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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE,

SUMMARY

This study was carried out to evaluate the feasibility of disposing of the snow collected from

clearing operations in the City of Prince George, by mixing the snow with the effluent from

the Lansdowne Road Wastewater Treatment Centre (WWTC).

A snow melting test was carried out on January 15 and 16, 1996. Snow collected from the

downtown bowl area of Prince George was hauled to the WWTC and dumped into the chlorine

contact chamber at the maximum rate that could be sustained without causing ice

accumulation.

The objectives of the study included an evaluation of the effects of snow additions on the

quality and toxicity of the WWTC effluent, an estimation of the snow disposal capacity of the

WWTC, identification of any operational concerns associated with snow disposal at the WWTC,

and a comparison of the net energy and carbon dioxide balance for snow disposal at the WWTC

versus a gas-fired snow melter located downtown.

The Lansdowne Road WWTC at Prince George was determined to be suitable as a centre for

disposal of the snow collected from the downtown bowl area, subject to a number of

limitations. The primary limiting factor was the solids contained in the collected snow; snow

additions caused a significant increase in plant effluent TSS concentration, and permitted

maximums were exceeded. Based on the limitation of effluent TSS concentration, the times

required to dispose of the collected snow from the present annual minimum, annual mean, and

annual maximum snowfalls (assuming 24 hour per day operation) were estimated to be 45

days, 64 days, and 91 days, respectively.

The second factor limiting the snow disposal capacity of the WWTC was the capacity of the

mixers in the chlorine tank to circulate the added snow. Based on the limitation of mixing

capacity, the times required to dispose of the collected snow from the present annual minimum,

annual mean, and annual maximum snowfalls (assuming 24 hour per day operation) were
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estimated to be 38 days, 53 days, and 76 days, respectively. An increase in mixing energy in

the chlorine tank should increase the snow melting capacity at the WWTC, providing that

effluent TSS restrictions were not enforced during snow disposal operations.

The snow additions decreased the average temperature of the WWTC effluent from 11°C to 5ºC,

and increased the average pH from 7.6 to 7.7. From a theoretical standpoint, the combination

of lower temperature and higher pH caused by snow additions resulted in a slight increase in

the acute ammonia toxicity of the WWTC effluent, and a slight decrease in the chronic

ammonia toxicity. There was also an increase in metals concentration and a decrease in water

hardness caused by the snow additions, which would tend to increase the metals toxicity of the

effluent. However, the snow additions also decreased the temperature of the WWTC effluent,

which would theoretically reduce the metals toxicity.

Based on the results of the 96 hour LC,, bioassay test, there was no conclusive evidence that

the acute toxicity of the WWTC effluent was increased by the snow additions. The WWTC

effluent was non-acutely toxic at 100% concentration both with and without snow additions,

according to the 96 hour LC,, bioassay.

Should disinfection be required at the WWTC, the chlorination effectiveness will be reduced

by snow additions, due to a decrease in chlorine contact time, an increase in chlorine demand

associated with solids contained in the snow, and an increase in effluent pH.

The annual energy consumption associated with the option of snow disposal at the WWTC was

estimated to be 1,000 - 5,000 GJ/yr,  compared to 22,000 - 46,000 GJ/yr  for the option of a gas-

fired snowmelter located in the downtown area. The estimated annual carbon dioxide

emissions associated with the option of snow disposal at the WWTC were 80-170 tonne/yr,

compared to l,OOO-1,300  tonne/yr for the gas-fired snowmelter.

It was recommended that the City pursue the option of snow disposal at the WWTC, since the

option is much more energy-efficient and lower in carbon dioxide emissions than using a gas

fired snowmelter. The WWTC option required the identification of additional snow storage

area of approximately 60,000 m3 (12,000 m2 x 5 m deep), to temporarily store the collected snow

from extreme snowfall events. Alternatively, temporarily storage of up to 60,000 m3 would

have to be found at a location other than the WWTC.
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The City should review options for reducing the solids content of the collected snow (eg.

reduced sanding of roadways). Options for reducing the application of rock salt for deicing

operations should be reviewed.

The City should consider conducting further bioassay tests, to determine the effect of snow

additions on the toxicity of the WWTC effluent. Tests conducted at actual effluent

temperatures (less than the standard temperature of 15°C) should be done using minnows that

have been acclimated to the lower temperatures for a minimum of two weeks, and preferably

three weeks, as specified in Environment Canada procedures.
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VILLE DE PRINCE GEORGE
ÉTUDE SUR L’UTILISATION DU CENTRE DE TRAITEMENT DES EAUX
USÉES DE LANSDOWNE ROAD COMME SITE D’ÉLIMINATION DE LA

NEIGE

RÉSUMÉ

L’étude a été réalisée afin d’évaluer la faisabilité du projet visant à transporter les
quantités de neige enlevées lors des opérations de déneigement de la ville de Prince
George au Centre de traitement des eaux usées de Lansdowne Road (WWTC) et de les
mélanger aux effluents.

On a procédé à des tests sur la fonte de la neige les 15 et 16 janvier 1996. Des quantités
de neige provenant du centre-ville de Prince George ont été transportées au WWTC puis
un volume maximal a été déversé dans les bassins de chloration de façon à empêcher
l’accumulation de glace.

Les objectifs visés par l’Étude comprenaient l’analyse des impacts qu’entraînerait l’ajout
de quantités de neige sur la qualité et la toxicité des effluents du WWTC, une évaluation
de la capacité d’élimination de la neige au Centre, l’identification de tout problème
opérationnel associé à l’élimination de la neige au WWTC et une étude comparée sur
l’équilibre entre l’énergie nette et les concentrations de dioxyde de carbone lors de
l’élimination de la neige au Centre par rapport à l’utilisation du fondoir de neige au gaz
situé au centre-ville.

Il a été prouvé que le WWTC de Lansdowne Road, à Prince George, était un site
approprié pour l’élimination de la neige enlevée dans les rues du centre-ville, avec
toutefois certaines réserves. En effet, les matières solides contenues dans cette neige
constituaient un inconvénient majeur, car l’ajout de ces quantités de neige entraînaient une
forte augmentation des concentrations de TSS dans les effluents d’usine, excédant ainsi les
quantités maximales réglementaires. Compte tenu des limites de concentrations de TSS
dans les effluents d’usine, le temps requis pour éliminer les quantités de neige amassées (si
l’on présume que les opérations se déroulent jour et nuit) est d’environ 45 jours, 64 jours
et 91 jours respectivement dans le cas des plus faibles quantités annuelles, des quantités
moyennes et des plus élevées.

Un autre point défavorable était l’incapacité des mélangeurs de brasser dans un
mouvement circulaire les quantités de neige déversées dans le bassin de chloration.
Compte tenu des limites des mélangeurs, le temps requis pour éliminer la neige amassée (si
l’on présume que les opérations se déroulent jour et nuit) est d’environ 38 jours, 53 jours
et 76 jours respectivement dans le cas des plus faibles quantités annuelles, des quantités
moyennes et des plus élevées. Une augmentation de la puissance des mélangeurs dans le
bassin de chloration devrait accroître la capacité de fonte de la neige au Centre, si les



restrictions en matière de concentrations de TSS dans les effluents ne sont pas appliquées
lors de l’enlèvement de la neige.

Les quantités de neige ajoutées entraînent une baisse de la température moyenne des
effluents du WWTC, soit de 11 ºC à 5 ºC, et une augmentation du pH moyen de 7,6 à 7,7.
D’un point de vue théorique, l’effet combiné de températures plus basses et d’un pH plus
élevé produirait une légère augmentation de la toxicité aiguë de l’ammoniac dans les
effluents du WWTC, ainsi qu’une légère diminution de la toxicité chronique de
l’ammoniac. On a également observé des  concentrations de métaux plus importantes
associées à une eau moins dure, ce qui devrait augmenter la toxicité des métaux dans les
effluents. Cependant, les quantités de neige ajoutées ont également entraîné une baisse de
la température des effluents du WWTC, ce qui provoquerait, en théorie, une diminution de
la toxicité des métaux.

Selon les bio-essais LC50 effectués sur une période de 96 heures, il n’existe aucune preuve
concluante selon laquelle l’augmentation de la toxicité aiguë des effluents du WWTC
serait attribuable aux quantités de neige ajoutées. Les bio-essais LC30 effectués sur une
période de 96 heures ont démontré que la toxicité des concentrations de 100 % dans les
effluents du Centre, avec ou sans neige, n’était pas aiguë.

