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SECTION 1 INTRODUCTION 

1.1 Study Program 

The City of Dawson is the service centre for the placer mining industry and is a major 
tourist centre in the Yukon. Over the last 15 years the community has had a continuous 
population growth. This growth has brought portions of the water and sewer system to 
within their capacity. 

Between 1978 and 1980 the complete water and . sewer system was upgraded to service a 
population of 2000 within the main community core area. The City of Dawson must now 
consider how to handle the forecasted population growth. 

The purpose of this report is to provide guidelines for planning orderly development within 
the present and future growth areas. The study will address only the water and sewerage 
systems, other infrastructure have already or will be reviewed in other studies. 

The study also identifies costs, sizes and locations of major improvements applicable to 
growth areas. 

Updated land use and population growth is based on the 1990 Official Community Plan as 
prepared by IMC Consulting Group Inc. and adopted by Council. 

1.2 Authorization and Terms of Reference 

The City of Dawson authorized the study in a letter of October 30, 1990. 

The terms of reference were basically outlined in Mr. Shillington's letter of October 2, 1990 
as follows: 

1. Gather all data and information to date on the water and sewer systems. Get 
operator input on the system to determine weaknesses and strengths. Have 
operators put together their requirements. 

2. Determine the design criteria for water and sewer flows based on past records and 
future population. Evaluate the bleeding concept and the waste water flow. 
Review the water quality and sewage effluent criteria for the future population. 

3. Water system upgrading to include: 

review water supply needs and the present system capabilities. Determine 
the water supply for future requirements; 

heating requirements of the system; 
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fire fighting capabilities; 

storage requirements and chlorination system 

the pumphouse components and instruments; 

the water distribution piping system will be analyzed for flow criteria and 
future expansion. 

4. Sewage system upgrading to include: 

the collection system will be analyzed for flow criteria and future expansion; 

the pumpstation and screening plant to be examined for upgrading; 

the outfall line; 

investigation of future sewage treatment requirements. 

5. Cost estimates for all upgrading will be done as well as an implementation schedule 
for any recommended works. 

6. Report preparation will include overall systems diagrams with the existing and 
future expansions outlined. 
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SECTION 2 BACKGROUND INFORMATION 

2.1 Introduction 

This section outlines the background information and the data which were used as a basis 
for our analysis of the water and sewer systems. 

2.2 Study Area 

The boundaries for the City of Dawson extend from the Yukon River into the hinterlands 
to the east and south from Klondike City to the north of Fifth Avenue pit as defined in the 
OCP. This study only covers the core service area as outlined on Figure 2.1, Study Area 
and Land Use. 

2.3 Previous Reports 

Several previous reports were utilized as background for this study. 

The first is the "Water and Sewage Design Summary, 1978-89" prepared by Stanley 
Associate Engineering Ltd. (SAEL ). This report formed the basis for the water and sewer 
construction of 1980. 

The "Sewage System Post-completion Report, June 1982" by SAEL examined the sewer 
line problems during the initial years of operation and recommended new construction 
methods and materials for future construction. 

The "Water and Sewer Extensions Feasibility Study, November 1983" by SAEL reviewed 
the expansion to the north of the community. 

The "Klondike Valley Water Quality Assessment, January 1991" by Klohn Leonoff Yukon 
Ltd. reviewed the existing and potential contaminants within the Klondike Valley and their 
impacts on the City's water supply. 

The "Official Community Plan, February 1991" by IMC Consultants which developed the 
community objectives and forecasted the population for the next twenty year period. 

The "Northern Expansion Study, June 1991" by Shiltec Consultants Ltd. which examined 
the redevelopment of the northern area of the existing town site. 
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2.4 Population 

IMC Consultants prepared population growth projections for a twenty year period. These 
are presented together with the historical population data in Figure 2.2. 

In long term planning for infrastructure expansion it is not absolutely necessary to project 
growth in a fixed time frame and for purposes of this study population levels were used. 

The population during the course of a year fluctuates greatly due to the impact of tourists 
during June, July and August. The populations as shown on Figure 2.2 are the forecasted 
permanent population. The impact of the tourist population does not greatly impact the 
water and sewer due to the use of bleeders in the system, as shown later in the report. 

The population as projected includes the rural residential as well as the urban areas, 
however the serving area for water and sewer only includes the urban area. Therefore, the 
population for the urban area is assumed to be approximately 3000 for the twenty year 
forecast period and is shown on Figure 2.2. 

2.5 Land Use 

An updated land use plan was developed by IMC Consultants as shown on Figure 2.1, 
Study Area and Land Use. 

The land use plan defines what the flow criteria for these areas such as fire flow, and daily 
usage should be. 

To accommodate the future growth considerable infill throughout the City will be required 
and should follow the OCP guidelines. 

The only area which requires full development to handle the expansion is the north area of 
the community. This area, referred to as Northern Expansion Area, will require water, 
sewer, road upgrading, street lights and power; a development report was done in June, 
1991 for the City. The configuration of the development has not been finalized, D.owever, 
for report purposes we have shown Alternative "A" for the water and sewer expansion. 
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SECTION 3 WATERWORKS SYSTEM 

3.1 Introduction 

This section addresses the City's supply system and water distribution water distribution by 
formulating a set of design criteria and then assessing the system's ability to provide 
normal water demands and sufficient fire flows to comply with the Insurers' Advisory 
Organization's recommendations. It identifies water pressures and available fire flows at 
different locations under varying demands. 

The supply system was analyzed to meet the future demand and to deliver a good quality of 
water to the system. 

3.2 Design Criteria 

The total water requirement is normally determined by the product of population and per 
capita demand. The per capita demand in Dawson does not follow the normal average 
ratios of demand due to the water bleeding system. 

3.2.1 Water Bleeders 

The water system in Dawson is partially constructed in a permafrost area which 
dictated that the water system must be a recirculating system and that all service 
connections be circulating. To enable the services to circulate, a decision was made 
in the 1978 upgrading system that a bleeder configuration would be used. Three 
different circulation systems at that time were considered; bleeders, pit orifices, 
and a recirculating pump. A bleeder system was chosen for economics as well as 
the fact that the supply system could provide the necessary flows. 

During the time the system has been in operation the bleeders have worked 
adequately in keeping the services from freezing, however, there are as_sociated 
problems with them as follows: 

the copper bleeder line wears out fairly frequently; 

the bleeders are misused by the residents; keeping taps open to keep their 
internal plumbing from freezing. This would be done regardless of the 
circulating system employed; 

some dwellings are not shut off in the summer; 

larger bleeders are installed by the residence thereby using a greater flow 
than is necessary; 
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commercial establishments which shut down during the winter leave 
bleeders on as well as other valves to keep their premises water system from 
freezing up. This should be discouraged. 

Based on the past performance of the bleeders and since the system is designed for 
bleeders and is not readily converted the future services should continue with a 
bleeder system, however, the controls on bleeders should be more stringent. This 
will impact the per capita water usage. 

The 1978 system was designed with water meters in all buildings, however they have 
been disconnected due to silt in the system plugging them up. This silt is from the 
use of the Klondike River water intake in the spring of the year to assist in meeting 
the water needs. If a new system of wells are installed this will alleviate the 
problem and meters can be put back in service. A restructuring of the water 
charges would assist in water conservation. 

