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1 .0 INTRODUCTION

This technical memorandum reviews previous studies and more recent monitoring done on the

Red and Assiniboine rivers . It is intended to provide background for the Phase 1 workshop

of the City of Winnipeg's Combined Sewer Overflow Management Study. This draft

document is intended for internal discussion and is not intended as a report representing the

policy or direction of the City of Winnipeg .

Section 2 provides a physical description of the watershed and its hydrology. Section 3

reviews the river uses pertinent to the CSO Management Study, while Section,4 reviews the

relevant water quality monitoring programs to date. A brief description of the past river

modelling done for the City of Winnipeg . Section 6 provides conclusions which are to be the

key discussion points for the workshop .

2.0

	

OVERVIEW OF THE RIVERS

2.1

	

THE RIVER BASINS

The study area comprises a small fraction of the overall river basins (Figure 2.-1) . The Red and

Assiniboine Rivers drain the prairie regions of southern Manitoba, southeastern Saskatchewan,

North Dakota, northern South Dakota, and northwestern Minnesota . The basin is almost

entirely underlain by limestone bedrock . The bedrock is covered with a thick deposit of clay .

Soils in the region are black and fine-textured . The Red River valley plain is virtually level,

while the Assiniboine River passes through the Manitoba Escarpment in the western portion

of the Province .

2 .2 HYDROLOGY
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The main tributaries of the Red and Assiniboine Rivers include the Ottertail, Sheyenne, Red

Lake, Pembina, Roseau and Souris Rivers, plus numerous smaller rivers and streams . The

total drainage area exceeds 270,000 kMZ (MacLaren 1986) . Much of the tributary area has

been extensively drained .

Receiving Stream - TM#4
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The flow in the rivers is dominated by spring runoff . Snow melt, in combination with spring

rains, has been responsible for major floods. Flows usually decrease steadily during the

summer. Minimum annual flow month often occurs in February . Annual average flows on

the Red River at the US border (at Emerson) are 96 .4 m3/s . Flows at Lockport, which include

the contribution of the Assiniboine River, average annually 222 m3/s (Williamson 1988b2) .

Water flows and levels are regulated throughout the drainage basin, with over 15 control

structures (Manitoba Water Resources Branch pers. comm. 19903 ) . On the Assiniboine River

system, important control structures include the Shellmouth Dam and the Portage Diversion .

The Rivers Reservoir is located on a tributary of the Assiniboine, and five small structures

control flows on the Qu'Appelle River in Saskatchewan . The Winnipeg Floodway and the

St. Andrews Locks are the major hydraulic structures on the Red River in Manitoba, although

many smaller ones have been built on tributaries such as the LaSalle River . In the U .S .A ., five

major reservoirs are located on tributaries of the Red River : the Red Rock Reservoir on the

Red Rock River; Orwell on the Ottertail River; Baldhill on the Sheyenne River; Homme Dam on

the Park River and Lake Traverse .

Additional regulation of the Red and Assiniboine Rivers and their drainage basins may occur

in the future . Current proposals include a control structure on the Red at Aubigny,

intermittent diversion of the Pembina River into Pelican Lake, diversion of water from the

Assiniboine River to southeastern Manitoba, and the regulation of the Souris River in

Saskatchewan.

2.3

	

REGIONAL LAND USE

Land use in the drainage basins is principally agricultural, but numerous cities and towns are

located on the riverbanks . The principal urban centres are : Fargo-Moorhead, Grand Forks,

Minot, Brandon, Portage la Prairie, Winnipeg and Selkirk . Agricultural use affects water

quality through the run-off of nutrients, pesticides and sediments . Towns, cities and

residential areas discharge domestic and industrial sewage which has received varying levels

of treatment . Sections of the river banks still remain in their natural state, and support a

variety of birds and mammals, while many aquatic species are present in the river . Waterfowl

conservation projects in the region are a major water user in the Red River Basin (CEC 1981 4 ) .
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WATER QUALITY OVERVIEW
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The water quality monitoring in the study area will be discussed in detail in Chapter 5 .0 . A

brief general description on water quality in the Canadian reaches of the Red and Assiniboine

Rivers is provided here . Very few general reviews on this topic are available and one of these

is summarized briefly below (Williamson 1988b) :

Water quality is influenced by many natural and anthropogenic factors . An important

characteristic of the two rivers is the high sediment load, largely attributable to the

underlying clay in the stream beds. Sediment is also contributed by runoff from rural

and urban land. Nutrients and pesticides are also contributed from agricultural runoff.

Phosphorus and various forms of nitrogen are the most common plant nutrients in the

Red and Assiniboine Rivers . Long term trends in data collected at Selkirk suggest a

slight decline in phosphorus, but an increase in nitrogen levels . With a few rare

exceptions, dissolved oxygen has always been present at levels to maintain a healthy

aquatic community, and concentrations of this critical parameter appear to be

increasing over the long term. Microbiological indicators of wastewater discharges

are also present in most reaches of the rivers .

	

In general, toxic materials such as

trace metals and organics, are present at acceptably low levels .

Water quality on the Red River as it enters Manitoba is monitored by the International Red

River Pollution Board (IRRPB) under the auspices of the International Joint Commission .

Several additional comments regarding water quality have been summarized from the 1990

report of water quality at Emerson (IRRPB 19905 ) . The pH (a measure of acidity or alkalinity)

of the Red River ranges between 7 .4 and 8 .7, with most fluctuations attributed to algae

activity or the impacts of runoff . Total suspended solids concentrations are generally very

high in the river, typically ranging between 400-800 mg/L as compared to average WPCC

effluent concentrations of 20 mg/L. Exceptionally warm water temperatures were also

experienced during recent low flows in the river, although dissolved oxygen levels continued

to meet objectives .

Another recent report of the IRRPB ( Red River Toxic Profile Study: 1988) highlights water

quality concerns along the Red River and its major tributaries . The study, using bioassay

techniques, suggests that chronic toxicity problems may occur at several locations . Zinc and
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copper were suspected of causing toxicity to aquatic life at the Park River, the Red River at

Selkirk, and at several locations on the Assiniboine River . Algae concentrations increased

from upstream to downstream sampling stations, suggesting nutrient enrichment . However,

algae assay tests indicate that the Red River may be limiting in phosphorus for algae . Un-

ionized ammonia concerns were noted for sewage treatment plants at West Fargo, Moorhead,

Wahpeton, and the NEWPCC and SEWPCC in Winnipeg . Provincial monitoring programs have

occasionally found elevated levels of mercury in fish from the Red and Assiniboine Rivers, as

well as the Souris and Winnipeg Rivers (D . Williamson pers . comm. 19906 ) .

The Red and Assiniboine Rivers are valued as aesthetic and sports fishing rivers . The rivers

support a variety of water-based recreation of activities (discussed in ection :~V and there

appears to be a trend towards greater public and regulatory concern towards protection of

water quality in these streams .

2 .5

	

LAKE WINNIPEG

Although outside of the study area, Lake Winnipeg deserves mention. Concern has been

raised in the past regarding water quality in the lake, and possible contamination by the Red

River .

The main rivers contributing inflow to Lake Winnipeg are the Red River (approximately 6% of

total in flow), the Winnipeg River (32%), and the Saskatchewan River (39%) . The latter is

believed to contribute relatively little in terms of nutrients, because of the settling effects of

Cedar Lake (Crowe 1977 7 ) . Although there are no urban centres directly on the lake, the

numerous towns and many cottage developments may contribute to increases in nutrient and

microbiological levels in the water . Agricultural runoff in other small inflowing rivers may also

be a factor .

A limited number of studies have shown indications of elevated pollution levels . High nutrient

levels, particularly phosphorus have been recorded . A comparison of aquatic invertebrates

sampled in the 1930's and in the 1960's suggest a decline in pollution sensitive species and

an increase in pollution-tolerant organisms (Crowe 1977) . Microbiological levels in excess of

the provincial objectives have been periodically recorded for beaches on the east and west
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shores of the lake (Williamson 1985 8 ) . However, no clear linkages can be made with the

discharges for the City of Winnipeg (Williamson 1988b) . Nonetheless, water quality in Lake

Winnipeg is far superior to other eutrophic lakes, possibly attributable to the relatively short

residence time of the lake which prevents the accumulation of nutrients and contaminants

(Crowe 1977) .

2.6

	

HYDRAULICS OF THE RED AND ASSINIBOINE IN THE STUDY AREA

The hydraulic characteristics of the Red and Assiniboine Rivers are important in defining the

modelling required to assess water quality . The key hydraulic structure in the study area is

the St . Andrews Lock and Dam located at Lockport (see Figure 2-2) . This dam is used to

control the level of the Red River for recreational purposes during the summer . The elevation

is maintained at 734 .0 feet Above Sea Level (ASL) in Winnipeg from late April until October .

This creates a backwater from Lockport up to the south side of the City on the Red River and

until about Omands Creek within the City on the Assiniboine River . The hydraulic gradient in

this region is very flat thereby creating low flow velocity on the Red River. By contrast, the

hydraulic gradient of the Assiniboine River from the West End Pollution Control Centre to

Omand's Creek is relatively steep . This creates a shallower and faster-moving river which

therefore has greater BOD assimilation potential due to high re-aeration .

3.0

	

RIVER USE

River use is an important consideration in defining the potential improvement caused by

combined sewer overflows (CSOs) and therefore the benefits of CSO control .