Dans les cas de désinfection au WWTC, l’efficacité de la chloration sera atténuée par les
quantités de neige ajoutées, en raison de la diminution du temps de contact du chlore, des
plus grandes quantités de chlore nécessaires à l’élimination des solides contenus dans la
neige, et de l’augmentation du pH des effluents.

On a évalué la consommation annuelle d’énergie associée à l’élimination de la neige au
WWTC à environ 1 000 - 5 000 GJ par année comparativement à 22 000 - 46 000 GJ par
année pour un fondoir à neige au gaz situé dans le centre-ville. Les émissions annuelles de
dioxyde de carbone associées à l’élimination de la neige au Centre se situeraient entre 80
et 170 tonnes par année comparativement à 1 000 -1 300 tonnes par année pour un
fondoir de neige au gaz.

Des recommandations favorables à l’élimination de la neige au WWTC ont été faites à la
Ville, car cette option est beaucoup plus économique au point de vue énergétique et les
émissions de dioxyde de carbone sont moins importantes que dans le cas du fondoir à
neige au gaz. Ce choix entraînait également la désignation d’une zone additionnelle pour le
dépôt de la neige, dont le volume serait approximativement de 60 000 m3 (12 000 m2 x 5
mètres de profondeur), en cas de phénomènes météorologiques extrêmes. Autrement, on
devrait trouver ailleurs un site temporaire d’une capacité de 60 000 m3.

La Ville devra trouver des moyens de réduire les quantités de matières solides dans la
neige amassée (p. ex., diminuer l’épandage d’abrasifs sur les routes). Il faudra également
réévaluer l’utilisation du sel dans les opérations de déglaçage.



La Ville devra envisager de procéder à de nouveaux bioessais afin de déterminer les
impacts des quantités de neige ajoutées sur la toxicité des effluents du WWTC. Au cours
des tests effectués à la température actuelle des effluents (soit inférieure à la température
de référence de 15 ºC), on suggère d’utiliser des menés qui sont adaptés à des
températures basses pendant une période minimum de deux semaines, de préférence trois,
tel que spécifié dans les lignes directrices d’Environnement Canada.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

1.0 INTRODUCTION

The City of Prince George currently transports snow from street clearing operations in the downtown area

to land disposal sites at Hudson Bay Slough and Carrie Jane Gray Park.  A third land disposal site is

located at River Road, however, considering the Department of Fisheries concern for snow disposal and

resulting habitat damage, the City has not used this site for the last two winter seasons.  The lease on the

River Road site expires in 1997 and it will not be renewed.  The dump sites discharge snow melt runoff to

the foreshore of the Fraser River.  Environmental and land use concerns associated with the dump sites

have led the City to explore other disposal methods.  In 1993, the City and the Fraser Pollution Abatement

Office (FPAO) of Environment Canada commissioned a study to assess snow disposal options.  A City

Public Works task group has since identified a further disposal option at the Lansdowne Road Wastewater

Treatment Centre (WWTC). Preliminary testing by the City at the WWTC indicated that loading the snow

into the chlorine contact tank immediately prior to discharge of the treated effluent had sufficient merit to

warrant further study.

The City issued a Request for Proposals (RFP) on December 14, 1995, for a study to evaluate in detail the

option of snow disposal at the WWTC.  A copy of the RFP is included in Appendix 1.  This report

contains the results of the study. 
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

2.0 OBJECTIVES AND SCOPE

2.1 Objectives

The Terms of Reference in the RFP contained the following objectives:

a) Confirm the suitability of the WWTC as a snow disposal centre for the collected snow

from the downtown bowl area.

b) Determine the snow disposal capacity of the WWTC.

c) Identify any operational concerns for snow disposal at the WWTC.

d) Analyze the net energy balance and net carbon dioxide balance using waste heat at the

WWTC versus a separate melting operation downtown.

e) Determine the effect on the effluent quality and toxicity from snow disposal at the WWTC.

2.2 Scope of Work

As specified in the RFP (Appendix 1), the scope of work was to include but not be limited to the

following:

a) A general overview and comments on the suitability of the WWTC as a snow disposal

facility, including identification of issues not specifically included in the scope of work, but

which should be considered in determining the suitability of the WWTC for disposal of the

snow from the downtown bowl area only.
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b) A determination of the snow disposal capacity at the WWTC, including a consideration of

the range of flow rates that can reasonably be expected at the WWTC.

c) An identification of any operational concerns for snow disposal at the WWTC,

particularly any items that may affect the treatment processes.

d) An analysis of the net energy balance and net carbon dioxide balance, using waste heat at

the WWTC versus a melting facility downtown.

e) A determination of the effect of snow disposal operations at the WWTC on effluent quality

and toxicity, including a collation of  and comment on the results of testing conducted by

City personnel.  Tests to be conducted on both the influent and effluent of the chlorine

contact chamber during snow melting operations included biochemical oxygen demand

(BOD), temperature, total suspended solids (TSS), and metals.  Sampling and test

recording was done by WWTC personnel.

The work described above was completed, and a draft report was submitted on March 1, 1996. 

One of the recommendations included in the draft report was that bioassay tests (96 hour LC50

using rainbow trout minnows) should be conducted, to evaluate the effect of snow additions on the

toxicity of the WWTC effluent.  After review of the draft report by the City of Prince George and

Environment Canada, the scope of work was expanded to include toxicity testing of samples of the

undiluted WWTC effluent and of WWTC effluent mixed with snowmelt water.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

3.0 METHODOLOGY

The methodology used to address the terms of reference is summarized in this section.

3.1 Snow Melting

The snow melting test was carried out at the Lansdowne Road WWTC during the period from

10:00 P.M. January 15 through 6:00 A.M. January 16, 1996.  Diesel-powered dump trucks

were used to transport collected snow to the WWTC site. 

Nine tandem axle trucks and one long box truck hauled snow from various locations in the

downtown area to the W.W.T.C. for melting.

Space to dump snow directly by truck into the Chlorine Contact Tank was limited and could

not accommodate all trucks on the haul route without holding up trucks at the plant to provide

adequate time to dump directly to the tank.  It was also unclear if the tank had the capability of

handling the snow dumped directly from the trucks at the volume it was being hauled into the

plant.  The loader acted as a metering device allowing continuous adding of the snow from the

accumulating stock pile, while occasionally a truck was dumped directly to the tank.  In the

absence of trucks entering the plant, the loader continued adding snow to the tank.  Snow was

added to the tank based on observation by the people in attendance including the Senior

Treatment Plant Operator, Norm Gobbi.  When the snow floating on the surface started to

circulate, more snow was added to the tank.

Information provided by the City showed that the tandem axle type had a 400 HP engine, a

gross vehicle weight (GVW) of 19,510 kg, and a dump volume of  20 cubic meters.  The long-

box trailer type had a 460 HP (365 BHP) engine, a GVW of 33,850 kg, and a dump volume of

42 cubic meters. One of the tandem axle truck drivers and the long trailer truck driver recorded

the total kilometres driven and the total fuel consumption during the test. 
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Snow was added to the chlorine contact tank at the WWTC at the maximum rate that could be

sustained.  The tank was mixed by two mechanical agitators. Snow added to the tank initially

floated on the surface; as the snow submerged and began to circulate, more snow was added to

the tank.  Snow additions to the tank were begun at 9:55 P.M. on January 15, and discontinued

at 5:30 A.M on January 16.  The average snow density and the volume and time of addition to

the chlorine tank for each load of snow was recorded by Prince George staff.  A plan of the

WWTC, including the snow storage area, is shown on Figure 1.  A detail of the chlorine

contact tank area is shown on Figure 2.

3.2 Water Quality Testing

As specified in the RFP (Appendix 1), the chlorine tank influent and the effluent were to be

tested for temperature and the concentrations of five-day biochemical oxygen demand (BOD5),

total suspended solids (TSS), and metals.

In addition to the testing parameters listed in the RFP, the chlorine tank influent and effluent

were tested for pH and salinity, since the pH affects the percentage of ammonia nitrogen that

exists in the (toxic) unionized form, and the salinity of the WWTC effluent might be increased

through the addition of road salt (mainly sodium chloride) incorporated in the snow removed

from city streets (at high levels, salinity can stress or kill aquatic life).