Therefore, to calculate winter per capita flow, the following assumptions are made: 

a bleeder system will continue to be utilized; 

bleeding will be brought down by metering the water and revising the water 
charges; 

it will be sometime before the residents adopt to new changes and water 
conservations therefore the per capita flow rate will reflect the high usage 
for the next few years. If water conservation can be achieved then certain 
major components can be down-sized and even delayed thereby keeping the 
capital and operating costs down. 

The flow criteria will be calculated with the use of bleeders. 

3.2.2 Per Capita Water Demands 

Historical per capita day demand has been reviewed and a forecast of future per 
capita water consumption made. 

There are two per capita day demands; one for winter and one for summer. The 
winter per capita demand includes the bleeder system (and other unauthorized 
bleeding) and the summer per capita which is only consumption and other uses. 

Due to the large differences in the two seasonal demands there is no maximum day 
or peak hourly demands which the supply system must meet independently. Figure 
3.1, Monthly Water Usage, indicates the total water usage from November 1989 to 
October 1990. There are two flows indicated, peak flow and low flow, and there is a 
small variation between the two in the winter months and a much more 
appreciative difference in the summer months. These peaks only signify a need for 
pumping control in the summer and do not affect the peak design flow appreciably. 
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The average per capita flows based on a population of 1800 permanent population 
for winter would be 1870 litres and for summer would be 700 litres. The summer 
per capita flow includes the tourist population. The ratio between the per capita 
winter and summer flows is 2.7 which accounts for the bleeding. This ratio is much 
larger than it should be based on the population which indicates the residents are 
bleeding to excess. Therefore, the design flows are 700 lpcd projected for summer 
and 1870 lpcd for winter. 

The water demands for the City of Dawson is shown in Table 3.1 and illustrated in 
Figure 3.2. 

·.· .-:-·_:.· · :- ·-: .·.:::.·· .. · .· ·- .: . . ·. 

· ·· · ·::rra61e: J·~1 
: water/oerilandsC ·• ·· 

.· Popu­

. ·IatiOn: 
Sunimer. Use Win.ter. Use 

ADD3 Flow 
(lpcd)•. (1/s): 

•. 1800: 700- 145 

: 2000 . 700 16.2 

·. 2500· 700 20;2 

3000 700 24.3 

Daily 
·(MI/day} 

l.26 ·· 

1.40 

1.75 

2.10 

ADD3 . 
(lpcd) 

1870 

1870 

1870· 

1870 

Flow 
(l/s} 

40~0: 

432 

54.2 

64~9 · 

. . . . . .· . 

.Daily 
(/dC[y} 

337 

3·_74 

4~68 

. 5~61 

· Notes: . l. EXisting flows and usage as provided. by City of:Oawson 

· . . 2 . . Winter use is based on controlled bleeding: for future proJections, 
-notto exceed 1870Jpcd; 

3, ADD·-~ AverageJDay<Demand; 

3.2.3 Fire Flow Requirements and Water Storage 

One probable maximum demand condition is the occurrence of fire flows at critical 
points in the distribution system in conjunction with the maximum day demand. In 
the Guide to Recommended Practice for Fire Protection produced by Fire 
Underwriters Survey, 1981, they recommend flows for different buildings, etc., a 
copy is attached in Appendix "A". 

The required fire flow for a building is determined using building type, size, 
materials of construction and proximity to other buildings. It must be possible to 
draw off the required fire flow at any point in the water distribution system and the 
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largest required flow, if it is not an anomaly, determines the fire storage 
requirements. 

In the analysis of the distribution system, fire flows of up to 220 1/ s including daily 
usage are used. The fire flow was determined to be 151 l/s (2000 igpm). The 
original system fire flow was determined to require 90 1/ s ( 1200 igpm) based on the 
existing buildings (excluding the museum) at that time. Since then several larger 
buildings now exist which require the additional fire flow. 

The new school and the new hotels require the larger fire flows. The residential 
areas will continue to have 60 lfs (800 igpm). The larger fire flows are located in 
the central core area and the proposed northern expansion commercial area. 

These larger fire flows have been determined by assuming all buildings will be 
equipped with fire sprinkler systems. 

The water storage is based on the fire flow demands as well as emergency storage 
and peak hourly demands. It was determined in 1976 that emergency storage was 
not required since the supply is very near the pumping facilities and the supply can 
be put directly into the pumphouse. The peak hourly demands do not exist due to 
the bleeding system which is accounted for in the daily usage, therefore only the 
fire storage requirements must be met. 

The storage requirements must meet 151 l/s (2000 igpm) for a period of 2 hours 
which is 1,000,000 litres (240,000 gallons). The additional 40 to 60 1/ s for 
consumption will be handled by the supply system feeding the reservoir. 

3.2.4 Water Distribution System 

The Dawson City water distribution system is presently using polyethylene pipe 
with a series rating of 100 psi. The system will continue to use this pipe as 
manufactured by Dupont of Canada. 

The distribution system is sized for fire flows of 60 l/ s for residential system and 
now will be sized to accommodate flows of 220 l/ s for the commercial areas. The 
computer program WATER was used to analyze the system, refer to Appendix "B". 

The water distribution system is an insulated return loop pattern which ensures that 
water is being constantly returned to the pumphouse. In this way the water is 
always flowing and does not require mainline bleeding. The water is returned to 
the pumphouse and repumped and re-heated to provide constant circulation 
through the system. 
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3.3 Water Supply and Pumping Facilities 

3.3.1 Existing Supply System 

The existing supply system has two sources for raw water. The main supply being 
an infiltration well and the back-up being the river pumphouse drawing water from 
the Klondike River. 

Well System 

This well produces an excellent quality of water and has been the main source for 
many years. However, the quantity of water from the well varies depending on the 
time of year. The well yield is estimated as follows: 

.-. ·-· > -: ::_:,::. :·:-:: . ·:· 

. .. . Ta~l~d~ - . 
Existill& WelFPro,d"UetiOn . 

· Estimated Yield 

Maythru October From.as high as 80: in summer t.o. 351/sin 
October 

· November thru April · Fromaslowas:30:in:December to40 l/s-in 
.May .· 

Note: 

. . . . . . 
. . - . . . . . 

Th:etemperatureofthe well varies.from 1.5 d~greesiriFebruary to . 
: : ::: 6:.degrees in August~:<: : .·. ·.· · · 

This well was modified in the 1978 expansion of the system, the existing pumps 
were utilized and two new pumps added. No work was done on the cripping within 
the well. Over the last few years when the flow yield has diminished the cripping 
has been cleaned to assist in the infiltration capabilities. However, the continuous 
yield can not keep up with the winter flows and the well is now downgraded to 28 
l/ s in the winter months. 

The structure has been well kept up by City staff and has several years of life left. 
The largest problem with this well is its location to the power plant diesel storage 
tanks. If these tanks ever failed or leaked the aquifer would be ruined and the City 
water supply through these wells ended. 

River Pumphouse 

The river pumphouse is connected to the Klondike River by a direct bank intake 
consisting of old boiler plates and a screen mechanism. The building is in very poor 
condition and has come to the end of its usefulness. 
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The water supply is much poorer than the well due to the silt load in the river. 
Experience has shown that the silt clogs the meters and wears the pumps down. As 
well the river is susceptible to surface pollution up stream from such areas as 
Callision subdivision and other developments. The well yield is dependent on the 
river channel staying next to the river bank. To ensure this is the case the City 
requires to channelize the river flow in the fall by the use of bull dozers. 