3 .1

	

MANITOBA SURFACE WATER QUALITY OBJECTIVES

The Province has set Manitoba Surface Water Quality Objectives (MSWQO) which define the

minimum levels of quality which will protect various uses of surface waters (Williamson

1988a9) . Compliance with the objectives should protect organisms or a community of

organisms, designated river use or uses, and public health, to an adequate degree of safety .
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Over eighty substances are listed in the objectives, which cover six classes of use . Several

general requirements are also noted for surface water quality .

The full set of MSWQO may not be applicable to all surface waters in Manitoba and the

objectives are intended to be applied on a site-specific basis (Williamson 1990 1° ) . The

natural water quality of rivers and lakes are an important consideration in applying the

objectives .

The MSWQO have been derived by review of guidelines, objectives or standards from other

jurisdictions (mainly the U .S . EPA) . This information may be adopted directly or may be

modified based on applicability to Manitoba conditions (Williamsom 1990) . The applicability

of objectives derived from other areas may depend upon factors such as the species used in

testing, environmental test conditions such as water temperature, and on the means by which

units or circumstances for applicability are translated to those used in Manitoba .

In the fall of 1991 and winter of 1992 the Manitoba Clean Environment Commission (CEC)

held public hearings on the proposed Surface Water Quality Objectives (SWQO) for the Red

and Assiniboine Rivers. In these hearings, the Department of the Environment proposed the

SWQO for the Red and Assiniboine Rivers and the City of Winnipeg presented information as

a key participant . Members of the public health and scientific community as well as the

general public also made presentations to the CEC . The CEC then prepared a recommendation

to the Minister who endorsed the recommendations.

The various classes of use were reviewed with respect to an array of water quality guidelines

and the type and extent of use in the study area . A summary of the uses and water quality

parameters used in the MSWQO is shown in Ta-b e 3-1 . The classes of use are also shown

on Table 3-2 . For each class of use, the City of Winnipeg (COW) researched the use and

presented a position to the CEC (Column 1 of Table 3 1 2) . The Manitoba Environment proposal

indicated that the Department considered all uses classified by the MSWQO to be appropriate

for the Red and Assiniboine Rivers. After deliberation, the CEC developed a recommendation

for each use. The water quality objectives and water quality monitoring records for each class

of uses were screened to obtain key objectives for each class . The proposed objectives and

the City position on whether that objective is appropriate are also shown on T bld =~- . The
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- dissolved oxygen
- temperature
- colour
- odour
- clarity
- taste
- turbidity
- non-filterable residues
- other

2. INORGANIC COMPOUNDS
- metals
- ammonia
- nitrates/nitrites
- phosphorus
- other

3. ORGANIC COMPOUNDS
- pesticides
- other

4. MICROBIOLOGICAL & BIOLOGICAL
- bacterial indicators
- toxic algae

5. AESTHETICIOTHER CONSIDERATIONS

G. RADIONUCLIDES

TABLE 3-1
SUMMARY OF USES AND PARAMETERS INCLUDED IN

THE MANITOBA SURFACE WATER QUALITY OBJECTIVES

GENERAL

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6

OTHER



TABLE 3-2

ASSESSMENT OF RIVER USE AND OBJECTIVES

RIVER USE KEY OBJECTIVES

CITY CITY REMARKS
USE POSITION CEC MSWCO PROPOSAL

POSITION

Domestic Yes Yes None Yes Red and Assiniboine River waters require
Consumption complete treatment for background

conditions

Aquatic life Yes Yes D .O . (47% saturation, Yes D .O . satisfied by best practicable
5 mg/1 winter) secondary treatment at WPCC. No

--------------------------------------------------- challenge from MB Environment-----------------------------

Ammonia Uncertain COW recommended additional studies
essential prior to regulation (high costs,
uncertain benefits) . CEC recommends
Ammonia study

Industrial Yes Yes No specific requirements Yes Users have varying needs

Recreation : Red only for DWF Technical benefits limited, issue relates to
- Primary Limited Uncertain for WWF Microbiological Yes costs/benefits, environmental policy, public

(200 f.c./100 mL perception (WPCC disinfection practicable,
COW recommends CSO needs study and

-----------------------------------------------------------------------------------------------------------------------------CEC concurs)

- Secondary Yes Red and Assinboine for Microbiological Not Required Issue relates to public perception,
DWF (1000 f.c ./100 ml-) environmental policy . CEC recommends

Uncertain for WWF further study .

Agricultural Limited Yes for DWF Microbiological Not Required Issue will be attended to by resolving
(Irrigation) (200-1000 f.c./100 mL recreation issue

Other : Yes Yes None required Yes Rivers are used for drainage, wastewater
(Drainage, assimilation by many users (best
Wastewater practicable secondary treatment should be
Assimilation) used)

General Yes Yes Floating debris Yes COW recommends additional studies
(Aesthetics) needed to define CSO management

strategy (high costs, benefits subjective,
environmental policy issue)
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final column indicates whether the City and/or the CEC considered that further study was

necessary before deciding on the appropriateness of objective .

Domestic water use of the Rivers (with proper treatment) and the key Objectives for this case,

are considered appropriate . Aquatic life is recognized as an important use of the Red and

Assiniboine Rivers . The City position was that the Objective for dissolved oxygen are

reasonable and the City commitment to upgrading the secondary treatment processes is

expected to achieve compliance with the Objective . Manitoba Environment did not challenge

this assessment . It is recognized that an Objective for un-ionized ammonia to protect fish is

needed, however, additional site-specific study is considered mandatory prior to establishing

specific objectives, considering the very high costs of control and the uncertain benefits .

Manitoba Environment proposed using the general objective but the CEC recommended study

of this objective and that an un-ionized ammonia study be completed by 1997.

The City and the CEC agreed the use of the Rivers for industrial use is appropriate as it suits

the various needs of industry .

The City position was that the use of the Rivers for irrigation is considered limited but

appropriate if the user takes appropriate care. The need for a microbiological Objective is

considered to be questionable in providing protection for this use . The CEC recommended

protecting the use during dry weather flow at the MSWQO .

The City position was that the use of the Assiniboine River for primary recreation is not

deemed appropriate . It's shallow depth restricts swimming and water skiing is not allowed

by the City . The use of the Red River for primary recreation is relatively limited due to its

natural unsuitability for this use (high turbidity, muddy banks, eratic currents, etc .) . The key

microbiological objective is appropriate if the use warrants increased protection . Technically,

the benefits for protecting this use by greater microbiological control are low and the issue

relates chiefly to environmental policy and public perception . Disinfection of plant effluents

is practicable, whereas CSO disinfection is extremely costly, difficult to implement, would

need significant study to identify appropriate programs .

The use of the Rivers for secondary recreation is very popular . The key objective for fecal

coliform is not required based on technical evaluation, since ingestion of river water is only
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RECREATIONAL USE
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by accident and the risks are very low . Most regulatory agencies do not require such an

Objective . Again the issue relates to environmental policy . The CEC recommended that the

Red River be protected for primary recreation during dry weather flow (DWF) and both Rivers

be protected for secondary recreation during DWF . The CEC recommended a "Fecal Coliform

Study" to assess the impacts and control strategies for WWF (the CSO Management Study) .

The potential impairment of primary and secondary recreation was identified as the reason for

the CEC recommending a "Fecal Coliform Study" which this CSO management study will

embody. The extent of these river uses are expanded upon in this memorandum by drawing

upon the information developed from the Red and Assiniboine Rivers Surface Water Quality

Objectives Report (WardropfTetrES 1991 1 ') .

Five sources of data were used to estimate recreational use of the rivers :

"

	

Anecdotal information (from clubs, harbour master and other users) gathered for a study

on the benefits of treatment plant disinfection in 1986 .

Counting of boats and water skiers made during several flight surveys over the river in

1990. The flights occurred at various times, including long weekends and evenings when

river use is at its peak .

"

	

Information received from recreational clubs (water skiing, rowing, etc .) that use the river

(1990) .

"

	

Interviews with the harbour master in 1990 .

"

	

A city-wide telephone survey on river use in 1990.
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Primary Recreation

June 8, 1994 3:59pm

Primary contact recreation on the Red River within the study area is principally swimming,

water skiing and related activities . Wind surfing is considered to occur rarely, if at all, as

rivers are not amenable to the sport . Scuba diving is extremely limited throughout the study

area due to the high sediment load, and is likely done exclusively by investigative teams from

the City of Winnipeg Police and the RCMP .

The five sources of data consistently identify swimming as an infrequent or rare event within

the study area . Use estimates range between less than ten to a few hundred per summer,

while annual immersion frequency is estimated between 100 and 1,000 events .

Several reasons contribute to the limited extent of swimming upstream, within, and

downstream of Winnipeg . There are no beaches on the Red River and no organized programs .

The river itself is considered to have limited aesthetic appeal, because of the high level of

turbidity, and the steep and muddy banks and bottoms . The City Medical Officer considers

the use of the Red River as unsafe for swimming due to poor clarity and high turbidity of the

waters (Dr . R . Stanwick pers. comm. 1991 12 ) . The high turbidity and poor clarity of the Red

River upstream of Winnipeg dominates the physical characteristics within and downstream

of Winnipeg . Few people are likely to be regular users, although the telephone survey

identified one frequent swimmer .

Water skiing is another primary recreation activity in the study area to a limited extent .

Several variations of the sport have appeared in the last few years, including kneeboarding,

barefoot skiing and tubing . A few jet skis or water skidoos are also present on the rivers .

Although the chance of immersion may be less than for the other activities, jet skiing has been

included under the general category of "water skiing" .

