. In 1985, the City produced a report
that summarized previous work on river water quality relative to wastewater management
in Edmonton (Ahmad 1985). Its purpose was to determine whether water quality in the
North Saskatchewan River was a problem, and to assess sources of pollution, impacts of
various discharges from Edmonton and possible mitigation strategies. It concluded, as in
previous reports, that concentrations of coliform bacteria, phosphorus and nitrogen were of
major concern and that treated effluent from the Gold Bar Wastewater Treatment Plant has
the most severe impact on river water quality during dry weather, but the combined and
storm sewers have the greatest impact during wet weather. For total coliforms, however, the
combined and storm sewers contributed more than half of the total annual load entering the
river from city effluents (1983 estimates).

In the autumn of 1985, the Edmonton City Council agreed to fund a joint study
with Alberta Environment to examine the quality of Edmonton’s raw and finished water
supply and the City’s treatment technology. One of the conclusions of the study was that the
water quality of the North Saskatchewan River is good as it arrives in Edmonton, but is
adversely affected by discharges from the storm sewers by the time it arrives at the Rossdale
Water Treatment Plant intake. In particular, the raw water at Rossdale is affected by high
bacterial counts and occasional high levels of turbidity, phenolics and trace organics, chioride,
and certain heavy metals. Although the water from upstream is affected adversely by
agricultural runoff at times, urban runoff poses a much greater risk of contamination of the
water supply (Steve E. Hrudey & Associates 1986). The recommendation of this and other
studies was to move the Rossdale intake upstream to the E.L.Smith location, but the CItY
Council wished to know the health risk to users of Rossdale water at its present intake
location. In 1992, the Council commissioned another study to look into the matter. The
report produced by the City’s consultants indicated that effluent from storm sewer outfalls
presents an ongoing challenge to the Rossdale Water Treatment Plant in terms of chemical

and biological hazards, and the authors recommended that the intake be rel
Consulting Ltd. 1992). mtake be relocated (Toxcon

. Also' il} :_l985, the North Saskatchewan River Basin planning program was initiated
by Planning Division of Alberta Environment. The most important issue identified within

the basin was water quality in the river, particularly with respect to discharges from the
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Edmonton-Fort Saskatchewan area. As a result, much of the focus of information-gathering
for the basin plan was related to obtaining water quality data and development of models
that would be appropriate to predict future water quality under various development
scenarios. Early in this process, it was realized that more information was needed about the
impact of storm and combined sewer discharges from Edmonton. One of the models
developed for the river was MULTI, an event model that could predict concentrations and
mixing patterns of pollutants downstream to the Saskatchewan border after a storm event
in the city. The model was set up initially with data supplied by the City of Edmonton, but
Planning Division’s consultants (HydroQual and Gore and Storrie) stated that additional data
would be necessary to properly calibrate the model.

To meet data needs for model calibration, and also to determine relative impacts
of various Edmonton area effluents, Alberta Environment launched an urban runoff impact
study in 1987. Rather than looking only at effluents, this study focused on water quality of
the river during a storm event. It was conducted by the former Water Quality Control
Branch (now Surface Water Assessment Branch) and a consultant with Planning Division;
staff of the City of Edmonton provided assistance. Results of this study are summarized in
Shaw et al.(1994). Although the data obtained during this study were excellent, few storm
and combined sewer discharges were monitored, so that the data set had limited use for

model calibration. Additionally, it was only one storm. Each storm is different, and data for
a range of storms were required.

In 1990, the City of Edmonton began a program to monitor discharges from storm
and combined sewers; monitoring is ongoing, as required by the City’s approval to operate
a wastewater collection and treatment system under Alberta Environmental Protection’s
legislation. As well, Alberta Environmental Protection (AEP), in conjunction with the City,
began studies to determine whether there is a correlation between rainfall events and
increases in certain substances in the river. One part of this work was detailed monitoring
of one storm event, which occurred in 1391. Sewage treatment plant and industrial effluents,
background concentrations in the river, and storm and combined sewer discharges were
sampled so that mass loads from all major sources could be compared with the total mass in
the river below the urban area to obtain the portion added by urban runoff and combined
sewer overflows. Additional samples were collected from the raw water intake at the
Rossdale Water Treatment Plant to assess the influence of storm sewers on water quality in
the river at that point. There are very few, if any, examples in the literature of studies that

monitor both effluents and receiving water simultaneously during a storm event on a large
river.

There were two important reasons for this concerted effort. Firstly, there are
always inherent errors in water quality sampling, and there are more during storm events
because water quality of the effluents and the river is highly variable at that time. As well,
only the six largest storm and combined sewers could be sampled, but there are 239 vutfalls
within the city. Thus, it was hoped that the river sampling could help verify the storm and
combined sewer input estimates by mass balancing. Secondly, the data were to be used to
calibrate the MULTI model. Effluent data were needed as inputs, and river sampling data
were needed to obtain a calibration.
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The objectives for the 1991 study were:

1. To determine the proportion of various nutrients, metals and other substances
contributed by storm and combined sewers during a rainstorm in the Edmonton-
Fort Saskatchewan area, as compared to upstream conditions, treated and
bypassed sewage effluent and industrial discharges.

2. To calibrate the event model MULTI for future use in predicting effects on river
water quality of specific storm events or pollutant spills and effluent load
reductions as a result of mitigation efforts for these sources.

3. To determine the impact of storm events on water quality in the river downstream
of Edmonton as far as the border with Saskatchewan, particularly with reference
to the Prairie Provinces Water Board (PPWB) water quality objectives.

A storm event was successfully sampled in September 1991; there were obvious
impacts in the river from discharges from the storm and combined sewers, and bypassed and
treated effluents from the sewage treatment plants. These effects included greatly increased

fecal coliform counts, and higher concentrations of nutrients and other substances in the river
downstream of the urban area.

The results of the 1991 study, and additional information collected between 1987
and 1992 are summarized and interpreted in this report. It must be emphasized that the
data presented here represent scoping level information only, and the detailed storm event
monitored may or may not be typical of storms that occur through the summer in Edmonton.
In addition, this information pertains to summer rains storms only, and cannot be
extrapolated to spring snow melt impacts. For these reasons, the report is intended as
preliminary information on relative contributions of discharges that affect water quality in

the North Saskatchewan River. It is not intended to recommend directions for mitigation of
impacts.

1.1 - PHYSICAL CHARACTERISTICS

The North Saskatchewan River cuts across the central part of Alberta, joins the
South Saskatchewan River in Saskatchewan and then the Nelson River on its way to Hudson
Bay. The city of Edmonton (population about 800,000) is located approximately mid way on
the river's traverse of Alberta. The geology, climate, hydrology and other physical
characteristics of the river and its basin are described in Shaw et al.(1994).

The drainage basin of the North Saskatchewan River within Alberta has an area
of about 57,100 km®. A map of the basin showing major features and general locations used
in the study is presented in Figure 1. The study area includes the portion of the river
between Devon, just upstream of Edmonton, to the Saskatchewan border. Through this
section, the geology, the hydrogeology and the materials that make up the channel bed are
relatively uniform. The drainage basin in this section lies largely in the Aspen-Parkland
ecoregion. Three small rivers enter the North Saskatchewan River through this stretch, as
well as a number of creeks. The river usually has two flood peaks in the Edmonton area
during the open-water period. The first tends to occur in April to early May, and results
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from snowmelt runoff originating in the lower portion of the basin. Mountain snowmelt and
summer rains in the higher elevations of the basin in June or July increase flows in the river

again, often producing the highest flows of the year. The mean annual flow for the river at
Edmonton is 213 m%s.



2.0 METHODS

2.1 DATA COLLECTION

Data collection programs for storm event impact assessment are complex and
difficult to execute. One of the inherent problems in stormwater runoff impact assessments
is the inability to predict when the event will occur, and therefore when to sample. Another
problem is the bank to bank variability in the receiving water, at least in large rivers. A
third problem is the need to continue sampling for an extended period; for the 1991 storm,
it was throughout the night. For sampling the North Saskatchewan River, this latter
requirement meant there were safety considerations for sampling personnel. Also needed
was a sampling strategy that would allow sampling to begin as quickly as possible once a
suitable rainstorm started. To cope with all of these difficulties, a great deal of planning and
coordination was required, as well as dedicated and well-trained staff. The sampling program
was conducted jointly by Alberta Environmental Protection and the City of Edmonton, and
both groups used the same laboratories and field facilities.

2.1.1 Site Locations for the 1991 Storm Event

Table 1 lists the different components, sampling frequency, groups responsible for
sampling and the number of samples collected for each component during the 1991 study.
Figure 2 provides a diagram of locations of sampling points and inputs on the river for the
Edmonton-Fort Saskatchewan area. The following describes these locations, reasons for
sampling and other details of the program. The location name used is in boldface type.

1. Background concentrations in the river were measured by collecting 24-hour
composite samples at Devon (Figure 1). Additional background samples were
collected by sampling the raw water intake at the E.L.Smith Water Treatment
Plant every two hours. This location is upstream of nearly all storm sewers and
all combined sewers, and the intake offered a convenient way to obtain samples.
Staff of the E.L.Smith plant were provided with sets of sampling bottles
beforehand, and they agreed to begin collecting samples when they were notified.

The storm and combined sewer discharges and precipitation gauges were
monitored by staff or consultants (I.D. Engineering, Ltd.) for the City of
Edmonton, and methods are reported in IDE{1992). Storm and combined sewers
were chosen to be representative of sections of the river and land use types, and
also to drain a large portion of the total urban runoff/combined sewer overflow
(CSO) entering the river. Four storm sewers sampled in 1991 (30 Ave., Quesnell,
Kennedale and Groat) drain over 75% of the discharge volume from the
separated sewer area. The large combined sewer called Rat Creek drains 70 to
90% of the total flow from the combined sewer area (UMA 1993, Drainage Branch
1993). An additional combined sewer, Capilano, was monitored but the data were
discarded because it was thought that the effluent sampled was local runoff rather
than combined sewer overflow (IDE 1992). Sewer monitoring included estimates
of flow, recorded as water depth with ultrasonic multirangers or as depth and
velocity at 5 or 15 minute intervals, depending on the sewer, and converted to flow
with Manning’s equations for flow in pipes. Samples were collected at about 30



Table 1. Study components, agencies responsible, frequency and number of samples collected during storm event,
September 7-9, 1991. Flow volume was estimated for each component.
COMPONENT Logﬁl;fEON NU nggﬁ OF AGENCY FREQUENCY # SAMPLES
Background River | E.L.Smith WTP Bl 1 ] City 2 hr 8
Gold Bar WWTP 1 City 2 hr 8
Sewage Effluent gr?gtal Region ) CR 3 br 8
Secondary Bypass | Gold Bar WWTP 1 City 0.5 hr 7
Rossdale WTP 3 AEP 2 hr 34
River Capital Region 5 AEP 2 hr 60
Vinca Bridge 5 AEP 3 hr 60
Industries (see note below) lor2 Industry 8 hr comp. 21
Groat, Kennedale,
g?n?;f;l; Sewers 82;?&3&, Rat 1 each City 0.5 hr 39
Creek, 30 Avenue
Sturgeon River AEP 3 hr 12

1
Tributaries ,
l Whitemud Creek 2 AEP 2 hr 11
‘ TOTAL ' 268

Notes:

Number of samples does not include those for quality assurance

AEP = Alberta Environmental Protection
City = City of Edmonton and their consultants
CR = Capital Region Sewage Treatment Plant

Indust. = Geon Canada, Celanese, Esso Chemical, Esso Refinery, Petro-Canada, Sherritt-Gordon, AltaSteel

STP = sewage treatment plant

wWTP

= water treatment plant

WWTP = wastewater treatment plant
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Figure 2. Map of Edmonton and North Saskatchewan River showing
sampling locations and major features.
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minute intervals over the course of the storm for the same chemical variables
monitored in the river.

There are a few tributaries that enter the river in the study reach, but most have
very small flow volumes relative to the mainstem. There was a particular concern
about Whitemud Creek, because it drains agricultural and urban land ocutside of
the city limits, and it has one large and several small storm sewers draining to it.
During the 1991 event, the creek itself was sampled and flow estimated just below
the confluence of Blackmud and Whitemud creeks, and also at 45th Avenue below
a large storm sewer draining the Duggan-Petrolia area. It was not sampled near
its confluence with the North Saskatchewan River because the river backs up into
the creek for a considerable distance (depending on river flow). The Sturgeon
River was also sampled during the 1991 storm event (at three-hour intervals),
because one of the North Saskatchewan River sampling locations was downstream
of the confluence with the Sturgeon River. Other tributaries were not sampled.

Staff at the Rossdale Water Treatment Plant sampled at two hour intervals from
their raw water intake line during the course of the storm event. In addition, staff
of Alberta Environmental Protection installed automatic samplers on the right and
left banks of the river. The purpose was to obtain river samples below 85 storm
sewers, but above any of the combined sewers. It had been arranged with the
Rossdale WTP that their offshore intake would be used during the storm event,
but that was not possible at the time, so the raw water was withdrawn from the
intake at the left bank. Thus, the left bank automatic sampler intake and the
water treatment plant intake were fairly close to each other.

Staff of the Gold Bar WasteWater Treatment Plant sampled the final effluent and
recorded discharge every two hours for the duration of the event. The secondary
bypass was sampled every 30 minutes during the event, and discharge was
recorded. A secondary bypass occurs when the volume of sanitary wastewater and
storm water entering the plant becomes too large for the secondary process to treat
effectively. The excess primary treated wastewater is discharged to the river.

In 1990, a sampling station was established upstream of the Capital Region
Sewage Treatment Plant effluent and the river cross section was surveyed for
depth and flow volume. To meet safety and efficiency requirements for sampling,
Alberta Environmental Protection staff used an in-river intake system with hoses
from five river locations to a pump and manifold housed in a walk-in trailer on
shore (see diagram in Appendix C). Much effort was spent designing and
manufacturing the system, and then it was installed with the assistance of divers.
In 1991, the intake system was re-established after the winter. tested and then
used during storm event sampling. However, it was determined later that the
piping system in the river had moved downstream, so that only a portion of the
distance across the river was sampled. As a result, the data obtained from this

site were not used quantitatively to assess effects of the storm on river water
quality.
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7. The final effluent from the Capital Region Sewage Treatment Plant was
sampled every three hours during the storm, and flow was measured continuously.

8. Industrial effluents were sampled during the storm event. Industries were very
cooperative in participating in the study; staff of each industrial plant collected 8-
hour composite samples during the storm and provided flow volumes for the
period. Of the nine industries asked to participate, seven provided samples:
B.F.Goodrich (now Geon Canada), Celanese, Esso Petroleum (now Imperial
Products), Esso Chemicals (now Imperial Chemicals), Petro-Canada, Sherritt-
Gordon Mines, and Stelco (now AltaSteel). Dow Chemical and Shell Canada

(Refinery and Styrene plants) were not discharging when they were notified to
begin sampling.

9. Another sampling site was established at Highway 38 Bridge (Vinca Bridge) to
" determine the impact on the river of industrial discharges as well as a storm in
Edmonton. Distances across the river for five sampling sites were measured, and

each site was marked with paint on the catwalk under the bridge so that it was

easily identified. The river cross section at the bridge was surveyed to determine

river volumes, flow and area of each of the five sections across the river. Samples

were collected every three hours by lowering a sampling device from the catwalk.

The sampler was a 4 L polycarbonate bottle in a weighted stainless steel holder

which could be lowered through the water column to produce a vertically
integrated sample.

10. To determine impacts of a storm in the city on river water quality further

downstream, two automatic samplers were set up to collect samples after the
storm-affected water had passed the Vinca sampling station. One sampler was at
Pakan or Victoria Settlement, downstream of Highway 855 bridge and 139 km
downstream of the E.L.Smith plant; sampling frequency was every 4 hours for
4 days. The other was at the Border, 356 km downstream of the E.L.Smith plant;
samples were collected every 8 hours for 8 days. Only substances that would
remain stable during storage could be monitored with these samplers.

2.1.2 General Description of Storm Event Sampling

Sample bottles and equipment were set up well in advance, and laboratories were
prepared to accept samples on short notice and on weekends if necessary. A list of staff
available was prepared for each weekend; if sufficient people were available, they were on
"storm watch". The decision to monitor a particular storm was made rather arbitrarily.
Ideally, there would have been several days of dry weather beforehand so that pollutants
would build up on streets and other runoff areas, and the storm would be relatively large and
brief (greater than 15 mm over a few hours). As well, the storm should fall relatively
uniformly over the city. It was desirable to have low flows in the river so that the greatest
impact could be observed. High river flows would dilute urban runoff entering it, and high
concentrations of suspended solids may have masked certain substances of concern.

Consequently, the storm watch period began after the normal high river flows of July
decreased to levels below about 400 m¥s.
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Once a storm was called, staff were to mobilize as quickly as possible to their
designated posts. A storm was called initially on August 11, 1991 at 0130 hr, but rainfall
coverage over the city was uneven and showers were short and spotty. The City's
consultants, I.D.Engineering (IDE), had numerous logistical and equipment problems in
attempting to sample the storm and combined sewers. For these reasons, the sampling was
terminated at 0630 hr and niver samples discarded. IDE was able to combine the outfall
samples obtained and have them analyzed as composites. This mobilization of staff provided

an excellent dry run, and allowed unforseen problems to be solved, particularly with timing
and coordination.

Another storm was called at 2130 hr September 7 and sampling began at Capital
Region and E.L.Smith at 2330 hr. All sampling of the event except for the automatic
samplers downstream of the city was completed at 1250 hr September 9. Samples were
either filtered and preserved on site at the water treatment plants and river sites, or brought
back to the AEP facility in Edmonton (McIntyre Centre) for filtering and preservation.

2.1.3 Daily Composite Samples

In late May-early June 1991, ISCO automatic samplers were established 1) above
Devon Bridge on the right bank to provide background data, 2} on the left bank at Capital
Region, upstream of the sewage treatment plant outfall, 3) at the old ferry site at Pakan
(Victoria Settlement), on the left bank, downstream of Highway 855 bridge, 4) at the border,
on the left bank at the Highway 17 bridge (Lloydminster Ferry). Remote electronic water
quality monitoring units (Hydrolab datasondes) were also put in the river at these locations
to determine whether such variables as dissolved oxygen, conductivity, pH or temperature
might be affected by the passage of stormwater from the city.

The ISCO automatic sampler collected daily composite water chemistry samples
composed of aliquots collected every four hours. Samples in the automatic sampler were
picked up weekly; only substances that would remain stable in the samples during this
storage period were analyzed. During the storm event in early September, the Pakan and
border automatic samplers were reprogrammed to collect samples every 4 or 8 hours, and the
Capital Region sampler was used elsewhere. The Devon sampler and datasondes continued

operation through this period. The equipment was removed from the river in mid-September,
1991.

2.2 SAMPLE PREPARATION AND ANALYSIS

It was decided that initial investigations into the impact of urban runoff on water
quality of the North Saskatchewan River should focus on easily measured substances known

to be a concern in the river. These include certain metals, fecal coliform bacteria, organic
matter and nutrients (Table 2). In addition, it was important to include several cons,ewative
substances so.that input mass could be compared with the in-river mass of substances that
were not subject to instream processing. Sodium and chloride were chosen because the
historical data showed the greatest difference in concentration between samples collected
above and bel'ow the city. Table 2 also lists variables analyzed in the daily composite samples
collected during the summers of 1990 and 1991, and analyzed by Alberta Environmellztal
Centre. The laboratories analyzing samples for the storm event included Norwest Labs
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Table 2. Variables analyzed during storm event studies in North Saskatchewan River 1990-1991.

VARIABLE NAQLEDAT VARIABLE NAQULDAT

STORM EVENT (Norwest Labs) DAILY COMPOSITE SAMPLES(AEC)
Nutrients 1990
TKN - Total Kjeldahl nitrogen 07021L Na - Sodium 11103L
NO,+NO,-N - Nitrite+nitrate nitrogen* 07301L TSS - Total suspended solids 10401L
NH,-N - Ammonia-nitrogen* 07505L TP - Total phosphorus 15421L
TP - Total phosphorus 15406L V - Vanadium 23009L
TDP - Total dissolved phosphorus* 15103L Cr - Chromium 240091,
Metals Mg - Manganese 25003L
Cr - Chromium, total* 24004L Fe - Iron 26009L
Cr - Chromium, dissolved* 24056L Co - Cobalt 27009L
Cu - Copper, total* 29003L Ni - Nickel 28009L
Cu - Copper, dissolved* 29107L Cu - Copper 29009L
Ni - Nickel, total* 28007L Zn - Zinc 30009L
Ni - Nickel, dissolved* 28107L Mo - Molybdenum 42009L
Zn - Zinc, total* : 30003L Cd - Cadmium 48009L
Zn - Zinc, dissolved* 30107L Ba - Barium 56009L
Pb - Lead, total* 82004L Be - Beryllium 04103L
Pb - Lead, dissolved* 82104L
Hg - Mercury, total* 80015L 1991
Na - Sodium, dissolved 11102L Na - Sodium 11103L
Routine and Miscellaneous Cl - Chloride 17206L,
pH 10301L TSS - Total suspended solids 10401L
EC - Electrical conductivity 02041L TP - Total phosphorus 15421L
Cl - Chloride* 17203L Cu - Copper 29305L
TSS - Total suspended solids 10401L Pb - Lead 82302L
Cyanide* 06606L
Organics
Phenol * 06537L
TOC - Total organic carbon 06005L
BOD - biochemical oxygen demand 08202L
FC - Fecal coliform bact. (Prov. Lah.) 36012L

data not used because of below-detection values or QA problems
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(water chemistry), the Provincial Laboratory of Public Health (fecal coliform bacteria) and the
Alberta Environmental Centre (quality assurance splits). All three laboratories had agreed
beforehand to accept samples on very short notice and at any time of the day or night; the
event sampled began at about 2200 hr on a Saturday.

During the storm event, the Alberta Environmental Protection facility called
MecIntyre Centre was used as a base for coordination and sample preparation. Samples were
either filtered and preserved there, or at the Rossdale Water Treatment Plant, the Capital
Region transect site or the Vinea transect site. Samples were preserved or filtered within 6
hours of sampling, or else maintained at 4°C until they could be processed. Microbiological
samples were kept cool and delivered to the lab within about 12 hours of collection.

2.3 QUALITY ASSURANCE

An extensive quality assurance program was incorporated into the sampling
design. Quality assurance provides an indication that the data meet defined quality
standards with a stated level of confidence; included in the quality assurance program are
quality control, the procedures used to produce quality data, and quality assessment, the
methods to evaluate data quality (Taylor 1990).

In 1989, a round robin to assess commercial laboratory performance was conducted
by the Environmental Quality Monitoring Branch. Ten laboratories participated and six were
judged acceptable. In May 1990, one of the six, Norwest Laboratories, was selected to
analyze samples for the project, but a suitable storm event did not occur that summer.

An additional performance test was given to Norwest in June 1991; United States
Environmental Protection Agency (USEPA) performance evaluation materials were provided
to the lab to assess accuracy, as well as triplicate samples from the North Saskatchewan
River to assess precision. Several of their results for metals and total organic carbon were
outside acceptance or warning limits for the true values provided for the USEPA materials.

These problems were pointed out to Norwest, and they agreed to investigate and correct
whatever was necessary.

Quality assurance procedures for the storm event included:

1. Preparation of sample bottles. Because a large number of samples would be
collected over a short period of time, it was deemed essential to prepare as much
as possible in advance and to ensure there would be no mix-up in labelling.
Bottles were pre-rinsed with distilled water, labelled, sorted and given a Norwest
work order number to facilitate laboratory handling.

2. Pr?tection of samples. Sensitive samples such as those for analysis of fecal
cohforpns al_ld B.OD were kept cool and delivered to the laboratory within
pl:escrlbed time limits. Other samples were kept cool and processed or preserved
within 24 hours.

3.

Fielq and prep laboratory record keeping. Record sheets for each sampling
location were prepared in advance. The time of sample collection, preparation and
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submission to the labs, as well as comments about the samples, were recorded in

progress.