The water temperature from the Klondike River drops to 0.5 in the winter months 
and requires extra heat for the distribution system. When the water is mixed with 
the well water the quality diminishes substantially. 

3.3.2 Future Water Supply 

To meet the future water needs of 65 l/s it will require the additional water supply 
of 37 l/s. The water supply system should be free from potential pollution such as 
the fuel storage of the power plant. If possible, the new supply should be able to 
provide all the water needs. There are two alternatives to provide this water: 

Alternative 1 - Expand the Well System; 

Alternative 2 - Klondike River System. 

3.3.3 Alternative 1 - Expand Well System 

In March 1989 an existing 250 mm dia. well was tested for yield. This well was 
drilled in 1987 to a depth of 40 feet at which point it hit refusal. The well is 
estimated to produce 4.5 1/ s ( 57 igpm ), however, if a larger diameter and deeper 
well was installed the yield could be significantly greater. 

A program of aquifer analysis is required to determine where and how many wells 
need to be drilled. For the purpose of this study three wells are assumed to be 
adequate and the locations are shown on Figure 3.3. 

The system would include the following: 

drilled wells complete with screen and casing; 

submersible pump complete with a portable generator hook-up extension; 

a well house which is approximately 3 meters by 3 meters; 

100 dia. to 200 dia. insulated P.E. pipeline to the reservoir pumphouse. 

The water quality would be excellent and not as susceptible to contamination since 
it is a ground water source. As well, the water would be approximately 1.5 degrees 
and would require less heat for the distribution system. 



STC 
Shlltec Consultants Ud. 
Norl'llm~IO 
lrMl'Ol 111"111 Ital El IQlnM(,t lg 

INTAKE 

~L 

ALTERNATIVE I 
PROPOSED WELL 
S~TES 

1991 Water and Sewer Study 

Water Supply Alternatives 
Location Plan 

figure 3.3 



- 11 -

These wells would tie into the existing reservoir. Depending on the yield, the 
existing well would be used continuously or used as a back-up source. Cost 
estimates for this alternative are shown on Table 3.3. 
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: :)<$15(1,000 " 

_ .St3o,oo:o: 

$100~000 

$4-0,000 

-$51:Q~OOO 

$6_0;000: 

- $50~00ff 

$620~000: 

-s1sooo . . _ , __ - : -

: s.xo;poo 

$10WOO 

-:-: .. :-:- .. To:t:a)::::::::::_:::. _____ .. -.--·.·---·.·-- .-.·- ---------->-:: -:: $3?:0.00-- --

3.3.4 Alternative 2 - Klondike River Source 

- - -

-J9Q;goo: · -

The only viable surface water supply is the Klondike River since it has much better 
water quality than the Yukon River. However, this water still has excessive silt 
loadings and turbidly and since it is a surface supply the possibility of Giarda 
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Lambia does exist. This supply requires full treatment throughout the year and 
consists of the following components: 

river intake structure and pipeline; 

low lift pumpstation; 

conventional treatment which includes flash mixing, sedimentation, filters, 
alum, polymer and chlorination; 

clearwell; 

transfer pumps and pipeline to the existing reservoir. 

The river intake is proposed to be located near the existing well intake complete 
with low lift pumphouse. The treatment plant building would be constructed 
adjacent to the low lift station beside the dyke, refer to Figure 3.3. 

The treatment plant would be designed to house two Trident Model TR.2 lOA 
treatment units. The trident system was selected based on the water quality to treat 
and it has been proven to be an effective system against Giarda Lambia. Refer to 
Figure 3.4 for the process schematic. 

The transfer pumps would then pump the water to the existing reservoir 
pumphouse where it would require additional heat and would then be distributed 
into the system. The cost estimate for this system is shown in Table 3.4. 
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. . . . . . . . . . . : . : . . : : . . . :- : : : . . - . : :- . ~ : : : : : :- . . . . . :- : . . . -

.. ·. ~AIJ]iE: :t~4 :< ·· . . . 
· · · <fost:Estimates: .. · :_ .. -: :-: 

. . ··.·.· .. -.·.-.· . . . . . . . .. . .. .. . ... . .. . . ·.·.·.· - -- ... · .· .. ·-· · . 

: ·:_: AJ.ternanve.·2=i:K1ondi'k,{Ri:Ver=sfoirce: 
~: · :. /i:<~: .- ·. :- > ·.::.::.:::_ : ~ > -::: :.::/: ~ ~ .:· .... --.... : : . :>: . . 
> & : .Ca)lit~J »@~t~)lstimate . : · 
- ~ :_ . '.. :~·> · ... .- ·.· :_: .: .. ·:> /} )> .: : _·_-y:>:: . : 

• •·:: !ll~al(e ::an~- pipellile• 
.· ·- ·· .. -.·_ · -::· :. ·-·: · .· ·.· ... - · .. ··_: .. _ .· -. 

• tqw:Lift: ?.:ililI>*t<ttion : · 
:-: ... :· .. · · .. :.· 
. ·.· · · . ·.. . ·. -

.·.· -·. : · . 

Treat01enf Pta·rit : · 

. · · . Build.ing . 
Treatment Units 
Chemical System 

.· Transfer Pumping 
. . . 

· .. Pipeline 

. Contingencies 

Subtotal 

Engineedng · 

Total 

· B.:. Operating:Cost Estimates: Per Annum 

. Power 

. Labour 

:: :Pa.rts :ancl:Eq-iiipmeilt 

Total 

. . . . . . . 

>:·>: .. :::. :: < -~:~: : : :::- .· 
• •$$(}~000· 

.• $75~900:· 

· . . . . . -

·. $250·000 
. . . : ... . ·.-: ' . . · .. ". 

: ·ssso,ooo 
$40j000 

·$40,000 

$30,000 

$100;0.00 

. $1,155,000 

$140;000 

$1.385.000 

$70~000: 

.$45;000 

· . si~.ooo 

$133,.000 

It is apparent from the above capital and operating costs that the well system is the 
most attractive alternative. The wells offer a warmer water supply (refer to Section 
4.0) which means much less heating and are less susceptible to pollution. An 
aquifer evaluation should be started to determine the best location of the new wells. 
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3.3.5 Distribution Pumping and Reservoir 

To be able to meet the system pressures in the north end of the community the 
pressure discharge from the pumphouse will have to be increased to 200 feet (85 
psi). The existing pumps are unable to handle this additional pressure and will be 
required to be changed when the northern end of town is constructed. As well, the 
efficiency of the pumps can be increased now that we have a firm understanding of 
the flows. It is proposed that the three distribution pumps be replaced with three 
variable speed pumps. 

The fire pump will also need to be replaced to meet the new fire flows plus system 
usage. This will be a 226 1/ s pump at a pressure of 85 psi. This pump will be larger 
than the existing but will be able to fit into the existing piping configuration. 

The remaining portion of the piping in the pumphouse will not be affected and will 
continue to be recirculated as it is presently being operated. 

The controls for the new variable speed pumps will replace the existing starters and 
controls. New recording equipment will be added as well as computer control logic 
and operations system. Refer to Figure 3.5 for an outline of the pumphouse 
modifications. 