Most information sources suggest that use for water skiing is generally low, and based on a

small core of regular users . However, the anecdotal information collected in 1990 from clubs,

indicate a higher club use, and frequent rental of equipment by the general public. The use

estimates place the core group of regular users between 10 and 60, while 500 users have

been identified by one source . When converted to immersion frequencies, most estimates for

both water skiing and jet skiing range between 2,300 and 3,000 although a possible
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maximum of 6,000 annual events has been estimated . The responses from the telephone

survey were so low as to be statistically uninterpretable, although responses to other

questions suggest that Winnipeggers travel outside of the city to both water ski and swim .

No specific areas have been associated with swimming . Water skiing appears to be

concentrated on the Red River in the southern portion of the city, and near the North

Perimeter Bridge . Downstream of the city, water skiing appears to be limited on the Red

River. This activity is now prohibited on the Assiniboine River through a City by-law .

3.2 .2

	

Secondary Recreation

-10- June 8, 1994 3:59pm

The MSWOO define secondary recreation as including boating, fishing, camping, hunting and

hiking . This discussion focuses on boating, a frequent activity in the study area and for which

the potential for accidental immersion exists. Fishing is also discussed here, as it often

overlaps with boating . Hiking and other riverbank activities are discussed in the section

below .

All sources of data consistently agree that motor boating is the most common recreational use

of the Red and Assiniboine Rivers within the study area . Use estimates range up to 70,000

people annually, with several estimates close to 25,000 . The Harbour Master estimates that

roughly 60% are regular river users, perhaps with their boats moored at private docks or in

marinas . In Winnipeg in 1986, there were 275 commercial berths . The number of

commercial berths in Selkirk has increased in the last few years . Access is also gained

through 12 public docks and launches in Winnipeg . Calculated immersion frequencies for

motor boating range up to 3,300 events annually, with many in the range of approximately

1,500 . Motor boating was observed by the aerial surveys to occur throughout the region

between Selkirk and the Floodway Control Structure at St . Norbert . Five cruise boats operate

within this area and are popular with residents and tourists . No immersion events were

assumed to occur with these boats.

Canoeing and rowing are less common than motor boating, although the Harbour Master

believes that canoeing is increasing in popularity . This activity occurs both through club use,

organized events such as races, and individual activity . Use estimates range up to 1,600
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Other Recreational Use

June 8, 1994 3:59pm

people annually with few immersion events. Rowing is almost exclusively a club activity with

up to 200 participants . In combination with canoeing, immersion events range up to 121

annually . Data from the telephone survey was so small as to be statistically uninterpretable.

Sports and bait fishing is an important use of the study area rivers, as apparent from the

anecdotal information and the telephone survey. Estimates of numbers of resident and non-

resident fishermen range up to 50,000 annually . There is likely considerable overlap with

boating . Although not quantitative, the aerial counts observed many stopped motor boats,

which may have been fishing, particularly near Lockport . Approximately half of the telephone

survey respondents indicated that they had both fished and boated during 1990 .

No immersion events are indicated for fishing. Accidental immersions from boats would be

included in the boating numbers . The rate of full body immersion for shore-fishermen is

unknown . Splashes of water or wading would not constitute an immersion event and health

risk from epidemiological studies . Fishing occurs throughout the study area, but is most

common downstream of the City, particularly in the Lockport area .

The key factor in assessing the public health risk associated with recreational use is to

estimate the total number of immersions . A summary of the extent of use and annual

immersion events for river recreation in the study area is given in Table 1'43 . The total

estimated number of immersions per year is 6,500 .

Riverbank use within Winnipeg primarily involves walking, but may include photography,

cycling, jogging, etc . These also occur downstream of the City, and near the Netley Marshes

there are opportunities for camping, hiking, and hunting .

Riverbank use in Winnipeg has been promoted in the last few years, particularly with

development of The Forks and the construction of walking paths along the banks at the

water's edge . Approximately 60% of respondents to the telephone survey ( t on-3.. .4 .2)
noted walking and cycling as riverbank activities they pursued . No other quantitative data is
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TABLE 3-3

SUMMARY OF EXTENT OF USE AND ANNUAL IMMERSION EVENTS FOR
RIVER RECREATION IN THE STUDY AREA

WINNIPEG SELKIRK TOTAL
ACTIVITY

RANKING IMMERSIONS RANKING IMMERSIONS IMMERSIONS

Primary Recreation

Swimming Low 300 Low 30 330

Waterskiing Low to 3,500 Low 350 3,850
& Jetskiing Moderate

3,800 380 4,180
TOTAL

use: 3,800 say; 400 say: 4,200

Secondary Recreation

Motor High 1,800 High 400 2,200
Boating

Canoeing & Low to 100 Low 10 110
Rowing Moderate

Fishing High - High - -

1,900 410 2,310
TOTAL

use: 1,900 say: 400 say: 2,300

F TOTAL 5,700 800 6,500



3 .3 CSOISSUES
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available . This activity is important in considering the benefits of improving aesthetics with
CSO controls .

The preceding review of river uses indicates that the reduction of fecal coliform concentration

is the key CSO issue . Aesthetic impact on the river from CSOs are a motivating issue since

the aesthetic appearance of the rivers this has a large impact on public perception of water

quality .

Aquatic health is always an issue in water quality management . Improving dissolved oxygen

resources in the river has always been a prime motivation in the City of Winnipeg's overall

water management plan, hence hundreds of millions of dollars has been invested in secondary

treatment . As will be discussed in the next section, the dissolved oxygen concentrations have

been above MSWQO continuously at the locations monitored for the past decade . The

incremental benefits of removing additional Biochemical Oxygen Demand (BOD) through

improving CSO control, and thereby further improving dissolved oxygen resources, should be

considered in evaluation of CSO control alternatives . Dissolved oxygen, however, is not a

prime motivating issue for CSO control .

Emerging aquatic health issues relevant to CSOs may relate to accumulation of toxics in

sediments and bioaccumulation . This potential concern should be investigated further with

members of the scientific community and by reviewing experience elsewhere .

4 .0

	

EXISTING RIVER WATER QUALITY

This section reviews the City of Winnipeg river water quality monitoring programs, the results

of the monitoring data, and then indicates the nature of additional monitoring required .
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MONITORING PROGRAM

The monitoring programs cover four areas :

Bi-weekly._Monitoring

dissolved oxygen ; and

ammonia (and pH) .

- 1 3- June 8, 1994 3:59pm

Long-term biweekly monitoring on the Red and Assiniboine rivers .

A special program conducted along the tributaries to the Red and Assiniboine which flow

through the City.

Special programs on : mixing downstream of the treatment plants; priority pollutant

monitoring ; and intensive Q7-lo monitoring .

Monitoring of the rivers following a CSO event .

The various monitoring programs are described briefly below and summarized in 'fable 4-1

Bi-weekly monitoring of the Red and Assiniboine rivers has been done year-round by the City

of Winnipeg since 1977 . The locations are selected at nine bridges throughout the study area

(Figure 4-:1) . This program allows for long-term monitoring of the river for key parameters

which indicated the potential for impairment of aquatic health . Such parameters are:

Other parameters such as total and fecal coliforms are monitored as indicators of public health

concerns. Since 1988, Entorococci has also been monitored regularly . Physical parameters

(solids, turbidity and temperature), as well as nutrients (nitrogen phosphorus), are also

monitored in this program . The Province of Manitoba also monitors water quality upstream

and downstream of the City of Winnipeg .

Receiving Stream - TM#4



Table 4-1
Summary of General River Monitoring Programs

SUMMARY.WK4

00 3 points accross the river and three depths
000 3 points accross the river and five depths
00 Center of the river and five depths

Red And Assiniboine
Biweekly-Year Round

Since 1977

1988 Flow near Q 7-10
12 locations
3 Days every
2 to 4 Hours

1992 Ammonia
Mixing at SE & NE

Each'hour
for 1 Day-

Small Streams
t Mouth Monthly
May to Oct
Since 1977

marl Streams
5 to 7 Along

Stream
1991

em merature _
r- -4- _ -

-0-
--0 9 0

-- :

o~al sodas 0
ISus r, ended Solids_

Dissolved Oxygen _ . .
__ . _ . _

Total
Total

Organic Carbon i
Phos "i horus i -~ -- 0O

Dissolved
Total

Phosphorus
Kjeldhal Nitrogen 0 0- gy

Nitrate
. p .

Ammonia 0 0-0) 0
Chloroo,h l-q ! 0 0
Li ijv +i aria Ani i er Depth "

.__

A4,1al Productivity

Fecal Coliforms -._-_-_
cocci Since 1988

E-Coli 1977-78-~ .
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4.1 .2

	

Intensive Monitoring at Low Flow

The database from the bi-weekly monitoring provided a valuable record of the water quality

regime throughout the City. These data were used to calibrate a river water quality model

(QUAL2E) . Following this 1986 modelling study, (MacLaren 1986a) 13 (see S''Ctiar`S) it was

recommended that an intensive monitoring study be performed along the Red River with

special emphasis on improving the understanding of the algae dynamics in the river and their

effect on DO levels . The Red River is slower moving than the Assiniboine River and,

therefore, has lower assimilative capacity for Biochemical Oxygen Demand (BOD) and typically

lower dissolved oxygen (DO) concentrations . A reconnaissance study was performed in

1987, however, river flows where too high in August of that year to warrant a full program .

In 1988, however, the river flow approached the Q,_ 1o flow (the seven day low flow with a

probability of occurrence of 10%), which presented an excellent opportunity to assess water

quality under this low flow . This special program continued for three days in August with

samples taken every 2 to 4 hours (depending upon the parameter) . The samples were taken

at 12 locations 09W.6 along the river .