Grab samples of the chlorine contact tank influent and effluent were taken at one-hour intervals

over the first seven hours of the test.  Each influent sample was taken at the influent chamber

near the Northwest corner of the tank, and each effluent sample was taken at the overflow weir,

just inside the tank wall. In addition, a composite sample of influent and effluent composed of

equal amounts of each of the eight appropriate grab samples was prepared.  All samples were

analyzed immediately after collection by WWTC personnel at the treatment plant laboratory for

BOD5, TSS, temperature, pH, and ammonia.  The BOD5 and TSS analyses were conducted

according to APHA et al. (1992) and ammonia analyses were done using a Hach

spectrophotometer.  A metals scan and conductivity analysis (indicator of salinity) on all

samples was undertaken by ASL Analytical Laboratories in Vancouver, B.C.  The
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methodology used by ASL is included in Appendix 3.

3.3 Statistical Analysis of Data

The student t test for paired comparisons was used to statistically evaluate significant

differences in the chlorine tank influent and effluent for each of the water quality parameters of

interest.  A statistical analysis is advisable in comparing two data sets, particularly in cases

where relatively large variations in data values are possible. If a data set contains values which

vary over a wide range, the mean (average) value of the set may not be very meaningful.  For

example, if two measurements were taken in the same way, at the same time, in the same

place, and one result turned out to be 100 mg/L while the other was 1,000 mg/L, it would be

risky to conclude that the average of the two (550 mg/L) was the true result.  The risk is

increased when trying to compare two data sets which both contain wide variations.  A

statistical analysis takes the variation of each data set into account, and provides a mathematical

means of determining whether any observed differences between the two sets are meaningful

(i.e., Astatistically significant@), or whether the random variation among the data is so large that

it is not reasonable to conclude that the two sets are different.  The more random variation there

is among the data, the less chance there is of the statistical analysis detecting a significant

difference between the two sets.

In this case, the statistical analysis was used to determine whether the concentration of a

particular water quality parameter (say BOD) in the chlorine chamber effluent was significantly

different from that in the chlorine chamber influent.  The t test was used to mathematically

determine whether or not the mean (average) value of one data set (say the BOD5 concentration

of the chlorine chamber influent) was significantly different from the mean value of a second

data set (say the BOD5 concentration of the chlorine tank effluent).

The advantage of the t test for paired comparisons is that it can be used to make comparisons

between matched pairs of data.  Each matched pair in this case was made up of the sample of

influent and effluent taken at the same time of day.  The difference between the influent and

effluent concentration at each sampling time was calculated (i.e., effluent concentration minus

influent concentration), and the statistical analysis was conducted on the differences.  In this
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way, changes in conditions during the test (e.g., flow rate) were factored out of the analysis,

since each matched pair was taken under the same conditions.  

The null hypothesis in the paired comparison test is that there is no difference between the

means (averages) of the two data sets. The test statistic t0 is calculated by dividing the mean of

the differences between the matched pairs by the product of the standard deviation of the

differences and the square root of the number of matched pairs (n).  The standard deviation of a

data set is a measure of variation among the values of the set; wide variations in values result in

a relatively large standard deviation.  The calculated value of t0 is compared to values of the t

distribution at a pre-selected level of significance (values of the t distribution are available from

tables).  If the absolute value of t0 is greater than the value of the t distribution, the null

hypothesis is rejected, and it may be concluded that the mean of one data set is significantly

different from that of the other data set.  Note that since the standard deviation is in the

denominator when calculating the value of t0, a relatively high standard deviation (variation) in

the differences between the matched pairs will reduce the value of t0, and thereby reduce the

chance of detecting a significant difference between the two means.

The t test comparisons were carried out at the 0.05 level of significance. That is, there was a

5% probability that the t test showed a significant difference when none in fact existed.

3.4 Toxicity Testing

The toxicity testing was designed to evaluate the effects of snow additions on the acute toxicity

of the WWTC.  The previous work showed that the typical mixture of snowmelt water and

WWTC effluent based on the maximum snow melting capacity of the plant was approximately

7% snowmelt water and 93% WWTC effluent by volume.  The previous work also showed

that the average temperature of the WWTC effluent on January 15, 1996, was reduced from

11oC to approximately 5oC by the snow additions.  After review of the draft report, the City

requested that the following 96 hour LC50 bioassay tests using rainbow trout minnows be

carried out.

Sample #1  - undiluted WWTC effluent at 15oC (standard temperature for bioassays);
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Sample #2  - mixture of 7% snowmelt water and 93% WWTC effluent by volume at 15oC;

Sample #3  - undiluted WWTC effluent at 11oC (actual average temperature of WWTC

effluent before snow additions on January 15, 1996);

Sample #4  - same mixture as Sample #2 at 5oC (actual average temperature of WWTC

effluent after snow additions on January 15, 1996).

The bioassay testing was undertaken by B.C. Research Inc. (BCR) in Vancouver, according to

the procedures described in Appendix 6.  The samples for testing were collected at the WWTC

on the morning of March 18, 1996, and shipped by overnight delivery to BCR.  Six 22.5 L

samples of undiluted WWTC effluent and two 22.5 L samples of snowmelt water were taken. 

The snowmelt water was obtained from snow samples taken from the ploughed windrows

along the road to the WWTC.  Road sanding and salting procedures at this location are the

same as those at the downtown bowl.

The mixture of snowmelt water and WWTC effluent for Samples #2 and #4 were prepared by

BCR.  All four bioassay tests were begun on March 19, 1996.

3.5 Solids Content of Collected Snow

In addition to the testing parameters listed in the RFP (Appendix 1), tests were carried out to

determine the amount of total settleable solids contained in the collected snow, since this

material would likely accumulate in the chlorine contact tank and require periodic removal.

In order to estimate the amount of solids contained in the collected snow, two random samples

approximately 25 L in volume were taken from the snow storage area.  The snow samples

were then melted, and the TSS of two replicate portions of each sample of meltwater were

analyzed for TSS according to APHA et.al. (1992).
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3.6 Net Energy and Carbon Dioxide Balance

An analysis was conducted to compare the net energy and carbon dioxide balances using waste

heat at the WWTC versus a melting facility downtown.  The fuel consumption associated with

trucking and snow-melting at the downtown facility was compared to the fuel consumption

associated with trucking the snow to the WWTC, from the standpoint of the total energy

consumed and the total carbon dioxide emissions.   A description of the procedures used is

given below.

3.6.1 Snow Hauling

An estimate of the average distance from the bowl to the proposed downtown snow melter site

(1,500 m) and estimates of the total quantities of snow to be collected and hauled from the

bowl area at the City of Prince George for the annual minimum, annual average, and annual

maximum snowfalls were prepared by others.  For a total snowfall of 189.4 cm during the

winter of 1992-93, the total snow disposal volume for the bowl area was estimated to be

271,000 m3.  The 1992-93 snow disposal volume for the bowl was scaled to match the design

annual minimum (151.2 cm) annual mean (213.7 cm), and annual maximum (306.4 cm)

snowfalls, by multiplying by the appropriate ratio (report by Stanley & Associates, 1993). 

Thus the snow disposal volumes from the downtown bowl area for the annual minimum,

annual mean, and annual maximum snowfalls were estimated at 216,000 m3, 306,000 m3, and

438,000 m3.  The average distance from the bowl to the WWTC (5,000 m) was estimated from

a plan of the City. 

The fuel consumption per kilometre (including the empty return trip) for both the tandem axle

and long-box dump trucks was estimated by dividing the total fuel consumed over the test by

the total number of kilometres driven.  The total number of truckloads associated with hauling

the collected snow from the annual minimum, average, and maximum snowfalls was estimated

by dividing the total volume of collected snow by the volume of a typical truckload.  The total

fuel consumption associated with hauling the collected snow from each of the three design

snowfalls to the WWTC and the downtown melter site was then estimated by multiplying the

distance from the bowl to the WWTC (and to the downtown melter site) by the total number of
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truckloads, and then multiplying the product by the average fuel consumption per kilometre. 

This calculation was carried out for both types of truck used in the test.

The use and fuel consumption of the loader was assumed to be similar for both the WWTC and

downtown snowmelter options.  The fuel consumption of the loader was therefore not

recorded.