4. Blanks. At each location, distilled deionized water was poured through the
filtering apparatus or prepared on site, preserved and submitted as a blind
sample.

5. Splits. Set of samples collected at each location included one or more splits (two

identical portions of individual samples), which were submitted simultaneously to
Norwest and Alberta Environmental Centre (AEC) to indicate accuracy problems.
Bacteriological samples were split between the Provincial Laboratory of Public

Health and Alberta Environmental Centre. About 10% of samples collected
included a split.

6. Triplicates. About 10% of samples were split three ways; one was labelled as

usual, the other two splits were labelled differently and submitted to Norwest as
a blind check on precision.

Discrepancies, precision problems and other concerns with some of the data
provided by Norwest after the storm event sampling warranted further testing of the
samples. Accordingly, in January 1392, a selection of 28 samples was retrieved from storage
at Norwest, split, re-labelled and submitted again to Norwest and also to AEC. Included in
the new submission were three blind samples made up of USEPA test materials, and a blank.
Only preserved or stable variables could be re-analyzed. The results suggested that Norwest
had contamination problems in certain nutrient and metals analyses (F.Dieken, AEC, pers.
comm., March 1992). In consequence, all samples for total phosphorus and total kjeldahl
nitrogen were re-analyzed by AEC, and Norwest agreed to reanalyze the metals samples. As
a check on storage losses or changes over the period between analyses, the results of the
original QA samples submitted to AEC were compared to results from re-analyzed samples.

24 DATA ANALYSIS

24.1 Quality Assurance

Precision was estimated for triplicate samples analyzed by Norwest Labs and the
Provincial Laboratory of Public Health by calculating a relative standard deviation (RSD =
100 (s/x)); relative standard deviations greater than 25% were considered unacceptable for
this study. Accuracy was estimated during test runs by having Norwest Labs analyze
USEPA test materials with known true values. Measured concentrations outside warning
limits were considered unacceptable. For splits between AEC and Norwest, Norwest data

that varied more than 25% were considered unacceptable. A summary of quality assurance
results is provided in Appendix A.

2.4.2 Effluent Characterization and Loading

Data provided by the City of Edmonton (IDE 1992, IDE 1993) and from studies

conducted by Alberta Environmental Protection were used to characterize discharges from
several storm events in the city.
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The total mass of substance in various effluents was calculated for the duration
of the September 7-8, 1991 storm period for seven constituents (TP, TKN, TOC, BOD, TSS,
Na, fecal coliform bacteria). These variables were chosen because they fell within acceptable
QA criteria. In addition, all had levels above the analytical detection limit in the river, so
that a mass balance could be prepared. A 12-hour period was chosen to cover the duration
of the storm, because each effluent differed with respect to timing and duration of discharge
and time of travel in the river to the sampling point. During this 12-hour period, which
began at 2200 hr September 7, 1991, storm and combined sewers discharged as little as three
hours, whereas other discharges, such as the treated effluent from Gold Bar, were continuous.
The constituent mass in the rver at Vinca Bridge was also estimated for 12 hours so the
total mass from effluents could be compared with the total mass in the river.

Mass loads in the storm and combined sewers were calculated by summing the
product of measured or extrapolated concentrations and flow volumes provided by the City
of Edmonton (IDE 1992). The entire load provided by IDE (1992) was not always used
because the estimate included base flow in the sewer outside of the storm period. Rating
curves for the 30th Ave. storm sewer and the Rat Creek combined sewer were revised in
1993, so that it was necessary to calculate new mass loads from these sources.

Storm and combined sewers not monitored by the city were extrapolated from
monitored sewers to six drainage areas in the city as follows:

1. Areas west of the river and south of Quesnell basin, and east of the river south of
Riverbend and west of Whitemud Creek.

2. All of the areas discharging to Whitemud Creek.

3. The areas west of the river between the Quesnell and Groat basins, and the
Belgravia area east of the river.

4. All of the combined sewer area not discharging to Rat Creek.

5. All of the storm system discharging to Mill Creek.

6. All of the storm drainage areas east of 50th Street.

Areas draining to stormwater lakes were not included in the estimates. For each
of the five stormwater drainage areas, IDE extrapolated pollutant loads by determining the
average basin pollutant yield for Quesnell, Groat and Kennedale storm sewers and
multiplying by the drainage area and rainfall depth. The 30th Ave. sewer data were not used
because only a composite sample was collected at this site. The estimated load from Area 4,
the non-monitored combined sewer area, was pro-rated from Rat Creek because data from
the monitored southside combined sewer, Capilano, were considered to be unrepresentative
of combined sewer effluent and were not used; Capilano was included in Area 4 (IDE 1992).

Concentrations and flows used for the continuous discharges were those covering
the 12-hour period after the first sample was collected (i.e., 2300 hr Sept. 7, 1991 for Gold
Bar treated effluent). For the industrial effluents, a total load for a 12-hour period was
estimated from the 8-hour composite samples collected during the storm.



17
24.3 River Monitoring

Several assumptions were made in setting up the monitoring program to assess
impacts from a rainstorm in the city of Edmonton. Because the background water could be
sampled only during the storm, not before it, it was necessary to assume that the chemistry
of the sample water collected as it entered the city was relatively unchanging over time. The
time of travel through the city is 16 hours at average flow, which meant that river water
sampled downstream of the city during the storm had passed the E.L.Smith plant nearly a
day before plant staff could begin to sample it. To determine the implications of this, data
for several substances from the daily composite sample at Devon for September 6, 7 and 8
were compared with those collected at E.L.Smith plant on the days of the storm monitoring,
September 7 and 8. Not all substances could be compared, because either they were not
analyzed in the composite samples (e.g., fecal coliforms) or were analyzed in a different way
(e.g. metals). The background concentration for TSS and other substances used in modelling
and mass balance calculations were either values measured at Devon the day before the
event, or else the earliest values only from the sampling at E.L.Smith.,

Another assumption was that the input of substances via creeks, atmospheric
deposition and groundwater discharges between the city and the monitoring sites was
negligible. Discharge data for several tributaries draining to the North Saskatchewan River
were examined to determine their response to the passage of the storm. To check the
possible magnitude of input from rain and dust falling directly onto the river, a coefficient
for loading of TP (Mitchell 1985) was applied to the surface area of the river between the
centre of the city and Vinca. It was estimated that about 0.3 kg TP would fall over a 12 hr
period, which is negligible compared to loading from other sources. Although other variables
were not quantified, it is assumed that their mass input would also be negligible. No
information on groundwater discharges to the river during the storm event was available.

The in-river mass loads at the Vinca Bridge sampling site were estimated by
multiplying concentration at each of the five sampling points across the river by the discharge
at that point and time, and summing the five mass loads, to yield a total mass for each time
the river was sampled. The total mass of each constituent for a 12-hour period was estimated
by averaging mass loads for the period 0830 hr September 8 through 0030 hr September 9,
and reducing this total load to a 12-hour mass load. This was necessary because the storm-
affected water appeared to take longer than 12 hours to pass the Vinca monitoring site.

Data from the daily composite samples at the two sites (Pakan and border)
downstream of the urban area were compared to precipitation data at the Municipal and
International airports, with an appropriate shift in time to compensate for the time of travel
of the river to the sampling site. Daily average precipitation (averaged for the two airports)
was compared with daily data from the ISCO samplers and the datasonde monitoring units.

2.4.4 Modelling

The event model MULTI was developed by consultants for Planning Division of
Alberta Environmental Protection specifically to predict effects of Edmonton storms on water
quality in the North Saskatchewan River. It models the transport, dispersion and decay of
solutes discharged into a river from single or multiple time-varying point sources. The model
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will estimate concentration profiles across the river at specific downstream locations to assess
effects of urban runoff or spills. The model requires that river hydraulics, dispersion
coefficients and locations of point sources and outputs be specified, and then concentrations
and flows over time for each point source are entered. The model output includes two-
dimensional contour plots of the concentration passing a fixed point on the river, and one-
dimensional plots of concentration averaged across the river vs. time. Observed data can also
be plotted to compare with predicted concentrations(HydroQual/Gore and Storrie 1988).

Six variables analyzed in samples collected at Vinca were deemed suitable for
model calibration (Fecal coliform bacteria, TP, TKN, TOC, Na and TSS). Other variables
were below analytical detection limits in some samples (e.g., cyanide, several metals), did not

show concentration differences above and below the urban area (e.g., specific conductance)
or were analytically suspect.

The September 1991 storm data for each source were entered as concentrations
and flows at hourly intervals through the discharge period. Storm/combined sewer data
collected every half hour were integrated to provide an hourly concentration and flow for each
sewer and effluent. For storm and combined sewers not monitored by the City, the total loads
for each of the six unmonitored areas estimated by IDE (1992) were broken into hourly loads
by pro-rating flows and concentrations according to those of the nearest monitored sewer.
These were entered into the model corresponding to the appropriate distance downstream of
E.L.Smith, the zero distance for modelling purposes. For fecal coliform bacteria from
unmonitored areas, for which IDE did not provide loads, counts used were an average of flow-
weighted mean values from Quesnell, Groat and Kennedale storm sewers or Rat Creek
combined sewer. In late 1993, the City provided revised flow estimates for the 30 Ave. storm

sewer and the Rat Creek combined sewer, which necessitated rerunning the model for all
variables.

Industrial effluents, which were sampled as a composite sample over eight hours,
were assumed to have a constant concentration and flow over the eight hours, but hourly
flows provided by the industries were used when available. For the sewage treatment plant
effluent, measured flow and concentration were used for the time period during the storm.
It was necessary to extrapolate one day before and one day after the storm for these
continuous effluents so that steady state or background conditions could be portrayed without
the effect of the storm event. For Gold Bar, measured flows were available for the periods
before and after the storm; concentrations were extrapolated from data collected on other
dates. For Capital Region, flows and concentrations outside of the storm event monitoring
period were extrapolated from data for other time periods.

Only a single value for the river background concentration can be entered into the
model, although samples were collected at E.L.Smith every two hours during the storm.
There were also limited data from the daily composite sample at Devon, collected the day
before the storm event occurred. The Devon data were used where possible; otherwise an

average value for the earliest samples collected at E.L.Smith was used for background
concentrations.

Transverse dispersion coefficients used were those in Van Der Vinne (1992) and
longitudinal dispersion coefficients in Van Der Vinne (1991b). Leopold-Maddock hydraulic
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equations developed for the North Saskatchewan River (Ray and Dykema 1991) were used;
these coefficients are entered as a constant for each of three reaches in the study area. River
discharge rates for each reach were entered as hourly average flows from the Water Survey
of Canada hydrometric station in Edmonton and shifted by time of travel. Flows determined

from staff gauge readings at Capital Region during the storm event were used to determine
additional inflow below the Edmonton hydrometric station.

Process rate coefficients were added to the input deck of the model for non-
conservative substances (those subject to transformation, assimilation or die-off in the river),
including total phosphorus, total kjeldahl nitrogen, total organic carbon, and fecal coliforms.
Rate coefficients from Bowie et al. (1985) were used initially, and then adjusted to obtain the
best match between predicted and observed data.

For observed data, the five measured concentrations per sampling time at the two
transects were used directly for the two-dimensional contour plots. For the one-dimensional
plots, only one concentration per sampling time can be used. To calculate an average
concentration across the river, the observed concentrations were flow-weighted based on the
surveyed river transect and river discharge per sampling time. The total load was divided
by the total flow, to obtain one concentration for the river at the time of sampling.

The model was run initially with sodium, because concentrations predicted by the
model are a result of a simple mass balance and the validity of assumptions used in the
model could be explored. This variable was chosen because of its analytical precision and its
fairly large historical concentration difference between samples collected above and below the
urban area. Concentrations predicted by the model at the Vinca Bridge sampling site were
compared with observed data, primarily for the one-dimensional predictions, so that time of
travel between predicted and observed data could be compared. Runs were also made with
the Leopold-Maddock coefficients adjusted slightly for one reach (Fort Saskatchewan to

Vinca) so that the time of peak concentrations in the observed and predicted data sets
matched.

For each modelled variable, Spearman’s rank correlation test was used to
determine the significance of the match between predicted and observed data. The non-
parametric test was used because the data were not normally distributed.

The model was also run for the Capital Region sampling site, even though observed
data were not suitable for comparing with predicted data. The predicted data provide insight

into concentrations expected in the river immediately downstream of the city after a storm
event.

24.5 Analysis of Long-term Data Potentially Affected by Storm Events

To evaluate the effect of storm events in the city of Edmonton on water quality at
the border, monthly data collected for the Prairie Provinces Water Board (PPWB) by
Environment Canada for April - October, 1985 - 1992 at Highway 17 (station 00ALO5SEF0003)
were compared with rain events that occurred in the city 5 to 7 days before the water quality
sample was collected. Rain events selected were those in excess of 5 mm over one to three
days, as measured at the Municipal and International airports. In addition, dry periods were
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also compared to border water quality; dry periods included those with less than 1 mm rain
in the city 5 to 7 days before the water quality sample was collected. Excluded from the
analysis were data that may have been affected by rain events of 1 to 5 mm during this
period, or data that may have been affected by large rainstorms within five days of sample
collection. The flow rate in the river was considered in evaluating these data. Variables of
concern were fecal coliforms, copper, zine, and lead, which occasionally exceed Prairie
Provinces Water Board objectives; also tested were total suspended solids, total phosphorus
and dissolved phosphorus. The non-parametric Mann-Whitney test was used to compare
storm affected and non-storm affected data because variances of the two populations were
dissimilar. An attempt was made to relate concentrations in samples collected monthly at
Devon (Alberta Environmental Protection’s Long-term River Network station) to those at the
border 6 to 8 days later to determine background water quality. However, the time of travel
back calculation revealed that none of the samples collected at Devon for this eight-year
period could be compared with border data.
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3.0 RESULTS AND DISCUSSION

3.1 DESCRIPTION OF THE SEPTEMBER 1991 STORM EVENT

After several false starts during the latter part of the summer in 1991, monitoring
of a storm event was called on the evening of September 7. Average flow in the river on
September 7 was 258 m%s; this is higher than the long-term mean flow for September,
187 m*/s (Water Survey of Canada data at Edmonton gauge). The rain was fairly intense and
steady at its beginning, so once AEP staff and City consultants were mobilized, it was decided
to continue sampling, even though it was apparent that the rain would not continue for very
long. The rainfall amount in the storm monitored was considerably less than the ideal
amount (6.8 mm at the municipal airport and 7.2 mm at the international airport), although
the distribution over the city was fairly even. MacKenzie (1982) determined that the median
amount of rainfall per summer storm in Edmonton was 4.8 mm for his data set collected
during 1980-82, reflecting the frequent light showers that are common in the Edmonton area;
the average amount was 11 mm. Thus, the size of the storm monitored was typical of most
occurring in Edmonton in summer. Before the storm event, there had been eight days with
no precipitation or with amounts less than 1 mm for the day. The event lasted for only about
two hours, but was sufficiently intense to cause overflows in most of the combined sewers and

a secondary bypass at the Gold Bar WWTP. Sampling of the event was accomplished without
major problems.

Based on data provided in IDE(1992), the storm discharged about 500,000 m® of
water via the storm and combined sewers, which would increase flow in the river by an
average of 23 m%s for six hours (Figure 3). The volume of the increased flow over
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Figure 3. Flow volume of the North Saskatchewan River at Edmonton and Capital
Region, September 7-8, 1991.
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background, as calculated from the Water Survey of Canada hydrograph for Edmonton,
represents about 274,000 m® for the six hours, which is somewhat less than the amount
estimated to have been discharged from the storm sewers above the Edmonton gauge
(340,000 m®). This discrepancy is reasonable given that only three storm sewers were
monitored and the river flow data used were hourly. Water level was also read from a staff
gauge at Capital Region during the storm event. The hydrograph produced from these
readings is very similar to that at the Edmonton station, but flows appeared to be about 10%
too high, based on readings after the storm flood had passed the Capital staff gauge,
compared to flows at the Edmonton gauge. Estimated flow rates from the staff gauge
readings were reduced by this amount, and the adjusted hydrograph is shown in Figure 3.
The estimated volume of water added to the river by storm and combined sewers downstream
of the Edmonton gauge is about 160,000 m®, which spread out over the hydrograph at Capital
Region. The peak flow at the Edmonton gauge (290 m®/s) occurred at midnight and at
0330 hr at Capital Region, about a 4-hour time of travel for the flood wave. Constituent time
of travel between these points is estimated at slightly over 8 hours.

3.2 STORM AND COMBINED SEWER DISCHARGES
TO THE NORTH SASKATCHEWAN RIVER

The water quality of urban runoff depends on numerous factors that are different
for each rainfall event, These include drainage basin characteristics such as land use and
slope, the amount of substances accumulated on land surfaces, the length of the dry period
before the event, time of year, and pattern and amount of rainfall during the storm. As a
result of complex interactions between these and other factors, characterization or prediction
of water quality for a particular sewer is generally not possible, even for large versus small
storms. For example, a long period of dry weather followed by a short intense rainfall may
produce higher pollutant loads than a much larger storm following relatively rainy weather.
Large storms tend to remove pollutants readily and from distant parts of the sub-watershed,
but they also contribute a large volume of water for dilution. Very small storms may mobilize
only a small percentage of pollutants on land surfaces, but little water is available for
dilution. According to Pitt and Field (1977) the worst-case storm lies somewhere between
these extreme storm volumes. Their worst-case storm was 6.4 mm rainfall over a storm
duration of one hour, for a city of 100,000 people in the United States. There is also great
variability dunng the course of an individual storm. Many studies suggest that
concentrations are highest at the beginning of the storm; this characteristic of urban runoff
is known as "first flush”, and results from the initial washoff of loosely bound and easily

transported materials from impervious surfaces (Whipple et al. 1983; Waste Management
Group 1992).

Edmonton’s complex stormwater drainage system carries runoff from snowmelt and
rainstorms to 217 storm sewer and 22 combined sewer outfalls located along the banks of the
North Saskatchewan River and several tributaries. In many of the areas developed in recent
years, stormwater drainage first enters storage lakes, which then release water slowly to the
river or a creek. Most of the storm sewers drain relatively small subbasins; about 77% of the
land area serviced by the separated sewer system discharges via 18 major outfalls (Ahmad
1985). Recent estimates suggest that 75% of the annual flow volume from storm sewers is
discharged from only four major outfalls (30th Ave., Quesnell, Kennedale and Groat - see
Figure 2) (UMA 1993). The combined sewers are located in the older central core of the city.
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The largest combined sewer, Rat Creek, drains about one third of the total combined sewer
area, but conveys 70 to 90% of the combined sewer overflow to the river (IDE 1992, UMA
1993). The total city area drained by the storm and combined system is just over 28,000 ha.
excluding the area draining to the lakes; of this, the combined sewer area is 6300 ha. The
ratio of runoff to rainfall (mm/mm) for the storm sewers ranged between 0.04 and 0.49 and
averaged 0.22 for the storms monitored by IDE in 1991 and 1992. As would be expected,
large storms had higher runoff to rainfall ratios than small storms. About 4 mm of rain is
required to produce a discharge at Groat storm sewer, and about 2 mm to produce an
overflow at Rat Creek, but this will vary with time of day and other factors (IDE 1993).

The water quality of several storm and combined sewer discharges in the city has
been monitored occasionally since 1987; five discharges have been monitored regularly since
1991. Most of the sampling has been conducted by combining samples over the course of the
storm event to produce one composite sample, but a few sewers during several events have
been sampled as time series, or "pollutographs”, in which flow is estimated continuously or
as discrete measurements, and chemistry samples are collected periodically. Except for
occasional single samples, the list of substances analyzed in these sewer discharges is very
short and limited to inorganic or conventional variables (primarily TSS, BOD, TP, TKN, NH,-
N); many other chemicals, some of which could be a concern in the river, were not analyzed.
The storm sewers that have been sampled as time series include Groat, Quesnell, Kennedale,
30th Ave. and Duggan-Petrolia. The combined sewers include Rat Creek and recently,
Highlands and Capilano. These sewers drain large areas of the city, and are generally
representative of major land use types. Table 3 presents ranges of concentrations of selected
constituents analyzed in stormwater samples from these sewers. Also presented are
concentration ranges from the literature for sewers monitored elsewhere. Of the Edmonton
storm sewers, Quesnell tends to have higher concentrations of various substances than any
of the others monitored. It drains mixed residential and industrial land on the north side of
the city; much of the area was developed many years ago. The large combined sewer called
Rat Creek discharges very high concentrations of nutrients, BOD and bacteria that are
typical of dilute untreated domestic sewage. Concentrations measured in Edmonton urban
runoff are in line with those from other studies, particularly the Ontario study (see Table 3).

The storm monitored in September 1991 was neither the largest nor smallest of
those monitored in the city since 1987, and concentrations generally fall within the range of
the others. All of the storm sewers monitored during this storm discharged the highest
concentrations of substances and flow at the beginning of the storm (Figure 4a and b),
whereas Rat Creek was more variable. Because the highest concentration of most substances
occurred in the first sample, it is not known whether this was the peak concentration for the
event in the particular sewer. If the first sample was collected after the peak concentration
had occurred, the total load for that substance may have been underestimated slightly.

Other storms sampled in these sewers showed less first flush effect (Figure 5). For
example, on July 30, 1987 the Quesnell sewer began to flow within 1/2 hour of the beginning
of the rain (3 mm rainfall in the first hour), but on August 20, 1987 did not begin to
discharge until 4 hours after the rain began (1.5 mm of rain over this period). On July 30,
concentrations of fecal coliform bacteria peaked with peak discharge, about an hour and a
half after the sewer began to flow, whereas total phosphorus (TP), nickel and total kjeldahl
nitrogen (TKN) concentrations peaked both before and after the peak discharge. On



Table 3. Ranges of concentrations in City of Edmonton storm and combined sewer discharges sampled 1987-1991 and from other studies. Units

are mg/L unless indicated otherwise.

RANGE
SITE DATE
COND. FC .
TSS e Na cl TP TKN TOC BOD etox 107100 L. Ni
Sept.7-8, 1991 | 170-610 | 420600 | 23.7-41.1 | 195359 | 2.54.58 13223 | 156-203 | 107.249 2700-6200 0.01-0.039
Rat Creek CSO
Sept.4,1992 212-404 [ 500-740 426-961 | 25499 | 154-266 | 158312 | 64-177
Sept.7-8,1991 89-392 | 200-1160 | 12-140 12.8.190 | 0.23-147 | 012612 | 7.1-238 | 10.1-21.1 19-380 0.009-0.029
July 20,1987 166418 | 176.419 0.40.0.81 | 1.88.3.16 2.5-14.2 0.01-0.016
Kennedale SS
July 5,1988 30-260 | 246-1200 0.18-0.56 | 1.28-3.04 3.1-17 5.4-59 0.001-0.012
Aug.9,1988 24-246 | 7492990 0.3.0.38 | 2.12.3.16 5.5.21.7 2.7.70 0.003-0.008
Sept.7-8,1991 53-532 190450 | 103269 | 124-232 | 0.20-093 | 066279 | 68155 | 53237 4221 0.005-0.018
Groat SS July 5,1988 176418 | 119-1780 0.25-09 | 0.92-2.72 2.6-42.9 1.7-29 0.003-0.008
Sept.4,1992 82-156 18-64 75-17.2 | 0.26:058 | 1.03-1.57 | 7.3-13.6 4-14
Sept.7.8,1991 71-371 170870 | 52434 | 59193 | 0.17.234 | 06604 | 9.7-186 | 94.25.3 6.7-450 0.011.0.076
July 30,1987 2-6 164-2134 0.58-0.97 | 2.88.5.2 1.3-700 0.027-0.27
Quesnell 58
Aug.20,1987 122-344 | 235-1510 05079 | 186.4.4 10.5-105 0.02-0.13
July 6,1992 82.1030 0.4-108 | 1.26.4.98 2.12
30 Avenue SS Sept.4,1992 102-148 | 100-660 0.25-073 | 0.7-1.95 3.9.9.6 3-12
Duggan Petrolia SS July 20,1987 10-2240 | 148-688 0.53-083 | 2.36-5.24 2.14 0.002-0.029
Various U.8. Sources
(Waste Mgmt Group 1902) | Drban Runoff 22890 0.01-4.3 0.41-159 <0.002-0.126
North Carolina (Colston &
Tafuri 1976) Storm Sewers | 27-7340 02160 | 01116 5.5-384 0.1-2 0.09-0.29
Ontario (Weatherbe & Storm Sewers | 2.8-1090 2-10,300 | 0.01-11.0 | 02-19.0 0.2-110 0.01-570
Novak n.d.)
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Figure 4a. Flow and concentration of three variables in discharges from storm

and combined sewers monitored during September 7-8, 1991 storm event.
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August 20, 1987 concentrations of most substances peaked within about an hour and a half
after discharge began, although total suspended solids (TSS) and associated substances
peaked with the peak in flow, about three hours after the sewer began to discharge. Fecal
coliforms were highest in the first sample. One might expect that fecal coliforms present in
the system from cross connections would be discharged at a relatively constant rate, so that
densities in the effluent would be inversely proportional to the volume of flow. This appears
to be true for two of the three storms with fecal coliform data shown in Figure 5, but washoff
from the urban landscape is likely a major source as well. On September 7-8, 1991 levels of
total phosphorus and fecal coliforms, as well as most other substances, were highest in the
first sample at 2215 hr, even though flow did not peak until 2245 hr. This event showed the
clearest example of first flush, perhaps because the rainfall was most intense at the
beginning of the event. During an event sampled by IDE on July 6, 1992, total phosphorus
levels tended to increase and then decline with flow. Rainfall was intermittent over an 18 hr
period, and ranged between 10 and 24 mm across the city. It was estimated that 60 kg of
total phosphorus was generated from the Quesnell sewer during the course of the event; in
comparison, the short rainfall of September 7-8, 1991 (7 mm) was estimated to generate
107 kg of TP from the Quesnell sewer. The lower amount of loading from the July 6 event
compared to the Sept. 8 event was true for other variables and sewers as well, except for total

suspended solids. It was estimated that the TSS load from Quesnell was slightly higher for
the July 6 event, for unknown reasons.