TABLE3~5: 

. Capital>Cost Esthiu~tes -: 
Pumphouse•aild Reservoir· Mo~ification ·-

• A. ~pitalCost . Estimates 

• •. Variable Sp~ed Distribution Pumps 

· Fire Pump 

.. Piping Changes 

•::: nuildi11g· MO.difi~ations 

>Reservoir Addition 

.· Contingencies~ 

Subtotal · 
... · .... · 

E11@i¢erit1g : . 

$70~000 

$80,000 

$60WOO 

·. · $7-Q;QOO < . 

$60f009: . 

$120)000 

$50;000 

. $510,000· 

... ·. • . ~-<?0;000. 

:<:_.:. ·:_·· -·:._·- .. : ·- . 

To.tal >·· · · . . .. ,: 'O:+ • ;• $5+0,000:. 
.. ---
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The reservoir will need to be increased in size to be able to provide a two hour fire 
fighting storage. This will require 1,000,000 µtres (240,000 gallons) of usable 
storage. The existing reservoir supplies 714,000 litres (170,000 imperial gallons) of 
usable storage. Therefore, the additional usable storage is 286,000 litres (70,000 
imperial gallons). This will require a new tank that is a minimum of 8 meters in 
diameter and 9.75 meters in height. The height must match the existing tank, refer 
to Figure 3.6 for reservoir site plan. Table 3.5 outlines the estimated cost for the 
required pumphouse and reservoir modifications. 

3.4 Water Distribution Systems 

The distribution system is a looped recirculating system and as expansion continues the 
return loop system will be increased. The system will grow from a defined looped system 
to a inter-looped system where one loop will join another loop within the distribution 
system. Refer to Figure 3.7. 

The valve chamber will continue to control the rate of flow to each loop within its control 
area as will the pumphouse control valves. _The system pressure will be increased so that 
the northern end of the community will receive sufficient pressure. The system is capable 
of this pressure increase. 

A computer simulation of the system was done for the worst case scenario of fire flow plus 
daily usage for the far northern end of the system. This indicated that the system could 
handle the increased flow and pressure for the community. Refer to Appendix "B" for a 
printout of the system. The program used was "Water". 

The extension of the system to the north area is outlined in detail in the study "Northern 
Expansion Area 1991". The water distribution system will not need to be expanded beyond 
the northern area according to OCP since the remaining population growth will be 
accommodated by infill and multiple housing units. The only addition to the system will be 
minor extensions to handle the lots located on Eighth Avenue and Seventh Avenue: 

There are certain parts of the existing system which will require upgrading over the next 
few years. They are as follows: 

when a hydrant is being repaired or dug up it should be reinstalled 
according to the new design presently in use; 

the piping going into the valve chamber should be dug up and the steel pipe 
extended and adequately supported. The pipe has been shifting 
considerably due to the drainage problems and the continued degradation 
of the permafrost; 

when new house connections are installed the limiting heat trace should be 
installed and the new design for the service connections used; 
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Listed in Table 3.6 is the Capital Cost Estimates for the Northern Expansion Area and 
infill for Seventh Avenue and Eighth Avenue. These costs include water, sewer, utilities 
where required and road work. 
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--s1s,ooo 

$91,000 

' ,' $15.()oo 

'S:lll.000 

1150WOO: 

'' .. $.50;000 ' 

.$~0i000 

.•$240Jl00-
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3.5 Cost Estimates 

Cost estimates are summarized from the previous sub-sections with the recommended 
alternatives. 

-· . - · - · ·· . .. . .. .. . . . ... ·· · ·-· . . . · · - . 

~~lttiJia&. R.~onuiten*Je~.- .. · · 

. . . . . -
· · · : :~s~~a~~~.-~pit11n~()sts<< :::>· : · · .·. · 

. . . . . . . . . . 
· - . . . . . . .-·-:· .. ·.:: ::.<: .. · .. .. . . -. . - . · ·.·. :- . . . . ' 

. . . 

. . . . . .· . . . . . . 
- . - - ·.· .. . . ·.· .· -·- · . . . . . . 

.• ·:: >$~20,00(l _ .. A f: ::Exp(lr1~ \V~llSys~em-. · ._.· · _:· . : .· ··:-:.·. ··.·: .·._.· : >. 
·. ·.-. . . -- - .. . ·.· .. . . . . .. . . . . · - · · · . . . . . . . . . . . . . . ... .. .... . .. .. . . . . . - ... . 

:_ •• :a~•• : •niSfr1f>4tion . ·Puffi.ping:·~m.t:R.e~~iS;bjf :£f c,d.~1¢aii9~·- ··· .: :•·ss.10.qoo 
. . • . 

· · -Subtotal 

·· C. Water/Sewer-Distribution System-

(i} - Northern Expansicm.Area 
(ii} Eighth Avenue Extension . 
(lii}·SeventhAvenue Extension 

S11btotal 

3.6 Conclusion 

$2,:150j000 
-s1n,ooo 
.$240.000. 

$2;50J10QO 

The following conclusions have been made from this study: 

1. The water usage is higher than it should be due to excessive bleeding and no 
control over water use; 

2. Fire flows have increased due to construction of larger buildings; 

3. The water system will be extended to the north with acceptable water 
pressure and flows; 

4. The future water needs to be obtained from wells. 

3. 7 Recommendation 

1. When the Klondike River is not required as a back-up water source, meters should 
be installed to keep water use in check. A sliding scale of water charges should be 
adopted for charge-out rates. 
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2. A study be undertaken to determine the cost of reinstalling the water meters, type 
of meters and to recommend a new rate recovery charge. 

3. All commercial and industrial buildings be required to install sprinkler systems. 

4. A well development program be initiated immediately to determine the well supply 
capabilities. 

5. A new fire pump be installed. 

6. New service pumps be installed over the new next few years as the northern areas 
are developed. 

7. A reservoir addition be completed to bring the storage capacity up to the needed 
requirements. 

8. Water expansion within the system be done along with sewer extensions as required 
for growth. The immediate areas being Seventh Avenue and Eighth Avenue 
extensions. Northern Expansion Area planning and design to be done in 1992. 
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SECTION 4 WATER DISTRIBUTION HEATING 

4.1 Introduction 

During the course of the study and based on the heat supply during the 1990/1991 winter 
season it became apparent that the system was not getting the needed waste heat from the 
power plant. Therefore th~ City expanded the study to evaluate the existing heat supply 
from the power plant and to determine if it could meet the future water demands. As well, 
the heating system evaluation was to consider the case where the power plant was taken 
out of operation due to the power supply being brought over from Mayo. 

Attached in Appendix "C" is the master agreement and the subsidiary agreement of April 
1983. Based on the information presented in the following section discussions with Yukon 
Electric and NCPC will need to take place so as to provide the needed waste heat in the 
future years. 

4.2 Objectives 

This section of the 1991 water and sewer study has the following objectives: 

(a) to evaluate the existing heat exchange system between the Power Plant and 
the pumphouse reservoir, and determine why the present flows through the 
water system cannot be heated to the required 4.0 C.; 

(b) to evaluate the available waste heat at the Power Plant and outline 
proposed modifications to the existing heat exchange system to make more 
waste heat available for heating the water system. This is referred to as 
Heating Alternative No.Hl; 

( c) to evaluate use of heating boilers for heating the water system without 
waste heat from the Power Plant and demonstrate the energy impact and 
estimated operating cost of fuel. Identify other potential sources of heat for 
further study. This is referred to as Heating Alternative No.H2. 