The estimated carbon dioxide emissions for each type of truck used in the test were obtained

from the Mobile Sources Emissions Division of Environment Canada. The emissions data were

reported by Environment Canada in grams of carbon dioxide per mile driven, considering a

typical dump truck duty cycle (i.e., the emissions data includes typical idling time, a payload

trip, and an empty return trip).  The carbon dioxide emissions associated with trucking the

snow to each of the two possible disposal sites was estimated by multiplying the emissions per

kilometre by the total number of kilometres driven for disposing of the total volume of collected

snow at the bowl area for the annual minimum, average, and maximum snowfalls. 

The estimated carbon dioxide emissions provided by Environment Canada for the two types of

dump truck used in the test are as follows:

Tandem Axle, 400 hp diesel, GVW 19,510 kg = 2,010 g CO2/km (dump truck duty cycle)

Long-trailer, 460 hp diesel, GVW 33,850 kg = 3,220 g CO2/km (tractor duty cycle)

The heat of combustion of diesel fuel (No. 2 fuel oil) is approximately 39 MJ/L (140,000

Btu/US gal - Perry and Green, 1984).  The energy consumed by trucking the snow was

estimated by multiplying the heat of combustion of diesel fuel by the estimated total fuel

consumption associated with trucking the snow to each of the two disposal sites, for each type

of truck.

3.6.2 Snow Melting

The estimated fuel consumption per tonne of snow for the natural gas-fired snow melter

referenced in the report by Stanley & Associates (1993) was reported by the supplier (MBB
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Trecan) to be 225 standard cubic feet of gas per tonne of snow melted (6,372 L of gas at

standard conditions per tonne of snow melted).  The total natural gas consumption associated

with melting of the annual minimum, average, and maximum snowfalls was estimated by

multiplying the total weight of snow to be melted (assuming a density of 400 kg/m3 for the

collected snow - see Stanley & Associates, 1993) by the fuel consumption per tonne of snow

melted.

Natural gas is variable in composition, and there is no single composition that can be called

Atypical@ natural gas.  However, natural gas is usually composed of at least 90% methane

(Perry and Green, 1984).  For the purposes of this report, the carbon dioxide and energy

balances were carried using the combustion of pure methane (CH4).  The carbon dioxide (CO2)

emissions from the snow melter were estimated from the formula for the combustion of

methane as follows:

CH4 + 2O2  6  CO2 + 2H2O

As shown above, one mol of methane yields one mol of carbon dioxide.  Therefore, at standard

conditions, the combustion of one L of methane yields one L of carbon dioxide.  At standard

conditions, the density of carbon dioxide is 1.9768 g/L.  The combustion of one L of natural

gas (methane) at standard conditions then yields 1.9768 g carbon dioxide.  The CO2 emissions

from the snow melter would then be 12.6 kg carbon dioxide/tonne of snow melted (6372 L gas

per tonne snow melted times 1.9768 g carbon dioxide emitted per L of gas consumed).  The

number of tonnes of snow associated with each collection volume was determined by assuming

that the density of collected snow was 400 kg/m3 (the snow density during the test at the

WWCT was 370 kg/m3 - see Appendix 2). 

The heat of combustion of natural gas is typically approximately 40 MJ/L (Perry and Green,

1984).  The energy consumption of the snow melter was estimated by multiplying the volume

of natural gas consumed for each snow collection volume by the heat of combustion.

The total energy consumption and the total carbon dioxide emissions associated with each of

the two disposal options was then compared, for the annual minimum, annual average, and

annual maximum snowfalls, and for both types of truck used in the test.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

4.0 RESULTS

4.1 Snow Disposal Rate

The site snow loading data recorded by WWTC personnel during the test are included in

Appendix 2. Included for each type of truck are the GVW, tare weight, net weight per load,

engine horsepower, total fuel consumption, total number of kilometres driven, volume per

dump,  and the time of delivery of each load.  The rates of snow hauling to the WWTC and of

snow addition to the chlorine tank are summarized on Figure 3.  Note that the rate of hauling

dropped sharply between the hours of 3:00 A.M. and 4:00 A.M. (lunch break), with a

corresponding drop in the snow addition rates.

As described in Section 3, the snow addition rate was for the most part determined by the

observed rate of circulation in the chlorine tank (except during the lunch break from 3:00 A.M.

to 4:00 A.M).  The average rate of snow addition over each hour of the test from 10:00 P.M. to

5:00 A.M. is plotted versus the plant flow through rate on Figure 4.  A linear regression

showed that there was a strong direct correlation (r squared = 0.98) between the snow melting

rate and the treatment plant flow through rate (ie. a higher flow rate of relatively warm water

entering the chlorine tank increased the available heat energy for melting snow).  The data point

representing the average snow addition rate between the hours of 3:00 A.M. and 4:00 A.M.

(lunch break) was not included in the regression.  The correlation equation for the regression

shown on Figure 4 is as follows:

Snow melting rate (tonne/hr) = (0.053) (Plant flow through rate in m3/hr) + 22.4

To verify the regression equation, a rough theoretical calculation was carried out.  The energy

available from lowering the temperature of the water from 11 degrees C to 5 degrees C (25.55

MJ/m3) was estimated by multiplying the average specific heat of water between 5 and 11

degrees C (4,208 J/kg/K) by the average water temperature drop (6 degrees K).  The energy
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required to melt the snow was estimated by assuming that the initial temperature of the snow

was -20 degrees C.  The energy required to heat the snow to the melting point (42 MJ/tonne of

snow) was calculated by multiplying the specific heat of ice (2,100 J/kg/K) by the temperature

rise (20 degrees K).  The energy required to melt the snow is the heat of fusion of ice (333.5

MJ/tonne of ice).  The energy required to heat the melt water from 0oC to 5oC (21 MJ/tonne of

snow) was calculated by multiplying the average specific heat of water between 0oC and 5oC

(4215 J/kg/K) by the temperature rise (5 degrees K).  The total energy required to raise the

temperature of the snow to the melting point, melt it, and raise the temperature of the melt

water to 5oC is then 333.5 + 42 + 21 = 396.5 MJ/tonne.  The melting capacity of the WWTC at

the average flow rate during the test of 1012 m3/hr can then be theoretically estimated by the

following:

(25.55 MJ/hr x 1012 m3/hr)/(396.5 MJ/tonne) = 65 tonnes of ice melted per hour

According to the snowmelting regression equation shown earlier, the melting rate at a flow of

1012 m3/hr was 76 tonnes/hr.  The agreement between the theoretical and empirical values is

reasonable, considering the approximate nature of the theoretical calculation.

4.2 Water Quality Testing

The laboratory results from the samples tested for temperature, pH, BOD5, TSS, ammonia

nitrogen, and conductivity are contained in Appendix 3.  A summary of the results is shown in

Table 1.  The average concentration of the eight grab samples and the concentration in the

composite sample is shown for both the chlorine chamber influent and effluent.  The statistical

analysis (t test) results for each parameter are contained in Appendix 4, and a summary of the

results is included in Table 1.  Where differences between the influent and effluent

concentrations are said to be significant, it means that the t test detected a statistically

significant difference between the average concentration of the eight grab samples of influent

and the average concentration of the eight grab samples of effluent. 
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As shown in Table 1, the average temperature of the chlorine chamber effluent (5.4 C) was

significantly lower than the average temperature of the influent (11.1 C).  The average pH of

the effluent (7.7) was significantly higher than that of the influent (7.6).  The average BOD5 of

the effluent grab samples (49 mg/L) was significantly higher than that of the influent (44

mg/L); similarly, the BOD5 of the composite effluent sample (46 mg/L) was 5 mg/L higher

than that of the influent sample (41 mg/L).  The average TSS concentration in the grab samples

of effluent (56 mg/L) was significantly higher than that of the influent (11 mg/L), an increase of

45 mg/L.  According to the composite samples, the increase in TSS concentration from influent

to effluent was also 45 mg/L (from 8 mg/L to 53 mg/L). 

The increase in effluent TSS concentration through snow additions is expected to be a function

of the amount of snow added to the tank, taking into account the relative dilution by the tank

influent.  The increase in TSS concentration from influent to effluent is plotted versus the

average hourly snow addition rate as a percentage of the average hourly plant flow rate on

Figure 5.  With the exception of the data point associated with the period from 4:00 A.M. to

5:00 A.M., a reasonable linear correlation exists (r squared = 0.91).  The reason for the

outlying data point is unknown; possibly, the snow added during that period contained

significantly less solids than the snow added during the rest of the test, or the solids were more

coarse and therefore more prone to settle out in the tank.  The correlation equation for effluent

TSS (neglecting the outlying data point) is as follows:

Increase in effluent TSS (mg/L) = 1,449 (snow addition in tonnes snow/m3 plant flow) - 51.6.