Concentrations of substances monitored in the storm and combined sewer
discharges are quite high relative to concentrations in the river. For example, the median
concentration of total phosphorus in the river downstream from the city is 0.112 mg/L
(Mitchell 1994), whereas in the events sampled by time series, concentrations ranged from
0.170 mg/L to 2.34 mg/L in the storm sewer discharges and 2.50 mg/L to 4.99 mg/L in the
combined sewer discharges. Metals concentrations also tended to be elevated relative to
those in the river. Counts of fecal coliform bacteria were particularly high; in the storm
sewers they ranged up to 700,000 per 100 mL and in the combined sewer 6,200,000 per
100 mL, whereas background concentrations in the river (at the E.L.Smith WTP) were less
than 80 per 100 mL during the storm event sampling. High concentrations of various
pollutants in these effluents do not necessarily mean there would be an impact on the river,

however. More important is the load to the river (concentration times discharge) and the
resulting concentration after mixing and dilution.

3.3 TRIBUTARIES

In conducting the storm event monitoring program, it was assumed that tributary
input of substances between the city and the monitoring sites was negligible. Although
several creeks and rivers enter the North Saskatchewan River between Edmonton and the
border, the amount of rainfall was so small and the previous period had been so dry that
there was very little runoff outside of the city. Daily average flow for the entire month of
September 1991 indicated zero flow for Waskatenau Creek, Pointe-aux-Pins Creek and the
Vermilion River, and only 0.001 m%s for the Redwater River. Namepi Creek near Radway
increased from 0.001 m*s to 0.002 m®/s during the passage of the storm, and White Earth

Creek near Smoky Lake increased from 0.005 m%s to 0.011 m®s (Water Survey of Canada
1981).
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Two tributaries were sampled during the 1991 storm event, but flow
measurements for both Whitemud Creek and Sturgeon River were problematic. There had
been insufficient flow in the Whitemud Creek during the months before the storm event to
develop an accurate rating curve, and it appeared flows were underestimated and therefore
loading estimates would also be underestimated. For example, the total load of TP for a 10
hour period calculated for Whitemud Creek at 45 Ave. was less than 1 kg, whereas IDE

- {1992) estimated that 30 kg of TP would be generated by an area of urban watershed that
drained to Whitemud Creek. As a result, estimates of unmeasured area runoff and loading

provided by IDE (1992) were used for modelling and mass balance calculations, rather than
measured loads.

The water quality at the two Whitemud Creek sites was very different. For
example, conductivity averaged 788 uS/cm upstream (confluence of Whitemud and Blackmud
creeks, 23 Ave.), but only 280 uS/cm at 45th Avenue site, suggesting that the creek water
sampled at the downstream location had a different source than that upstream. Fecal
coliform counts at the two sites were also very different. In the first sample at the upstream
sampling site counts were 260 per 100 mL, and levels declined with each successive sample.
In contrast, counts from the 45 Ave. site ranged between 4300 and 38,000 per 100 mL. These
levels exceed the Alberta Ambient Surface Water Quality Interim Guidelines for indirect
contact recreation (1000 counts per 100 mL); indirect contact use may occur at this site as
it is in a city park. It appears that the downstream site was heavily influenced by the large
(2.1 m diameter) Duggan-Petrolia storm sewer, which was a short distance upstream of the
sampling site. Concentrations of other constituents at the 45th Avenue site were similar to
those in storm sewer effluent, although the storm sewer was not sampled during the event.

The Sturgeon River was also sampled during the September 1991 storm event, but
there was a problem with the water level recorder and only estimated flows could be used.
Concentrations of most constituents were low, although there were occasional high values for
several metals. Fecal coliform bacteria ranged from 20 to 110 counts per 100 mL, which may
be considered background concentrations for streams in developed areas of the province
(based on samples collected from various streams by Surface Water Assessment Branch).

34 LOADING ESTIMATES TO THE RIVER DURING THE 1991 STORM

Mass loading estimates provide strong evidence that the Edmonton area has a
major impact on water quality in the river, particularly during wet weather. Mass loading
during the storm event was estimated for seven variables; results are summarized in Table 4
and Figure 6. Both the storm and combined sewer estimates include data extrapolated from
unmonitored areas. For the combined sewers, the monitored sewer Rat Creek comprised 90%

of the total load; for the storm sewers, the monitored portion of the total load ranged from
B3% for TSS to 69% for sodium,

The proportion of the total load derived from each source was fairly different for
each constituent. The storm sewers were the largest source of total suspended solids and the
combined sewers and the secondary bypass were the largest sources of fecal coliforms.
Although one might expect that the Gold Bar secondary bypass would be a major contributor
of pollutants to the river, this particular storm was relatively brief, and as a result the load
was small. For larger storms, the secondary bypass would contribute a much greater



Table 4. Estimate of mass loading of seven variables to the North Saskatchewan River during the September 1991 storm event
and percentage of total load. Duration of measurement 12 hours. Units are kg except for fecal coliforms

(counts x 10'%).

TSS Na TP TKN TOC BOD FC
LOAD % LOAD % LOAD % LOAD % LOAD % LOAD T LOAD %o
Background 32400 19 25812 41 151 10 864 12 9720 47 5400 20 4.3 <1
Storm Sewers 105061 61 13573 21 344 23 1147 16 5798 28 6470 24 342 B8
Combined Sewers 28670 17 1938 3 220 14 1101 15 1318 6 8514 32 2734 64
Gold Bar Final 963 <1l 12528 20 516 34 2868 40 1524 7 3109 11 139.2 3
g; L‘:SBS’" Secondary 3126 2 2147 3 139 9 693 9 970 5 3222 12 | 1024 24
Cap. Reg. Final 81 <1 1544 2 117 8 21 <1 152 1 268 i 3.8 <1
Industries 309 <1 3885 6 34 2 492 7 128 <l 0.0 1]
Sturgeon River 789 <1 1983 3 6 <1 80 1 1017 5 57 <1 0.0 0
TOTAL 171399 100 63410 100 1527 100 7266 100 20628 100 27040 100 4247 100
LMeasured at Vinca 146566 65346 865 5330 15949 | - 567
% Difference 17 -3.0 77 a8 29 651
Total with Decay* n/a n/a 876 5314 17087 nfa 620
% Diflerence 1.3 0.3 7.1 9.3 J

* Based on MULTI-calculated loads with process rate coefficients added
** BOD not measured at Vineca
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proportion of various substances compared to the final effluent load, particularly if primary
treatment is bypassed. For example, a large secondary bypass that cccurred in 1988
discharged 180,000 m® of wastewater (City of Edmonton data); if the BOD concentration
measured in the secondary bypass in September 1991 is applied to this discharge volume, the
resulting load from the secondary bypass would be six times higher, whereas the loading from
the final effluent would remain approximately the same. For the September 1991 storm, the

secondary bypass loads were generally smaller than those from Rat Creek, but it is not
known how this would compare for a larger storm.

The final effluent from Gold Bar contributed the highest amount of total kjeldahl
nitrogen and total phosphorus during the storm. Indry weather, the sewage treatment plant
effluents would contribute 50 to 85% of nutrients and BOD added to the river as it passes
through the Edmonton-Fort Saskatchewan area (Campbell 1990). On an annual basis, the
Gold Bar effluent contributes the greatest amount of nitrogen, phosphorus, and BOD to the
river of any of these sources (UMA 1993). Upstream sources contributed the highest loads
of sodium and total organic carbon during the September 1991 storm. Industrial effluents
contributed relatively minor amounts of these substances.

Proportions of the total load contributed by point sources are fairly similar to those
measured during a storm event in August 1987 at the downstream edge of the city (Mitchell
1994) and to relative loadings documented in UMA(1993). On the sampling date in August
1987, however, the background concentration of total suspended solids was considerably
higher than during the September 1991 event, so that concentrations of substances that tend
to adsorb to sediment particles were also higher.

Of the total amount of substances measured in effluents and the river as it enters
Edmonton, the portion contributed by various urban area discharges averaged 75%; this
percentage ranged from 48% for total organic carbon to 100% for fecal coliforms. The largest
sources were the storm sewers, the combined sewers and the Gold Bar final effluent.

Mass loads from individual sources were added up ("TOTAL" in Table 4) and
compared with mass loads measured in the river at Vinca ("Measured At Vineca"). Sodium
was used to check the mass balance because it behaves conservatively in the river, and a
summation of source loads should equal the load measured in the river if all sources had been
accounted for. It appears that this is true for sodium; the percent difference between the
total load by summation and that measured in the river is only 3%. The percent difference
for TSS is also fairly low, especially as this variable is difficult to sample accurately because
of its high variability in the effluents and river. For the remaining substances, including
nutrients, fecal coliforms and organic carbon, the total mass measured at Vinea was smaller
than the sum of the source estimates would indicate, suggesting a loss as the substance mass
travelled down the river. Concentration of these substances declined over time as a result
of biological uptake, adsorption to sediments, or, for bacteria, die off. A first-order decay rate
was applied to the mass loads for the non-conservative substances (by running the medel),
and results are shown in the table as "Total With Decay". A percentage difference between
measured and decayed mass was calculated; this difference was 10% or less for these

constituents, also indicating that the majority of sources were accounted for during the
sampling program.
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3.5 WATER QUALITY OF THE NORTH SASKATCHEWAN
RIVER DURING THE SEPTEMBER 1991 STORM EVENT

3.5.1 River Monitoring Sites

The storm event monitored in 1991 represents the first attempt to measure
simultaneously the loadings from City of Edmonton sewer discharges and effects on water
quality in the North Saskatchewan River. River water quality was assessed in five locations.
The E.L.Smith Water Treatment Plant raw water intake (or, for some variables, Devon) was
used to monitor background concentrations and the Rossdale Water Treatment Plant location,
17 km downstream, was set up to assess pollutant loadings from storm sewers. Originally,
two monitoring sites were established below the city, but the data collected from the Capital
Region site had limited use because of technical problems. The monitoring site at Vinca
Bridge, located about 45 km downstream of the city, was designed to assess total mass loads
from all inputs after a certain amount of mixing and in-river processing had taken place.

Automatic samplers at Pakan and the border collected samples for assessing downstream
effects.

3.5.2 Background Water Quality

Because impacts of discharges from the urban area are superimposed on
background concentrations in the river, it was critical to ensure that background
concentrations of the water entering the city were estimated as accurately as possible. Actual
background concentrations of the storm-impacted water could not be measured for all
variables because of the long time of travel through the city and the unpredictability of the
storm event. Water impacted by the storm would have passed the E.L.Smith Water
Treatment Plant the day before. However, data from daily composite samples collected at
Devon before the storm should be representative of background concentrations, although not
all storm event variables were measured in these samples. In Table 5, Devon data for TSS,

Table 5. Total suspended solids (TSS), sodium, chloride and total phosphorus (TP)

concentrations (mg/L) measured in Devon daily composite samples and at
E.L.Smith during the storm.

DEVON (24 HR. COMP) | E.L.SMITH
DATE
™SS | Na| @ | TP " . | TSS | Na | a | TP
Sept. 6 4 2 05 | 0.012
Sept. 7 3 2 0.5 0.006 2315 16 24 0.4 0.014
Sept. 8 4 2 0.5 0.010 01156 14 2.5 0.3 0.013
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Na, Cl and TP are compared to data from E.L.Smith collected during the storm.
Concentrations of TSS at E.L.Smith and Devon (shifted for time of travel) were fairly
different, perhaps because the locations of the two intakes were different with respect to the
channel cross section. Sodium and total phosphorus concentrations were reasonably similar.
Concentrations measured at E.L.Smith over the period of the storm vary considerably, but
this is not considered a problem because concentrations in storm-impacted water were several
times higher than any background concentration measured.

. The results of monitoring the river at the E.L.Smith water treatment plant
indicate no apparent effects of the storm on upstream water quality, probably because there
was little runoff outside of the city. Table 6 shows average concentrations of substances
measured in the samples collected from the raw water intake. These concentrations are
typical of water collected upstream of the urban area when suspended solids concentrations
are low. All substance concentrations observed at E.L.Smith are well below applicable
Canadian Water Quality Guidelines.

353 Rossdale

A secondary objective of the study was to determine pollutant loads from storm
sewers above the Rossdale Water Treatment Plant, and it was thought that mass loads in
the river could be calculated from data collected from samplers on either side of the river and
from the raw water intake in the centre of the river. However, it was necessary for water
treatment plant personnel to use the side-channel intake on the left bank during the storm,
so the data collected at the Rossdale site could not be used for this purpose. However, the
data may be used to indicate how stormwater affects the raw water withdrawn by the plant
when the side intake is used during wet weather. Table 6 presents medians and ranges in
concentrations for the first 12 hours of sampling at the left bank raw water intake within the
plant, and from the automatic samplers located on right and left banks near the plant.
Concentrations for all variables tended to be higher at Rossdale than at E.L.Smith, and levels
of several substances were higher in the raw water intake and the left bank automatic
sampler than in samples from the right bank sampler. The latter difference is probably
related to timing of impact of various stormwater plumes relative to the location of the
intake, -and timing of sample collection.

Figure 7 shows concentrations of several substances measured over time at
Rossdale. The first set of samples collected at Rossdale was affected by stormwater
discharges, and concentrations continued to be elevated for about 6-8 hours. The highest
concentration of most substances occurred during the period of greatest flow in the storm
sewers, from 2345 hr to about 0345 hr, but the timing of peaks for different substances and
intakes varied somewhat. These effects relate to the distance major discharges travelled
before impacting samples at Rossdale. Based on results of dye dispersion work completed for
the City of Edmonton (HydroQual 1987), bank discharges remain close to the bank as they
travel downstream. It is likely that the high concentrations observed in the Rossdale intake
(e.g., total phosphorus) and left bank sampler were derived from the large storm sewers
upstream, particularly Quesnell and Groat. The travel time from the Quesnell sewer to
Rossdale is about three hours and from Groat about 1 hour (at the 250-270 m®/s that occurred
during the storm), but Van Der Vinne (1991a) suggested that flow along this bank would
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Median and range in concentrations of water quality variables at seven locations in the North

Saskatchewan River during September 7-8, 1991 storm event. Data are for period of storm passage
(time period indicated). Units are mg/L except where indicated otherwise.

=
snowm | hows | e | Cwear | omwcr | N | 2onen
(2345-0945) | (2345-0945) | (2345.0945) (0830-0030)
TS5 [ Median 16 26.5 27 12 11 10 6.5
Range 14-17 10-77 13-66 9-17 421 6-13 <1.10
Median 245 2.98 3.005 3.025 5.145 4.965 5.405
Ne Range 2.35-2.47 2.64-4.70 2.65-7.22 2.66-8.73 4.53-5.77 4.44-5.38 5.27-5.79
Median 0.35 0.8 2.55 2.65 34 na 3.7
“ Range 0304 0.4-2.4 1.6-7.2 04-42 2.2-5.6 na 3.7%*
Median 0.08 0.255 0.21 0.14 0.375 0.25 0.215
TR Range 0.07-0.16 0.22-0.45 0.11-0.46 0.06-0.24 0.24-0.75 0.21-0.32 0.18-0.24
Median 0.016 0.042 0.041 0.022 0.0555 0.032 0.022
b Range | 0.013-0.020 | 0.017-0.101 | 0.013-0.124 | 0.011-0.038 0.022.0.123 0.023-0.042 0.017-0.028
oG Median 1.2 16 16 2.5% 1.35 265 2.1
Range 0.8.1.3 1.2.19 0.6-2.8 2.3-3.5 0.9-2.4 2.0-4.0 1.3.2.8
FC Median 15 1075 1285 795 1750 na <10%*
ct&/100 mL | Rapge <10-60 440-3400 290-7000 340-3800 220-19000 na <10
Median 0.001 0.002 0.004 0.0035 0.002%** 0.002 0.001
Phenols Range | <0.001-0.001 | <0.001-0.003 | <0.001-0.005 | <0.001-0.008 | 0.001.0.003 0.002-0.003 <0.001-0.002
T Median 0.006 0.014 0.014 0.011 0.0065** 0.008 <0.001
Range | 0.005-0.007 | 0.004-0.021 | 0.007-0.032 | 0.007-0.013 <0.001-0.031 <0.001-0.059 | <0.001-0.023
sC Median 290 290 290 290 300 300 300
uS/em Range 290 290-320 280-340 280-350 300-320 290-310 290-310
Cyanide Median <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Range | <0.001-0.001 | <0.001-0.010 | <0.001-0.004 | <0.001-0.005 <0.001 <0.001 <0.001
Median 0.001 0.002 0.0015 <0.001 <0.001 <0.001 <0.001
Cr.T. Range | <0.001-0.003 | <0.001-0.004 | <0.001-0.004 | <0.001-0.001 | <0.001-0.009 <0.001 <0.001
- Median 0.001 0.004 0.002 <0.001 <0.001 <0.001 <0.001
Range { <0.001-0.001 | 0.003-0.007 | <0.001-0.004 | <0.001.0.001 | <0.001-0.008 <0.001-0.002 | <0.001-0.003
NiLT Median <0.001 0.002 0.0015 0.001 0.002 0.001 0.0015
Range <0.001 0.001-0.004 | <0.001-0.004 | <0.001-0.002 | <0.001-0.006 <0.001-0.001 | <0.001-0.004
- Median <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002
Range <0.002 <0.002-0.005 | <0.002-0.017 | <0.002-0.002 | <0.002-0.005 <0.002 <0.002
_— Median <0.0001 <0.0001 <0.,0001 <0.0001 0.0001 0.0001 <0.0001
Range <0.0001 <0.0001 <0.0001 <0.0001 <0.0001-0.0001 | <0.0001-0.0001 <0.0001
BOD Median 04 1.05 2.15 2.65 na na na
Range 0.3-0.7 <0.1-2.0 0.9-6.5 1468 na na na

*

= five samples only

** = one sample only

*** = 29 samples only
na = no data available
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Figure 7. Concentrations of three variables in the
North Saskatchewan River at Rossdale during
the storm event, September 7-8, 1991.
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require about 30% longer than the average travel time for that section of the river. Both
sewers were flowing well at 2230 hr. Thus, flow from the Quesnell sewer could have
contributed to the 0345 peak in fecal coliforms at the intake, but it is likely that peaks of
other constituents such as TP at 0145 hr were derived from sewers closer to the intake, such
as Groat and McKinnon. It is interesting that there was such a difference between the
intake samples and the samples from the left bank sampler; the latter tended to have highest
concentrations in the first sample at 2345 hrs on Sept. 7. Although both intakes were located
in the same general area, the left bank automatic sampler intake was located upstream of
the water treatment plant intake and about 4-5 m offshore. The automatic sampler intake
was well into the current, whereas the water treatment plant intake is located at the bank,
where presumably the current is slower. It appears that stormwater plumes affected the two
intakes differently. The water treatment plant intake was also affected by discharges at
1345 hr, about 15 hr after the peak storm runoff. The source of this increase is unknown, but
it is likely fairly close to the intake because there was no indication of similar increases in
samples from the automatic samplers, suggesting that the plume was fairly discrete. There
were increases in TSS, TKN, TP, metals and fecal coliforms, but levels of other substances,

including BOD and sodium, did not increase in the 1345 hr sample from the water treatment
plant intake.

It would not be possible to ascertain precisely which sewers are affecting the
intake most at a given time without using dye, because there would be a cumulative effect
as plumes from upstream sewers pass into plumes from those downstream. However, it is
evident that the water treatment plant intake near shore is affected by urban runoff.
Discharges from sewers on the south (right) bank, such as the large 30 Ave. sewer or
Whitemud Creek, would not affect left bank intakes at Rossdale, but their discharges briefly
increased concentrations in samples from the right bank.

Total suspended solids levels in several samples from the Rossdale intake
increased sufficiently over background concentrations at Devon to exceed the Alberta Ambient
Surface Water Quality Interim Guidelines for TSS (guideline is "not to be increased by more
than 10 mg/L over background”) during the passage of the storm; such increased levels of
suspended solids may be attributed directly to the storm sewer discharges. At all three
Rossdale sampling sites during the passage of storm-affected water, fecal coliform counts
exceeded the Alberta Ambient Surface Water Quality Interim (ASWQI) Guideline for a raw
water supply and indirect contact recreation (guideline is "90% of samples should have a fecal
coliform count of less than 1000 organisms per 100 mL). Metals concentrations tended to be
elevated somewhat during the passage of the storm; many of the metals in the North
Saskatchewan River are correlated to levels of suspended solids (Shaw et al. 1994).

354 Capital Region

Although the Capital Region site was successfully sampled during the storm, a
survey of the transect intakes after the storm event indicated that the intake pipes had
moved some distance downstream. As a result, the transect was biased toward the left or
north bank, missing about 40% of the distance across the river, including the major portion
of the plume from the Gold Bar treated effluent. Data collected at this site were not used for
mass balance estimates and modelling, but are suitable for a qualitative assessment.
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For most variables, the highest concentrations measured in the river during the
storm event were observed at this site. Fecal coliform bacteria counts were very high; all
samples contained counts greater than 200 per 100 mL, and the set of samples collected over
the 24-hour period exceeded Alberta ASWQI Guidelines for direct and indirect contact
recreation. The Rat Creek combined sewer overflow was the largest source of these bacteria;
it contributed over half of the bacteria in the river at that point. The total suspended solids
concentration was very high in samples collected from the site closest to the left bank of the
river, probably resulting from bank ercsion as well as storm sewer discharges. Further
details are provided in the modelling section (3.7).

3.5.5 Vinca Bridge

Sampling at the Vinca Bridge site provided a data set that represented inputs from
storm sewers, combined sewers, treated effluents from Gold Bar and Capital Region, the Gold
Bar secondary bypass, the Sturgeon River and industries. Samples were collected at this
transect every three hours, so that the duration of sampling was extended to cover the storm
effects as the plume spread out through dispersion. Medians and ranges in concentrations
during the period of storm passage are presented in Table 6. Concentrations of many
variables were lower than observed at Capital Region, but higher than at Rossdale. The
geometric mean of fecal coliform counts in the sarmples collected at this site during the period
of storm passage (0830 Sept. 8 to 0030 Sept. 9) was 2310 per 100 mL; this exceeds the
Alberta ASWQI guideline of 200 counts per 100 mL for direct contact recreation and

irrigation of vegetable crops, and the guideline of 1000 counts per 100 mL for indirect contact
recreation and use as a potable water supply.