The following list of figures and schematics are referred to within this section of the 
report and are not listed separately in the index. 
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FIGURE No.1a 
POWER PLANT - HEAT REJECilON 10 ENGINE COOLANT 
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TABLE Na.la - DATA SHOWN BY FIGURE Ko.la 

Month I Year: !JJV89 DD9 JOOJ FEB~ MmJ AM MAY~ 
BHAT ~ION DDRIHG PRAK DRMAHD (KW): 114?.6 16?.15 1641.2 1'129.4 1482.4 1316.5 1641.2 
AVG. HRAT BAS~ OJf (kWhrs) GBH'D (KW): 1152.0 10113 mu 1~.o 948.8 971.9 91.& 
. al Average ht Nov89 to M~ (KW): 1091.3 

b) Mu. Heat Nov89 tD Ma~ (KW): 13&1.0 



FIGURE No.1 b 
WASTE HEAT AV All.ABLE AND HEAT EXCHANGED 10 CITY 
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TABLE Ho.lb - DATA SHOWN BY FIGURE No.lb 
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296.0 



FIGURE No. 2a 
ADDffiONAL HEAT REQ'D FOR 2SC OR 4.0C WATER 

1000 -------------------------------------------
~ 
~ 800 

::j I I I I ~ 60() I •111c:Tifll•IK' I ......... I 

z ..... 
~ 400 

~ ~ u_I t :~~:; r==f =+1 =====+r -=t===t ~E~~~I 
65.0 60.0 55.0 50.0 45.0 40.0 35.0 

WATER SYSTEM FLOW RATE (Lis) 

-- NEW WELL 1.5C -+- BLENDED 1. lC -+-RIVER WELL O.SC 
..+- NEW WELL 1.SC -+-BLENDED 1. tC ,._RIVER WELL O.SC 

Heat Required In Addition to &timated Average of 296 KW 
of Waste Heat Presently Obtained From The Power Plant 

TABLE Ko.2a - DATA SHOW BY FIGURE lto.2a 
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FIGURE No. 2b 
ANNUAL FUEL COST FOR ADDmONAL HEAT 
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TABLB No.2b - DATA SHOW BY FIGOR& No.2b 

ADDlTIONAL OOST REQ'D WITH ~Kw) FROM 
EXISTIHG POWER PLAIT 

Water System FJow (L/s): 

Jtew Well I.SC tn 2.SC ($): 
B~nded 1.lC tD 2.5C ($): 
River Well 0.5C to 2.5C ($): 

Hew Well 1.5C tD 4.0C ($): 
Blended 1.IC b> 4.0C ($): 
BNer Well O.SC tD 4.0C ($): 

65.0 fll.O 55.0 50.0 45.0 40.0 35.0 

lli'1l.3 8910.2 4800.1 600.0 0.0 0.0 0.0 
32522.7 1912.4 2112.1 15691.8 11m1.s 44n.2 o.o 
66451.6 58231.4 500ll.2 4179LO 33570.8 25350.6 lTll.4 

93327.8 83J52.6 Tm7J Kl 5m.8 41!il.5 31616.3 
ll?m.3 101054.8 89279.4 '11503.9 llS'l!.5 53953.0 42171.6 
146759.1 132..173.8 11718.4 103&13.l 89217.7 14832.4 1«1.0 



FIGURE No. 3a 
HEAT RE:Q'D FOR 2SC OR 4.0C WATER (NO WASTE HEA 1) 
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65.0 60.0 55.0 50.0 45.0 40.0 35.0 

WATER SYSTEM FLOW RATE (Us) 

- NEW WELL I.SC ~BLENDED 1.lC -+-RIVER WELL O.SC 
-e-- NEW WELL 1.SC -+-BLENDED 1.lC ,._RIVER WELL O.SC 

Heat Required Is Without Waste Heat From Existing Power Plant 

TABLB No.3a - DATA SHOWN BY FlGUR8 No.la 

ADDITIONAL HBAr REQ'D WITHOln' WASTE llBA.T 
FROM IOOSTIHG rom PIJJT 

Wat.er SyBtn Fbw (L/s): ~ 11).0 55.D 50.0 45.0 40.0 35.0 

New Well l.5C tD 2.5C (KW): lt.6 342.9 321.3 299.6 218.0 1.56.3 ?.34.6 
Blended LlC t.o 2.5C (IW): 467.4 431.8 ml 318.1 3t9.1 319.6 21.0 
iiver Well O.SC tD 2.5C (KW): 646.2 mg 559.6 516.2 472.9 429.6 :16.3 

New Well 1.SC t.o 4.0C (IW): 181.8 711.1 619.5 625.4 5'11.2 511.1 4W 
Blended I.IC t.o 4.0C (KW): 800.6 l?B.6 71i6.5 'IOU 642.4 5a1.3 518.3 
River Well 0.5C t.o 4.0C (IW): 1069.4 993.6 917.8 842.0 1m.2 m• 614.& 



FIGURE No. 3b 
ANNUAL FUEL COST FOR 25C OR 4.0C WATER (NO WASTE HEA1) 

~~0-------.,....---_,..----..,.-----------....-----~ 
'-" 
Cl) 
Q 

~ 200 
ti} 

::J 
0 150 
f5 
~ 100 
~ 
ti} 

8 50 

~ 
::::> 0 ~ 

65.0 60.0 55.0 50.0 45.0 40.0 35.0 
WATER SYSTEM FLOW RA 1E (Us) 

- NEW WELL 1.SC __..._BLENDED 1. tC _._RIVER WELL O.SC 

-e- NEW WELL 1.5C -+-BLENDED 1.lC -1r- RIVER WELL O.SC 
Annual Fuel Cost Is For Heating Without Waste Heat From Existing Power Plant. 
Based On 196 Days Heating (End Oct to Mid-May). Fuel Oil C.ost $0.37 /Litre. 

TABLE No.3b - DATA Slk)WR BY FIGURE No.3b 

ADDITIONAL COST RBQ'D WITHOUT WASTS HR!T 
FROM EIISTIJ«; rom PLANT 

Wat.er Syst.e1 Flow (L/s): 

New Well l.5C to 2.5C ($): 
Blended l.lC to 2.5C ($): 
River Well 0.5C to 2.5C ($): 

Hew Well 1.5C to 4.0C ($): 
Blended 1.lC In 4.0C ($): 
River Well 0.5C to 4.0C ($): 

65.0 m.o 55.0 ~.o 45J) 40.0 35.0 

69184.9 65014.8 m34.7 56854.6 52144.5 48634.4 «524.3 
88fi8'1.4 83071.l 71466.8 71856.5 66246.2 11)635.9 550!.6 

JZJ.616.3 11451 106175.9 9715.7 89735.5 81515.3 73295.0 

149492.5 139217.3 ~10 118666.7 1~1.5 1116.2 87841.0 
lli994.9 151219.5 1454«.1 133668.6 121893.2 110111.7 9B3W 
3)29?l8 188515 174153.1 159161.8 145382.4 lB?.O llfi&ll.7 



FIGURE No.4 
AVERAGENETWASTEHEATVERSF.SHEATREQUIRED 

~ 1200 I To 4.0C 
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65.0 60.0 55.0 50.0 45.0 40.0 35.0 
WA IBR SYSIBM FLOW RA IB (LIS) 

lZJ UPPER RANGE ~AVG. HEAT 0 LOWER RANGE 

-+- WELL 1.SC -+-WELL 1.SC -1r RIVER WELL O.SC 
Upper Range and Lower Range Are Statistical Limits. Net Waste 
Heat Is (kW) That Would Be Made Available After System Modified. 