June 8, 1994 3:59pm

The program focussed on the nutrient, algae, dissolved oxygen and coliforms . A summary

of the parameters sampled is shown in Table 4-1 . In addition to nutrients, this study collected

information on chlorophyll-a concentrations, algal productivity and light penetrations in the

river . Five- and twenty-day biochemical oxygen demand tests were performed for conditions

in which the nitrifying bacteria were inhibited and uninhibited .

Very intensive monitoring at three depths and three locations across the river was done for

pH, temperature and dissolved oxygen (Figure 4-*3. ) . Total and fecal coliform concentrations

were also monitored in this program . These data proved to be very valuable for improving

calibration and verification of the QUAL2E model in 1990 (S.

	

t t O5) .

4 .1 .3 Mixing Zones Downstream of Plants

Understanding the mixing of the effluent of treatment plants in the river is important in

determining the water quality impacts . To obtain this understanding, detailed monitoring of

the river was performed in 1992. In two programs downstream of both the North End Water
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4.1 .4

	

Small Stream Surveys

"

	

Sturgeon Creek;

"

	

Omand's Creek;

"

	

La Salle River;

"

	

Seine River; and

"

	

Bunn's Creek.

-15-

Pollution Control Centre (NEWPCC) and the South End Water Pollution Control Centre

(WWPCC), effluents were monitored at four cross-sections downstream, as well as upstream

of the plants . The sampling occurred every hour for 24 hours at five different depths. For

pH, temperature and dissolved oxygen, sampling was done at three locations across the river,

while phosphorus, algae and the nitrogen cycle sampling was taken only in the centre of the

river . A summary of the sampling program is shown on Table

	

-1 .

The results of the mixing study showed that although dissolved oxygen was slightly higher

in the top half metre of the water column due to algal activity, the river is well mixed

vertically . Typical vertical profiles showed DO at 8 .5 mg/L in the top half metre decreasing

to 8.0 mg/L in the lower strata . These lower strata samples were from 1 .5 metres to the

bottom (at about 4 to 5 metres) .

Complete lateral mixing at the river bend downstream of the SEWPCC and WEWPCC occurs

within a few kilometres . At WEWPCC the first monitoring station (the West Perimeter Bridge)

is prior to the complete mixing of the WEWPCC effluent . The NEWPCC effluent mixed quickly

downstream of the discharge location .

There are five tributaries to the Red and Assiniboine rivers which pass through the City of

Winnipeg . These streams are shown on 1Fig

	

e r 1' and include :

June 8, 1994 3:59pm

These tributaries are generally not impacted by CSOs . Only Omand's Creek and the Seine

River have CSOs and those outfalls are located at the mouth of the stream . These creeks are

receiving streams for WWF from within land drainage systems, undeveloped land and rural

runoff .
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The City has monitored these streams regularly since 1977 . This program consists of one

sample taken at the mouth of the stream each month from May to October, inclusive . About

nine water quality parameters, such as nutrients, DO and coliforms, are measured, as shown

-16- June 8, 1994 3 :59pm

In addition to this long-term program, a more extensive study of these streams was conducted

in 1991 . For each of June, July and August sampling was conducted at five to seven stations

along the streams . The parameters sampled were similar to the long-term program with more

emphasis on the nutrient and algae (see T bl' 3 4-1) .

4 .1 .5

	

Priority Pollutant Monitoring

Monitoring for "priority pollutants" has been performed twice in the Red and Assiniboine rivers

in July and August 1991 . These pollutants are pesticides and other complex organic

compounds . There are about 150 parameters in this list, as shown in Appek..idix A . The

monitoring occurred upstream of the City at Headingly (on the Assiniboine River) and the

Floodway entrance (on the Red River), as well as downstream of the City and the North

Perimeter Bridge . The priority pollutant scan was also performed on each of the three

pollution control centre effluents .

4.1 .6 CSO Monitoring

Since 1990 the City of Winnipeg has conducted special monitoring campaigns on the Red

River to assess the impacts of CSO events . The parameters monitored in each of the years

is summarized in Tabfe 4-2; Each year, the program varied depending upon available

resources and upon the previous year's results .

1990 Monitorinq

In 1990 twelve locations within the City were monitored once on three consecutive days

following CSO events in July and September . The key parameters monitored were DO and

coliforms, however, temperatures, pH and algae were also monitored .
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Temperature .

	

_
Total Solids
Sus ended Solids
urbidit

Dissolved Oxygen-
BOD(5 &20,Inhib,Uni)
Total Or anic Carbon
Total Phosphorus -
Dissolved Phosphorus__
otal Kjeldhal Nitrogen _

Nitrate
Ammonia
Chloro' h. . l-A_-

	

-

	

.-]-
Light Pentration .per Depth'

I al Productivity
Total Colifor_ms
Fecal Coliforms_
Enterococc i

SUMMARY.WK4

Table 4-2
Summary of CSO Event River Monitoring Programs

1990 CSO Monitoring
3 Consecutive Days

In July and Sept
12 Locations Along Red

in City_

1991 CSO Monitoring
3 Events-5

Consecutive days
10 Locations Along Red

to Lockport _

'1992'CSO Monitoring

	

993 CSO'Monitorin
3 Events-4

	

One Day each Week
Consecutive days

	

11 Locations
11 Location Along Red

	

Along Red
to Lockport_ _ ._ _ ,

	

to Lockkport



199 1 Monitoring

-17_

In 1991, three events were monitored at ten locations on the Red River . In this year, the

sampling locations extended to Lockport to better assess the impact of BOD on DO

downstream of the City . The monitoring was done daily for five consecutive days and

continued less frequently for up to 20 days. In addition to the key parameters done in 1991,

nutrients were added to the list of water quality tests performed .

1992 Monitoring

In 1992, three CSO events were monitored for four consecutive days at eleven locations on

the Red River . As in 1991, the monitoring was performed daily from Winnipeg to Lockport.

Seven water quality parameters were measured with dissolved oxygen, coliform and ammonia

being the key parameters.

1993 Monitoring

In 1993 the intensity of the programs was reduced to once a week for June and July. In July,

the program was discontinued until October, due to flooding of the Red River.

parameters and eleven locations were monitored (see

	

We A-2) .

4 .2

	

DISCUSSION OF RIVER WATER QUALITY

The monitoring done over the past 15 years provides a wealth of information to assess water

quality in the Red and Assiniboine Rivers. This section describes the water quality for several

key parameters:

"

	

dissolved oxygen

"

	

fecal coliforms

" nutrients

" ammonia

"

	

heavy metals and pesticides

June 8, 1994 3:59pm

Nine
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4.2 .1

	

Dissolved Oxygen

4.2.1 .1

	

Bi-weekly Monitoring

-18- June 8, 1994 3:59pm

The guidelines require DO levels to be at least 47°% of the saturation level for protection of

cool water aquatic life . From discussions with the Environment Management Division (EMD),

it was learned that this objective is intended to apply to summer conditions, when saturation

levels are about 9.1 to 7 .6 mg/L at water temperatures of 20°C to 30°C, respectively (ief) .
Minimum DO levels of 4.3 to 3 .6 mg/L, respectively, would be allowable for these water

temperatures . In periods when the fish are not spawning, such as winter, the EMD indicated

that a minimum DO of 5 to 6 mg/L is acceptable . This is consistent with the requirements

of many other jurisdictions .

The DO data of the Red and Assiniboine Rivers are shown in

	

igure' 4-4 and Fig.""'.ur6-4-5 for the

month of August. These profiles show that DO levels along the entire length of the rivers

from the headwaters to Lockport are well above the objectives . Measurements have been

consistently above the 47% Objective in the open water period between 1980 to 1989 . DO

levels in the winter months have consistently been above 5 mg/L and should be acceptable

to the EMD .

DO levels were modelled for projected 2011 WPCC discharges at a range of low river flows

to examine future water quality compliance with MSWQO . It was predicted that DO levels

will be adequate for these future dry weather flow conditions .

The historical data was also reviewed to determine if wet weather discharges adversely affect

the DO levels in the river . The CSO and other urban storm runoff have the potential to exert

DO demand. The historical DO data for the Red River were reviewed at several locations

susceptible to CSO during and after rainfall events .

DO levels that were recorded on days of rainfall or within 2 days after a rainfall event were

compared to the amount of rainfall to determine if discharges as a result of rainstorms

affected DO levels in the river . l-6 illustrates these data as monitored at the Redwood

Bridge . Instream DO levels during or after a rainstorm event were found to be well above the

MSWQO minimum requirement of 47% saturation for the open water period recorded between
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Special Monitoring

-19- June 8, 1994 3:59pm

1980 to 1989, inclusive . The recorded DO levels were found to be tightly clustered between

75 to 95% saturation and remained at these levels regardless of rainfall . The data indicates

that DO levels in the rivers are not significantly affected from rainstorm-induced run-off at any

of the monitoring locations .

The special CSO monitoring results from 1990 to 1993 were reviewed to assess whether

impacts on water quality specific to CSOs could be observed . The 1990 monitoring did not

show any identifiable impact on dissolved oxygen, however, the monitoring did not extend

downstream as far as Lockport. The biochemical oxygen demand (BOD) may not exert its full

impact until the mass of combined sewer effluent travels as far as Lockport .

In 1991, there was a measurable impact on DO following one of the rainfall events . Four

days after a CSO event, the dissolved oxygen in the stream was suppressed by 1 .2 mg/L .