No significant change in ammonia concentration from influent to effluent was detected.  The

conductivity of the influent was slightly higher than that of the effluent according to both the

composite samples and grab samples, but the difference was not significant, according the t

test.

The laboratory results of metals testing are contained in Appendix 3.  The results of the

statistical analysis (t test) are included in Appendix 4.  A summary of the results is shown in

Table 2.  Note that the t test could not be conducted where the concentration of a particular

metal was below detection limits in both the influent and the effluent.  Metals which were
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found at significantly higher concentrations in the chlorine chamber effluent compared to the

influent were aluminum, barium, copper, iron, manganese, silicon, titanium, and zinc.  Metals

which were found in significantly lower concentrations in the effluent compared to the influent

were calcium, manganese, and phosphorus.  No significant difference was detected between

the average influent and effluent concentrations of magnesium, potassium, sodium, or

strontium.  All of the other metals tested (arsenic, beryllium, bismuth, boron, cadmium,

chromium, cobalt, lead, lithium, molybdenum, nickel, selenium, silver, thallium, tin, and

vanadium) were consistently below detection limits in samples of both influent and effluent.

4.3 Toxicity Testing

The results of the toxicity testing are included in Appendix 6.  The results are summarized in

Table 3.  All four samples resulted in less than 50% mortality of the fish at 100% concentration

(i.e., all four were non-acutely toxic according to the 96 hour LC 50 bioassay).  No mortalities

were recorded for either Sample #1 (undiluted WWTC effluent tested at 15oC) or Sample #2

(WWTC effluent mixed with snowmelt tested at 15oC).  For Sample #3 (undiluted WWTC

effluent tested at 11oC), one of the ten fish died within the first 48 hours.  For Sample #4

(WWTC effluent mixed with snowmelt tested at 5oC), three of the ten fish died within the first

24 hours (Appendix 6).

The lowest dissolved oxygen concentration recorded during any of the bioassays was 8.5 mg/L.

 The minimum recorded pH was 6.8, and the maximum was 7.5 (Appendix 6).  Therefore, the

observed fish mortality and stress was unlikely to have been caused by low dissolved oxygen or

extremes in pH.
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TABLE 3 - RESULTS OF TOXICITY TESTING

Sample Bioassay
Temperature1 (oC)

Percent Mortality at
100% Concentration

#1 Undiluted WWTC effluent
#2 WWTC effluent and snowmelt2

#3 Undiluted WWTC effluent
#4 WWTC effluent and snowmelt2

15
15
11
5

0
0

10
30

1     - Temperature at which bioassay was conducted.
2     - Sample was 93% WWTC effluent and 7% snowmelt water by volume.

4.4 Solids Accumulation in Chlorine Tank

The results of testing for the TSS concentration in the two random samples of collected snow

are included in Appendix 3.  The results were as follows:

Sample #1 - replicate #1=929 mg/L, replicate #2=939 mg/L

Sample #2 - replicate #1=724 mg/L, replicate #2=763 mg/L

The overall average TSS concentration of the meltwater from the collected snow samples was

840 mg/L (0.84 kg solids/tonne of snow).  The total weight of snow added to the chlorine

contact tank during the time that effluent samples were being taken (10:00 P.M. to 5:00 A.M.

was 985 tonnes (Appendix 2).  Based on the two random samples of collected snow, the total

mass of solids added to the tank was approximately 830 kg.  According to the analyses of both

grab samples and composite samples, the TSS concentration of the effluent was 45 mg/L

higher than that of the effluent (Table 1).  The average flow through rate during the 7 hour

sampling period was 1,012 m3/hr.  Therefore, approximately 320 kg of the solids added with

the snow left the tank in the effluent during the sampling period.  Some of the remainder (510

kg) likely left the tank in the effluent after sampling was discontinued, and some likely settled

to the bottom of the tank.

Assuming the worst-case (all of the solids not leaving the tank in the effluent during the

sampling period settled to the bottom), the amount of solids settling in the chlorine tank due to

snow additions was approximately 0.5 kg solids/tonne snow added.  For the annual minimum,
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annual average, and annual maximum snowfalls, the corresponding annual solids

accumulations in the chlorine tank would be approximately 108,000 kg, 154,000 kg, and

219,000 kg, respectively.  The total cross-sectional area of the chlorine tank at the WWTC is

370 m2.  Assuming that the solids are mainly non-organic in nature (sand and silt), and

assuming a solids density of 1,600 kg solids/cubic meter at the bottom of the tank (typical

density for coarse soils), the annual depth of solids accumulation in the chlorine tank would be

180 mm for the annual minimum snowfall, 260 mm for the annual mean snowfall, and 370 for

the annual maximum snowfall.

4.5 Net Energy and Carbon Dioxide Balance

The tandem axle truck had a capacity of 20 m3/load, and the long trailer truck had a capacity of

42 m3/load (Appendix 2).  The total number of loads and the total distance travelled for each

type of truck to haul the entire snow disposal volume associated with the annual minimum,

annual mean, and annual maximum snowfalls to both the WWTC and the downtown

snowmelter site are summarized in Table 4.
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TABLE 4
NET ENERGY AND CARBON DIOXIDE BALANCE

Annual Snowfall (Total Snow Disposal Volume in cubic
Minimum Mean (306,000) Maximum

Tandem3 LT3 Tandem LT3 Tandem LT3

Total number of loads1 WWTC 10,800 5,143 15,300 7,286 21,900 10,429
Melter 10,800 5,143 15,300 7,286 21,900 10,429

Total distance travelled2 WWTC 108,000 51,42 153,000 72,85 219,000 104,28
Melter 32,400 15,42 45,900 21,85 65,700 31,286

Total diesel fuel consumed WWTC 59,400 29,82 84,150 42,25 120,450 60,486
Melter 17,820 8,949 25,245 12,67 36,135 18,146

Energy consumed by WWTC 2,313 1,161 3,276 1,645 4,690 2,355
Melter 694 348 983 494 1,407 706

CO2 emissions by trucks5 WWTC 84 64 119 90 171 129
Melter 25 19 36 27 51 39

Energy consumed by WWTC 0 0 0 0 0 0
Melter 22,022 22,02 31,197 31,19 44,655 44,655

CO2 emissions by melter7 WWTC 0 0 0 0 0 0
Melter 1,088 1,088 1,542 1,542 2,207 2,207

Total energy consumed WWTC 2,313 1,161 3,276 1,645 4,690 2,355
Melter 22,715 22,37 32,180 31,69 46,062 45,361

Total CO2 emissions (t) WWTC 84 64 119 90 171 129
Melter 1,114 1,107 1,578 1,569 2,258 2,246

1 Volume of tandem = 20 m3, volume of long trailer (LT) = 42 m3

2 One-way distance from bowl to WWTC = 5,000 m
One-way distance from bowl to downtown melted side = 1,500 m

3 Average estimated fuel consumption 0.55 L/km for the Tandem, and 0.58 L/km snow
for the LT.

4 Assuming combustion of diesel fuel consumes 39 MJ/L of energy
5 Assuming CO2 emissions from trucks are 780 g CO2/km for Tandem, and 1240 g

CO2/km for LT.
6 Assuming combustion of natural gas consumes 40 MJ/L.
7 Assuming CO2 emissions from snowmelter are 12.6 kg/tonne snow melted.

For the tandem axle truck, the fuel consumption was 80 L, and the total distance driven was

reported to be 115 km.  For the long-trailer truck, the total fuel consumption was 84.5 L, and

the total distance driven was 145 km.  Using these numbers, it would appear that the long-

trailer truck used less fuel per kilometre while hauling more than double the payload of the

tandem axle truck.  However, it should be noted that the driver of the long-trailer truck was

certain of his mileage, while the driver of the tandem axle truck was not, and that the trucks all

made a similar number of trips.  Therefore, the total distance travelled by the tandem axle truck

was assumed to be 145 km, the same as that of the long-trailer truck.  The resulting fuel

consumption was 0.55 L/km for the tandem, and 0.58 L/km for the long-trailer.
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Using the recorded fuel consumption and the total distance travelled, the total fuel consumed

by each type of truck to haul the snow disposal volumes associated with the annual minimum,

annual average, and annual maximum snowfalls to the WWTC and the downtown melter site

were calculated. The results, including the total energy consumed and the total mass of carbon

dioxide emitted for each of the two disposal options, are included in Table 4. 