Figure 8 presents flow-weighted mean concentrations of six variables at Vinca. For
most variables, the peak concentration occurred at 1830 hr on September 8, about 20 hours
after the storm began in Edmonton. A back calculation of time of travel would put the peak
originating from the downstream edge of the city. This estimate can only be rough at best,
because dispersion and differential flow velocities across the river channel are not considered.
It is obvious, however, that effluents from storm and combined sewer discharges and other

sources during the storm event increased concentrations of various substances in the river
at Vinca even for this small storm.

Figure 9 presents measured concentrations across the river over time for four of
the variables shown in Figure 8. These two-dimensional plots portray isopleths or contours
based on samples collected at the five transect sites. Total suspended solids concentrations
were highest in the centre of the river, whereas for the other variables, concentrations were
highest along the right bank. Total suspended solids may settle out in the lower velocities
along the banks, which should result in lower concentrations, but this may be offset
somewhat by resuspension. The predicted load of TSS based on mass balance estimates is
about 17% higher than the measured load, suggesting some settling had occurred;
measurement error for this highly variable substance may have accounted for this
discrepancy, however. For TKN, the high concentration on the right bank is likely derived
from sewage treatment plant inputs (53% of the total TKN load added to the river upstream
of Vinca was estimated to be derived from treated and bypassed municipal effluents). For
fecal coliforms, the mass loading from the city was somewhat greater on the left bank than
the right, mainly because of very high loads from Rat Creek CSO. It appears, however, that
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Figure 8. Flow-weighted mean concentrations of six variables
measured in the North Saskatchewan River at Vinca
Bridge, September 1991.
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considerable mixing has occurred by the time the river reaches Vinca, because the highest
FC concentrations were in the centre and on the right bank.

Metals data for the storm event were not used quantitatively because of analytical
problems. Other studies indicate levels of lead, zinc and nickel increase in the river water
and sediments between Devon and Vinca (Anderson et al. 1986; Shaw et al. 1994). The
highest concentrations of lead in the river water below the urban area tend to occur on the
left bank, likely from storm sewer discharges. For nickel, the highest concentrations tend to
occur on the right side of the river, and are probably derived from industrial effluents in the
Fort Saskatchewan area, although there are elevated concentrations in storm and combined
sewer discharges as well. Zinc concentrations are strongly correlated to suspended solids
levels, and therefore sources are both natural (when TSS is high) and anthropogenic (from
storm and combined sewer discharges as well as municipal and industrial effluents).

3.5.6 Pakan and Border

Samples were collected every four hours after the storm event at Pakan
(downstream of Highway 855 bridge) and at the border with Saskatchewan for variables that
would remain stable during storage. The storm appeared to have peaked at Pakan at 1600
hrs on September 9, about 41 hours after storm/combined sewer discharges peaked in
Edmonton. This is very close to the predicted time of travel between these points (about
44 hr from Rat Creek CS0O). Sodium and total phosphorus concentrations at Pakan show
effects of the storm most clearly, although peak concentrations are not appreciably higher
than concentrations before and after it (Figure 10). The small size of the storm, dispersion
and the masking effect of diurnal variation of flows from the two sewage treatment plants
and industries all tend to diminish the magnitude of the peak, as well as the 4-hour spacing
of sample collection at Pakan. Medians and ranges in concentrations of substances analyzed
during the storm event are presented in Table 6. Concentrations are generally lower or
similar to those at Vinca, except for TOC (for unknown reasons). A fecal coliform sample was
not collected during the time the stormwater would have passed the automatic sampler, but
it is likely fecal coliform counts would have declined considerably between the Edmonton area

and Pakan due to die off. Samples collected later in the monitoring period indicated
background levels.

The water affected by the storm in Edmonton should have arrived at the border
120 hours (5 days) after the event in Edmonton, or very late on September 12. Sampling
began 65 hours after discharges from the storm and combined sewers peaked, and continued
for 7 days. Although the highest concentrations of sodium and total phosphorus occurred in
the sample collected at the predicted peak time, the increase over concentrations in other
samples was very small, probably within measurement error (Figure 10). In addition, sodium
levels may have been affected by discharges from Canadian Salt Co. Ltd. at Lindbergh,
although concentrations after complete mixing should increase by no more than 0.05 mg/L
as a result of these discharges (based on data for September 1991 provided by Water Quality
Branch, Standards and Approvals Division), Medians and ranges of concentrations analyzed
in samples collected at the border are presented in Table 6. Note that although most

variables are lower in concentration than those at Pakan, a few, like sodium, are slightly
higher. ‘
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3.6 EFFECT OF OTHER SUMMER STORMS ON
WATER QUALITY DOWNSTREAM OF EDMONTON

Two approaches were used to obtain additional information on the effects of
summer storms on water quality in the river. During the summer of 1991, automatic
samplers collected daily water quality data at Devon, Capital Region, Pakan and the border.
The purpose of these installations was to obtain data to compare with rainfall in the
Edmonton area, to determine whether certain variables change as storm-affected water
passes. In addition, there were monthly chemistry data available from the long-term PPWB

monitoring station at the border, which were also compared to rainfall in the Edmonton area
for an eight-year period of time.

An example of how urban stormwater affects water quality downstream of the city
is shown in Figure 11, for a storm that occurred on June 7 and 8§, 1991. Rainfall at the two
Edmonton weather stations averaged 14.4 mm on June 7 and 26.7 mm on June 8. River time
of travel from Edmonton to Pakan 1s about two days, and to the border five days from
Edmonton. Also included in the graphs are data from Devon, upstream of the city, to indicate
the quality of the river water as it enters the urban area. Note that suspended solids and
other variables increased at Devon on June 10-11, after the June 7-8 storm in Edmonton.
This increase was likely the effects of runoff from the upstream watershed or changes in flow
as a result of releases from the dams upstream (Figure 12). Below the city, the most
noticeable effect is higher concentrations at the downstream sites compared to Devon, so that
there is a combined effect of urban runoff and runoff upstream of the city (and probably
runoff from agricultural areas below the city). For most constituents, e.g., total phosphorus
and copper at Pakan, there were peaks in concentrations on June 9 and 12, and at the border
on June 12 and 15. The first peak corresponds to the travel time between Edmonton and the
downstream locations for the June 7-8 storm, and the second peak to increased
concentrations from upstream of the city, as observed at Devon. Note that the second peak
is higher for these two variables and probably includes urban discharges as well as runoff
from the watershed below the urban area. For lead, for which the largest source may be
storm sewer discharges, the first peak was highest. Metals concentrations were very
variable; although metals are often correlated with suspended solids, correlations between
TSS and copper or TSS and lead in these samples were not significant, perhaps because
many metals values were at or below the analytical detection limit. Total phosphorus leveis
were highly correlated with TSS at Devon and Pakan (r* = 0.94 and 0.92, respectively, n=30).
One might expect less correlation below the city, because about 90% of the phosphorus in the
final effluent from the sewage treatment plants is in the dissolved form, and phosphorus in
the river during non-storm conditions is derived largely from these effluents. When
background levels of suspended solids are high, loadings of phosphorus in sewage treatment
plant effluents are masked. A comparison of dissolved phosphorus rather than total

phosphorus concentrations above and below the urban area would provide a better estimate
of urban impacts for this variable.

The total increase in river flow from storm and combined sewer discharges alone
can be appreciable; during the September 7-8, 1991 monitored storm (rainfall about 7 mm),
it was estimated that flow in the river increased by about 23 m%s for a few hours. This
increase was not apparent in daily flows at the border hydrographic station three or four days
later. The potential volume of water from storm and combined sewer discharges during
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phosphorus in the North Saskatchewan River at three locations, June 1991.
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should have arrived at Pakan and the border.
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Canada stations 05DF001 and 05EF001.

the June 7-8 storm was estimated to be about 1 million m® on June 7 and 3 million m® on
June 8. The June 8 discharge would increase flow in the river about 35 m%s if spread out
over the 24 hours, but probably was considerably higher at peak flow. River flows at the
Edmonton hydrographic station increased somewhat on June 8 (Figure 12), but the increase
was smaller than the potential amount that would have been contributed by runoff.
Background flows may have been declining at that time, so that the volume added to the
river from storm sewers was not obvious in the hydrograph. There seems to be evidence of
this storm at the border; flows shifted for the time of travel between Edmonton and the
border increased by about 40 m®/s (after differences due to inputs between Edmonton and the
border were subtracted). On June 10 the average daily flow increased to 520 m%/s. The large
increase in daily mean flow resulted from flow coming down from upstream of the city, which
was correlated with an increase in suspended solids at Devon.

The Prairie Provinces Water Board (PPWB) conducts ongoing assessments of river
water quality at provincial boundaries to ensure that established objectives are being met.
Member agencies have agreed to investigate causes of excursions of PPWB water quality
objectives and report on mitigative initiatives. The Province of Alberta was asked to
investigate causes of several recent excursions of PPWB objectives for the North
Saskatchewan River as it crosses the border with Saskatchewan. The current variables of
concern are fecal coliforms, zinc, lead and copper. Table 7 presents results of a comparison
between storm-affected and non-storm affected data for the period April through October,
1985-1992 for these variables, as well as total suspended solids, total phosphorus, dissolved



Table 7. Effects of rain in Edmonton on water quality in the North Saskatchewan River at the Saskatchewan border, open-
water period 1976-1992. Monthly chemistry values averaged for rainfall-affected ("storm") and dry weather ("non-

storm").
STORM NON-STORM
VARIABLE : DIFF.
MEDIAN | AVERAGE (n} ST.DEV. | MEDIAN | AVERAGE (n) ST.DEV. TEST
1985-1992 (April-Oct.)
Flow, m¥/s 295 403 17 317 216 214 23 63.6 P<0.01
Fecal coliforms '
(geo. mean of cts/100 mL) 50 38 14 4 4 21 P<0,005
Copper, mg/L 0.003 0.0061 17 0.0087 0.0015 0.0024 22 0.002 P>0.05
Lead, mg/L 0.002 0.0027 17 0.0025 0.0006 0.0013 22 0.0012 P<0.02
Zinc, mg/L 0.0093 0.0202 17 0.033 0.0029 0.005 22 0.0047 P<0.02
TSS, mg/L 82.4 244 17 559 18 396 23 56 P<0.02
Total phosphorus, mg/L 0.124 0214 17 0.365 0.071 0.094 23 0.073 P>0.20
Diss. phosphorus, mg/L 0.026 0.026 17 0.015 0.021 0.036 23 0.043 P>0.20
1976-1984 (June-Oct.)
Fecal coliforms
(geo. mean of cts/100 mL) 47 11.6 24 5 9.3 14 P =0.08
Total phosphorus, mg/L 0.200 0.151 27 0.174 0.066 0.067 17 0.022 P = 0.0002
Diss. phosphorus, mg/L 0.035 0.032 26 0.020 0.021 0.021 17 0.014 P =0.096
Notes:

Chemistry data from Prairie Provinces Water Board monthly data at border. Rainfall at Municipal and Industrial airports, "sterm” is rainfall above 5 mm 5-7
days prior to water quality sample, "non-storm” is rainfall less than 1 mm or none 5-7 days before water quality sample. Those data in between were excluded.
Difference between storm and non-storm data tested with Mann-Whitney test. 1976-1984 data from Shaw et al. 1994 and Shaw and Shaw 1988.
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phosphorus and flow rate. A similar analysis for fecal coliforms and nutrients was completed
for the period 1976 - 1984 (Shaw et al. 1994); these results for selected variables are also
included in Table 7. For all of these variables except dissolved phosphorus, the storm-

affected water quality averages and medians are higher than those not affected by storms in
the city.

Flow in the river was generally higher for the storm-affected data, and the
difference between the two sets of data is highly significant. The higher flows are a result
of runoff from storms that affected the city and perhaps elsewhere in the watershed
(upstream and downstream of the city) as well as several events that occurred at the time

of year that flows in the river were high from mountain runoff and releases from the
upstream reservoirs (June-July).

Fecal coliform bacteria counts in the river were significantly higher after periods
of rain in the city; there were no PPWB excursions for the data collected after dry weather
in Edmonton (maximum 70 counts per 100 mL), whereas for the storm-affected data, there
were four excursions out of 14 samples (PPWB objective is 100 counts per 100 mL). Thus it
would appear that storm events are largely responsible for excursions at the border.
However, the die-off rate for these bacteria is relatively high when water temperatures are
high. A die-off rate for fecal coliforms was determined empirically during modelling of the
September 1991 storm event. This die-off rate (0.08 per hour) would decrease the fecal
bacterial population that originates in the urban area to nearly nil before it reaches the
border. However, many factors can affect bacterial populations and this rate may not be
valid for other storm events or for downstream reaches. Agricultural runoff from the
watershed near the border is a possible source for increased bacterial counts in the river.
Flow data for the Vermilion River were examined to determine whether there was increased
discharge at the time that excursions of the PPWB objectives for FC occurred. For the
excursions that occurred in summer (July 1990, June 1991 and July 1992) flows in the
Vermilion River were less than 1 m%s, and showed no indication that the storms affecting
Edmonton also affected areas further east. There may be unknown sources of fecal coliforms
in downstream reaches, such as the bottom sediments of the river, which could sporadically
contribute fecal coliforms, particularly during high flows. Further studies will be required
to determine sources of fecal coliforms contributing to PPWB excursions at the border.

For copper, the PPWB objective of 0.004 mg/L was exceeded four times for the
storm affected data, and three times for the non-affected data, The difference between storm
affected and non-storm affected data was not significant. Canadian Salt Co. Ltd. effluent
contains fairly high levels of copper, but dilution in the river would result in negligible
increases in concentration. Excursions do not always coincide with high TSS levels. Further
investigation is needed to determine sources of copper in the river.

For lead and zinc, there were no excursions for the non-affected data but one and
two excursions respectively for the storm affected data. For these two metals, the storm and
non-storm data were significantly different, suggesting storm events in the city are
responsible for many of the excursions at the border. As with other variables exceeding
objectives, however, further investigation is needed, especially as these excursions coincided
with concentrations of total suspended solids over 100 mg/L.
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Total and dissolved phosphorus are not significantly different between storm and
non-storm data. Total phosphorus is correlated to total suspended solids at the border (r* =
0.87, n=19, 1991-1993 PPWB data), but a number of factors influence phosphorus levels as

the river flows from Edmonton to the border, including settling, resuspension, biological
uptake, and release from sediments and biota.

Although initially it would appear that rainstorms in the urban area influence
water quality at the border, the source of the high values for these substances of concern is
not clear. Some of the high suspended solids, and therefore metals and particulate
phosphorus, at the border may have originated upstream of the urban area, but certainly the
storm sewers in Edmonton would have contributed a portion as well. Fecal coliform bacteria
may have originated from urban area discharges or from sources between Edmonton and the
border, including from the bottom sediments of the river.

3.7 MODELLING OF THE SEPTEMBER 7-8 STORM EVENT

The event model MULTI allows prediction of constituent concentrations in the
river downstream of multiple inputs over time. With appropriate dispersion coefficients,
concentrations across the channel at any given point downstream can be estimated. It is
particularly useful for predicting concentrations where there are numerous sources with
varying flow rates and concentrations. Of critical importance for accurate predictions is good
descriptions of the river’s hydraulics; the hydraulics and mixing of the North Saskatchewan
in the Edmonton area and downstream to the border are particularly well described (Beltaos

and Anderson 1979, Pospisilik 1972, Northwest Hydraulic Consultants 1977, Van Der Vinne
1991b, Ray and Dykema 1991, Van Der Vinne 1992).

Because loads were estimated for all major sources and mass loads in the river
downstream of these sources were measured, modelling output concentrations ("predicted”)
could be compared with measured concentrations ("observed”). Only Vinca data could be
compared, because measurements at Capital Region included only a portion of the river cross
section. However, concentrations at Capital Region may be predicted by the model to provide
an indication of impacts immediately below the city.

Six variables analyzed in samples collected at Vinca were deemed suitable for
modelling. Other variables either were analytically suspect or measured values at Vinea
included data below analytical detection limits. Concentrations of a few variables changed
little as the river travelled through the urban area.

Figure 13 shows one-dimensional output from the model runs for sodium, fecal
coliforms and total phosphorus at Vinca. The model averages the concentrations for the five
stream tubes in the model run to produce a single concentration for each time of sampling.
In the same way, the five cross-channel observed data at each sampling time were averaged
by flow; the observed data appear on the graphs. For all of these graphs, the peak
concentrations for observed and predicted match fairly well, but there are discrepancies on
either side of the time of storm passage. Part of this may relate to Van Der Vinne’s concern
that the MULTI model uses the mean velocity of the river in all the stream tubes, or cross-
channel sections, so that it does not predict the lag of the near-bank stream tubes compared
to the center channel stream tube. He felt this limitation could produce a significant source
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of error when concentration distributions from multiple effluents are superimposed (Van Der
Vinne 1992). Another source of error may be the estimated (rather than measured) flows and

concentrations for the sewage treatment plant and industrial effluents before and after the
monitored period of the storm.

Rate coefficients for die-off of fecal coliforms (0.08/hr) and uptake or settling of
total phosphorus (0.8/day) were included in the model predictions shown in Figure 13. Fecal
coliform disappearance rates reported in Bowie et al. (1985) range from 0.005/hr to 1.1/hr,
with most summer rates similar to the 0.08/hr determined for the North Saskatchewan River
storm event. The storm event coefficient for total phosphorus seems fairly high, although
specific loss rates for total phosphorus are not reported in Bowie et al. (1985); they report a
wide range of rates for transformation of various forms of phosphorus. The main phosphorus
transformation processes in the North Saskatchewan River are likely uptake by plants and
sedimentation (including sediment uptake). Rate coefficients were also used for modelling
total organic carbon and total kjeldahl nitrogen; both were 0.4/day. Specific rates for these
variables were not reported in Bowie et al. (1985); the rate derived empirically for the storm
event is higher than reported rates for transformation of various forms of carbon and nitrogen

(for example the range in rates for transformation of ammonia-nitrogen to nitrate-nitrogen
is 0.025/day to 0.2/day).

Spearman’s rank correlation test was used to determine the significance of the
match between predicted concentrations for a specific time and observed data collected at that
time. Table 8 shows variables modelled and results of these tests. Sodium, fecal coliforms,
total kjeldahl nitrogen, total phosphorus and total organic carbon appear to be calibrated for
this storm. There is no relationship between predicted and observed values for total
suspended solids, probably because of the dynamic nature in the river of this variable.
Because predicted and observed concentrations of sodium are significantly correlated, as are

Table 8. Results of Spearman’s rank correlation test for MULTI runs. The analysis

compared predicted and measured values for specific sampling times at Vinca.
Number of samples = 12.

VARIABLE | r SIGNIFICANCE
TSS 0.13 P>0.50
Na | o080 P = <0.005
FC 0.82 P = <0.005
TKN 0.90 P = <0.001
TP 0.88 P = <0.001
TOC 0.71 P = <0.02
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concentrations of non-conservative substances with a decay rate applied, an initial calibration
of the model appears to have been achieved. Final calibration and verification, with
additional data sets, is necessary before the model can be used to predict downstream water
quality for other storms or changes in effluent loading. Although only a few variables have
been measured and modelled, it is expected that other variables would also be calibrated if
the data were available, because the hydraulic coefficients appear to be fairly accurate.

The model was run to predict concentrations of several substances below
Edmonton, but before discharges from Capital Region Sewage Treatment Plant and
industries in the Fort Saskatchewan area had entered the river. Figure 14 presents two-
dimensional plots of concentrations of total organic carbon, total phosphorus and fecal
coliform bacteria. These plots indicate that the highest concentration of these substances
would have occurred in the river at 0600 hr September 8, or seven hours after the period of
maximum storm and combined sewer discharge. However, measured peak concentrations on
the left side of the river occurred five hours later, at about 1100 hr September 8. Such a
discrepancy may in part be explained by the difference in travel time between bank flow and
average flow in the river (which MULTI uses), but confirmation of this would require further
investigation. These plots suggest that the largest source of TOC and total phosphorus was
on the right side of the river, likely the Gold Bar final effluent and secondary bypass,
whereas the largest source of fecal coliform bacteria was on the left side, likely the Rat Creek

CSO. These concentrations are considerably higher than observed at Vinca Bridge or other
river sampling locations.
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SUMMARY AND CONCLUSIONS

The storm and combined sewers are an important source of pollutants to the North
Saskatchewan River. Concentrations of various substances in discharges from storm sewers
are very high compared to concentrations in the river, and are within the range reported for
storm sewer discharges elsewhere. The combined sewers are of particular concern, because
they discharge raw sewage mixed with stormwater. These discharges, as well as the
secondary bypass at Gold Bar and storm sewer discharges, contain very high levels of fecal
coliform bacteria, which may indicate the presence of human pathogenic bacteria. In
addition, all of these discharges contain high concentrations of metals, suspended solids,
organic material, and nutrients. Storm and combined sewer discharges vary considerably
from storm to storm, in terms of flow rates and constituent loadings.

Rainstorms in the city of Edmonton negatively impact water quality in the North
Saskatchewan River. Even with the fairly small storm that occurred in September 1991,
there were excursions of the Alberta Ambient Surface Water Quality Interim Guidelines at
all of the sampling sites within and immediately below the city. Fecal coliform levels
observed in the river at both Capital Region and Vinca would limit the use of the river for
contact recreation and irrigation of vegetable crops. At the border, there are occasional
exceedences of the PPWB objective for fecal coliforms and certain metals; urban storm-
affected water passing the border site has significantly higher levels of fecal coliforms than
water that is unaffected by storms. Empirically derived fecal coliform die-off rates for the
North Saskatchewan River suggest that few of these bacteria would survive to reach the
border. Yet at the time that excursions eccurred, there was no evidence of higher tributary
flows that may have contributed fecal coliforms to the river near the border. Thus, studies

focused specifically on this problem would be required to determine sources of bacteria and
other substances exceeding PPWB objectives.

Sources of high concentrations of various substances in the river downstream of
the urban area include:

1. Runoff from tributaries upstream of the city, which may dramatically increase
suspended solids, organic material and total metals. However, fecal coliform
bacteria nearly always remain below 100 counts/100 mL at the Devon bridge long-
term sampling site upstream of the city, During periods when non-point source
runoff is not affecting the river, water quality upstream of the city is excellent.

Discharges from Gold Bar and Capital Region sewage treatment plants, ten
industries and discharges from the storm and combined sewers. During wet
weather the storm and combined sewers and the secondary bypass at Gold Bar
have the greatest impact on water quality in the river for the measured variables
(TSS, Na, TP, TKN, TOC, BOD, fecal coliform bacteria); during dry weather, Gold
Bar treated effluent has the greatest impact for these variables. The proportions
of other chemicals and pollutants derived from these sources are unknown.

Runoff from tributaries downstream of the urban area, and possibly groundwater
inputs. Creeks and rivers between Edmonton and the border generally drain
agricultural land, and during heavy runoff may contribute to excursions of fecal
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coliform or metals guideline levels. Little is known about the volume and quality
of tributary inputs or groundwater inflows.

Loadings estimated from monitoring storm and combined sewer discharges and
other effluents were very similar to mass loads estimated by monitoring the river
downstream of the urban area. Thus, it appears that the majority of sources were accounted
for during the sampling program. For the September 1991 storm, the storm sewers
contributed the greatest amount of total suspended solids (61% of the TSS in the river was
from storm sewers); the combined sewers the greatest amount of fecal coliforms and BOD (FC
64%, BOD 32% of total amounts in river); the Gold Bar final effluent the highest loads of

TKN and TP (TKN 40%, TP 34%); and upstream sources the highest loads of TOC and Na
(TOC 47%, Na 41%).

The event model MULTI has been calibrated with data from the 1991 storm event,
and once additional data sets are obtained to verify the calibration, the model may be used
to predict concentrations in the river after another storm event or a spill into the river. The

calibrated model may also be used to predict the effects of reducing constituent loadings from
various discharges.