The 1992 results show the impact of CSO on dissolved oxygen most clearly . This can be

shown by assessing the dissolved oxygen profile prior to and following a rainfall of 19 .4 mm

on July 14 . Profiles of dissolved oxygen along the river are shown on Figure 4-7 . The

majority of the BOD loading from the CSO event would enter the river between R4 (kilo 20)

and R6 (kilo 42) on rig**ure 4-14 . As can be seen on figure-4-70- from Day 1 to Day 2 the DO

at station R6 decreased by 0 .5 mg/L. igure``4- ' shows that by Day 3 the "DO sag" has

moved from kilometre 40 to kilometre 50 and decreased an additional 0 .5 mg/L . On Day 4

(Figure 4-7c), the location of minimum DO moved further downstream to Lockport (kilometre

60) . This analysis indicates that the river behaves as expected after a CSO event . There is

likely enough data available from the three monitoring events in 1992 to calibrate a dynamic

DO model (if this is required) .

The two other events in 1992 were analyzed in the same manner as the July 14 CSO event.

The maximum suppression of DO from Day 1 to Day 4 for each event was plotted against the

total rainfall from the event (!Fidt re 44) . Although there are only three data points, there

appears to be a direct correlation between volume of rainfall and DO depression . Further

modelling of runoff and overflow could produce an estimate of total BOD discharge per event .

It should be recognized that as the rainfall increases beyond 25 mm, the mass of BOD will not
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increase

proportionally to the rainfall

.

Therefore, figure 4-8' should not be used to extrapolate

past

25 mm of rainfall to estimate expected DO depression

.

4.2 .1 .3

	

Summary

of Dissolved Oxygen Monitoring

June

8, 1994 3

:59pm

The

preceding data review demonstrates that historical DO concentrations in the rivers comply

with

objectives and are ample for support of healthy aquatic communities

.

The DO levels

remain

high throughout the Winnipeg area due to the consistently high level of treatment

provided

at the WPCC for all DWF, combined with active oxygen production from algae

photosynthesis

in the Rivers

.

Active sport fishing along the river also attests to the existence

of

strong aquatic life in the river

.

Accordingly, DO is not considered to be a water quality

issue .

The data following WWF events indicate that CSOs do not significantly depress DO

levels

and therefore DO is not considered a CSO issue

.

4.2 .2

	

Fecal

Coliforms

The

1980 to 1989 data on fecal coliform measured through the Winnipeg area were reviewed

.

The

data analysis shows a high degree of variance which is to be expected considering the

many

factors affecting these measurements

.

Pertinent factors include

:

"

	

coliform

densities in the sources (i

.e .

variance of densities in the discharges)

;

"

	

volume

and rate of discharge

;

"

	

river

flows

;

"

	

coliform

density test variations

;

"

	

antecedent

rainfall conditions

;

"

	

environmental

factors (i

.e .,

temperature, pH, sunlight, predation, etc

.) .

A

seasonal variation of the fecal coliform density history, as derived from these data, is shown

in

lure 4

:-9

for the first routine sampling station (North Perimeter bridge) downstream of the

NEWPCC

on the Red River

.
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The historical data analysis shows that the effluent from the Winnipeg WPCC's are major

reasons for the bacterial counts exceeding the primary and secondary objectives in the

Winnipeg area . The SEWPCC and NEWPCC are dominant contributors to coliform levels in

the Red River during dry weather as shown in Fgure . 4 1(? . The river is an inhospitable

environment for fecal microorganisms and these gradually die-off within several days . During

wet weather, fecal coliform levels in the rivers are elevated due to the discharges from CSO's

which contain high numbers of coliforms . The coliform objectives are exceeded occasionally

in the headwaters for both primary and secondary recreation objectives, objectives set for

secondary recreation, primary recreation are exceeded frequently in the Winnipeg area. The

Winnipeg discharges are clearly a major water quality issue with respect to microbiological

quality .

Previous studies (Red and Assiniboine 1992) estimated the effect of disinfecting the Pollution

Control Centre effluents . The impact of the PCC effluent on fecal coliform concentrations in

the river was estimated using a river water quality model (see ct tz 5a ) for average

conditions . The influence of the WPCC effluents was subtracted from the geometric mean

of measured fecal coliform concentrations during the 1980 to 1989 period . The results are

shown in P%.g ' '4-`1 . Immediately downstream of the treatment plants, the geometric mean

-21 - June 8, 1994 3:59pm

of the fecal coliform concentration would be reduced significantly . The area within the City

and downstream would still be significantly influenced by CSO events . The disinfection of

CSO, in conjunction with WPCC effluent disinfection, would further reduce the fecal coliform

densities significantly . The fecal coliform geometric profile for this condition is difficult to

predict, however urban runoff would be expected to increase concentrations during wet

weather.

	

A profile was estimated as shown in

	

ig~ire 4:-1 ~ .

One of the goals of this CSO study will be to predict the geometric mean of fecal coliforms,

as well as the peak duration and extent of fecal coliform concentrations for various control

options .

Monitoring CSO Events

in order to calibrate a dynamic river model for fecal coliform prediction, CSO events must be

monitored . An example of fecal coliform monitoring during a CSO event is shown in P.igure

,4-12 . The mass of fecal coliform increases and moves downstream following a WWF event .

Receiving Stream - TM#4
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Much of the variation of fecal coliform during a single sampling period is due to the sampling

uncertainty, i .e., two measurements from the same sample can often vary by an order of

magnitude . This variation makes it difficult to measure the fecal coliform profile in any given

time period . It should be recognized that precise calibration of a dynamic model to a single

event will be difficult . A more likely calibration procedure is to use multiple events and adjust

the model parameters to minimize the total error between the model runs and the monitoring

data . Such calibration makes it necessary to have several years of monitoring data for CSO

events, which is provided by the 1990 to 1992 CSO monitoring .

4 .2.3 Nutrients

_22_

Nitrogen and phosphorus are measured routinely upstream, within and downstream of the City

of Winnipeg .

With respect to the general guidance for nutrient levels, namely phosphorus, the total

phosphorus concentrations in the Red and Assiniboine headwaters, as well as throughout the

study area, exceed the MSWQO of 0 .05 mg/L year-round . The Winnipeg discharges of total

phosphorus increase the instream concentration by about 0 .1 mg/L on average year-round .

Headwater concentrations typically average about 0.2 mg/L in both rivers . The Winnipeg

discharges alone would cause exceedance of the objective but are largely overshadowed by

headwater conditions . Rural land use practices, especially the use of chemical fertilizers, can

contribute to significant phosphorus loading during wet weather run-off . Excessive growth

of aquatic plants and algae do not appear to be a problem within the study area and

phosphorus is not likely a limiting nutrient . On this basis, phosphorus loading from Winnipeg

is not considered to be a water quality issue with respect to the Red and Assiniboine Rivers

and specifically, not a CSO issue .

The fraction of phosphorus contributed to Lake Winnipeg by the Red River by the City of

Winnipeg is relatively small and is discussed in more detail in another Technical Memorandum,

"Problem Definition" .

Receiving Stream - TM#4



4.2 .4 Ammonia

4.2 .5 Heavy Metals/Pesticides

-23-

High ammonia concentrations are a water quality issue in the Red and Assiniboine Rivers . The

CEC has recommended an "Ammonia Study" to assess this problem and the City is addressing

this in a separate study. Ammonia limits are generally high downstream of the plant

discharges. The treatment plants are not designed for nitrification thus all ammonia in the

wastewater brought to the plants is concentrated at the discharge point during DWF . During

WWF, the same mass of ammonia will be discharged from many overflow points, i .e ., CSOs

and plant effluents. It is likely that the wide distribution of ammonia during WWF will cause

lower ammonia concentrations in the river . This should be investigated further in this CSO

management study .

The City does not routinely collect information on heavy metals and pesticides . Water quality

data collected by the Province indicate that instream concentrations for parameters in these

categories do not change appreciably through Winnipeg (see Ta tir k ) . Mercury and

Manganese were found to be the only two measured heavy metal parameters that exceeded

MSWQO. Mercury and Manganese concentrations upstream of Winnipeg exceeded MSWQO

and did not change in concentration appreciably downstream of Winnipeg . The pesticide

"2,4-D", a common form of herbicide used in agriculture, was found to exceed MSWQO

downstream of Winnipeg . The mean concentrations upstream of Winnipeg were marginally

below the numerical limit of 0.10 mg/L . Since this parameter is not measured within or

directly downstream of Winnipeg (i .e ., North Perimeter Bridge) it is not possible to determine

whether Winnipeg discharges or downstream agricultural run-off was responsible for this

exceedance . Additional seasonal sampling at the North Perimeter Bridge should be performed

by the City or Province if the non-compliance is deemed to be a concern . It is not considered

a CSO issue .