The carbon dioxide emissions and energy consumption of a natural gas-fired snow melter for

the annual minimum, annual mean, and annual maximum snowfall disposal volumes are

included in Table 4, together with the overall total carbon dioxide emissions and energy

consumption associated with each of the two snow disposal options.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

5.0 DISCUSSION

5.1 Effect of Snow Disposal on WWTC Effluent Quality

The discharge limits at the WWTC under the present permit are 65 mg/L for BOD5 and 50

mg/L for TSS.  Future permit limits after the WWTC upgrade are likely to be maximum

concentrations of 45 mg/L for both BOD5 and TSS, and average concentrations of 30 mg/L for

BOD5 and TSS.  There are no discharge limits for ammonia or metals specified in the permit.

As shown in Table 1, the snow additions to the chlorine chamber resulted in a significant

lowering of the average temperature of the WWTC effluent from 11.1 C to 5.4 C.  The snow

additions resulted in significant increases in the WWTC effluent average BOD5 concentration 

from 41 mg/L to 46 mg/L, and in the effluent average TSS concentration from 11 mg/L to 56

mg/L.  The effluent pH and conductivity were marginally increased, and ammonia

concentration was unaffected. 

Of the water quality parameters listed in Tables 1 and 2, TSS  is the only one likely to limit

snow melting from the standpoint of effluent discharge limits under the existing permit.  The

TSS concentrations in the eight grab samples of chlorine chamber effluent ranged as high as 85

mg/L, well over the permit maximum of 50 mg/L.  Under present and future permitted

discharge limits for TSS, the solids content of the snow will be the water quality parameter

which limits melt volumes.  The impact of effluent TSS on the snow melting capacity of the

WWTC is discussed in Section 5.3.

The BOD5 of the effluent was increased by 5 mg/L to 49 mg/L in the composite sample, a

concentration which is well under the existing permit maximum of 65 mg/L, and slightly over

the future permit value of 45 mg/L.  However, the expansion/upgrade now in progress at the

WWTC is designed to improve process BOD5 removal to effluent concentrations of 20 mg/L,

so an increase of 5 mg/L due to snow additions should not be a concern.  A possible source of
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metals in the snow is the rock salt applied to city streets as a deicer.  Rock salt is known to be a

source of metals (particularly iron, nickel, lead, zinc, and chromium) and cyanide in surface

runoff from roads.

The snow additions caused an increased in the average pH of the WWTC effluent from 7.6 to

7.7.  An increase in pH would increase the toxicity of the effluent by increasing the amount of

ammonia nitrogen that exists in the toxic unionized form.  However, the snow additions also

caused a decrease in the average temperature of the WWTC effluent from 11oC to 5oC, and the

toxicity of ammonia is reduced at lower temperatures.  The maximum allowable concentration

of ammonia for the protection of freshwater aquatic life for the WWTC effluent prior to the

snow additions (pH = 7.6, temperature = 11oC) is 11.1 mg/L.  The maximum allowable

ammonia concentration after snow additions (pH = 7.7, temperature = 5oC) is 10.1 mg/L

(Dayton & Knight Ltd., 1993).  Therefore, the acute ammonia toxicity of the WWTC effluent

was slightly increased by the snow additions.  However, at a pH of 7.6 and a temperature of

11oC, the maximum average 30-day concentration of ammonia for the protection of freshwater

aquatic life is 1.84 mg/L, compared to 1.95 mg/L at a pH of 7.7 and a temperature of 5oC. 

Therefore, the chronic ammonia toxicity of the WWTC effluent was slightly decreased by the

snow additions.  The effects of snow additions on effluent toxicity are further discussed in

Section 5.2.

The metals analysis summarized in Table 2 shows that the concentrations of  some metals

typically found in the surface runoff from roadways (e.g., aluminum, copper, iron, zinc) were

significantly increased by the snow additions.  The effluent average concentrations of those four

metals after the addition of snow (0.55 mg/L for aluminum, 0.59 mg/L for copper, 0.943 mg/L

for iron, and 0.038 mg/L for zinc) exceeded the recommended maximums for the protection of

freshwater aquatic life according to Canadian Water Quality Guidelines (i.e., 0.1 mg/L for

aluminum, 0.002 mg/L for copper, 0.3 mg/L for iron, and 0.03 mg/L for zinc).  The average

concentration of copper prior to snow additions (0.048 mg/L) also exceeded the water quality

guidelines.

Other metals typically found is street runoff (e.g., cadmium, chromium, lead, nickel) were

below detection limits in both the influent and the effluent; it is likely that these metals were
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also contained in the collected snow at low concentrations, and that the snow additions

increased the effluent concentrations of them as well.  Therefore, the metals toxicity of the

effluent may have been increased to some degree by the snow additions.  However, it should

be noted that the snow additions significantly lowered the temperature of the WWTC effluent,

and the toxicity of metals is theoretically reduced at lower temperatures, due to lower rates of

metabolism in the fish.  Since the permit at the WWTC does not include any limits for metals,

snow additions to the chlorine chamber are unlikely to be limited by metals concentrations,

unless those concentrations are high enough to cause a failure to pass the 96 hour LC50 toxicity

bioassay.  As described in Section 5.2, the 96 hour LC50 bioassay tests showed the WWTC

effluent to be non-acutely toxic in all cases.

The data in Table 2 show that the water hardness (due to calcium and magnesium) and the

phosphorus concentration  were marginally reduced by the snow additions, likely due to

dilution by the softer snow melt water.  A reduction in water hardness tends to increase the

toxicity of metals; however, the decrease in hardness due to snow additions was marginal

(138.6 mg/L as calcium carbonate in the influent versus 135.1 mg/L as calcium carbonate in

the effluent), and is unlikely to have a significant effect on effluent metals toxicity.     

5.2 Effect of Snow Disposal on WWTC Effluent Toxicity

The purpose of the bioassay tests was to evaluate the effects of snow additions on the toxicity

of the WWTC effluent.  According to the 96 hour LC50 bioassay, the WWTC effluent was non-

acutely toxic with and without snow additions, at both the standard bioassay testing

temperature of 15oC and at the actual temperatures recorded in the WWTC effluent during the

snow melting test (Appendix 6).

As described earlier, the toxicity of ammonia and metals is theoretically reduced at lower

temperatures.  However, note that the sample of undiluted WWTC effluent tested at 15oC

resulted in no mortalities, while the sample of undiluted effluent tested at 11oC resulted in 10%

mortality (one of ten fish).  Similarly, the sample of WWTC effluent mixed with snowmelt

water tested at 15oC resulted in no mortalities, and the sample of the mixture tested at 5oC

resulted in 30% mortality (three out of 10 fish).  This apparent anomaly might be explained by
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biological variation in the test fish (note that some of the fish in the tests with 100% survival

appeared stressed - see comments, Appendix 6).

On the other hand, the higher mortality at lower temperatures might have due to stress induced

by the temperature drop.  The test fish were acclimated to the lower temperatures by reducing

the water temperature at a rate of 3oC/24 hour until the test temperature was reached, and then

holding the fish at that temperature for 72 hours prior to initiating the test.  This procedure

exceeds the recommended requirement of 3oC/12 hours and a waiting period of 48 hours

specified in the draft procedures for bioassays in Washington State (See Appendix 6).

Environment Canada procedures specify a minimum acclimation period of 2 weeks at the test

temperature (see Appendix 6).  Due to project scheduling constraints and projected warm

weather at Prince George (melting of collected snow), it was decided to initiate the bioassay

tests after acclimating the fish to the test temperatures for 72 hours.  It is therefore possible that

the fish in the tests conducted at 5oC and 11oC were more susceptible to toxicants due to added

stress caused by the temperature drop.  Further testing would be required to eliminate

temperature as a factor.

5.3 Snow Disposal Capacity of the WWTC

The two factors which will limit snow disposal at the WWTC under present conditions are:

- the solids content of the snow, which causes a significant increase in plant effluent TSS

concentration; and

- the melting capacity (heat content) of the chlorine tank influent. 

The melting capacity of the plant can be estimated from the snow melting regression equation

shown in Section 4.1 (the regression was confirmed by a theoretical calculation in Section 4.1).