The study conducted during 1991 is relevant for immediate impacts only - those
that could be observed as elevated concentrations of certain substances in the river water.
But the impact of storm and combined sewer discharges (and other effluents), may be long-
term as well as immediate. Long-term effects such as depletion of dissolved oxygen as a
result of organic loading, metals adsorption and desorption on sediments and bioaccumulation
of substances from storm/CSO effluents were outside the scope of this study.

The storm event monitored in September 1991 provided an excellent data set to
begin to elucidate the immediate effects of water quality impacts from the storm and
combined sewers. Results generally confirmed conclusions from other City and Alberta
Environmental Protection studies about the extent of impact and proportion of total pollutant
load contributed by these effluents. This was the first attempt, however, to determine both

loadings to the river and mass loads in the river so that a mass balance is achieved and
sources are confirmed.

This study points out the importance of a thorough quality assurance program for
for any water quality study, particularly those that may lead to management decisions,
Future sampling programs by AEP and the City of Edmonton should include quality

assurance programs of a magnitude similar to that used in this study, so that data produced
are credible and decisions made are reliable.

The results of this study, as well as results of other studies conducted by Alberta
Environmental Protection, the City of Edmonton, and major industries in the Edmonton-Fort
Saskatchewan area, will provide direction for strategies to reduce pollutant loadings to the
North Saskatchewan River. This may become more important in the future as downstream
communities require additional sources of water for domestic supply. In addition, as more
is learned about the fate and long-term effects of pollutants in river systems, as well as
health risks to humans using the water, levels for water quality objectives and guidelines



55

may become more stringent. These factors will in turn require that dischargers reduce
pollutant loadings. These studies are a firm first step toward these ends.
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Appendix A. Quality Assurance

Al
A2,

A3.

A4

Relative standard deviation (%) for triplicates of river and effluent data
collected Sept. 7-9, 1991.

Comparison of results in samples split between Norwest Labs and
Alberta Environmental Centre.

Comparison of data analyzed in quality assurance split samples by
Alberta Environmental Centre, September 1991, and reanalyzed from
stored samples, January 1992.

Summary of quality assurance comparisons: precision, accuracy and
comparison of AEC and Norwest data.
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Appendix A. Quality assurance summary.

The storm event monitoring program was conducted on September 7-9, 1991. Analysis of the
335 samples, except for fecal coliforms, was under contract to Norwest Labs. Alberta
Environmental Protection submitted 28 sets of blind triplicates throughout the sampling
period and one blank from each sampling location; these data are shown in Table Al. In
addition, the Alberta Environmental Centre (AEC) received an additional split of these 28
samples, as well as 9 additional splits from the Capital Region and Vinca river monitoring
sites (Table A2). Fecal coliform samples were sent to the Provincial Laboratory of Public
Health, and AEC analyzed splits of these (Tables Al and A2).

Data were received from Norwest at the end of November, 1991. There appeared to be
precision problems for about half of the variables tested, and many of the values were fairly
different from those provided by AEC for the split samples. After re-examination of the data
and re-analysis of some of the samples, a new set of data was received from Norwest in June,

1992, and AEC re-analyzed samples for total phosphorus and total kjeldahl nitrogen
(Table A3).

Precision is generally defined as the agreement among repeated analyses of a single sample
of water, with analyses conducted under uniform conditions. For the September 1991 storm
event data (Table A1), the precision includes deviations caused by sampling, sample handling
and laboratory analysis. A relative standard deviation (coefficient of variation) of 25% was
chosen arbitrarily to determine acceptability of the triplicate data; that is, precision is
acceptable if the RSD was less than 25%. Precision ranged from excellent for sodium,
chloride, BOD and ammonia-N to poor for several of the metals. Variables with very small
analytical values near the detection limit, as occurred with most of the metals, would be
expected to have higher relative standard deviations than variables at higher concentrations.
Fecal coliform values were fairly imprecise, but they tend to be more variable than analytical
values for other variables, and the precision obtained in the storm event samples was
considered acceptable. The fecal coliform values, when logged, were very precise.

Spiked samples to test for accuracy were not submitted during the storm event sampling, but
split samples were sent to the Alberta Environmental Centre for analysis. It was expected
that the values reported by the two laboratories would be very similar. However, there were
fairly large discrepancies for some variables (Table A2), particularly metals and dissolved
nutrients. There was also a large discrepancy for fecal coliforms, although the relationship
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Samples for total phosphorus and total kjeldahl nitrogen were re-analyzed by the Alberta
Environmental Centre after several months of storage. The results obtained were compared
with quality assurance splits analyzed by AEC immediately after the storm event, and listed
in Table A3. Thus, the two sets of samples were originally split during the storm event
monitoring; the September 1991 set was analyzed immediately by AEC, and the January
1992 set was originally submitted to Norwest and retrieved from their storage area and
resubmitted to AEC. The samples originally submitted to AEC had not been retained. There
was no significant difference in the data for total phosphorus (P>0.10, n=23, Wilcoxon paired
sample test). For total kjeldahl nitrogen, there was a difference 1n the data between the two
testing periods (P<0.05, n=23, Wilcoxon’s paired sample test); for several values, the data
analyzed in January tended to have slightly higher values than those of September.
However, the overall average values for the two data sets were identical, and there was little
difference in standard deviations for the two data sets. The difference in values was deemed
unimportant and the reanalyzed data were used in mass balancing and modelling.

A summary of quality assurance results is provided in Table A4. The column labelled
"accuracy” is data from analysis of USEPA testing materials submitted to Norwest Labs in
two submissions. Note that performance was fairly poor on certain substances (e.g., lead,
copper), but comparisons with AEC were fairly good. Fecal coliforms were analyzed by the
Provincial Laboratory; comparisons with AEC were poor for the reasons described above.

In spite of problems with the accuracy and precision of the data, it may be concluded that at
least half of the data are useful for this analysis, particularly as the study was a scoping

exercise to determine general impacts of the storm and combined sewer discharges and to
determine directions for future investigations.



Tabie A1, Refative standard deviation (%) for tripicates of river and effluent data cobected Sept. 7-9, 1991, Triplicates were submitted blind.

RSO is relative standard deviation [100(s/x]]. RSD less than 25% considered acoeptabla.

TTTHIE ~Ng__Hst T ASD 153 ASD T ki) RN H5D] [ F.dis, [T Tu___ RS0

ELSmith ] O51S 235 <1 03 o 16 5| 0024 7 012 0 0.013 7) 0005 o] ool 38| 0001 72| o000t 47
2.38 03 17 0.02 0.12 0.013 0,005 0.005 0.006 0004
237 03 15 0.022 0.12 0015 0.005 0008 0.002 0.004

Rossdak 0545 27 2 08 9 23 n|  oo4s 7 014 3 0.02 5{ 0009 18] D048 17) .00 & 0003 36
WTP 279 08 19 0.046 0.14 0.02 0.006 0.031 0.005 0.008
279 05 18 0.084 015 0.022 0.008 0.036 0.002 0.005

1345 254 «t o4 0 23 3l o2 16 0.24 12 0.145 49| 0005 o| oo7 33| aoos 74| 0014 20
2.57 04 55 0089 021 0.063 0.005 0.047 0017 0.019
258 04 39 0.086 0.18 0.049 0.005 0.025 0.003 0012

fRossdale 0345 az na 25 60 33 7] 0089 45 0.21 17 0.0 sl o002 7| oos7 22| ooo2 78 obO2 28
Lok 57 31 0078 032 0.037 o.0M 0032 0.002 0.004
12 28 0.166 0.25 0034 o1 0.044 0.009 0.004

145 256 <1 38 16 7 12 0.07 69 013 10 0.007 7| o008 o] oo 4s]  c.00t 47 0001 a7
259 3 9 0.031 011 0.007 0005 0.005 0.004 0004
45 7 0.009 0.14 0008 0.005 0005 0.003 0.003

[Rossdale 0345 873 1 a2 7 17 a3l onz 68 0.25 1 0.056 <] 0005 8|  ooo7 48| 0001 85| 0001 81
Right 863 6 16 0.031 0.32 0.057 0.008 0028 0077 o011
889 38 17 0.031 03 0.057 0.006 0.029 0.246 0010

1345 281 3 18 3 8 o] oo18 9 0.15 " 0.005 8 0 na| 0007 25| 0001 a2l o001 62
264 17 6 0018 0.18 0.006 0.013 0.004 0009
279 18 6 0.015 014 0.006 0.2 0.012 a1

Whitemud Cr. | 0145 91.8 2 43 2 46 4| 0124 ? 085 2 0.021 4] 0016 1o 0073 1] o003 6] 0004 84
Upst. 955 428 49 0.108 0.67 0.022 0013 0074 ooto 0.008
958 446 51 0.108 082 0.02 0.013 0.075 0.021 0.032

fwhitemug | 0215 208 <t 64 3 4 6| 02z L] 187 2 0236 al o428 1| o1e7 2] 0007 42) 0007 24
Dwrist. 205 67 43 0.219 178 0.220 0.438 016 0.015 0.012
205 6.9 a8 0.238 179 0.218 0442 0.166 0022 0.013

|sotd Bar 0340 81.8 6 596 2 5 28 2.56 1 19 9 189 1 19.1 <1 az2 2[ o8 27]  ooo4 20
Final 833 58.2 7 348 232 185 19,1 3.38 oon - 0.006
104 56.7 10 356 234 1.85 192 a4 0.007 0.004

0940 74.2 1 49 4 6 29 28 n 158 3 23 12 129 1 25 71| 0007 76| 0004 78
76 45 3 0.005 155 1.81 132 0.005 0.052 0025

76 46.3 4 2.88 239 284

Gold Bar 0030 628 14 204 4 116 138 292 7 248 ] 0.009 100 149 na 39 71| o7 57| 0035 59
Bypass 477 305 1 0.005 171 14.3 0.005 0058 0.026
1 402 326 0.00a 0004

0200 531 3 299 6 90 5 302 12 228 2 0014 & 11.2 1 264 s o002 2| o025 15
56.9 M4 80 39 14.1 1”? 43 I 0.024 0.018
544 326 80 156 4.1 12 12 322 0.023 0.018

Capial Reglon | 0140 237 1 09 46 6 7| ooes < 0.05 53 0.017 18] 0062 4 o012 23] ooor s1] @001 66
Contre 243 32 6 0.084 0.05 0.018 0081 0.016 0,005 0.008
245 2 7 0.084 014 0.025 0.056 0021 0.005 0004

0958 301 <1 28 10 15 3 o 4 o009 49 0.019 s| o147 <t 00§ 4] 0001 s6; 0002 28
3.03 23 14 0122 04 0.017 015 0.047 0.006 0.004
3.06 29 15 0131 0.36 0.018 0.147 0.052 0004 0.004

1734 258 «1 28 2 16 1o o077 7 005 38 0017 5[ 0005 o 0043 11| 004 78| @004 20
287 41 " 0.088 o1 0018 0.005 0.035 0.003 0.003
26 25 18 0.0865 013 0016 0.005 0034 0.003 0.005

Capital Region | 1420 59.7 <1 434 ] 3 20 504 1 054 22 154 2| oose 62 444 <1 0047 78! 0010 E7]
sTP 892 415 4 514 0.58 18 0.05 443 0.012 0.007
69.1 4.2 5 498 1 16.1 0.005 438 0.008 0.016

Sturgeon 1700 27.3 3 5.8 2 7 540 0109 3 0.7 19 2.005 o| o0z al oo 8| o0t 3sf oot a7
257 61 a 0.085 056 0005 0244 0.065 0.002 0.004
58 2 oMe 044 0.008 0236 0.067 0.001 0.004

Vinca 0830 46 <1 26 " 1 27 0.08 ” 019 L 0.103 7) 0086 al oo 18| 0009 8s|  oopo2 37
Centre 465 25 6 0.081 043 0113 0.088 0.046 0.001 0.003
464 3z 7 0.678 0.38 0.096 0.082 0.041 0002 0005

1645 524 <1 34 ] 4 23| o013 18 0.48 25 913 2| o2 4| 0088 8| ooot 69| 0002 18
525 3s 5 0.t00 085 0.125 0238 0.076 0014 0003
5.20 41 7 0.11 057 0127 0219 0673 0.008 0.003

0150 412 2 23 13 ? | oo 14 0.41 1. 0.067 421 003 po|  0D45 4| o000 64{ 0001 41
417 3 ] 0.094 0.5 0.066 0.031 0.047 0.005 0003
432 23 5 0.108 0.64 0,152 0.193 0043 0.007 0.002




Table A1. Continued.

[ SE___[IWE A 5] Zn S0 P6 _RoD §o0  HSDL. Phan . FSD] FC TafC_ ASD,

IE.L.Sm‘m 0515 0.031 53 ©.006 62 0.002 0 03 27 0.001 o 09 14 860 18 1.778 4
0.004 .00t 0.002 04 0.001 [+ 2] 40 16
0.002 0.009 0.002 02 0.001 12 50 17

iRossdaie 0545 0.002 s 0012 4+ 0.002 M 0.7 12 0002 20 1.5 3 1050 22 .02 3
wTp 0005 0011 0.0a2 08 0.002 14 670 2826
0.005 0012 ©.002 06 0003 1.5 690 284

1345 0.008 ko 0.020 18 0002 0 o1 83 0.001 0 12 47 1800 37 3278 6
0.018 co1g 0.002 02 0.001 13 1800 3255
0013 o3 0.002 04 0.001 n 700 2845

Rossdale 0345 0.002 41 0019 24 0006 57 22 2 0.004 1" 22 10 2100 25 3322 3
Lot 0.004 oon 0.002 23 0.004 1.7 3800 359
0008 0013 0.002 22 0005 2 3700 357

1345 0.001 47 0.008 78 0.002 35 15 3 0.001 28 05 81 240 14 238 2
0.004 Q.0¢3 0.004 16 0002 o1 220 23
0.003 ©.001 0o 16 0.002 01 170 223

{Rossdale 05 0.002 n o012 35 0.002 a5 2 7 0.003 26 2¢ 3 3800 3 358 <1
Right 0.018 0.006 0.00% 1.7 0.005 28 3700 3157
0.008 0.008 0.001 1.9 0.003 3 aso00 3154

1345 0.001 26 0.005 47 0.002 a5 1.8 na. ©0.001 0 14 30 70 23 184 5
@005 10.002 001 0.00% 28 70 184
a.021 0.002 9.001 0.001 3 110 204

Whitemud Cr. | 0145 0.007 50 0013 7 0.002 0 1.5 7 0.007 ] 14.2 <1 190 12 227 3
Upst. 0013 0015 0.002 1.3 0.008 139 160 22
0.025 0015 0002 0.007 14 220 23

Whiternud o215 0.005 67 0.097 8 0014 2 75 5 0012 o o8 5 38000 i8 4.58 2
Crenst. 0.007 0.086 0.007 8.2 0013 92 26000 441
0022 0.080 0008 a5 0013 104 40000 48

Gold Bar 0340 0.026 13 0.048 & 6.002 o 233 3 0.010 7 11.2 <1 53000 60 472 5
Final 0.030 0.042 0002 219 o012 1.2 66000 482
o022 0.042 0.002 Qo011 111 190000 £28

0940 D020 22 0.025 [ 0.002 32 16.7 1] 0.008 1" 102 5 23000 27 436 3
0.021 0030 0.004 167 noie 13 12000 4.08
0.008 16000 42

Gold Bar 0030 0.031 24 0.138 1 0.004 47 115 15 0.03% 7 226 5| 3400000 1 653 <1
Bypass 0.035 0109 0.001 Mo 0.030 206 3300000 6.52
0.018 0113 0,004 79.4 0.030 205 2600000 542
0200 ¢.026 2 0.115 14 0.009 42 733 na. o021 8 168 k] na na

0.028 0.093 0004 0.020 176
nozs 0.083 - 9004 0024 174

Capital Region | 0140 0.001 &0 oo 62 0002 o na a0 L] 14 1 570 14 283 2
Centre c.009 g.oc2 0002 0001 15 950 298
0.0co7 0.005 0.002 0.001 18 80a 29

0a58 0.c01 61 0014 40 0.002 0 0.001 as 24 ] 27000 27 443 3
0.008 0.007 0002 0.001 3 48000 469
0.005 0006 0.002 0002 26 54000 473

1734 0.012 46 c013 N a.002 iy 0.001 28 3 34 2000 20 33 3
0.008 0.007 G002 0002 1.7 1600 32
0.004 0007 0.002 0.002 14 1200 o7

Capital Region | 1430 0047 36 0028 4 0.002 [¢] 4 1 0 006 20 6% 3 530 100 272 14
STP ¢.009 0029 0.002 4 0.008 5.2 4100 361
0.008 003t 0.002 39 0.005 61 460 266

Sturgeon 1700 0.001 54 cod0 131 G002 a 01 0 0.006 12 136 <1 40 28 1.6 9
0.003 o0t Q.002 01 0.007 1386 20 13
0.005 {001 0.002 a1 0.008 137 40 16

Vinca 0830 0.005 51 0.001 54 0.002 [+] na 0.001 [+] 11 13 300 -3 248 <1
Contre 0.00% 0.005 0.002 0.001 1.4 350 254
0.004 0002 0.002 0.001 15 330 252

1845 0.001 54 0.001 64 0.002 0 0.002 20 16 1 16000 a 425 3
0.006 Q005 0.002 0.002 2 24000 4238
0.005 Q002 0.002 0.003 18 11000 404

0350 o0 47 0.007 54 o002 o 0.001 41 27 37 1200 28 308 4
0.004 0.003 0.002 0.002 1.3 590 277
0.004 0002 0.002 0.003 1.3 200 295




Tabie A2,  Comparison of results in samples sphit between Norwsst Labs and Aberta Environmental Centre
(botween AEC and Provincial Laboratory of Public Health for iscal cokiforms). + 25% or less considared acceptable.

E:1) | THE Ta ol TS5 I, TP TRN NO.+NO-N KRN T das
N _AEC _%Ditt| NW __ AEC_ _%Diff| NW__AEC _%Dit| NW _ AEC _ %Di#i | NW_AEC  wDif| NW  AFC  woO#i) NW__AEC % Dif] NW _ AEC _ %Dif
0515 2.35 2 -18 03 05 40 16 ] -78] 0024 0.009 -167 012 008 -50 0013 0016 19 0005 0077 84| 00N 0.004 175
15| 24 2 20| 03 of a0 10 7 43| 0061 0008 -663] o009 008 12| 000 00tE 44| 0005 0003 67 o043 0003 1233
os45) 27 3 w| o8 o5 .20 23 10 130 0048 G025 B2 014 015 7| o002 oo28 29| oooe 0063 8| 0048 0007  -557
sl 254 2 21l o4 o0f 20 87 118 | o1z o0z 47| o024 o4 40! 002 oom 41) 0005 001 55( 0076 0007  -986
0ms| 3z 3 7| 25 1 -150 2 29  -w4| coss 0053 11| 021 0z 5| 0033 0043 23| ooz o825 52| oos7 oon 4te
tu5 256 2 -2 38 1 260 7 10 30 007 0009 678 013 ©008  -63] 0007 0007 o/ 0005 0008 17| 0012 0003 300
oMS| 673 7 s a3z 2 80 17 2 26| om7 0033 -2s8] 025 o022 -4 oo0s6 o007 20| ooos 0055 91| 0007 o0O0M 75
1345 295 2 -48 21 a5 -320 12 11 -8 0035 0011 218 019 oo8 -138 ao2 0007 -186 0005 0004 -25| 0008 0002 -300
0t40 a9ne B4 -9 43 45 4 46 48 4 0124 0138 10 085 12 29] 0021 0036 42( o016 a0z 20| 0073 0138 47
0215 208 18 9| 64 3 -7 “ 45 2| o226 o023 2| 187 17 8| 0236 0358 M| 0428 044 3| o167 o108 53
0340| o018 78 18] 546 58 -3 5 9 44) 3% 34 -5 9 215 12) 188 6891 73] 191 185 ] a3z 308 -5
0040 742 58 -28 a8 46 7 6 6 o]l =28 235 19| 158 ot 23 38 39 128 13 11 25 2m 7
0030| 628 3?61 na 29 na| 16 137 15| 3p2  ass 1| 248 2w 2 na na na s 12 ra| 29 na na
02001 539 41wl 208 3z 7 %0 n 7| ape  33s 10 228 191 -19) 0014 001  40f 112 15 al 264 19 30
oo 237 3 211 08 os a0 & 7 14| 0085 0025 -240{ 005 015 67 0017 0626 35| Dos2 00%4 4| 001z o008 33
0536 25 3 17 24 05 -380 14 10 40! 0084 0025 -276 005 0.15 671 0024 0020 17| 006! 007 13| 0.022 oM -120
oo3a| 301 4 25| 28 2 40 15 13 5| o119 oo -207( oos 045 go| ooe  oo4 53 0147 0175 16{ 005 0025 -100
10| 278 3 7 2 0§ 300 2 5 60] DOAY 0025 25! 005 015 67| 0015 0035 57| 0026 0044 41 opte o001 -80
1734 258 <] 14 28 0s 460 16 ] -78| 0077 0035 -120 005 015 67 0.017 0.028 39| o005 0028 82| 0043 0035 -23
21| 2M 2 a7 15 s 200 12 a 50 o006 0045 53] 005 01 50 0018 003 40| o038 0055 a1] 0027 0045 a8
0530 704 66 7 438 48 5 6 2 23| 474 45 5] 05 24 78] 152 306 50| 0077 0067 15| 54 2 70
1430] 697 65 7| 43a 42 ] 3 5 40 S04 435 16 0S4 18 48| 154 328 53] 0058 0012 -383) 444 408 -9
1700[ 272 2 & &8 4 a5 7 2  .250] D o075 45| 67 1 30| opos o0ooz -150] D228 QOS2  -338) 007 0056 40
0640) 403 1 303 4 1 40 ] 4 125} 0053 o031 71| o009 o018 50| 0077 0151 49) 0026 0043 40| oo 0021 14
0825 456 4 -15 26 1 -160 11 4 -175 0.06 0.04 -50 018 o021 0] 0103 0204 50| 0ces 0099 13] 0029 0029 o]
1535 407 4 2| 28 2 a0 6 3 00| 0084 o043 85| 02 026 21| 0126 019 3| 0135 0135 o| oos2 o0z 73
1845 524 4 ) | 34 2 -70 4 4 0l 015 0074 -1 048 044 -8 0.13 0.202 36| 0238 024 1 0066 gos -32
0040| 467 4« a7|  2s 1 %0 5 3 67 00% o003 -167| 624 o018 26| 0076 0138 45| oos2 0055 13| 0052 o002 136
0350 412 P Al 22 1130 7 3 123 0074 003  -147) 041 015 173 0067 _0.138 51] 0031 0027 .1S| Q045 0017 185