June 8, 1994 3:59pm
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TABLE 4-3

MEAN CONCENTRATIONS OF HEAVY METALS AND PESTICIDES
IN THE RED AND ASSINIBOINE RIVERS UPSTREAM AND DOWNSTREAM OF WINNIPEG

(a)

	

The sum of all pesticides, when more than one is present should not exceed 0 .1 mg/L

UPSTREAM DOWNSTREAM

RED RIVER:
FLOODWAY
CONTROL
STRUCTURE

ASSINIBOINE
RIVER

HEADNGLEY

RED RIVER
SELKIRK MSWO.O

HEAVY METALS

Mercury (mg)/L) 0.022 0 .020 0 .020 0 .001

AS (total) (mg/L) 0.004 0 .004 0 .004 0 .05

Cadmium (mg/L) 0.001 0 .002 0 .003 0 .005

Lead (mg/L) 0.006 0 .008 0 .009 0 .05

Magnesium (mg/L) 34.92 39 .59 33 .38 -

Manganese (mg/L) 0.012 0 .15 0 .12 0 .05

PESTICIDES

Bromoxynil (mg/L) 0.04 0 .04 0 .04 (a)

Diclofop-Methyl (mg/L) 0.12 0 .05 0 .07 (a)

2, 4-D (mg/L) 0.08 0 .07 0 .31 (a)

Ll-indane (mg/L) 0 .009 0 .008 0 .013 (a)



4 .3

	

MONITORING REQUIREMENTS
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The water quality monitoring of the rivers done by the City of Winnipeg appears to be

extensive . The key parameters (e .g ., fecal coliforms, dissolved oxygen, ammonia and

nutrients) have been monitored over the long-term and intensively in special programs .

Additional monitoring of dissolved oxygen at the likely minimum point (the DO "sag point")

may be beneficial to increase the confidence in the existing water quality management

program.

Two alternatives to collect information on DO at the likely minimum point can be considered :

"

	

Intensive monitoring by boat for four days following a CSO event . This would be similar

to the 1992 program .

"

	

Installation of a continuous DO probe about 3 km upstream of Lockport . This equipment

could be purchased or rented by the City .

Either method could provide information however each has a different impact on City

Laboratory Resources (i .e ., man power or capital budgets) .

Aesthetics is important to the public and any CSO monitoring program should note the visual

impact on the rivers .

The monitoring of priority pollutants has been limited to one year and there has been very little

monitoring of sediments and aquatic species for toxic accumulation . The importance of

additional monitoring for the CSO study should be pursued further at the Phase 1 workshop

and with the scientific advisory committee .

The impact of LDS runoff may be difficult to differentiate from CSO in the river . Another
monitoring location within the City, but upstream of the CSO area on the Assiniboine River,
could be used to assess LDS impacts. The Assiniboine Park Bridge is the next bridge
downstream of the West Perimeter Bridge, however it is directly downstream of Moorgate

CSO district . This station would then be influenced by CSOs . The Fort Garry Bridge station

on the Red River could already provide this information and the Elm Park Bridge could also be

Receiving Stream - TM#4
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monitoring in summer after a rainfall . At the present time, both are impacts by treatment

plant effluent .

The service loading (CSO and effluent quality and quantity) are provided in a separate

Technical Memorandum : Problem Definition .

5 .0

	

FORECASTING FUTURE WATER QUALITY OF THE RED AND

ASSINIBOINE RIVERS

This section gives a brief description of the forecasts of the future water quality done for the

Red and Assiniboine rivers over the past 15 years. Water quality modelling has not been used

as the sole method to assess future water quality, however, it is significant that five studies

have used river modelling as a framework to assess water quality .

In each study, of the studies that used water quality models to simulate water quality for

various future scenarios, it was important for the modeller to understand the principles behind

the equations which created the model . The key steps in any modelling study are :

"

	

an accurate description of the system in terms of hydraulic and biokinetic parameters ;

"

	

calibration of model parameters using available local data and experience elsewhere;

"

	

verification of the model on a set of local data different from that set used for calibration ;

"

	

sensitivity analysis to determine which parameters are key to accurate predictions;

"

	

review of data monitoring requirements to improve the accuracy of future models;

"

	

selection of appropriate prediction scenarios in which to design engineering systems (i .e .,

treatment plant effluent objectives, etc .) ;

"

	

peer review of model calibration and results by practitioners outside the core modelling

team .

It is these steps rather than the selection of a particular model or computer code which ensure

reliability of the model predictions and recommendations .

The river modelling done in the past for the City of Winnipeg has involved both developing

custom computer code and using "open" U.S . EPA models . The selection of the models used
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5 .1

	

DESCRIPTION OF PREVIOUS MODELLING

1979 - RVRQUAL
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was generally dependant upon the level of sophistication required for the project . This section

will briefly describe the modelling done on the local rivers in the past 15 years and discuss the

key findings of each study. The City has invested substantial effort in fitting water quality

modelling to the local situation . The resulting data on water quality dynamics is a valuable

resource regardless of which model is used in the future .

A study was done by J .F . MacLaren (1979) to assess future river water quality under various

scenarios . This model was a dynamic custom model developed for the City to assess both

WWF and DWF impacts. The mass transport simulation was performed using plug flow

analysis and the City of Winnipeg was considered as a single point source (Figure ::,:,-1' .) . Wet

weather loads were estimated combining STORM model results from previous runoff modelling

studies (for each CSO and LDS district) . The NEWPCC effluent discharge was considered in

the model, but the SEWPCC and WEWPCC discharges were not modelled . The objective of

the modelling was to consider water quality impacts i .e ., DO sequence downstream of the

NEWPCC . The biokinetic modelling consisted of first-order decay for coliforms and the

Streeter-Phelps model was used to simulate BOD-DO interaction . The focus of the model was

to predict dissolved oxygen and coliform concentrations within and downstream of the City.

This study found that during DWF dissolved oxygen concentrations will remain around 5 mg/L

and that WWF may suppress dissolved oxygen concentrations to below 4 mg/L. The study

recommended an upgrade of the NEWPCC secondary treatment capacity to improved river

water quality . At that time, the City was still undecided about the cost-effectiveness of CSO

control . Tertiary treatment (nitrification) was not considered justified to improve dissolved

oxygen quality in the river .
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5 .1 .2

	

1984-85 QUAL2E

-27-

A study by MacLaren Engineers (1986' 4 ) considered the expansion requirements for the

SEWPCC and WEWPCC . Various treatment scenarios, including the possibility of diverting

to WE flow to the SEWPCC were considered .

A U .S. EPA model QUAL2E was setup and calibrated for the Red and Assiniboine rivers . This

model was used to simulate dry weather flow conditions from the City. The river's hydraulics

were simulated for each reach of the river using a stage discharge relationship and the mass

transport was simulated using a finite difference numerical approach (Thomann 1987)' 5 .

Finite difference methods, although more complex simulated phenomena such as longitudinal

dispersion. This model provided prediction of water quality by kilometre from upstream of the

City to Selkirk 30 kilometres downstream (Figure 5-2) . This model simulated dissolved

oxygen concentrations by considering the complex interactions of BOD, nutrients and algae

(Figure 5,-3) . Fecal coliforms were considered independent of other parameters and continued

to be modelled by the first-order decay model .

The main focus of this study was to determine if the WEWPCC should be abandoned and flow

diverted to the SEWPCC, i.e ., central treatment. The modelling showed that it was a benefit

to the river system to distribute the discharges in two locations. The City concluded that the

WEWPCC should be maintained at its present location and upgraded . It was recommended

that secondary treatment be improved to meet 15 mg/L carboneous BOD at all the plants .

It was recommended that detailed, intensive monitoring be conducted on the Red River during

low flow . Again, tertiary treatment was not justified for improving dissolved oxygen .

5 .1 .3

	

1986 - Disinfection QUAL2E and Custom Models

June 8, 1994 3:59pm

A 1986 study by MacLaren was commissioned by the City and Province to assess the

benefits of effluent disinfection at the treatment plants . As part of this study, the QUAL2E

model was extended to simulate WWF for one month. The purpose was to simulate fecal

coliform concentration in the river with and without disinfection of the plant effluent. Since

only one month of data was used this model was considered "illustrative" of future river

conditions, rather than "predictive" . An example of this model's prediction for disinfection
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versus no disinfection is shown in'F'igure'
.5-4. In addition, a simple first-order decay-plug

model was used to estimate fecal coliform concentrations at Selkirk for various river flows .

Fecal coliform concentration were found to be above MSWQO due to both plant effluent and

WWF (especially CSOs) . However, river use studies indicated that, because there was

relatively little primary recreation, there was a low overall health risk to the community .

5 .1 .4

	

1990-92 QUAL2E Modelling

The City of Winnipeg engaged Wardrop Engineers and TetrES Consultants to prepare a report

on the cost and benefits of various pollution control alternatives . The purpose of the report

was to present information to the Clean Environment Commission which was considering the

proposed Surface Water Quality Objectives for the Red and Assiniboine Rivers .

Therefore in 1990, the QUAL2E model was revisited for the simulation of Red and Assiniboine

water quality . Dry weather flow conditions were simulated using more refined hydraulic

representations and calibrated using the detailed monitoring of 1988 (see ect on 4 .Q) . The

major improvement in the calibration set was the addition of algae (chlorophyll-a)

concentrations, which confirmed the importance of algae influence on the dissolved oxygen

This model was used to predict water quality for future dry weather flowcalculation .

conditions .

The present effluent design criteria for all WPCCs was estimated to be sufficient to protect

the dissolved oxygen resource with respect to the MSWQO, i .e ., over 47% saturation of DO

in summer, therefore tertiary treatment would not be required for protecting DO. Ammonia

concentrations in the river exceed the proposed MSWQO due to treatment plant discharges.

Since there is a healthy fishery in the river there is some uncertainty as to whether the

frequency, duration and extent of the exceedance of the MSWQO with respect to the un-

ionized ammonia objective is significant . Another study will investigate this issue .
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1 992-93 Coli-model
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The City engaged TetrES Consultants (1993) to develop a dynamic model to simulate the fecal

coliform concentrations in the river . The model was to assess the benefits of disinfection at

the treatment plants . A custom model was developed to dynamically simulate fecal coliform

concentrations in the Red and Assiniboine rivers . The hydraulic analysis was done using the

same stage discharge relationship as developed for the QUAL2E modelling of 1990 to 1992 .