 The present average daily flow at the WWTC is 33,400 m3/d (1,390 m3/hr).  The

corresponding present snow melting rate according to the regression equation is 96 tonnes/hr,

or 2,300 tonnes per day, assuming 24 hour per day operation.  The future design flow rate for

the WWTC following the current upgrade/expansion is 45,500 m3/d (1,900 m3/hr).  The future
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maximum snow melting rate according to the regression equation is 123 tonnes/hr, or 2,900

tonnes per 24 hour day.  The number of days (assuming 24 hour operation) to dispose of the

collected snow from the annual minimum, annual mean, and annual maximum snowfalls for

present and future plant flow rates were estimated from the snow melting regression equation,

and the results are summarized in Table 5 (note that the hourly flow rate based on the present

day flow is 1,390 m3/hr, and the future hourly flow rate based on the average day flow is

approximately 1,900 m3/hr - the regression was assumed to be linear beyond the highest

average hourly flow rate of 1,350 m3/hr used in the regression).

TABLE 5
SNOW DISPOSAL CAPACITY OF THE WWTC

Number of Days Required to Dispose of Collected Snow
Minimum Snowfall Mean Snowfall Maximum
Present Future Present Future Present Future

Melting 38 29 53 42 76 60
Effluent TSS 45 42 64 61 91 87

The theoretical calculation of plant melting capacity carried out in Section 4.1 can be applied to

determine the additional melting capacity that would be realized from a greater temperature

drop between the tank influent and effluent than was observed during the test (assuming that

the mixing power in the tank were increased to allow a faster rate of snow addition).  If the

mean temperature of the chlorine tank influent were lowered from 11 degrees C to say 3

degrees C by snow additions, repeating the rough calculation described in Section 4.1 shows

that the melting capacity of the WWTC at the average daily flow of 33,400 m3/d would

increase from 96 tonnes per hour to 125 tonnes per hour, an increase of 30%.  The theoretical

calculation shows that the melting capacity of the WWTC during the test was not limited by the

available heat energy in the chlorine tank effluent.  In general, the factors determining the

melting capacity of the WWTC will be the temperature of the chlorine tank influent, the

temperature of the snow added to the tank, and the tank mixing capacity.  The melting capacity

of the plant shown in Table 5 applies only to the conditions under which the test was

conducted.  The melting capacity will increase with an increasing temperature drop between

the chlorine tank influent and effluent.  An increase in mixing power in the tank should also

increase the melting capacity, since the melting rate during the test was limited by the capacity

of the tank mixers to circulate the added snow.
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An estimate of the maximum allowable snow addition from the standpoint of effluent TSS

concentration can be made using the TSS correlation equation developed in Section 4.2.  The

average increase in TSS concentration due to snow additions according to both the grab and

composite samples was 45 mg/L.  The snow additions caused an increase in effluent average

TSS concentration to 53 mg/L in the composite sample and 56 mg/L in the grab samples.  To

ensure meeting present permit limits of 50 mg/L TSS in the plant effluent under present

conditions, the average increase in TSS concentration due to snow additions should be limited

to about 35 mg/L.  Solving the TSS correlation equation from Section 4.2 for an increase in

TSS concentration of 35 mg/L results in a snow addition of 0.0578 tonnes of snow added per

m3 of plant flow.  For the present average daily flow of 1,390 m3/hr, the maximum snow

addition rate is 80 tonnes/hr, or 1,920 tonnes per day, assuming 24 hour operation.  This is

equivalent to approximately 3.4 cm of snowfall per day at the downtown bowl area.  The

corresponding number of days to dispose of the annual minimum, annual average, and annual

maximum snowfalls from the downtown bowl area (assuming 24 hour per day operation) are

included in Table 5.

At the future design average day flow of 45,500 m3/d, the average hourly flow rate will be

increased by a factor of 1.9 over the average hourly flow rate recorded during the test. 

However, the future permit will limit the average effluent TSS concentration to 30 mg/L, and

the increase in TSS concentration due to snow additions should therefore be limited to about 15

mg/L.  The resulting snow addition rate according to the correlation equation in Section 4.2 is

0.0444 tonnes snow/m3 plant flow (note that this requires extrapolation beyond the known data

see Figure 5).  At the future design flow rate of 45,500 m3/d, the maximum snow disposal rate

would be 84 tonnes/hr, or 2,020 tonnes/day, assuming 24 hour operation.  The corresponding

number of days to dispose of the annual minimum, annual average, and annual maximum

snowfalls from the downtown bowl area at the WWTC (assuming 24 hour per day operation)

are included in Table 5.

As shown in Table 5, the primary limiting factor for snow melting at the WWTC is the TSS

concentration in the plant effluent.  For present conditions, the times required to dispose of the

collected snow at the downtown bowl for the annual minimum, annual mean, and annual

maximum snowfalls (assuming 24 hour per day operation) are 45 days, 64 days, and 91 days,
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respectively.  Under future conditions, assuming that the snow collection area were not

expanded, the disposal times would be similar, due to a combination of increased dilution

capacity caused by increased flow rates at the plant, and lower permitted effluent TSS

concentrations.

The second factor limiting snow disposal at the WWTC is the melting capacity of the chlorine

contact tank.  Based on the test data, the times required to dispose of the collected snow from

the annual minimum, annual mean, and annual maximum snow falls under present conditions

(assuming 24 hour per day operation) are 38 days, 53 days, and 76 days, respectively.  Under

future conditions, the disposal times would be similar, due to a combination of increased flow

at the plant and lower permitted effluent TSS concentrations.  Note that the data in Table 4 are

based on relatively cold temperatures (the air temperature was in the range 25-30 degrees C

below zero).  At warmer temperatures, the available energy (i.e., the temperature of the tank

influent) might be higher, and the energy required to raise the temperature of the snow to the

melting point would be lower.  However, note that in the theoretical calculation carried out in

Section 4.1, of the total energy required (375.5 MJ/tonne),  nearly 90% (333.5 MJ/tonne) was

required to melt the ice, and only 10% was required to bring the ice to the melting point.

5.4 Snow Storage Requirements

The data summarized in Table 5 take no account of the depth and frequencies of individual

snowfalls.

The limited snow disposal capacity of the WWTC means that a storage area for collected snow

may be required for extreme snowfall events.  That is, during periods of high snowfall, the

snow collection rate may exceed the maximum snow disposal rate.  The storage area required

will depend on weather patterns, which are impossible to predict accurately.  However, an

estimate of the maximum snow storage volume was made, based on the historical snowfall

data included in the report by Stanley & Associates (1993).
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The estimated cumulative snow storage for the years of record (1988 to 1993) was calculated

for the maximum snow disposal rates at the WWTC based on both plant effluent TSS

concentration (1,920 tonnes/d or 4,800 m3/d) and plant melting capacity (2,300 tonnes/d or

5,750 m3/d).  The results are included in Appendix 5.  For both snow disposal rates, the

maximum accumulated storage required corresponded to the snowfall in late December of

1990.  The required storage volume was 92,000 m3 for a snow disposal rate of 4,800 m3/d, and

85,000 m3 for a disposal rate of 5,750 m3 (assuming a snow density of 400 kg/m3).

By comparison, the snowmelter discussed in the report by Stanley & Associates (1993) had a

maximum melting rate of 300 tonnes/hr, or 18,000 m3/d (assuming a snow density of 400

kg/m3).  The snow storage calculation was also run for the snowmelter option, and the results

are included in Appendix 5.  The maximum snow storage requirement (35,000 m3) again

corresponded to late December of 1990.

Note that for the snowmelter option, the maximum storage period was estimated to be 3 days

(Appendix 5).  Little or no snow storage would be required for this option, since it would likely

take 2 or 3 days to collect and haul the snow to the melter site.  However, for snow disposal at

the WWTC, the required snow storage period stretched over 30 days for a disposal rate of

4,800 m3/d, and over 24 days for a disposal rate of 5,750 m3/d.  Therefore, a dedicated storage

area would be required.  To avoid moving the snow twice, the storage area should be at the

WWTC if possible.