TABL& No.4 - DATA SHOWN BY FIGURE No.4 

AVERAGE NEr WASTB HEAT rHAT D'JULD BE 
MADE AVAILABLE mJM FROM EXISTIJ«i POWER 
PIANT WITH PBOPOSBD MODIFICATIONS 

m WASTE HEAT: 
AVERAGE BRAT (KW): &2 696.2 696.Z 696.2 tli.2 696.2 696.2 
tJPPll RAD (KW): 832.8 832.8 8318 832.8 832.8 832.8 832.8 
U>Ol RAD (lW): 559.6 559.& 559.6 559.6 559.6 559.6 559.6 

WATm SYsrmt RBQUIRFMBh'I': 

Vat.er S7stel Fk>w (L/s): 65.0 ti).0 55.0 50.0 45.0 40.0 35.0 

Rew Well 1.5C to 2.5C (0): 364.6 342.9 321J !9.6 218.0 256.3 234.6 
Rew Well l.5C to 4.re (lW): 187.8 133.7 679.5 625.4 511.2 517.1 461.9 
!liver Well 0.5C to 4.0C (KW): 1069.4 993.6 917.8 842.0 ?66.2 m4 614.6 
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4.3 Study Criteria 

The following criteria has been used for Heating Alternative No.Hl and No.H2: 

(a) heat the present flow rate of 381/s well water from 1.5 C. to 4.0 C.; 

(b) heat the future design flow rate of 65 l/s well water from 1.5 C. to 2.5 C.; 
and 

( c) provide standby/ supplemental heating boiler capacity. 

The following criteria has been used only for Heating Alternative No.H2: 

(a) Electrical power service to Dawson City after 1995 will be via a proposed 
transmission line from the Hydroelectric Power Generating Plant located 
near the Village of Mayo, Yukon Territories. Yukon Electrical advised that 
the cost of this proposed transmission line is roughly estimated at 25 million 
dollars. 

The Yukon Electrical Company Limited advised that service from this 
proposed power line would replace power generation in Dawson City in the 
year 1995 or later. The existing diesel engine Power Plant in Dawson City 
would definitely become automatic standby operation. Waste heat from the 
existing Power Plant at Dawson City would not be available for heating the 
City water system because the diesel generators would operate only during 
power outages in the service from Mayo. 

Relocation of the existing Power Plant to another site and a new 
Hydroelectric Power Plant at Dawson City are other alternatives also being 
considered by The Yukon Electrical Company Limited as of the date of this 
report. 

The existing Power Plant at Dawson City is owned by The Northern Canada 
Power Commission and is operated/maintained by The Yukon Electrical 
Company Limited. 

4.4 Technology 

4.4.1 General 

Figure No. la in List "A" is based on Dawson Power Plant historical data for the 
period November 1989 to May 1990 provided in graph format titled as Dawson 
Demand, Dawson Generation, Dawson Peak Demand and Dawson Fuel Efficiency. 
This data was provided by Yukon Electrical Company Limited and is included in 
List "B" of this report. 
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A Power Plant fuel efficiency of 3.75 kWhr per litre of fuel based on the Dawson 
Fuel Efficiency data and a Fuel Heating Valve of 11.03 kWhr per litre of fuel have 
been used in calculations to estimate the heat flow rate (kW) rejected into the 
diesel engine jacket cooling fluid. Yukon Electrical Company Limited advised that 
the grade of fuel used for combustion in the diesel engines at Dawson Power Plant 
varies, however, the fuel normally used has a (-6.6 degrees C.) indicates that the 
fuel oil used would typically have a Fuel Oil Heating Value of normally 10.79 kWhr 
per litre of 11.27 kWhr per litre. Therefore, a Fuel Heating Value of 11.03 kWhr 
per litre of fuel has been used for calculations. 

The curve titled Average Heat Rejected Based on Power Generated shown by 
Figure No.la is the estimated average heat flow rate (kW) rejected during the 
month into the diesel engine jacket cooling fluid circuits assuming the Power Plant 
to be generating the kWhrs of power recorded for the month at a uniform 
continuous load. The actual heat flow rate (kW) rejected at any specific at any 
specific time of day or day of the month would vary above or below this estimated 
average heat flow rate due to both the magnitude and duration of Peak and 
Minimum Power Demands under which the Power Plant was usually operating. 

Figure No. la also shows the estimated heat flow rate (kW) rejected to the diesel 
engine jacket coolant when the Power Plant was generating the Peak Power 
Demand for the month. 

The average heat flow rate (kW) rejected during the month into the diesel engine 
jacket cooling fluid circuits is a significant parameter in this report because the 
cooling fluid is the heat source for both the City Water System and Yukon 
Electrical's heating requirements. Yukon Electrical's heating requirements 
referred to as secondaries, include heat required to: 

(a) maintain the "OFF-LINE" diesel engines warm to facilitate easy 
starting; 

(b) maintain the glycol fluid in the outdoor radiators warm so as to 
prevent cooling of the "OFF-LINE" engine and gelling of the 60% 
glycol/ 40% water solution during cold weather, and; 

( c) provide building heating for the Power Plant and the on-site office 
and warehouse complex. 

4.4.2 Estimated Power Plant Secondary Requirements For Waste Heat 

Calculations for Figure No. lb in List "A" assume that the motor driven cooling fans 
integral to the radiators at the Power Plant are "FAN-OFF". 

Net Minimum Available shown in Figure No.lb is the waste heat available after 
deducting allowances for the requirements (a), (b ), and ( c) below that are 
estimated to occur at an outdoor air temperature at (-50 degrees C. ). This is the 
worst case scenario indicated by calculations for these Power Plant secondary 
heating requirements. 
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Net Average Available shown in Figure No.lb is the waste heat available after 
deducting allowances for the requirements (a), (b) and ( c) below that are estimated 
to occur at an average outdoor temperature for the month (for example (-24 
degrees C.) has been used in the estimate for January.) 

Figure No.lb shows the estimated net waste heat flow rates in kW (averages and 
minimums) available at the Power Plant after deducting from the monthly average 
heat rate rejected to the diesel engine coolant the estimated Power Plant secondary 
heat rate required for: 

(a) maintaining the "OFF-LINE" diesel engines warm and ready to 
start. 

This is estimated to require a heat flow rate of 20kW to warm 4 
"OFF-LINE" engines to 35 C. The fifth engine normally being 
required to run continuously in order to generate the minimum 
Power Demand; 

(b) maintaining the glycol fluid in the outdoor radiators at a minimum 
temperature of 35 C. so as to prevent cooling of the "OFF-LINE" 
engine and gelling of the 60% glycol/ 40% water fluid at an outdoor 
ambient air temperature of (-50 C.). 