The model was discretized to one kilometre segments, as was done for the QUAL2E model .

The simpler mass transport plug flow analysis was used rather than the finite difference

analysis used in QUAL2E. Mass balance and first-order of decay analysis for fecal coliforms

were used for each river element.

The model was used to predict the fecal coliform for each kilometre of the river under various

DWF and WWF scenarios . The impacts of CSO and other wet weather flow were simulated

and an illustrative scenario considering selected CSO disinfection was simulated .

This model illustrated the peaks and die-off of fecal coliforms during and after WWF (Figure

5-5) . The river flow and extent, intensity, duration and frequency of rainfall events will have

an influence on compliance during WWF. This study confirmed that CSOs are a key influence

on coliform concentrations in the river .

5 .2

	

MODELLING REQUIREMENTS

For the CSO study, the key parameter to be modelled is fecal coliforms . It will be necessary

to estimate DWF and WWF water quality profiles and differentiate effects of different sources,

i .e ., CSOs . A "RIVER" model must consider mass balance, transport and first-order decay of

fecal coliforms, and be integrated with a RUNOFF model for river quality simulation in a CSO

study . The modelling of fecal coliforms is not complex relative to dissolved oxygen and algae,

however it is important that the hydraulic model, which calculates the time of travel of

constituents in the river, be accurate . The stage discharge relationships developed for the

City of Winnipeg (i .e ., for QUAL2E model) are accurate representations and this information

can be used in future models. The model should be able to consider various inputs (i .e ., CSO,

LDS, treatment plants) . The model must accept multiple inputs (i .e ., it must accept

Receiving Stream - TM#4
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hydrographs and pollutographs from a RUNOFF model) . The impacts of reducing overflow at

individual locations or disinfecting the overflows (or plant effluent) must also be considered

(i .e ., must integrate with RUNOFF model) . It is important that the "RIVER" model be able to

run a continuous simulation for at least one summer. Several, up to five, years of data may

need to be assessed for each CSO management alternative to assess the benefits in terms of

improving compliance. The output should be fecal coliform profiles of the river, which vary

with time. Statistical summaries of the fecal coliform concentration profiles over five

summers could be used to assess each alternative .

The non-compliance of dissolved oxygen objective is a rare event therefore continuous

modelling is likely not necessary. Modelling a single severe event may show that the

maximum DO suppression caused by a CSO event does not cause non-compliance . Another

alternative to detailed modelling of dissolved' oxygen is more monitoring, as discussed in

Section 4 .0.. Dissolved oxygen is not considered a key parameter to be considered in

modelling .

Aesthetics are not to be modelled explicitly, however, by reviewing the fecal coliform results,

an indication of the areas most affected by CSOs can be assessed for each alternative .

6 .0 CONCLUSIONS
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1)

	

The key river uses potentially affected by CSOs are recreational (e .g., swimming, water

skiing and boating) aesthetics, and aquatic life .

2)

	

The key water quality parameters to assess relative to these uses are fecal coliforms (for

recreation), floatables, ammonia and dissolved oxygen (for aquatic life) .

3)

	

Fecal coliforms are frequently above the proposed MSWQO . CSOs are a major influence

on this non-compliance . In order to assess the benefits of various control alternatives a

"RIVER" model must simulate the peak, duration and extent of non-compliance with the

fecal coliform objective.
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4) Current ammonia concentrations do not comply with the proposed MSWQO, however

there will be a separate study dealing with this issue . The ammonia concentration in the

river is likely no higher during or following WWF conditions, since ammonia is not removed

by the treatment plants currently . Ammonia levels are not considered a CSO issue .

5)

	

Monitoring has shown the dissolved oxygen is above MSWQO during DWF and WWF for

current conditions and predicted to be adequate for future flow conditions . DO is

therefore likely not an issue relative to CSOs.

Any uncertainty with respect to CSO and DO impacts can be addressed by either

additional monitoring of specific modelling as discussed below . More DO monitoring may

be required between the North Perimeter Bridge and Lockport, the reach where the

minimum DO concentration is likely located . Two possible monitoring options are :

-31 -

a continuous DO monitoring ;

additional CSO event monitoring as done in 1991 and 1992.

June 8, 1994 3:59pm

It is likely that the impact of CSO events on DO can be assessed without a continuous

dynamic model . One approach would be to use a Streeter-Phelps model and estimate

travel times for selected event analyses. This option should be investigated further in

Phase 2.

6) Aesthetic issues such as floatables will not be modelled .

7)

	

There is limited monitoring information on the impact of CSOs on sediment in the rivers .

It is likely that monitoring of sediment quality is required .

8) The required water quality model will need to accept "pollutographs" (especially fecal

coliform loadings with time) for different reaches, different reach fills and differentiated

as to source (i .e ., LNS, CSO, WPCC) .
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Iron 0.01 ppm 8 .20 2 .30 4.50 0 .24 0 .12 0 .12
U~ to ad 0.01 ppm x. D. N.D. N.D. N.D. x. D. N. D.

Molybdenum 0.003 ppm 0 .005 ND. ND . 0.015 0.004 N.~
Q

Nickel 0-009 PPM 0-011 ND.

Silver 0.001 ppm NU. Nn. N.D . 0.002 x.r.
E Strontium 0 .002 pprn 0.200 0.200 0 .270 0 .210 D.290 0 .290

Thalilum 0.01 pprn 0 .01 0 .01 N.V. N.D. 0 .01
Vanadium 0.001 ppm 0 .029 0 .011 0 .016 N.D . N.D . N.9.

Zinc 0.004 ppm 0 .031 0.011 O ..D24 0 .058 0 .053 0 .043

m GIIOUP A10 - HYDRIDES 3
An;lmony 0.003 ppm N.D . H.D . N.P . N.D. N-n.

D Arsenic 0 .003 ppm 0 .006 0 .006 O .D10 N.D. N.D. N.-9.

Soleniurn 0 .003 pprn N.D. An. AID. MA N.D. N.D.

in
c-j
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CI-Methane 2.3 ppb N11. N.11, N.h. N.t~. N.1). hip-

tar-Methane 2.4 ppb m,1). NJ). WX Nit.

Vlnyl Chloride 2.9 ppb N.D . N-D. N.D. Nfi . N.D. NO.

1,1 C12-Elhylena 0.4 ppb Nn. N.D. IVA to 1 .0 lip.

C13-F-Methane 0 .3 ppb Nn. N.D. N.D. N.D . NA N 1) .

traps-1,2 012-Ethylene 0 .4 ppb ND. N-D_ Nix N.D . N.D . XD.

Mothyleno chloride 0.3 ppb ND. NlJI. N_ll. N.D . 27.0 XD.

Chloroform 0.4 ppb N. D. N-D. N.D. 18 .0 20 .0 2.0
1,1-C12-Ethane 0.5 ppb NA N.D_ N-D. N.D. ND, ND .

1,2-02-E1hano 0.4 ppb N.D. N.D. N-D. N. D. N.D. N.D .

Carbon tetrachlorldo 0.3 ppb N.D. N.D_ ND. N.D. NA MD.

BrCI2-Methane 0 .4 ppb N.D. N.D. N.D . 0.6 N. D . MD.

1,1,2-Cl3-Ethane 0 .6 ppb N.D. N.D . N_a N.D . N. D . MD.

cis-1,3 C12-propylene 0 .7 ppb T7.A N.D . N.D. N.D. X.D. MD.

traps-1,3 C12-Propylene 0 .1 ppb N.D. N.D . MA N.D. N.D . ND.

1,2-C12-Propane 0.6 ppb N.D . N.D. N.D. N. D. N.D. NP.

C190-Methans 0.4 ppb N.D . N.D. N.D. N. D. N.D. ND.

Ethylene dibromlde 0.6 ppb N.D. N.D. NA N D. MA ND.

C13-Ethylene 0.3 ppb N.D. N.D. N-A 0.9 N.D. ND.

Brornotorrrn 0 .3 ppb u.D. N.D. ND. N. D . N. D. N r >.

C14-Ethylene 0 .2 ppb N.U. ND, N.b. 3 .0 N. D. N 1).

1,1,2,2-C14-Ethane 0 .4 ppb N.D. N.D. N.D. N.D. N.D . ND.

Cl-Benzene 0.6 ppb N.D. N.D. N.D. N. D. N. D. NV.

1,2-C12-13enzene 0.4 ppb N.D. NA NA 2 .1 ND. MD.

1,3-012-Benzene 0.3 ppb N.D. NA ND. N, D. ND. N D.

1,4-C12-Benzene . 0.2 ppb ND. N.D. N.A 11 .6 0.7 MD.
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GROUP 817 - VOLATILES (,
bonzene 0.2 ppb N.D. N.U. N.D . N.11. x.D. N.D.

Toluone 0.4 ppb M.D. N.D. ND. N.D. N.D. ND .

Ethyl Benzene 0.4 ppb N.D. N.D. M-D. N . D. N.D. ND .

m .p-Xylones 0.5 ppb M.D . N.D . N-D_ N.D . N.V . ND .

o-Xylono 0.4 ppb N.D . N.D . N.D. N.D. N.D . N D .

Styrene 0.4 ppb M.D . N.D. N.D. N.D . N.D . ND .

GROUP d18 - VOLATILES L.
Acroleln 3 ppb M.D. N.D. N.D. N.D. N .D. ND .

Acrylonltrllo 1 .9 ppb N.D . N-D. N.D. N.D. N.D . ND .