Tr T N — Zn (3 Phen 59}
NN __ AEC  %Diti| NW AFC % Diff| NW _AEC  %Dll| NW__AEC %Diti| Nw AEC %Dé! Nw_ AEC %Dit| PL ___AEC % Difl|

it
0515 0001 0003 67| 0001 Q002 50( 0001 0.003 67| 0006 0006 0] 0062 0002 0| 0001 0001 0 50 150 67
1316 0001 0.003 7] 0001 0002 50] 000t 0QO02 50| Q008 DpDOOS 40 0002 DO02 0] o002 000 -100 70 M 106
0545) 0.001 0002 50} 0003 0004 25| 0002 0.002 0) op2 0009 33) 0002 001 80} 0002 O©.001 -100 800 4100 80
1M45| 0005 0008 38] 0014 0014 0y 0008 0006 -3 002 o022 gf 0002 Q0002 o] 0001 000 0| 1500 5100 n
0345 o002 0002 Q| o0od2 Q002 ol 0002 Q003 33 0019 001 90| 0006 0002 200 Q004 0003 -33] 3200 &8QQ SJL
14561 0001 0002 S0t 0001 009 Qi 0001 000l 0| 0009 0002 -3501 0002 Q002 ¢y 0001 0002 &0 210 270 22
0345| 0001 0002 50/ 0001 0.00t o] 0002 0001 100 0012 0006 -100( Qo002 Q002 0| 0003 0003 o 3700 9000 59
1345| 0001 Q002 50 0001 Q001 of 0001 0001 ol 0013 0001 1200 Q002 0002 0| 0005 0.002 -150 83 360 77
0140 0003 Q005 40/ 0004 0006 33| 0007 0009 22| 0013 0016 19| 0002 0003 3] 0007 0007 0 190 430 56
0215 0007 0006 -7 0007 0007 0| 0005 0006 17{ 0087 0079 23] 0014 0013 8] 0013 0014 7| 35000 €4000 45
0340| 0008 Q008 257 0004 0004 0| 0026 003 16| 0048 0036 -37| 0002 Q002 1] o0 0.01 @/ 163000 na na
09401 ©007 0007 0| 0004 0003 -33 002 0019 -5 0035 0029 -21] 0002 o002 0 0008 0.01 20| 17000 48000 65
0030| 0047 0035 -34| 0035 0.034 3] 0031 0025 24] 0138 0112 23] 0004 0018 791 003§ 003 -17 na ne nay
0200 0023 0.0 101 0025 0.02 251 0.026 0025 4 0115 o0ps8 31 0009 oONn 18] 0021 0028 16 na na na
0140 0001 0002 5 0001 Q0D 0] 0001 0002 50{ 0011 0003 2671 0002 0002 0| 0001 0002 50 a10 870 7
0536 0003 0002 501 0005 0001 -400] 0005 0003 €7; 0DOT 0004 78] 0002 Q0002 01 0001 000 0y 1900 4300 56
0938| 0001 0003 67) 0002 0004 501 000 0002 50 o4 o008 -75) 0002 Q002 0] 0001 D002 50| 43000 140000 69
1340 0005 0002 -15¢| 0004 000t -300| 0005 0003 67| 0003 0.004 25| 0002 0002 0| 0007 0002 50| 4100 7000 41
17341 0014 0003 -367| 0004 0002 1000 0012 0002 5001 0013 0006 -1171 0002 Qo002 ¢l 0001 0001 0 1600 6800 76
2134] 0003 0002 -50) 0004 0001 -300{ 0004 0002 -100| 0003 D004 251 0002 0002 0| 0001 Q.00t 0 320 1100 "
0530 0002 0007 71| 0001 0005 80| 0004 DOOE 33/ 0046 0.03 -53| 0001 0.002 S0| 0004 0005 20 17000 41000 59
1430( 0002 0006 67] 0003 0004 25 0004 0006 3| oS o026 731 0001 0002 53] 0006 0005 -20{ 1700 13000 87,
170¢] 0001 0002 50| 0001 0001 4] 0001 0004 75 004 0004 90| 0002 0002 0| 0006 0006 0 2 73 &5
0640 0006 0.001 <8001 0001 GO0V 0| 0004 000 -33| 0005 0005 o o0d2 poOO2 0 0001 0002 50 250 280 n
0825| 0009 0001 8001 0002 0001 -190] 0005 0003 £7| 0001 0003 67 0002 0002 o ¢001 0001 [+] 330 700 53
1535 0002 0.002 Q| ooy 0001 0] 0004 0002 -100) 9001 0003 67 0002 Q002 0] 0002 0001 -100) 1200 4200 Fal
1845 0001 0.001 o 0002 0001 -100f 0001 0.001 0] 0001 0004 75| 0002 0002 G| 0002 0002 0| 18000 47000 62
0040| 0006 0002 -100| 0006 0001 -500( 0008 0002 -200[ 0005 ©0.007 20| 0002 Qo002 0l 0002 0002 0 1300 5400 80
1035g] 0001 0002 50) 0001 0001 0] 0001 0003 67,0007 0004 78] 0002 0.002 0) 0001 0001 "] 900 2900 69,




Table A3. Comparison of data analyzed in quality assurance split samples by Alberta
Environmental Centre, September 1991, and reanalyzed from stored samples,

January 1992.
TOTAL KJELDAHL
COLLECTION TOTAL PHOSPHORUS - NITROGEN
TIME
SEPT. 1991 JAN. 1992 SEPT. 1991 JAN. 1992

E.L.Smith 0515 0.009 0.010 0.08 0.06
1315 0.008 0.010 0.08 0.05
Whitemud 0215 0.230 0.230 1.73 1.89
Rossdale 0345 0.033 0.030 0.22 0.25
Right 0145 0.011 0.005 0.08 0.08
Rossdale Left 0345 0.053 0.050 0.22 0.26

Gold Bar 0030 3.95 4,15 20.0 23.0

Secondary Bypass 0200 3.35 3.50 19.1 19.0

Gold Bar 0340 3.40 3.25 21.5 20.0

Final 0940 2.35 2.40 14.0 14.0
Capital Region 0140 0.025 0.018 0.15 0.19
Centre 0938 0.030 0.084 0.45 0.46
1734 0.035 0.026 0.15 0.17
Capital Region 0530 4,50 4,30 2.40 1.35
STP 1430 4.35 4.25 1.80 1.23
Sturgeon 1700 0.075 0.069 1.00 1.04
Vinca Bridge 0825 0.040 0.040 0.21 0.18
Centre 1825 0.074 0.077 0.44 0.46
0350 0.030 0.032 0.15 0.17
Pakan 10/09/91 0.027 0.024 0.15 0.16
11/09/91 0.021 0.016 0.14 0.17
Border 12/09/91 0.022 0.024 0.17 0.18
15/09/91 0.016 0.015 0.14 0.15




Table A4.

comparison of AEC and Norwest data.

Summary of quality assurance comparisons:

precision, accuracy and

Precision = number of samples within 25% RSD
Accuracy = test samples within 95% conf. inverval of true value (n=number of tests)
AEC Comparison = number of Norwest samples within 25% difference

PRECISION ACCURACY AEC COMPARISON
VARIABLE WITHL" | TOTAL | WITHIN | TOTAL | WITHIN | TOTAL
| 25% NO. 95% NO. 25% NO.
Sodium o 20 20 1 2 2_1— - 29__-
Chloride 19 21 2 3 9 28
Soca, Suspended 16 21 na 10 29
Total Phosphorus 16 21 3 3 9 29
%‘;ggﬁf“&m 17 21 3 3 12 29
Nitrite+Nitrate 17 21 2 2 5 28
Armmonia-N 17 19 2 2 15 28
Bﬁs";ﬁifus 15 21 n.a. 6 28
Chromium 1 21 1 3 7 29
Copper 6 21 1 3 16 29
Nickel 4 21 1 3 10 29
Zinc 10 21 1 3 9 29
Lead 16 21 0 3 23 29
Phenols 15 21 2 2 19 29
Fecal Coliforms 13 20 n.a 3 26
TOC 16 21 2 n.a.
BOD 11 13 n.a n.a.




Appendix B. Summary of data obtained during the September 1991 storm event and from
24-hour composite samplers, 1991.



CANSR1 WK1 MARCH 18, 1964
CARBON PHENOL PH COND NON Na ci CN Ce Cu Hg N P
TOTAL FILT DISS DIsS TOTAL  TOTAL  TOTAL TKN  TOTAL
STATION CODE DM Y TiME ORG us/icM RES
060" 065* 1L 103"L 0201 104 118 172*L 066°°L 240" 290™"L 800" 070", 154*L
ESSO STRATFNLEFF GRE  20ALOSEB1400 T 9 W 2330 51 0.022 75 1670 [) 116 270 0,006 0.025 0005 00003 32 047
ESSO STRAT FNLEFF GRP  20ALOSEB 1400 [T -1 0740 51 D.02t 76 1690 5 115 283 G004 002 0005 00062 3.35 047
ESSO STRATFNLEFF GRB  20ALO5SEB 1400 8 9 0 1530 48 0.022 7 1750 5 18 219 0.004 002 0005  0.0002 4 0.47
PETCAN FNL EFFL GRAB 20A1 0SEB2000 [ I ) | 0001 59 0014 78 2230 16 234 378 0004 0013 0.005 0.0001 2.45 0.493
PETCAN FNL EFFL GRAB 20ALOSEB 2000 8 9 9 0800 53 G014 74 2260 10 240 283 0004 0013 0o0g 0000 218 0.485
PETCAN FNL EFFL GRAB 20AL05E£82000 8 & 9 1600 48 0017 74 2260 18 250 365 0004 0012 0003  0.0001 013 0167
CELANE S FLUME GRAR 20ALDSEB3000 g8 8 9 0800 a6 0.004 77 490 3 24.6 a’e  LDoOY 0.001 0003  L.00Ot 037 0139
CELANE 5 FLUME GRAB 20ALOSEB000 8 9 9N 1600 78 0.006 76 410 5 12.2 113 L0.0DY 1,0.001 0.002 L0001 03 0133
CELANE 5 FLUME GRAB 20A1 05EB3000 9 8 M 0000 54 0006 7.7 380 14 10 94 Lo 00y 0001 0.004 L.000% 078 0107
CELANE N FLUME GRAB 20ALOSER30CI a8 99 0800 193 0.014 7 420 10 103 46 0.00% 0.006 0.055 00001 83 0985
CELANE N FLUME GRAB- 20AL05EB3003 g 9 9 1600 21 o018 75 450 4 12 147 0.006 om 0036 0.0001 10.1 0.008
CELANE N FLUME GRAB 20ALO5EB2003 g M 0000 35 oa1? 71 460 39 "7 1.5 0006 0.005 007t 0.0001 158 13
SHER GORD FNLEFF CMP  20ALO5EB5801 8 9 9 0800 7.3 0.004 67 2030 20 328 253 non 048 0018 ©.0002 Lk} 14
SHER GORD FNLEFF CMP  20ALOSEBS801 2 9 M o100 71 0.004 5.9 2800 N 349 155 0012 076 0024 0.0062 61 087
BF GOOOR FNL EFF GRAB  20AL0SEB7800 g » 0 1530 54 0.004 74 2530 15 358 538 0003 0,009 0038 00002 163 05
ESSO REDW FNLEFF GRAB  20ALOSEBSO0O e 9 0100 53 0005 7 1060 45 647 0002 0.008 0.007 0.0003 105 B.55
ESSO REDW FNLEFF GRAR  20ALOSEBS000 g8 9 9 0900 58 0.006 76 2580 3t 418 0002 0006 0005  D.0O00Z B85 205
ESS0 REDW FNLEFF GRAB  20ALOSEBS000 [ 1 1700 52 0.006 76 1040 >R 704 0.002 0.005 0005  0.0004 1.2 21
CARBON BOD PHENOL PH COND NON Na Gk CN Cr Cu Hg N
TOTAL 5DAY FILT DISS Diss TOTAL TOTAL TOTAL TKN TOTAL
STATION CODE D M Y TIME ORG us/cM AES
- 060™L 082°L 065"'L 1031 02071, 104°"L 11 172 066"°L 240°"L 290*L 8001 070*L 1501
QOLDBAR STP FNLEFFGRB  21ALOSEB 1000 T8 9 2330 1 352 0. 16 1010 12 989 68.1 0.004 0.007 0005  0.0002 238 43
QOLOBAR STP FNLEFFGRAR  21ALOSEB 1000 s 9 N 0140 0.5 253 0.011 5 980 ] 100 839 0.004 0.007 0 00s 0.0002 225 a8
QOLDBAR STP FNLEFFGRB  21ALOSEB 1000 I 1] 03:40 11.2 0.01 75 910 5 918 596 0.003 0.006 0004  0.0002 19 156
GOLDBAR STP FNLEFFGRB 21ALOSEB 1000 8 9 ® 03:41 1.2 233 0012 76 810 7 833 58.2 0003 oo 0006  0.0001 232 348
GOLDBAR STP FNLEFFGRE  21ALOSEB 1000 8 9 B 03:.42 1.4 219 0.011 a3 1180 10 104 56.7 0.004 0.007 0004 00002 234 356
GOLDBAR STP FNLEFFGRB  21ALOSEB1000 8 8 M 0540 1.2 144 0o 74 810 5 7913 498 0.004 0005 0003  0.0002 19 318
GOLDBAR STP FNLEFFGRB  21ALO5SEB 1000 [ - 1| 07:40 10.7 15.8 0.011 74 760 4 755 507 0.004 0005 0003 00001 165 288
GOLDBAR STP FNLEFFGRB  21ALO5SEB 1000 8 & % 0840 10.2 16.7 0.008 T4 740 6 742 49 0.003 D007 0.004 0.0002 1586 248
QOLDBAR STP FNLEFFGAR  21ALOSEB 1000 a8 92 N 09:41 o0 73 730 3 76 45 0.004 0052 0035  L.00MM 165 286
GOLDBAR STP FNLEFFGRB  21ALOSEB 1000 [ T3 0842 1.3 167 0.008 74 40 4 76 463 0 004 0.004 0.002 L0001 164 28
GOLDBAR STP FNLEFFGRB  21ALOSERB 1000 8 92 11:40 10.9 1% 0.01 73 740 7 727 487 0.004 0.0001 164 284
GOLDBAR STP FNLEFFGRB  21ALOSEB 1000 [ 1 1340 10.6 156 0.009 73 760 3 755 483 0.004 0.000t
GOLDBAR 5TP BYPASSGABR 21ALOSEB1100 7 8 N 23:40 678 113 0.04 72 940 70 928 518 0007 0.025 0035 00003 34 32
GOLDBAR STP BYPASSGRE 21ALOSEB1100 8 9 ot 00:01 286 14 0.042 Tt 820 108 80.3 a4 0.007 0032 0025 00003 2 6
GOLDBAR STP BYPASSGAB 21ALOSEB1100 8 9 ¢ 00:30 206 5 003 69 580 116 628 284 0.008 0.047 0035 00002 295 585
GOLDBAR STP 8YPASSGRB 21ALUSEB1100 8 9 o 00:31 205 79.4 0.03 H 580 116 285 0.006 0.058 00290  0.0003 255 5
GOLDBAR STP BYPASSGAB 21A1 05681100 8 9 ™ 00:32 208 918 580 116 477 0.006 0.008 0004 00002 22 44
GOLDBAR STP BYPASSGRE 21ALOSEB1100 8 o 8t 01.00 188 962 0.024 59 850 128 592 g 0.006 0069 0033 00002 ] 285
GOLDBAR STP BYPASSGRB 21ALOSEB1100 8 9 9N 0120 168 826 0025 ? 620 108 56.2 M4 0.002 0033 0026 0.0001 224 0.713
GOLDBAR STP BYPASSGRB 21ALOSEBT100 8 9 9 02:00 168 73.3 0.021 H 580 -] 531 299 0005 D031 0013
GOLDBAR STP BYPASSGREB 21ALOSEB 1100 [ 1 02:.01 17.9 0.02 7 580 90 569 M4 0.005 0024 0019
GOLDBAR STP BYPASSGRB 21ALOSEB 1100 8 8 M 0202 17.4 0.024 7 590 ag 544 326 0005 0.023 oma
GOLDBAR STP BYPASSGAE  21ALOSEB1100 8 90N 02:30 18.6 61.6 0.026 7.2 640 7 607 352 0.005 0021 0.023
CAP REG STP FNLEFFGRB  21ALOSEB 1500 7 9 M 23:30 63 15 0.004 7 860 4 7213 394 001 0005 DOO4 L0001 106 446
CAP REG STP FNLEFFGRE  21ALOSEB1500 8 9" 02:30 64 1.7 0004 67 850 k] 733 468 0002 0004 0003 00002 08 482
CAP REG STP FNLEFFGRB  21ALOSEB 1500 a 90 05:30 62 1 0.004 H 830 [ 704 438 0014 0.004 0007 00002 05 474
CAP REG STP FNLEFFGRB  21ALDSEB1500 8 9 o 0531 8.7 125 0.008 69 B840 7 702 458 0.006 0016 0008 L 00Ot 171 442
CAP REG STP FNLEFFGRB  21ALOSEB1500 8 9 @ 08:30 6.2 108 0.004 (1] 830 k] 707 475 0.0 0003 0003 00001 128 57
CAP REG STP FNLEFFGRE  21ALOSEB 1500 8 9 M 11:30 6.1 [ 0.00% 69 [10] L1 69 429 0013 0007 0004  0000f 1.02 458
CAP REG STP FNLEFFGRB  2tALOSEB1500 8 M 14:30 65 4 0.006 75 810 3 69.7 434 0.008 0047 oot 0000 0.94 504
CAP REG STP FNLEFFGRB  21ALO5EB 1500 s 99N 1432 62 4 0.008 73 810 4 69.2 Qs 0.003 0012 0007  L.0001 058 514
CAP REG STP FNLEFFGRB  21ALOSEB 1500 8 & 9N 1432 6.1 <X 0.005 73 820 5 691 442 0009 0.008 016 L 0001 1 496
CAP REG STP FNLEFFGR8  21ALOSEB1500 [ ] 17:30 63 4 0004 67 810 2 67.4 26 0014 0002 0002 L0001 0.29 5
CAP REG STP FNLEFFGRB  21ALOSEB 1500 8 8 N 20:30 6.2 69 0.005 (¥ 820 4 667 415 oo18 0.003 0002 L0001 087 518




CAHALBIGINSAZ2 WK1 MARCH 28, 1994
NON [+]] Cu Cu
STATION CODE FILT DISS  TOTAL EXT
RES
DAILY COMPOSITE DATA 1041 it 200°L 2031
NSR UDEVONBR 24HRCOMP  GOALOSDF1800 34 5 k3] 4 1 0.016
NSH UDEVONBR 24HRCOMP  DOALOSDF 1800 1 6 41 4 1 0.002
NSR UDEVONBR 24HRCOMP  0OALOSDF 1800 2 8 25 4 1 0.012
NSRA UDEVONBR 24HRCOMP  0OALUSOF1800 I 226 4 1 0.002
NSRA UDEVONBR 24HRCOMP  00ALOSOF 1800 4 6 12 4 1 0.013
NSA UGEVONBR 24HRCOMP  D0ALDSOF 1800 8 & 25 3 1 0.002
NSR UDEVONBR 24HRCOMP  0OALDSDF 1800 7 8 24 3 15000 0.002
NSR UDEVONBR 24HRACOMP  00ALOSDF1800 8 & 53 3 1 0.003
NSR UDEVONBR Z4HRCOMP  00ALOSDF1800 86 ) 3 1 0.003
NSR UDEVONBR 24HRCOMP  0OALOSDF1800 10 6 285 3 1 0.013
NSR UDEVONBR 24HRGOMP  OOALDSDF1800 11 8 348 4 L5000 Q.008
NSR UDEVONBR 24HRCOMP  00ALOSDF1800 12 & 168 4 L5000 0.004
NSRA UDEVONBR 24HRCOMP  DOALOSDF 1800 13 & 134 3 1 0.003
NSA UDEVONBR 24HACOMP  00ALOSDF1800 14 6 128 3 1 0.002
NSR UDEVONBR 24HRCOMP  DOALOSDF1800 15 6 a7 3 L5000 0001
NSRUDEVONBR 24HRCOMP  OOALDSDF1800 16 & 104 3 L 5000 0.001
NSR UDEVONBR 24HACOMP  OOALDSDF1800 17 & 6 ] 1 0.001
NSR UDEVONBR 24HRCOMP  0OALOSDF1800 18 & 48 a 1 Q.001
NSRUDEVONBR 24HRCOMP  0OALOSDF1800 12 ] v a 2 2.001
NSR UDEVONBR 24HRCOMP  DOALOSDF1800 20 & 0 4 1 0.004
NSRUDEVONBRA 24HRCOMFP  0OALOSOF1800 21 & T4 4 2 0.003
NSR UDEVONBR 24HRCOMP  00ALOSDF1800 22 & 156 4 1 o 006
NSA UDEVONBR 24HRCOMP  QOALDSDF1800 23 ¢ 784 5 2 0.017
NSR UDEVONBR 24HACOMP  OOALOSDF1800 24 & 280 4 2 0.014
NSRA UDEVONBR 24HRCOMP  0OALOSDF1800 2% & 205 4 1 0.016
NSR UDEVONBR 24HACOMP  (OALDSDF1800 26 6 169 4 ¥ 0.005
NSR UDEVONBR 24HRCOMP  0OALOSDF 1800 27 & 100 4 1 0003
NSR UDEVONBR 24HRCOMP  OOALOSDF1BO0 28 6 221 3 2 0.006
NSR UDEVONBR 24HRCOMP  00ALOSDF1800 20 & 197 3 2 0.003
NSR UDEVONBR 24HRCOMP  OOALDSDF1800 4 7 50 k] 1 0.006
NSR UDEVONBR 24HACOMP  OOALOSDF 1800 5 7 70 3 1 0.003
NSA UDEVONBR 24HRGOMP  DOALOSDF 1800 6 7 274 3 1 0.007
MER UDEVONBR 244RCOMP  0GALDSDF 1800 T 7 1157 4 1 0.030
NSR UDEVONBR 24HRCOMP  0OALOSDF1800 8 7 758 3 1 0029
HSR UDEVONSA 24HACOMP  H0ALOSOF 1800 e 7 1202 a 1 0.01
NSR UDEVONBR 24HRCOMP  0QALOSDF1800 0 7 1434 3 1 0.015
NSR UDEVONBR 24HRCOMP  OOALOSDF1800 10 7 325 K] 1 0.009
NSR UDEVONBR 24HRCOMP  00ALOSDF1B00 " 7 [ ox] 3 1 0.004
NSR UDEVONBRA 24HRCOMP  OBALOSOF 1800 7 2138 3 3 0.007
NSR UDEVONBR 24HACOMP  QGALDSDF 1800 7 1617 3 1 o.007
NSA UDEVONBR 24HRCOMP  DOALOSDEY300 7 212 3 1 0.004
NSR UDEVONBR 24HACOMP  0OALOSDFE 1800 7 557 3 1 0.004
NSA UDEVONBR 24HRCOMP  00ALOSDF1800 ? 1201 3 1 0.004
NSR UDEVONSR 24HRCOMP  QOALOSDF 1800 7 238 3 1 0.008
NSR UDEVONBR 24HRCOMP  00ALOSDE 1800 7 220 000 :X.} 0.000
NSR UDEVONBR 24HRCOMP  0OALOSOF 1800 7 161 3 06 0.004
NSR UDEVONBR 24HRCOMP  00ALUSOF1800 7 232 a s 0003
NSR UDEVONBR 24HRCOMP  0QALOSDF1800 7 256 3 X ] 0.002
NSR UDEVONBR 24HRCOMP  DOALOSDF1800 7 101 a 05 0.003
NSR UDEVONBR 24HMACOMP  DGALOSDF 1800 ? 34 .000 05 0.003
NSR UDEVONBR 24HRCOMP  0QALDSDF 1800 7 e 3 L 5000 0.0%1
NSR UDEVONBA 24HRCOMP  OOALOSDF1800 7 224 3 0% 0.003
NSR UDEVONBR 24HAGOMP  pOALOSDF 1800 7 8 3 1 0.013
NSR UDEVONBR 24HRCOMP  0QALOSDF1800 7 36 2 1 0.005
NSR UDEVONBR 24HRCOMP  00ALOSDF 1800 7 168 2 1 0.008
NSA UDEVONBR 24HRCOMP  0OALOSDF 1800 7 52 2 1 0.005
NSR UDEVONBR 24HRCOMP  00ALOSDF 1800 7 101 2 1 0.005
NSR UDEVONBR 24HRCOMP  DOALOSDF 1800 7 140 2 1 0.002
NSRA UDEVONBR 24HRCOMP  O0ALOSDF1800 7 s 2 ] 0.002
NSR UDEVONBR 24HACOMP  QOALOSDF1800 7 6 2 1 0.006
NSR UDEVONBR 24HRCOMP  OOALDSDF 1800 7 34 2 4 0.004
NSR UDEVONBR 24HRCOMP  D0ALOSDF 1800 B i1} 3 1 1Lo0
NSA UDEVONBR 24HRGOMP  s0ALDSOF1800 8 il 3 1 Loe1
NSR UDEVONBR 24HRCOMP  QOALOSDF 1800 [} 185 3 1 0.004
NSR UDEVONBR 24HACOMP  00ALOSDF 1800 ] 257 3 1 0.004
NSR UDEVONBR 24HACOMP  0OALOSDF 1800 8 180 k] L5000 0002
NSR UDEVONBR 24HRCOMP  0OALOSDF 1800 [} o 3 L5000 0.001
NSR UDEVONBR 24HACOMP  DOALASDE 1800 k) 54 3 1..5000 0001
NESR UDEVONBR 24HRCOMP  DOALDSDF 1800 8 2 2 L 5000 0.001
NSR UDEVONER 24HRCOMP  0QALOSDF1800 [:} A 2 1 0.001
NSR UDEVONBR 24HRCOMP  QDALOSOF1800 8 18 ? L.5000 0.001
NSR UDEVONBR 24HRCOMP OQALDSDF 1800 a 12 2 L5000 L 001
NSR UDEVONBR 24HACOMP  00ALDSDF 1800 8 13 2 1 0.002
NSR UDEVONBR 24HRCOMP  O0ALDSDF 1800 ] L) 2 1 Lo
NSR UDEVONBR 24HACOMP  00ALOSDF 1800 [} 14 2 1 Loo1
NSAUDEVONBR 24HRCOMP  DOALDSDF 1800 8 2 2 1 0.003
NSR UDEVONBA 2AHACOMP  0OALOSDF 1800 8 10 2 L5000 Loo1
NSA UDEVONBR 24HRCOMP  DOALOSOF1800 [} 12 2 1 0.001
NSR UDEVONBR 24HRCOMP  O0ALOSDF1800 .} 12 2 1 L0
NSR UDEVONBR 24HRCOMP  0BALOSDF 1800 ] 17 2 1 Lot
NSR UDEVONBR 24HRCOMP  0OALOSOF 1800 ) 10 2 1 Lo
NSR UDEVONBR 24HACOMP  00ALOSDF 1800 ° 10 2 1 Loo1
NSR UDEVONBR 24HRCOMP  O0ALOSDF 1800 [] 15 2 05 001
NSR UDEVONBR 24HACOMP  QOALOSDF 1800 [} " 2 08 L.001
NSR UDEVONBR 24HRCOMP  OGALOSDF 1800 [] 3 2 ] 9.001
NSA UDEVONBR 24HRCOMP  00ALDSDF 1800 9 2 2 0.3 0.001
NSR UDEVONBR 24HACOMP  0OALOSDF1800 ] 4 2 05 Loo0y
NSRA UDEVONBR 24HRCOMP  DOALOSDF 1800 [} 3 2 0.5 L.001
NSA UDEVONBR 24HACOMP  (OALOSDF 1800 ® 4 2 03 0.001
NSR UDEVONBR 24HRCOMP  0OALOSDF 1800 ] 3 2 ¥ 0.001
NSRA UDEVONBR 24HRCOMP  00ALOSDF1800 L] 5 2 0.5 0.001
NSR UDEVONBR 24HACOMP  DOALOSDF 1800 9 3 2 L5000 0.00%
NSR UDEVONBR 24HACOMP  OOALOSDF 1800 ] L1.000 2 L5000 L0001
NSA UDEVONBR 24HACOMP  GOALOSOF1800 ] 2 2 1 0.001
NSR UDEVONBR 24HACOMP  00ALOSDF 1800 ] L1.000 2 0.5 0.001
NSRAUDEVONBR 24HRCOMP  0OALOSDE1800 9 L1.000 2 1 L0041
NSR UPCAPREG24HRCOMP  OOALOSER2330 28 & &2 4 1 0.016
NSR UPCAPREG24HRCOMP OQOALOSEB2330 20 5 B& L} 1 ace
NSA UPCAPREG24HACOMP COALOSEBZ330 130 5 65 4 1 0.012
NSR UPCAPREG24HRCOMP OOALOSER2330 31 S 53 4 i 0.01&
NSR UPCAPAEG24HRCOMP 00ALOSEB2330 1 6 2 4 1 oMme
NSR UPCAPREGR4HRCOMP OOALOSES2330 2 6 L] 4 1 0.013
NSRUPCAPREG24HRCOMP  0OALOSER2330 3 6 56 L} 1 c.0N4
NSR UPCAPREG24HRCOMP 0OALOSER2330 4 & 4 4 1 0.003
NSR UPCAPREG24HRCOMP  00ALDSE 82330 5 8 9 4 1 0.003
NSR UPCAPREG24HRCOMP  OQALDSER2320 € & k] 4 1 0.002
NSAUPCAPAEG24HRCOMP  O0ALOSEB2330 7 6 a7 4 1 0.004
NSR UPCAPREG24HRCOMP QGALDSEB2330 B & 156 3 3 0.011
NSR UPCAPREG24HACOMP Q0ALOSE B2330 9 6 -} L) 2 0.005
NSR UPCAPREG24HRCOMP  OCALDSEB2130 10 6 (] 4 1