The five existing outdoor radiators comprise a total of 13 fan­
coolers. Each fan-cooler consists of a motor driven fan which when 
"ON" draws outdoor air at the prevailing outdoor temperature 
through its respective cooling coil, thereby cooling the hot glycol 
fluid circulating through the coil from the diesel engine. 

All of fan-coolers are assumed to be "FAN-OFF" for the purpose of 
estimating the heat flow rate (kW) required by the Power Plant to 
prevent cooling of the "OFF-LINE" engine and gelling of the 60% 
glycol/ 40% water fluid in the radiators at an outdoor ambient of (-
50 C.). Calculations indicate that at the 2 1/2% January Outdoor 
Design Temperature of (-50 C.) for Dawson City, the heat flow rate 
required to warm 13 fan-coolers is approximately 440kW. At an 
average outdoor air temperature of, for example, (-24 C.) for a 
normal January, the heat flow rate required to warm 13 fan-coolers 
is approximately 305kW; 

( c) Building heating for the Power Plant and the on-site office and 
warehouse complex. 

Calculations indicate that at the 2 1/2% January Outdoor Design 
Temperature of (-50 C.) for Dawson City a total heat flow rate of 
approximately 138kW is required, primarily for heating the office · 
and warehouse complex. The estimated radiant heat rejection from 
engines running in the Power Plant Building results in an estimated 
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18kW being required for heating the Power Plant Building. The 
18kW for heating in the Power Plant is included in the total of 
138kW. At an average outdoor air temperature of, for example, (-
24 C.) for a normal January, the heat flow rate required to heat the 
Power Plant and the on-site office and warehouse complex is 
approximately 88kW. 

4.4.3 Effectiveness Of The Existing Waste Heat Exchange System 

The waste heat exchanged to the City heats primarily the water system flow and the 
relatively small secondary heating requirement for the pumphouse when required 
and compensates for heat losses from the above ground storage reservoir. 

Over the period beginning November 1989 to the end of April 1990, the existing 
heating system appears to have exchanged to the City during the various months, 
approximately 30% to 50% of the monthly Net Average Available waste heat from 
the Power Plant diesel engines. Net Average Available waste heat being the 
estimated heat available from the engine cooling systems minus the estimated 
Power Plant heating requirements for secondaries, and assuming the radiator fan 
coolers to be "FAN-OFF". It appears that 50% to 70% of the waste heat from the 
Power Plant diesel engines was rejected during the various months to the Outdoor 
Air by the radiator fans operating "FAN-OFF". 

The Average Heat Rejected Based on Power Generated shown in Figure No.la 
and Figure No.lb (refer to Section 3.1 General) is used for evaluating the 
effectiveness of the existing heat exchange system between the Power Plant and the 
City water system. 

The Waste Heat Exchanged to City shown in Figure No.lb are calculated average 
waste heat flow rates (kW) exchanged to the City pumphouse and reservoir for 
each of the months November 1989 to May 1990 inclusive. Calculations are based 
on data recorded on water system flow rates, reservoir and well water temperatures 
for the months November 1989 to May 1990 and estimates of the heat losses from 
the pumphouse and reservoir. Calculations indicate that the waste heat exchanged 
to the City averaged at a heat flow rate of approximately 296kW over the months 
November 1989 to May 1990. Calculations also indicate that the waste heat 
exchanged to the City was at a peak heat flow rate of approximately 416kW in April 
1990; at a low heat flow rate of 233kW in March 1990. Heat flow rates of 385kW 
and 64kW calculated for May 1990 reflect the fact that heating of the water system 
has not historically been required after mid-May. 

Figure No. lb shows a relative comparison between the calculated monthly average 
Waste Heat Exchanged to City and the estimated net waste heat flow rate (kW) 
available for each month shown as (Net Average Available and Net Minimum 
Available) to the power plant after deducting from Average Heat Rejected the 
estimated power plant secondary heat flow rate (kW) requirements. Net Average 
Available and Net Minimum Available assume that the cooling fans which are 
integral with the outdoor radiators at the power plant would be "FAN-OFF". 
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Apparently the radiator fans do, in fact, run when more heat could be used for 
water system heating. 

Net Average Available waste heat is the estimated neat flow rate (kW) available 
during the month at the power plant after deducting the estimated heat flow rate 
(kW) for power plant secondaries required at an average outdoor air temperature 
for each month, for example (-24 C.) has been used as the average outdoor 
temperature for a normal January. 

Net Minimum Available waste heat is the estimated heat flow rate (kW) available 
at the power plant during the month after deducting the estimated heat flow rate 
(kW) for power plant secondaries required at the 2 1/2% January Outdoor Design 
Temperature of (-50 C.) for Dawson City as given in the National Research 
Council of Canada publication Climatic Infomuztion for Building Design in Canada. 
The 2 1/2% January Outdoor Design Temperature is defined as the temperature at 
or below which a small percentage (in this case 2 1/2%) of the hourly outside air 
temperatures during January occur. Net Minimum Available is the worst case 
scenario studied in that it is the lowest estimated waste heat flow rate (kW) 
available at the power plant and is relative only on the coldest ( -50 C.) day 
assuming the power plant to be generating the kWhrs of power recorded for -the 
month at a uniform continuous load. The actual heat flow rate (kW) rejected of 
the coldest day would vary above or below this estimated Net Minimum Available 
heat flow rate due to both the magnitude and duration of peak and minimum 
power demands under which the power plant was actually operating on the coldest 
day. The extreme outdoor condition of (-50 C) is not applicable to the months 
November, March, April or May. The waste heat flow rate (kW) for the months 
November 1989 to May 1990 inclusive would be expected to be nearer the value for 
Net Average Available periods during December, January and February when (-50 
C) outdoor air temperature conditions may have occurred. 

Over the period beginning November 1989 to the end of April 1990, the 
effectiveness of the existing system exchanging heat form the power plant diesel 
engine coolant circuits to the City (ie: Waste Heat Exchanged to City) appears to 
have been approximately: 

39.4% 

35.4% 
55.5% 

49.5% 
67.2% 

30.2% 
39.8% 

41.4% 

45.2% 

of the Net Average Available in November; 

of the Net Average Available in December; 
of the Net Minimum Available in December; 

of the Net Average Available in January; 
of the Net Minimum Available in January; 

of the Net Average Available in February; 
of the Net Minimum Available in February; 

of the Net Average Available in March; 

of the Net Average Available in April. 
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4.4.4 Existing Power Plant Cooling System Description 

A. Existing System 

Schematic No.l in List "A" of this report shows the existing engine jacket cooling 
system in the power plant as noted during a site visit to the power plant on 
September 10, 1991 and discussed with Yukon Electrical in Whitehorse on 
September 13, 1991. In approximately 1981 the system was modified so that the 
cooling circuit of each engine is separated from the cooling system of other engines. 
The Stanley Associates Engineering Ltd. record of construction drawing No. 1060-
8-4-140 (DC-Al-308) titled "Utilities Stage II Contract 3 - Reservoir and 
Pumphouse Heating and Ventilation - Flow Schematic" is obsolete with respect to 
the existing power plant and does not show changes done in the pumphouse to 
disconnect heat exchanger No.HE-2. 