The area of the existing snow storage at the WWTC is approximately 6,100 m2 (Figure 1).  For

the maximum snow storage volume of 92,000 m3 associated with the snow disposal rate of

4,800 m3/d (limited by effluent TSS), the required depth of storage would be unreasonable (15

m).  At a snow depth of say 5 m, the snow storage area at the WWTC could handle

approximately 30,000 m3.  Therefore, additional snow storage area (approximately 12,000 m2)

would have to be found, if all the snow from the downtown bowl were to be disposed of at the

WWTC.  Alternatively, the surplus snow associated with heavy snowfalls would have to be

disposed of elsewhere.
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5.5 Operational Concerns Associated with Snow Disposal at the WWTC

The primary operational concern associated with snow disposal at the WWTC appears to be

that of solids accumulation in the chlorine tank.  Based on limited data, the depth of solids

accumulation in the chlorine tank associated with disposal of the snow from the annual

minimum, annual mean, and annual maximum snowfalls could be as high as 180 mm, 260

mm, and 370 mm, respectively (Section 4.3).  The chlorine tank would then require periodic

cleaning to remove and dispose of the settled solids.

In addition, three factors associated with snow additions will reduce the chlorination

effectiveness at the WWTC.  Since disinfection is not presently required at the WWTC, these

factors should not be a concern at present; however, if disinfection is required in future, a

decrease in chlorination effectiveness may be of concern.  The three factors reducing

chlorination effectiveness are as follows:

1) Large snow volumes added to the chlorine contact chamber will result in decreases in

the chlorine contact time (and consequently the chlorination effectiveness).  The total

volume of water flowing through the chlorine tank during the 7 hours that snow was

being added was 7,084 m3.  The total mass of snow added was 1,010 tonnes, for a total

meltwater volume of 1,010 m3.  The volume of the chlorine tank is 964 m3.  The

volume flowing through the chlorine tank was increased by 14% by the snow additions,

with a corresponding drop in the average hydraulic retention time from 57 minutes to

50 minutes.

2) The chlorine demand in the tank will be increased by the addition of the solids

contained in the collected snow (the significant increase in BOD5 due to the snow

additions shows that some of the solids were organic in nature). 

3) The average pH of the plant effluent was increased from 7.6 to 7.7 by the snow

additions.  As pH increases, the percentage of chlorine that exists in the form of

hypochlorous acid decreases, and the percentage that exists in the form of hypochlorite

ion increases.  Since chlorine in the form of hypochlorous acid is 40 to 80 times more
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effective than hypochlorite ion, disinfection with chlorine becomes less effective with

increasing pH.  A pH increase from 7.6 to 7.7 reduces the percentage of chlorine that

exists in the form of hypochlorous acid from 48% of the total to 42% of the total.

The temperature of the plant effluent was significantly lowered by the snow additions. 

However, since the temperature drop occurred downstream of the biological treatment

processes, there should be no adverse effects on the effectiveness of the treatment processes. 

5.6 Net Energy and Carbon Dioxide Balance for Snow disposal at the WWTC vs. a

Snowmelter Downtown

The net energy and carbon dioxide balance summarized in Table 4 shows that the option of

disposing of snow at the WWTC requires approximately 10% of the energy required for the

downtown snowmelter option.  The savings in diesel fuel realized from the shorter haul

distance to the downtown snowmelter site are overwhelmed by the energy consumed by the

snowmelting machine.  The carbon dioxide emissions resulting from the WWTC option are 6%

to 8% of the carbon dioxide emission resulting from the snowmelter option.  Based on the data

collected during this study, the most economical option in terms of energy use and carbon

dioxide emissions is to use the long-trailer type of dump truck to haul the collected snow to the

WWTC.  Using the tandem axle type of dump truck to haul to the WWTC increases the total

energy consumption by approximately 100% and the carbon dioxide emissions by

approximately 20% over the long-trailer truck.  However, it should be noted that the fuel

consumption used in the calculation for the long-trailer truck (0.58 L/km) was nearly the same

as that of the tandem axle type (0.55 L/km), even though the long-trailer type hauled nearly

double the payload of the tandem.  Therefore, it is likely that the there was some error in the

recorded fuel consumption of at least one of the trucks.  More data are required, to confirm the

fuel consumption of each type of truck for snow hauling.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

6.0 CONCLUSIONS

The following conclusions are based on the results of the snow melting demonstration at the WWTC.

1) The Lansdowne Road WWTC at Prince George is suitable as a centre for disposal of the snow

collected from the downtown bowl area, subject to the following limitations.

2) The primary factor limiting the snow disposal capacity of the WWTC was the solids contained

in the collected snow; snow additions caused a significant increase in plant effluent TSS

concentration, and permitted maximums were exceeded.  Based on the limitation of effluent

TSS concentration, the times required to dispose of the collected snow from the present annual

minimum, annual mean, and annual maximum snowfalls (assuming 24 hour per day operation)

were estimated to be 45 days, 64 days, and 91 days, respectively.

3) The second factor limiting the snow disposal capacity of the WWTC was the capacity of the

mixers in the chlorine tank to circulate the added snow.  Based on the limitation of mixing

capacity, the times required to dispose of the collected snow from the present annual minimum,

annual mean, and annual maximum snowfalls (assuming 24 hour per day operation) were

estimated to be 38 days, 53 days, and 76 days, respectively.

4) An increase in mixing energy in the chlorine tank would increase the snow melting capacity at

the WWTC, providing that effluent TSS restrictions were not enforced during snow disposal

operations.

5) The snow additions resulted in an increase in the average pH of the WWTC effluent from 7.6

to 7.7, and a decrease in average temperature from 11oC to 5oC.  From a theoretical standpoint,

that would cause a slight increase in the acute ammonia toxicity of the WWTC effluent, and a

slight decrease in the chronic toxicity.  There was also an increase in metals concentration

(aluminum, barium, copper, iron, manganese, silicon, titanium and zinc) and a decrease in
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water hardness caused by the snow additions, which would tend to increase the metals toxicity

of the effluent.  However, the temperature drop caused by the snow additions would

theoretically reduce the toxicity of metals, due to lower rates of metabolism in aquatic

organisms at lower temperatures.

6) Based on the results of the 96 hour LC50 bioassay test, there was no conclusive evidence that

the acute toxicity of the WWTC effluent was increased by the snow additions.   The WWTC

effluent was non-acutely toxic at 100% concentration both with and without snow additions,

according to the 96 hour LC50 bioassay. 

7) Should disinfection be required at the WWTC, the chlorination effectiveness will be reduced by

snow additions, due to a decrease in chlorine contact time, an increase in chlorine demand

associated with solids contained in the snow, and an increase in effluent pH.

8) The annual energy consumption associated with the option of snow disposal at the WWTC was

estimated to be 1,000 - 5,000 GJ/yr, compared to 22,000 - 46,000 GJ/yr for the option of a

gas-fired snowmelter located in the downtown area.

9) The carbon dioxide emissions associated with the option of snow disposal at the WWTC

estimated to be 80-170 tonne/yr, compared to 1,000 - 1,300 tonne/yr for a gas-fired

snowmelter located in the downtown area.

10) If all of the snow from the downtown bowls is to be disposed of at the WWTC, a snow storage

area of up to 92,000 m3 will be required.  The existing snow storage area at the WWTC can

handle approximately 30,000 m3 (6,100 m2 by 5 m deep).

11) If additional snow storage area cannot be located, some of the snow from extreme snowfalls

will have to be disposed of at a site other than the WWTC.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE

7.0 RECOMMENDATIONS

The following recommendations are drawn from the results of the study.

1) The City should pursue the option of snow disposal at the WWTC, since the option is much

more energy-efficient and lower in carbon dioxide emissions than using a gas fired snowmelter.

2) The City should investigate additional snow storage area of approximately 60,000 m3 (12,000

m2 x 5 m deep), to accommodate the collected snow from extreme snowfall events. 

Alternatively, the City should plan to temporarily store up to 60,000 m3 of snow from the

downtown bowl area at a location other than the WWTC. 

3) The City should review options for reducing the solids content of the collected snow (eg.

reduced sanding of roadways).

4) Options for reducing the application of rock salt for deicing operations should be reviewed.

5) The City should consider conducting further bioassay tests, to determine the effect of snow

additions on the toxicity of the WWTC effluent. Tests conducted at temperatures less than the

standard temperature of 15oC should be done using minnows that have been acclimated to the

lower temperatures for a minimum of two weeks, and preferably three weeks, as specified in

Environment Canada procedures.
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CITY OF PRINCE GEORGE
SNOW DISPOSAL STUDY AT

THE LANSDOWNE ROAD WASTEWATER TREATMENT CENTRE
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9.0 FIGURES
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APPENDIX 4
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