0.004



NSR UPCAPREG24HRAGCOMP
NSR UPCAPRE G24HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ4HRCOMP
MNSR UPGAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NER UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ4HRCOMP
NER UPCAPREG24HRCOMP
NER UPCAPREGZ4HRCOMP
NSR UPCAPREGR24HRCOMP
NSR UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRACOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPRE G24HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREQ24HRCOMP
NSR UPCAPREGZ4HRCOMP
KNSH UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSA UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSA UPCAPREGZ4HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREG24HRCOMP
NSA UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ24HRCOMP
NSH UPCAPREG24HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
N5R UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSA UPCAPREGZ4HACOMP
* NSR UPCAPREG24HACOMP
NSR UPCAPAEG24HRCOMP
NSR UPCAPREG24HRCOMP
NER UPCAPREGR4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREGZ4HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HRCOMP
NSR UPCAPREG24HACOMP
NSR UPCAPREG24HRCOMP
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSRH AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
KSR AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
NSH AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSH AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSA AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
KSR AT PAKAN
NSR AT PAKAN
NSR AT PAKAN
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N3R AT PAKAN

NS AT PAKAN

KNSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

HSA AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

HSR AT PAKAN

NSA AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSA AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSA AT PAKAN

NSF AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT PAKAN

NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSRA AT BORDER-24HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSF AT BORDER-24HRACOMP
NSA AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-24HRCOMP
NSR AT BOROER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSRA AT BORDER-24HRCOMP
NSRA AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER.24HRCOMP
NSR AT BORDER.24HACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AY BORDER-24MRCOMP
NSR AT BORDER-Z4HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-Z4HRACOMP
NSR AT BORDER-24HRCOMP
NER AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRGCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-2Z4HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NESR AT BORDER-Z4HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDE R-24 HACOMP
NSR AT BORDEA-24HRCOMP
NSR AT BORDER-24HRCOMS
NSR AT BORDER.24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-24HACOMP
NSH AT BORDER-24HRCOMP
NSR AT BORDER.24HRCOMP
N3R AT BORDER-24HACOMP
NSR AT BORDER-Z4HRCOMP
NSR AT BORDER-24HRACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSA AT BORDER-24HACOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRCOMP
NSR AT BORDER-24HRGOMP

DOALOSEC2320
QOALDSECZX20

QOALOSEC2320

O0ALOSEC232¢

QOALOSECZ320
OOALDSEC2320
OOALOSEF1001
OOALOSEF1001
OOALDSEF1001
DOALDSEF 1001
QOALOSEF1001
OJALOSEF 1001
OOALGSEF1001
OOALDSEF1001
COALOSEF100Y
OOALOSEF 1001
OOALOSEF 1001
OOALOSEF 1001
O0ALOSEF 1001
OOALOSEF1001
QOALOSEF1001
COALOSEF1001
OOALOSEF1001
OGALOSEF1001
COALDSEF1001
OOALOSEF 1001
DOALOSEF1004
OQALOSEF1001
OOALDSEF 1001
OQALOSEF1001
OOALOSEF 1001
OCOALOSEF 1001
DOALOSEF 1001
OOALOSEF 1001
OQALOSEF1001
O0ALOSEF 1001
OOALOSEF 1001
DOALDSEF 1001
OOALOSEF1001
OQALOSEF 1001
OOALOSEF 1001
OOALOSEF 1001
DOALOSEF 1001
OOALOSEF1001
OOALOSEF1001
OOALDSEF 1001
QUALOSEF 1001
OOALOSEF 1001
COALOSEF 1001
OOALOSEF 1001
QOALOSEF1001
DOALOSEF 1001
Q0ALESEF 1001
QQALOSEF 1001
DOALOSEF1001
OGALDSEF1001
OOALDSEF 1001
OOALOSEF1D01
OQALQSEF1001
QUALOSEF 1001
DOALOSEF1001
OOALDSEF 1001
DOALOSEF 1001
OOALOSEF1001
OOALOSEF 1001
OOALOSEF1001
OOALDSEF 1001
DOALOSEF 1001
COALOSEF1001
OOALOSEF 1001
OOALOSEF1001
OOALOSEF 1001
OOALOSEF1001
DOALOSEF1001
QOALOSEF1001
GOALOSEF1001
OOALOSEF1001
DOALDIEF 1001
COALOSEF 1001
OCALOSEF 1001
VOALOSEF1001
OOALOSEF 1001
OOALOSEF 1001
OOALOSEF1001
OCALOSEF1001
DOALDSEF 100t
OCOALOSEF10M
QOALOSEF1001
QOALDSEF1001
OOALOSEF1001
OOALDSEF1001
DOALDSEF 1001
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CAHALBIG\INSRI.WK1 MARCH 28, 1964
COLI CARBON BOD PHENOL PH COND NON Na Cl CN Cr Cu Cu Hg N P
STATION CODE FECAL TOTAL 5 DAY FILT DISS DISS TOTAL TOTAL EXT TOTAL TKN TOTAL
D M Y NO/DL ORG US/ICM RES
RIVER SITES 360™°L 060" L o82*'L 065 109*L 020" 104°°L 1L 172*L 066™"L 24071 2301 293*°L 800*°L 070" 154%°L
EL SMITH 00ALOSDF2078 T8 8 Lo 13 07 o001 82 290 16 244 04 L0.001 0.003 0001 L0001 016 0.014
EL SMITH DOALOSDF2078 a & 9 (R 12 04 L0.001 83 280 14 247 o3 LoOgt 0.001 L0001 L.0001 0o7 0.013
EL SMITH OOALOSOF 2078 8 9 9 20 1.2 04 Lo 0ot a3 200 17 246 04 0001 0.001 L0.00) L ooo1 009 0.018
EL SMITH 00ALOSDF2078 B & 9 60 08 0.3 0001 83 290 16 235 0.3 L0.001 Lo.og1 0.001 L0001 0.07 0.02
EL SMITH 0CALOSOF 2070 8 g 91 40 09 04 0001 B3 290 7 236 03 0002 0.006 0004 L o001 .08 ooid
EL SMITH 00ALDSDF 2078 8 9 8 50 12 02 o001 83 290 = 237 03 Lo 001 0.002 0004 L 0031 007 o018
EL SMITH DOALOSDF 2078 a8 & o 70 ] Lot 0.001 83 290 16 23 0.4 L0.001 0.001 0.001 L 0001 006 0017
EL SMITH DOALOSDF 2078 8 9 @ 20 14 Lo1 o001 a3 290 13 23 03 Lo Jo1 Lo ool L0.001 L 0001 0.06 0.014
EL SMITH DOALOSDF 2078 a & N 40 X ] to1 Laoal 83 290 13 237 03 Lo o1 Lo oot 000 L ooo1
EL SMITH DOALDSDF 2078 a8 9 M 70 [+3:] Lo 0002 83 290 10 24 03 Locol Lo.001 L0.001 10001
WHITEMUD CREEK 00ALOSDF2106 7 8 9 260 159 71 0.007 ] 830 211 938 518 0001 oglt 0.01 L ool 128 043
WHITEMUD CREEK Q0ALOSOF 2106 a8 9 9t 180 142 15 0007 - R 800 45 918 43 0001 0.003 0.004 L0001 088 0.087
WHITEMUD CREEK 00ALOSDF2106 8 9 9 160 139 13 0.008 81 800 49 985 428 0.001 0.0t 0.008 L0001 o088 0.08
WHITEMUD CREEK 00ALOSOF 2106 8 & 9 220 4 0.007 - R} 800 5t g5@ 4486 0.001 0021 0032 L ool 096 0.059
WHITEMUD CREEX DDALGSOF2106 8 9 A 18¢ 138 24 o012 a1 780 e 896 444 0.001 0.002 (1] ] L 0001 087 0.048
WHITEMUD CREEK DOALOSDF 2106 a8 &8 N 20 133 15 aort 81 760 26 887 arz? oom 0.001 0.002 L 0001
WHITEMUD CREEK DOALOSDF 2106 8 8 9N 60 132 72 0006 a 770 15 875 2e 0001 Lo 001 0004 L.0001
WHITEMUD DN OOALOSDF 2107 8 9 9N 37000 10 1" o01s 72 210 77 1 E4 0006 0097 L 0001 157 0.335
WHITEMUD DN 00ALDSOF2107 a4 9 9 38000 98 75 0013 73 270 44 208 64 0.007 0.007 L.0001 196 0232
WHITEMUD DN O0ALOSDF2107 8 9 9 26000 82 82 0.013 72 270 43 205 67 0.015 o L 0001 17 0.199
WHITEMUD DN OUALOSDF2107 a 8 9N 40000 104 X ] 0013 72 260 38 205 69 0022 0013 L 0001 1.49 018
WHITEMUD DN DOALOS0F2107 B 9§ 91 18000 94 1 0.011 73 280 29 212 108 0.005 0.007 L 0001 137 0.167
WHITEMUD DN DOALOSDF2107 8 9 0 $800 X -2 0012 74 280 33 215 a9 0.004 0.005 L0001 143 0.167
WHITEMUD DN DOALOSOF 2107 g 8 9 4300 a9 84 0014 74 280 28 223 a7 0004 0.005 L0001
WHITEMUD DN DOALOSDF 2107 a8 8 9 16000 89 18 0012 75 290 26 22 99 0004 0.005 L0001
STURGEON A MOUTH OOALDSEA 1020 8 9 9 50 139 04 0.009 79 430 AL 288 77 0.002 0.001 0.00 L 00a1? 1.08 0.09
STURGEON R MOUTH OOALDSEA 1020 8 8 9 80 14 o7 0.008 77 430 10 284 8.7 0.002 0.002 0.001 L.0001 112 0093
STURGEON R MOUTH OOALDSEA 1020 a 8 9N 100 1386 11 0008 8 430 8 278 &4 0001 0001 0.001 L.0001 1.04 0.089
STURGEON R MOUTH OCALOSEA1020 8 9 9 8¢ 146 15 o008 79 430 ] 276 106 0002 0.0 0.001 L 0031 1.04 0.09
STURGEON R MOUTH DOALOSEA 1020 a & ¢ 30 141 06 0.008 79 420 8 271 87 0.002 L0.001 L0001 L.0001 104 0082
STURGEON R MOUTH QOALOSEA1020 B 9 81 40 136 Lot 0006 83 420 7 273 58 fog2 Lo.001 0.001 1..0001 1.04 0.086
STURGEON R MOUTH ODALDSEA 1020 a8 9 9 20 138 Lol 0087 83 420 3 257 6.1 0002 0002 0.004 L0001 135 o1
STURGEON R MOUTH DOALOSEA 1020 8 8 & 40 13.7 Lo.t 0008 83 420 2 LY} D 0o2 0.001 0004 L.0001 1.03 0.078
STURGEON A MOUTH DOALOSEA 1020 8 8 9 60 137 11 0.006 - 420 6 272 7 0.002 Lo 001 0.00% L 0001
STURGEON R MOUTH DOALDSEA 1020 8 98 9 110 13 09 0.006 81 420 1 2689 B8 0002 Lo.00t 0006 00002
STURGEON R MOUTH OOALOSEA 1020 g & 9N 20 134 12 0.008 78 410 9 26 77 0.002 Lo co1 0.002 0.0002 1.06 0.084
STURGEON R MOUTH QOALOSEA 1020 8 9 9 40 134 09 0.008 8 420 5 259 74 0.002 Loogt 0.001 00002 1.1 0.084
STURGEON R MOUTH DOALOSEATDZ0 g 8 9 30 136 Lot 0005 78 420 5 257 66 0o0c2 Lo.001 0002 L.0001 112 0.089
STURGEON R MOUTH DOALOSEA 1020 B 9 9N BQ 14 08 0.007 79 420 £ 28 Tt 0.002 L0.001 .00t L.000% 1.1 008
NSA 90M URSSDL - L OOALCSEB2121 7 8¢ 5100 24 [-X] 0.00% 78 340 66 122 72 L0.001 0.004 0004 L0001 048 0124
NSR 90M URSSDL - L OOALOSEB2121 g 9 9N 7000 23 57 0.004 77 300 43 446 24 Lo.001 0003 0.003 L.0001 oM 0.102
N5A 90M URSSDL - L O0ALDSEAZ121 a9 2100 22 22 0.004 78 280 23 322 25 L0.001 0002 0002 L 0001 026 0.053
NSR 90M UASSDL - L DOALOSEB2121 8 ¥ 0N 3900 1.7 23 0.004 a 280 ) 57 Lo ool 0002 0.004 L 0001 016 0.028
NSR SOM URSSDL -L 00ALOSEB2121 8 9 & 700 2 22 0.005 8 280 28 12 La.0ot 0009 0.004 L 0001 012 0024
NSR 90M URSSDL - L OOALOSEBZ2121 8 g 9N 470 1 15 0004 L] 280 21 279 28 0.004 L0.001 Lo.001 L.0001 o11 0013
NSR 90M U ASSOL - L COALOSEB2121 g 9 9t 430 o9 08 0.002 81 200 13 269 16 La.0gt L0.001 Lo.oo1 L 0001 014 0013
NSA 80M URSSDL - L DOALOSEBIY a 8 % 290 o6 21 L0.001 B2 250 14 268 26 L0 001 0.001 Lo.ool L.0oc1 009 0.012
NSR 80M U RSSOL - L 00ALOSEB2121 8 9 9 260 03 2 0.001 a3l 290 12 2.58 35 L0.001 Lo Do Lo.0o? L 00o1 006 aan
NSR 80M URSSDL - L DOALOSEB2121 B & ¢ 240 05 15 a.00t a2 290 7 256 kR Lo.oo1 Lo 001 L0.001 L.0001 003 0.009
NSA 90M U RSSDL - L OOALDSER2121 a 9 o 220 ol 16 0.002 82 290 9 3 L0.001 0.004 0.004 L 0001
NSR 80M U RSSDL - L 00ALOSEBZ121 & 8 91 170 Lo 16 0.002 az 2890 7 259 45 L0001 0003 0003 L 0001
NSA 90M URSSDL. - L COALOSEB2121 8 9 81 300 08 17 0.004 83 250 9 262 17 L0.001 L6.001 Lo.0a1 L.0oo1
NSA 90M URSSDL - L OOALOSER2121 8 8 9N 220 06 21 0002 84 290 2 259 54 L0.001 L0.001 Lo.0g1 L.0oot
NSR 80M UASSDL -R QDALOSEB212) 7T 9 9 350 24 68 0.002 83 290 12 28 o4 Lo-0e1 Lo 001 Lo ool L.0001 0.06 o.on
NSA 9oM URSSOL -R OOALOSER2123 8 99 2200 23 41 0.005 B3 290 12 293 -3 0.005 Lo.001 Lo.001 L o061 0.16 0022
NSR 90M U RSSDL - R QOALOSEB2123 8 & 9N 3800 28 2 0.003 83 350 17 8473 32 LO.001 0001 0.001 L 0001 024 0036
NSR SoM U ASSDL -A O0ALOSEB2123 8 9 ® 3700 28 1.7 0005 83 0 18 863 36 L0.00 0077 oo L o001 o1 0.038
NSR 60M U RSSDL - R DOALDSEB2123 8 89 3500 3 19 0.003 83 3o 17 a.89 a8 LO90 0246 oot L.oogl 012 0022
NSR 80M U RSSDL - R OOMLOSER2123 8 9 9 1100 35 26 0.008 a1 310 12 524 4 Lo 0aY 0.001 1L0.001 L 0001 Q.09 0.013
NSR 90M URSSOL - R 0OMLDSEB2123 a8 9 & 490 25 14 0.004 813 280 8 3.1 42 Lo oo L0001 L0.001 L o001 006 0.009
NSA 90M URSSDL-R ODALOSER2123 e & | 340 27 Lo.001 84 280 9 266 21 L0001 Lo.0C1 L0001 L.ooo1 005 0009
NSR 90M URSSOL - A O0ALOSEB212 a 9 9 180 16 26 Lo.001 B84 280 8 2,58 14 La.oat L0.00t LOOO1 L.0001 0.06 0009
NSA 80M U RSSDL - R DOALOSEB2123 8 & 9N 70 14 18 L0.001 - 3] 280 ] 261 18 L0.001 L0.001 Lo.ool L.ooot 012 0009
NSR 90M URSSDL -R DOALOSEB212) 8 9 ¢ 70 21 L0001 as 290 [ 264 1.7 L0.0g1 0.004 0.009 L.0001
NSR BOM U ASSOL - R DOALOSER2123 8 9N 1o 1.7 L0.001 a5 290 ] 279 18 L0.001 a.ot2 oon L 0001
NSA 60M U RSSDL - R DOALOSEB2123 8B 9 N 120 13 2 Lo.001 8.5 280 6 264 28 Lo.0oo1 Lo.oo1 L0001 L.0001
NSH 90M U ASSDL - R DOALOSER2123 8 9 # 140 19 21 L0.001 85 280 5 263 [ 1] Lo.vot Lo.001 LO.001 L.ooot
ROSSDALE WTP DOALDSEB2124 7 9 9 1100 17 16 0.002 a1 20 K] 47 24 L0.001 0.002 0004 L.0001 027 0.048
ROSSDALE WTP OOALOSEB2124 a 9 9 2500 1.8 2 0002 8 00 ki g 364 14 g.001 0.004 0.007 L0001 0.45 0.101
ROSSDALE WTP DOALOSEB2124 g 9 9N 3400 19 14 0003 8.1 280 43 326 1 (X)) 0.002 0005 L.0001 031 0076
ROSSDALE WTP OCOALOSEB2124 8 2™ 1030 5 07 0002 8.2 290 23 27 06 0.001 0.001 0.002 L.0001 0.2z 0039