GROUP H19- BASE NEUTRAL EXTRACTABLES41
Aconaphtheno 0.7 ppb M.D . N-a N.D. N_D. N.U . Nr1 .

5-1Jllro Acenaphillone 1 .8 ppb N.D . N.D. M.D. ND . N.D . xD .

Acenaplifliylene 0.4 ppb N.D . N.D. NA N.D . N.o . ND .

Anthracene 0.2 ppb N.11. ND. NP. ND. N. D. iv D.

Bonz(a)anthracene 0.2 PO M.D. n: D. N.D. N.D. N.D. ND.

Benzo(o)pyrene 0.5 ppb N.D . N.D. N-D. N.D. N-D. AID.

Denzo(b)fluoranlliene 0.4 ppb M.D . ND. M.D. ND. . N.D. WD.

Benzo(k)Huoranlhona 0.4 ppb N.D . N. D . N.D. N.D. N.D . ND.

Benzo(ghl)parylene 0.4 ppb N.D. M.D . N.D. N.D. N.D . . ND.

Biphenyl 0.4 ppb N.D. N.D . N.D. N.D. N.D . Nn.

Ceciplione 1 ppb N.D. N.D . ND. N.D. N.D . NO.

1-CI Naphthalene 0.0 ppb N.D. M.D. N. D. N.D. N.D . Nn .

2-CI Naphthalene 0.9 ppb ND. N.D. Nom . ND. . N.D . ND.

Clirysene 0.3 ppb N.D . N.D, N.D . N.D. x.D . ND.
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Dlbonz(ah)anthracene 0.4 ppb N.D . N. D, MA N. .D. ND. N. D.

Dlph3nyl ohter 0 .8 ppb ND, N.D . N A Ka. MIX

r--luorantlrono 0 .2 ppb N.D . N.D. NA N.0. NA AD.

Flucrene 0 .3 ppb N.D. N.D. N.A ND. N.D. N.D.

Indeno(123-cd)pyreno 0.0 ppb N.D. N. D. N.A ND. ND. 11.D.

Indole 0.6 ppb N.D. N. D . N.11 N. D. N a 11.1) .

1-Me Naptilllaleno 2.2 ppb N.D. N.D. N. A N D, NA H. D.

2-Me Naphtlialeno 1 .5 ppb N.D. N.D. AA N.D. NA

Naphthalene 0.3 ppb N.D. N.D. NA N. D, N.A !!.1) .

P3rylono 0.3 ppb N.D. H. D. N. A H.D . NA N.D.

Phonanlhrene 0.3 ppb N.D. N.D. N.A - N D, N.D. AD.

Pyrene 0.3 ppb 1+'.D. N.D. N.D. N.D. ND. AD.

Benzylbutyl phthalate 0.6 ppb N-D. N_D. AA RD. Na X. D.

81sf,2-elhy!hexyl)phlhatal0 1 .4 ppb N.D- N.D. 1 .8 4.0 3,1 4 .9

DI-n-butyl phthalate 1 .1 ppb N.D. N.D. N.A N.D. ND R.D:

Dl-n-ootyl phthalate 0.4 ppb N.D. 1 .2 N.D. N-D. AP.

4-Dr Phenyl phenyl ether 0.3 ppb N.D. N. D . N.A ND. N.D.

4-CI Phenyl phenyl ellier 0.9 ppt: N.D. N. D. N. a N. D.
.

HA X.A

Bls(2-CI Isopropyl)ether 1 .5 ppt ~1 .D. AA M EL N, A. N.D. N.D.

Bls(2-CI Et)ether 1 .8 ppb ND . N.D. 14A N.D . N.D . a.D.

2,4-D1711rotoi .jorm 0.5 ppb N. D. H.m N.A N.D. N.D . Il. D.

2,6-Dhltrotoluene 0.6 ppb N.D. N. D. N.A N.D . ND . !!.D.

Bls(2-CI ethoxy)rnothnne 1 .3 ppt HD . N,D. N.A N.D. N11, N.1).

Dlphonylamlne 1,9 ppt N-U. N, D, KD. MD. N_n N.D.

N-Nitroscdlphenjlamine 1,9 ppt N.D . N.D. mix N.D. N-A 11.D.

N-IlIIrosoal-n-propyIamine 2.1 ppb N.D . N.1). NIL). N.D. N.D- 'y' 1).
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2,3,4,6-Telrachlorophenol 0.4 ppb N D . N. n. N.D. NA ND. AD.

2,3,4,8-Tolrachlorophenol 0.7 ppb N.D . N.D . N.D. N.D . Nn. P.D.

2,3,5,8-Telrachlorophenol 0.7 ppb N. n, N.D . N.1). Ad . N11. X.D .

2,3,4-Trchlorophenol 0.5 ppb AD. N.D. N .D . N D. W.D.

2,3,5-Trchlorophenol 0.4 ppb A~LD. N.D. N. d" ND. AIX

in 2.4,5-Tr chlorophanol 0.6 ppb N.D . 11n. NA N.D. NA N.D.

M 2,4,6-Trchlorophenol 1 .2 ppb N. U N. D . ND . X. D.

2,4-Dime thyl phenol 1 .7 ppb N.D. N.D. N D.

2,4-Dlnitropl»nol 4 .8 ppb N. D- A n . N. A N D. X .D.

,' 2,4-Dlchlorophenol 1 .2 ppb N.D. A D, N. D. N. D. pip. Ir.D.

Q 2,13-DIchlorophenol 1 .1 ppb N.D.
.

ND. N.A N.D. N.D. X.D.

4,r3-Dinltro-o-cresol 1 .5 ppb N.D. N.D. ILA N.IN NA X.D.

2-Ch orophenot 2.7 ppb . N.D . N.D. N.A N. D. ND . X.D.

0
4-Chlcro-3-methylphenol 1 .4 ppb N.D. N. D, N. D. N.D. N_V. N.D.

4-Nllrophenol 1 .4 ppb N.D. MD. N.A ND. N-P. X. D.

rn-Cresol 3 ppb N.D. N.1~. N.A N.D . N9). Ir. n.

o-Cresot 1.7 ppb N. D. N.D. N.D ND. N.D . !7. D .

"' p-Cresol 3.5 ppb N, D. N.A N.D. N.9. N.A X. D.

m Pontachlorophenol 1.1 ppb AD . N.D. N.A N.D. N.D. N . D.

Phenol 1 .1 ppb N, D, N.D. N-A N.D . N.D.
nI

i Qnoup #22-0RGANOCI -ILCRINE PESTICIDES IS
Aldrln 0.01 ppb N.D . N.D . N.A N . D. N. D. Y. J) .

I
W a-BHC 0.01 ppb N.D. 1~.D. IN . Ix RD- N.D. Y.D .

U
z b-011C 0.01 ppb N.D. N. n . N. D, H.D. RD. Y. D .

9-13110 (LindEno) 0.01 ppb N.n. NJ) . 0,02 MD, A'. D .

d-13110 0.01 ppb N.D. M.D. N.L . N. D . N.D. Y.D.
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GROUP 1122 CONTINUED
e-Chlordane 0.01 ppb ND. N. D . N. D. MIX N n. v.D.

g-Dilordane 0.01 ppb NJ) . N 1). N.D. N.IX PA).

Heptachlor 0.01 ppb N D . N.D. N.D. N.)). Nb. P.D .

Heptachlor Epoxlde 0.01 ppb N. D . N.D. N.D. N.A NA r.D .

Methoxychlor 0.01 ppb N.n. H.A ND. NP. r. D .

o,p'-DDT 0 .01 ppb N.D . N. D. ND. N.D. NIX A.D.

p,p'-DDD 0.01 ppb N. D . N.D . N.D. N.D. ND. Ir.U.

p,p'-DDE 0.01 ppb N. D . N.D. N.D. N. A x.n. r. n.

p,p'-ODT 0'.01 ppb Nj). H.1). N.D. N. D. N.J>.

0ROUP #23-
NEUTRAL CHLORINATED EXTRACTABLES (Z
1,2,3,4-tet(achlorobenzene 0.009 plb xD. N.D. N. D. N.D. No. X.D.

1,2,3,5-Tetrachlorobenzone 0.006 ppb ND. N.D. MD. N.D. ND . x.D.

1,2,4,6-Teliachlorobenzene 0.t)t)5 ppb 1SLD. N.D. N.D N.D. N.D. AD .

1,2,3-TrIchlorobenzene .0 ppb Mb. N.D . N.D N.D. N .D. MD .

1,2,4-Trlchlarobenzene 0.006 ppb rtn. N.D. N. D 0 .023 N.D . AD.

2,4,5-Trl:hlorotolirone! 0.002 ppb RD. N.D. N. D N D, N.D . r(D.

Hoxachlorobenzene 0.003 ppb N.D. N.D. N.D N.P. N.D . r(. D .

Iiexachlorobutadlene 0.002 ppb JV. r). N. D. N.)) N. D, N.D. X9 .

Hoxachlo(ocyclopontadlone 0.004 ppb N.D. N. u. X.P. N,D. NO. AD .

Hoxachloroatliano 0.001 ppb MD. N.D. N.D . ND. N.D. AD .

Octachlorosty,ane 0.002 ppb MD. N.D. N.D. N.D. ND, AD.

Pantachloroborzone 0.002 ppb N.D. N.D. N.D. N. D. N.D . nD.

0:10UP 1'27 - PCB's (Tola~ , 0.05 ppb N.D . N. D . N.D. N.D. N.D . kD .