COLl CARBON BOD PHENOL PH COND NON Na cl CN Cr Cu Cu Hg N P
STATION CODE FECAL TOTAL 5 DAY FILT DISS DIss TOTAL TOTAL EXT TOTAL TKN TOTAL
D M Y NO/DL ORG US/ICM RES
RAIVER SITES 380"°L 060 082""L 065"°L 1031 020™"L 104%°L 1 172°L D861 240°°L 290" 2931 800" o70"L 154%L
ROSSDALE WTP O00ALOSEB2124 B 9 9N 670 14 08 0.002 a2 200 19 279 as 0.008 0.005 0.008 L0001 0.24 op17
ROSSDALE WTP COALCSEB2124 B 8N 680 1.5 06 0.003 a2 260 18 279 05 0001 0.002 0.006 L.0001 022 0.019
ROSSDALE WTP COALDSEB2124 a 9 o 440 12 04 0.002 - X 290 10 264 04 0.001 0.003 0.005 L.ooo1 016 0.02
ROSSDALE WTP COALDSEB2124 B 8 9 $60 1.5 Lo.1 LO 001 83 290 14 264 04 0.001 Loool 0.003 L.00oY 0.3 0103
ROSSDALE WTP COALDSEB2124 8 & ol 200 15 Lo L0.00% a4 290 18 255 05 0001 0.001 0.004 L.0001 011 0.015
ROSSDALE WTP OOALOSEB2124 8 9 9 1500 12 Lo Lo 0ol 83 280 87 2.54 04 0001 Q008 0.014 L0001 on 0013
ROSSDALE WTP DOALOSEB2124 g 9 8 1800 123 02 Lo.oo1 a3 200 48 257 04 0.001 0.017 o019 L0001
ROSSDALE WTP 00ALOSEB2124 a8 9 o 100 kA | 04 Lo.001 84 280 39 258 04 0.001 0.003 0.012 L.0001
ROSSDALE WTP 00ALOSEB2124 8 % 9 260 1.3 Lo Lo 001 B4 280 L) 258 03 0.001 LO-001 0.004 L 0001
ROSSDALE WTP 00ALOSEB2124 8 9 9N 130 19 Lo L0.001 B4 200 7 256 04 0.003 Lo.001 0005 L.poo1
NSR CAPITAL REG-RGRB OOALOSEB2I2S 7 8 N 700 13 0.001 83 290 17 2768 18 L0001 L0.001 L0.001Y L.0001 012 0022
NSR CAPITAL REG-RGRB DOALDSEB2325 a 9 98 2000 1 0001 a3 290 24 259 0 L0.001 10,001 0.001 L0001 014 0.031
NSR CAPITAL REG-RGRB DOALOSEB2125 a 8 9 2100 3"} 001 82 280 26 261 18 L0001 0.004 0.001 L.000Y 016 2.0
NSR CAPITAL REG-RGRE DOALDSEE 2325 a & % 2600 12 a0 81 300 37 s 18 Lo 001 0.001 0.001 L.0001 056 0.092
NSR CAPITAL REG-RGRS8 DOALDSE B2325 a8 8 ¢ 4600 [} 0001 8 300 10 348 25 10.001 Lo.oat L0.001 L 000t 046 0.067
NSR CAPITAL REG-RGRB DOALOSEB2325 8 8 9 18000 12 0.001 79 300 330 4.45 29 L0001 0.002 0.002 L0001 094 01
NSR CAPITAL REG-RGR8 DOALOSEB2325 8 & W 17000 1.8 0.001 79 300 12 4.47 29 L0.001 Lo.oo1 0.001 L 0001 0.59 0.102
NSH CAPITAL AEG-RGRB ODALOSEB2325 a ¢ B 7000 1.2 0.001 B1 300 18 a8 28 L0.001 0.001 0.001 L 0001 o5 0087
NSR CAPITAL REG-RGRE 00ALOSEB2325 8 8 9 4500 1.6 0.001 79 300 22 375 29 L0 001 ©.001 0.002 L.oo01 048 0.084
NSR CAPITAL REG-RGRB DOALOSEB2325 8 9 9 2300 1 0.001 a1 290 28 18 19 Loom 0.002 0.001 L0001 034 0.074
NSRA CAPITAL REG-RGHEB D0ALGSEB2325 8 8 9 1600 22 0.002 2 290 22 3 3 L0.001 0.001 0.001 L.0001 028 0058
NSR CAPITAL REG-RGRB OOALOSEB2325 8 8 9N 1500 09 Qo2 83 280 22 294 26 L0.001 0.001 Lo 001 L.ooot 034 0.063
NSR CAP ITALAEG-ACGRB 00ALOSEB2326 7 8 8 1900 GB L0001 [ 300 22 268 34 L0001 0.001 0901 L.0001 023 0.038
NSR CAPITALREG-RCGRE 00ALOSED2326 8 8 B 2100 11 000 8 300 19 294 31 L0.001 Lo.01 Lo.001 L poot 037 0.065
NSR CAPITALREG-ARCGRB DOALOSE 82326 g 9 8 1800 08 0.001 8z 200 16 288 R} L0001 Lo ool Lo 001 L0001t 0.26 0.048
NSR CAPITALAEG-RCGRB DOALOSEB2326 8 8 ™ 2300 08 0.001 81 280 14 274 t3 L0.001 L0001 L0.001 L 0003 0.38 005
NSR CAPITALAEG-RCGRB 0OALOSEB2326 a8 & B 930 [E-] 0.001 B1 290 L1 277 19 L0.001 Lo.o01 LO.001 L.0o01 038 0.044
NSR CAPITALREG-RCGRB DOALCSEB2326 8 8¢ 9 740 ] 0.001 B1 280 13 283 21 L0.001 £0.001 L0.00% L 0001 0.27 0.035%
NSR CAPITALAEG-RCGRB DOALOSEB2326 a8 9 B 53000 1.3 0.002 78 300 7 ae 26 L0.00t L0001 L0.001 L0001 054 008
NSR CAPITALREG-RCGRB DOALDSEB2326 8 9 9 18000 1.2 0.001 8 300 13 324 2 LO 001 Lo.001 2005 L.0001 035 0.068
NSR CAPITALAEG-RCGRB DOALOSEB2326 8 9 9N €300 15 0.001 L) 300 12 304 4 L0001 0.001 0.001 L.0001 029 0.057
NSR CAPITALAEG-RCGRB DOALOSEB2326 8 & B 2000 15 Lo 001 82 290 24 248 26 L0.001 0.001 0.002 L 0001 025 0.047
NSR CAPITALREG-RCGRB DOALOSEBRZ326 8 9 MM 900 18 0001 83 290 19 248 18 L0.001 L0.001 L0001 L ool 035 0935
NSR CAPITALAEG-RCGRE DOALOSEBZ326 8 9 ™ Bi0 11 0.002 83 290 16 28 18 L0.001 L0.001 L0.001 L.0001 028 0.034
NSR CAPITAL REG-CGRB DOALOSEB2327 7 98 9 870 14 10.001 82 300 9 258 18 LO 001 L0001 L0.001 L.0001 013 0.028
NSR CAPITAL REG-CGRB DOALOSEBZ2I27 B 9 9 870 14 L0.001 g2 290 € 237 09 L0.00t L0.001 Lo.001 L.o0oY 019 0024
NSA CAPITAL REG-CGRB O0ALCSEBZ327 8 8 ® 950 15 Lo.001 a3 290 -] 243 a2 L0001 0008 0.008 L 0001 022 0032
NSA CAPITAL REG-CGRB OOALOSEB2327 a8 9 9 200 1.8 Lo 001 az 290 7 245 2 L0001 0.005 0004 L 0001 022 0.03
NSR CAPITAL REG-CGRB 00ALOSEB2327 8 & 9 740 19 0002 a2 290 22 2N 09 L10.001 L0.0G1 L0.001 L0001 oM 0055
NSR CAPITAL REG-CGRB ODALOSEB2327 8 9 9 1900 13 L0.001 az 280 14 2.5 24 10.001 0003 0005 L o001 082 0.081
NSR CAPITAL REG-CGRB DOALOSEB2327 8 9 9N 39000 24 0.002 78 290 7 308 24 L0.001 Lo 001 .00t L. o001 0.23 0032
NSR CAPITAL REG-CGRB OCALOSEBZ327 B 9 W 49000 3 p.001 78 o0 14 3.03 23 L0.001 0006 0.004 Looot 019 0.026
NSR CAPITAL REG-CGRB OOALOSEBZ2327 B 9 # 27000 24 0001 78 300 15 10 28 Lo.001 0.001 0.002 L.0001 019 0.03%
NSR CAPITAL REG-CGRB DCALOSEB2327 8 8 9 54000 26 0.002 79 290 15 306 29 L0001 0.004 0.004 L.ooo 025 0.034
NSR CAPITAL REG-CGRB DOALOSERZI2? 8 9 # 22000 18 0.001 et 300 4 286 26 L0.00t L0001 0.001 L 0091 023 0.029
NSR CAPITAL REG-CGRB 00ALOSEB2327 8B 8 8 4100 1.5 0.001 B1 280 2 278 2 L0.001 0.005 0.004 L.0001 017 0.024
NSRA CAPITAL REG-CGRB DCALOSEB2327 8 8 8 19000 22 0.002 81 300 9 272 2 L0 001 L0.001 Lo.001 L0001
NSR CAPITAL REG-CGRB DOALOSEB2IZT B 9 8 2000 3 0.001 B2 290 16 258 28 L0001 0.014 0004 L coe1
NSR CAPITAL REG-CGRB DOALOSEBZ327 8 9 8 1600 17 0.002 82 290 14 257 41 L0.001 0.003 0003 L.ooo1
NSR CAPITAL REG-CGRB COALOSEB2Z327 B 8 % 1200 14 0002 a2z 290 18 26 25 LG 001 0.003 0005 L 0001
NSR CAPITAL REG-CGRB 0OALO5EB2327 a 8 % 400 29 0.001 ea 290 16 217 3 L0 001 LO.0O1 LO.001 L.o001
NSR CAPITAL REG-CGRB COALOSEB2327 B 8 # 320 34 0.001 83 290 12 2.34 18 LO.001 0002 0.004 L.0001
NSR CAPITALREG-LCGRB COALOSEB2328 7 8 ® 650 14 LO 061 83 300 8 2.54 19 LO.00t LD.001 LO.o01 L0001 016 0.017
NSR CAPITALREG-LCGRB OOALOSEB2I28 a g 750 18 L0.001 82 290 -1 227 22 L0001 L0.00t LO 001 L.opat 013 0.012
NSR CAPITALREG-LCGRB OQALOSEB2328 a & ™ 6840 18 0.001 83 290 11 218 o8 LD.0OY Lo.001 Qo001 L.0001 0.15 0018
NSR CAPITALREG-LCGRB 00ALOSEB2326 a 9 ™ 3500 1B 0.001 a2 280 10 31 19 Lo oo1 L0.00Y 0.001 L 0001 o2 o027
NSR CAPITALREG-LCGRB OUALOSEB2328 a8 9 9 3so0 18 0.003 82 280 3 288 29 L0001 L0.001 0.001 L 000 018 0.037
NSR CAPITALREG-LCGRB QUALOSEB2328 a 9 ™ 22000 17 0.002 B2 290 5 263 24 L0001 LD.001 L2001 L.oom 0.3 0055
NSR CAPITALREG-LCGRA 00ALOSEB2328 a 8 9 50000 18 0.001 B2 290 2 257 22 10.001 (KR esl] Lo.001 L 0001 026 D.034
NSR CAPITALREG-LCGRB DOALOSEB2328 8 9 N 17000 14 0.002 83 290 B 245 2 L0.001Y L0.001 0.002 L. 0001 028 0.043
NSR CAPITALREG-LCGRE 00ALDSEB2328 8 8 9 6600 18 0002 8.3 290 ) 249 3 L0.001 Lo 901 0002 L.0001 024 0.036
NSA CAPITALREG-LCGRB 00ALOSEB2328 B 9 9 009 12 0pa2 8.3 200 4 238 23 L0.001 L6.001 Lo oot L.0001 018 0.016
NSR CAPITALREG-LCGRB 00ALOSEBZ328 B 9 o 1400 33 0.001 04 280 42 2.01 21 L0.001 Q001 LO 0ot L.0001 024 0038
NSA CAPITALREG-LCGRE OOALDSEB2328 B 9 o 480 09 0.001 84 280 12 193 186 L0.001 10.001 L0O.00 L0001 014 0016
NSR CAPITAL REG-LGRB O00ALOSEB2329 7 8 ® 1600 13 L0.001 8.2 290 274 N 1.7 LC.001t 0.064 0.004 L0001 s 0174
NSR CAPITAL REG-LGRB QOALOSEB 2329 a 9 " 2900 12 Lo 001 82 290 110 345 11 L0.001 0018 0.002 L.0001 0.34 0.083
NSR CAPITAL REGLGRRA OOALOSEBZA28 8 98 ¢ 30000 29 0002 78 320 M5 768 76 LO.00Y 0.007 0.006 L.00d1 076 0.26
NSR CAPITAL REGLGRB OOALOSEB2328 a8 8 9 27000 16 0.002 8 200 €6 12 16 L0.001 0.002 0.002 L0001 039 0.07
NSR CAPITAL REG-LGRB OOALOSEB2328 e 8 AN 25000 1.7 0.001 B 280 54 208 16 10.001 0.002 0.002 L 0001 0.48 0.093
NSR CAPITAL REG-LGRB OOALOSEB2326 a8 9 9N 10000 16 0.001 8\ 300 70 ao? 23 Lo.001 0002 0.002 L0001 035 0.061
HNSR CAPITAL REG-LGRE O0ALOSE B2328 e 8 9N 6700 17 0o 82 300 64 264 21 L0.001 0002 0.002 L o001 026 0.067
NSR CAPITAL REG-LGRB DOALOSEB2329 a8 9 9 2400 21 000 8.2 300 53 285 21 L0.001 0.002 0.001 L0001 025 Q048
NSR CAPITAL REG-LGRB DQOALOSEB2329 8 9 9 4400 18 0001 82 280 a7 266 109 LO.001 0003 0.002 L.oo01 o044 0085
NSR CAPITAL REGLGRE DOALOSEB2320 8 9 N 850 14 L0.00Y 83 200 20 243 21 LO 001 L0.001 0 001 L o001 028 o021
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COLl CARBON BOD PHENOL PH COND NON Na Cl CN Cr Cu Cu Hg N P
STATION CODE FECAL TOTAL 5 DAY FILT DISS DISS TOTAL TOTAL EXT TOTAL TKN TOTAL
D M Y NO/IDL ORG US/ICM RES
RIVER SITES 380°°L 0680™L og2""L 065™°L 103*"L 020°°L 104%°L 1M17L 172*°L 066" "L 240*°L 290™°L 293%L BOG™L a7etL 15471
NSR VINCA BRIDGE-L QOALOSE B2496 a 98 # 8000 14 0002 8.4 300 8 558 35 Lo.001 L0 001 Lg.001 L0001 039 0058
NSR VINCA BRIDGE-L OOALOSEB 2496 9 9 9N 4900 14 0.002 B4 300 10 5158 42 Lo.001 LD.0O1 L0.001 L.0001 029 o048
NSH VINCA BRIDGE-L 00ALOSEB2496 g 8 9N 2400 13 0002 84 300 L] 493 a3 LO.001 Lo got Lo.001 L.0001 0.26 0034
NSR VINCA BRIDGE-L 00ALD5EB2498 9 & 9 1400 2 0.003 B3 300 18 482 24 L0.001 Lo.001 Lo 901 L.0001 028 0039
NSR VINCA BRIDGE L 00ALOSEB2496 g 9 o §70 1.2 0.002 84 300 14 43 15 Lo.0a1 LO.001 Lo 001 L0001 024 0.032
NSH VINCA BRIDGE L O00ALOSEB2496 9 8 9 T00 18 0002 86 300 8 507 15 L0.001 Lo.ool Lo 001 L0001t 026 0033
PAKAN QOALOSEC2316 9 8 9 23 0002 a2 300 13 487 Lo.oH LO.001 0002 0.0001 023 0028
PAKAN DOALOSECZME e 9 9 28 0.003 77 300 12 506 L0001 L0.001 Lo 001 L.0001 021 0.028
PAKAN O00ALOSEC2316 9 9 9 k&) 0003 a1 10 9 528 10.001 Lo.oot Lo 001 L0001 032 0042
PAKAN ODALOSEC2216 g 9 o 3 0002 79 00 11 538 Lo.001 LO.001 L0.001 Q.0001 028 0.041
PAKAN ODALOSEC2M6 e 9 o 22 0003 a1 00 -] 528 Lo 0o L0001 Lo.001 0.0001 028 0.038
PAKAN OOALOSEC2216 1w 9 8 10 4 0002 78 00 9 484 LD.0G3Y Lo.oot L9.001 0.0001 027 0033
PAKAN OGALOSEC2316 0 9 N 25 0.002 B3 290 12 444 Lo.0o1 10.001 Lo.001 00001 021 0.03
PAKAN QOALOSEC2316 Ww 9 9 2 0.002 B3 280 7 452 Lo.oo1 L0.001 LO.001 0.0001 021 0.022
PAKAN DOALOSEC2316 1w 9 9N 19 0002 1] 290 10 447 L0001 Lo oot L0.001 Q0001 D45 0.03
PAKAN DOALOSEC2318 m 9 9N 14 0.001 85 280 3 485 2.1 Lo.po1 0003 L0001 L0001 022 0026
PAKAN DOALOSEC2316 m § 9N 3 0.002 84 280 ? 44 1.0.001 L0.001 L0001 0.0002 .18 003
PAKAN DOALOSEC2316 1o 8 o 4 0.003 a3 290 6 43 Lo.ao1 L2 001 1.0.001 0.0001
PAKAN Q0ALOSEC2316 1M 9 o 40 28 0001 18 290 8 435 L0.001 LO.001 Lo 001 0.0001 023 0035
PAKAN DQOALDSEC2216 11 8 9 21 0.001 8 300 " 511 Lo.ga1 Lo 001 Lo 001 0.0001 029 0.032
PAKAN ODALOSEC2216 n 8 9 kR 0003 78 0 8 511 LO.001 LO 001 Lo 001 0.0001 022 0028
PAKAN O0ALOSEC2216 11 9 9 3 0004 [: X 200 [ 497 i Lo 0 L0 001 Looc1 0.0001 o1 0.03
PAKAN O0ALOSEC2316 1 9 9 16 0.00t a8 290 4 5.01 LD 00 0.005 9002 L.0001 0.15 0.02
PAKAN DOALOBEC2316 1M 8 ¢ 33 0.001 B3 280 4 49 Lo 001 1.0.001 Lo.001 0.0001 015 0.022
PAKAN OOALOSEC2216 1M 9 9 22 0001 85 280 4 478 L0.001 Loool 0003 00001
PAKAN DCALOSEC2316 12 8 9 20 24 .00 85 290 . 7 1e1 Lo D31 L0.001 1.0.001 0.0001 022 0032
PAKAN DOALOSEC2316 12 9 9 32 0.002 84 300 9 5.02 L0.001 Lo.oo1 g.oo1 0.0001 0z 0022
PAKAN OQALDSEC2318 12 8 N 17 0001 a5 290 6 498 Looo1 Lo.oD1 LO.001 0.0001 053 0045
PAKAN OCALOSEC2316 12 89 9 16 0.002 86 300 5 4 96 28 LO.001 0008 0.005 0.0001 021 0025
PAKAN OOALOSEC2216 12 8 ot 29 0002 83 290 5 486 L0.001 L0001 LD 0Ot 0.0001 017 o021
PAKAN ODALOSEC2316 12 98 | a 0.001 a2z 280 4 47 Lo.oe1 Lo.oot Lo.col L.0001
PAKAN ODALOSEC2216 13 8 B/ 2 0.002 -X] 3300 9 464 Lo.o0 Legot 0002 0.00a01 016 o019
PAKAN DOALOSEC2316 13 9 9 24 0001 el 300 7 H Lo.oe1 Lo.001 LD.001 0.0001 022 0005
PAKAN OOALOSEC2316 13 9 9 18 LO.0O1 a3 300 8 485 26 Lo.001 0017 0.004 0.0001
NSR AT BORDER OOALOSEF 1000 1 ¢ M 19 0.001 as 300 4 546 L0.001 LO 001 L0.00Y L0031 024 0.02
NSR AT BORDER OQALDSEF 1000 1M & @ 17 0001 a1 a1o 10 546 L0.001 LO.001 L0.001 L0001 025 0018
NSA AT BORDER OOALOSEF 1000 v 8 9N 2 0001 a1 20 10 529 LO.00Y Lo 001 L0901 1..0001 024 0.021
NSR AT BORDER DOALOSEF 1000 11 9 M 22 Lo.cot a1 300 L1 542 L0.001 LG 001 L0001 L0001 D24 0.025
NSR AT BORDERA QOALDSEF 1000 12 8 ™ Lo 28 L0 001 a 310 1¢ 55 1.0.001 Lo.001 Lo.001 L.0001 022 0017
N5RA AT BORDER OOALOSEF1000 12 9 ¢ 24 0.001 83 300 8 539 L0.001 Lo.001 0003 L0001 021 0.022
NSRA AT BORDER 00ALOSEF1002 12 8 9 13 0.001 &6 300 4 536 a7 Lo.0o1 Lo.o0 Lo.001 L.0001 018 0019
NSR AT BORDER OOALOSEF 1000 12 9 9 17 0.001 a5 300 6 548 3 L0.001 0.008 001 L.0001
HNSR AT BORDER OCALOSEF1000 13 9 ® 14 0002 8 300 7 579 L0.001 L0001 LD ool L.0001 022 0028
NSR AT BORDER DOALOSEF 1000 13 9 81 1% 0002 8 300 & 5.57 Lo.oc1 Looot Lo 001 L0001 019 0028
NSR AT BORDER DOALOSEF 1000 13 9 9N 23 0002 78 290 5 527 Lo 001 LG 001 L0001 L 0001 018 0021
NSA AT BORDER OOALOSEF 1000 14 § ¢ 17 Lo 001 8 290 8 4497 Lo.001 Looot Lo ool L 0001 0.17 0.026
NSR AT BORDER OCQALOSEF 1000 14 9 9N 24 Lo.oot ] 300 [} 499 Loo LO 001 Lo 001 L.0001 o1 0024
NSR AT BORDER 00ALOSEF1000 4 8 % 23 L0.001 L] 00 4 5.2 Lo.oat L0001 a2 0025
NSR AT BORADER 0OALOSEF 1000 15 6 L10 23 .00 78 300 ] 527 L0.001 Lo 001 Lo 001 L.0001 0.18 0016
NSA AT BORDER DOALOSEF 1000 15 9 91 14 0.001 78 300 4 52 Lo.Do1 Loom Lo.001 L 0091 018 0014
NSR AT BORDER O00ALGSEF 1000 15 9 9 14 L0 001 85 300 [ 535 34 Lo 001 LD.001 L0.001 L 0001 0186 o017
NSR AT BORDER DOALOSEF 1000 5 90 9 19 L0.001 -1 300 2 54 4 L0001 0008 0.002 L.0001
NSR AT BOROER OOALOSEF 1000 16 9 9N 13 0002 ) 300 8 533 Lo.00Y L0001 Lo 001 L.0001 o018 Qo017
NSR AT BORDER OOALOSEF 1000 16 & 9 18 0002 81 300 8 535 L 001 L0.001 LD 01 L ooot B 1] .02
NSR AT BORDER 00ALOSEF1000 % 8 9 22 0.002 82 300 7 52 L0.001 L0001 10001 L.0001 024 0.026
NSR AT BORDER DOALOSEF 1000 17 8§ 40 1.5 0002 78 300 9 528 L0001 10001 Lo 001 L.0001 o021 0014
NSR AT BORDER O0ALOSEF 1000 17 8 9 16 9.002 10 310 7 546 Looat LO 001 Lo.001 L eoo1 o022 0026
NSR AT BORDER DOALOSEF 1000 17 9 & 17 0.002 B6 300 5 559 26 L0.001 Lo 01 L0.po1 L0001 0.17 0.019
NSR AT BOROER DOALOSEF1000 17 9 9 17 0.002 B & 300 1 562 27 Lo 0ol 0002 0.004 L coot
NSR AT BORDER OQALOSEF 1000 8 & 81 L1o 19 0003 84 300 2 576 Lo.00t Lo.0ot Lo.021 L0001 02 0.014
NSR AT BORDER OOALOSEF 1000 i8 o 81 25 0.003 85 ke L1 563 28 Lo 001 LO0OY L0.00% L0001 018 0.012
NSR AT BORDER O0ALOSEF 1000 18 9 9 17 Q003 as 310 L 561 28 L0.001 0002 0.002 L.0001
NSA BORDER-24HRCOMP O0ALOSEF 1001 1 ¢ 9N 22 4 2 L.001 0048
NSA BORDER-24HRCOMP DOALOSEF 1001 2 8 M 22 4 2 L0o¥ 0046
NSA BORDER-24HRACOMP OOALOSEF 1001 3 8 9 186 4 3 0.00t 003
NSR BORDER-24HRCOMP DOALOSEF 1001 4 8 9N 8 4 2 0.001 0021
NSR BORDER-24HRCOMP OOALOSEF 1001 5 9 81 2 4 2 0.001 0015
NSR BORDER-24HRCOMP OOALOSEF 1001 6 9 8t 3 4 2 0.001 0017
NSA BORDER-24HRCOMP ODALOSEF 1001 7 9 9 10 4 2 0.001 0029
NSR BORDER-24HRCOMP ODALOSEF1001 B 92 9N 12 4 2 0.001 4036
NSR BORDER-24HRCOMP ODALOSEF 1001 g & 9N ] 4 2 0.001 0.028
NSRA BORDER-24HRCOMP DOALOSEF 1001 m 2 9N & 4 2 0001 0028




Appendix C. Diagram of sampling equipment at Capital Region.
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