As shown by Schematic No.l, the basic cooling system for each of the engines are 
similar. Significant differences are the number of fan-coolers integral with the 
radiator provided for a particular engine and the engine power rating. The heat 
flow rate (kW) rejected into the engine jacket cooling fluid is different for the 
different engine power ratings shown by Schematic No. l. The system of heat 
exchangers and circulating pumps shown below the engines in Schematic No.l 
provide building heat and heat to maintain the "OFF-LINE" engines and radiators 
warm. This secondary system is installed such that any engine may extract heat 
from the system when "OFF-LINE" or contribute heat to the system when "ON­
LINE". 

B. Engine Cooling 

The engine jacket cooling fluid is an antifreeze solution of 60% glycol/40% water 
and is circulated by an engine mounted pump through the oil cooler and cooling 
jacket of the engine to the engine thermostat. The thermostat cycles between 
"OPEN" and "CLOSED" to maintain the engine outlet cooling fluid temperature at 
~pproximately 88 C. Whenever the engine outlet temperature is less that 88 C. the 
thermostat diverts 100% of the cooling fluid flow directly back to the engine 
mounted pump. Whenever the engine outlet temperature is at or above 88 C. the 
thermostat opens and diverts 100% of the cooling fluid flow through the plate heat 
exchanger and through all coils of the fan-coolers integral to the radiator. The 
plate heat exchanger heats water for circulation to the City pumphouse. The plate 
heat exchanger cannot extract all of the heat being rejected by the engine into the 
cooling fluid when the fan motors of the fan-coolers are started in sequence by the 
cooling fluid temperature sensor "TC". Temperature sensor "TC" step controls the 
fan motors to start and run in sequence on increasing coolant temperature and 
cycles the fan motors "ON-OFF" to maintain its temperature setpoints. Depending 
on whether there are two or three fan-coolers at the radiator, the temperature 
sensor which is specific to the radiator arrangement provides either "LOW-HIGH" 
or "LOW-MEDIUM-HIGH" rates of heat extraction from the engine coolant. The 
heat extracted by running the fan-cooler motor is rejected to the outdoor air. 
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The radiators are rated to cool the engine during the summer using 21 C. outdoor 
air in controlled step-up increments of 50% or 33% of the radiator total rated 
cooling capacity. The increments of 50% or 33% depend on whether the specific 
radiator includes two or three fan-coolers. The actual heat rejection by a fan-cooler 
increases as the outdoor air temperature drops below 21 C. The fan-coolers are 
therefore step controlled so as to compensate somewhat for the fan-cooler heat 
rejection rate increasing with dropping outdoor air temperature. Since the heat 
rejection by the fan-cooler( s) generally does not equal the specific cooling 
requirement of the engine, the temperature of the coolant leaving the radiator is 
typically lower than required at the inlet to the engine pump for the specific cooling 
requirement of the engine. In order to maintain the engine outlet temperature at 
approximately 88 C. the engine thermostat compensates for the lower coolant 
temperature by cycling between: 

(a) diverting 100% of the cooling fluid flow directly to the suction inlet 
of the pump; and then 

(b) diverting 100% of the cooling fluid through the plate heat exchanger 
and radiator coils. 

The frequency of this thermostat cycle increases as the outdoor air temperature at 
the radiators decreases. 

The City requirements including building heating and reservoir heat losses are: 
495.4kW for the present water system flow rate of 38 l/s heated from 1.5 C. to 4.0 
C. and, 307.7kW for heating 38 l/s of blended water from 1.1 C. to 2.5 C. To heat 
381/s of blended water from 1.1C.to4.0 C. would require approximately 555.SkW. 
Based on the power plant records for kilowatt-hours of power generated for the 
period November 1989 to end April 1990 and deducting allowance for the 
estimated average monthly heating required by power plant secondaries, the 
average net waste heat flow (kW) available at the power plant during this period 
was approximately: 

November 1989 
December 1989 
January 1990 
February 199 
March 1990 
April 1990 

846.2kW 
746.2kW 
702.3kW 

1,031.5kW 
635.9kW 
700.6kW 

The heating requirement at the city pumphouse historically did not equal and will 
seldom if ever equal the specific cooling requirement of the engine or group of 
engines actually "ON-LINE" at the power plant. Safeguards are in place in the 
power plant cooling system to prevent the pumphouse demand for heat from 
exceeding the cooling requirement of the engine( s ). This is done by temperature 
sensors and a motorized control valve at each plate heat exchanger. The "ON­
LINE" engine( s) require continuous cooling. With the heat exchange system as it 
exists between the power plant and the pumphouse, it appears that because the 
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pumphouse demand for heat historically never equals the specific cooling 
requirement of the engine( s ); the fan coolers must run in order to provide engine 
cooling. This rejects heat to the outdoor air, cooling the engine but wasting heat 
that the pumphouse could othetwise use for heating the water system. 
Modifications are proposed to the existing system to exchange the specific cooling 
requirement of the engine or selected group of engines actually "ON-LINE", to the 
pumphouse for heating to the desired water system temperatures and reject the 
excess heat that the water system does not need. 

Valve "A" shown on Schematic No.l at each plate heat exchanger opens only if 
both: 

(a) the temperature of the engine jacket cooling fluid returning to the 
engine circulating pump is above the setpoint of temperature sensor 
"TLL"; and 

(b) the temperature of the heating water returning form the pump house 
is greater than the setpoint of temperature sensor "TS" sensing this 
return water temperature. If neither of these control conditions are 
met then flow of heating water through the plate heat exchanger is 
closed of by the motorized valve and no heat is extracted from the 
engine cooling circuit for use at the pumphouse. Temperature 
sensor ''TIL" ensures that: 

(i) the engine is at operating temperature, rejecting heat to its 
cooling circuit (ie: is "ON-LINE"; and 

(ii) the cooling fluid returning to the engine circulating pump is 
not less than typically 80 C. which could occur if the radiator 
or plate heat exchanger acting either individually or at the 
same time were to extract significantly more heat than the 
cooling requirement of the engine. 

Yukon Electrical advised that flow control valve "B" shown by Schematic No.I in 
each engine cooling circuit was installed originally to bypass the radiator whenever 
the plate heat exchanger was extracting all of the heat .being rejected by the engine 
to the jacket cooling fluid. Control valve "B" has been manually overridden at each 
engine cooling circuit such that the valve is closed. Except for the cooling circuit of 
Unit No.3 (engine power rating 1206kW) where the valve's actuator is missing, 
these control valves could be reactivated at a push button switch integral with the 
valve actuator. As discussed above, the pumphouse demand for heat seldom if ever 
will equal the specific cooling requirement of the number of engines "ON-LINE" at 
anytime. 

Opening valve "B" would however also appear to cause a problem with potential 
low coolant flow through the radiator coils because the pressure drop through the 
valve "B" . and its associated bypass piping would be significantly less than the 
pressure drop though a coil of the radiator and its associated piping. To ensure 
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that enough coolant flow would circulate through the radiator coils to keep them 
warm at (-50 C.) outdoor air temperature with the bypass control valve "B-OPEN", 
additional pressure drop through the bypass piping would be necessary. This 
additional pressure drop could be provided by an orifice plate in the bypass piping. 

C. Heating of Water Circulated to The City Pumphouse 

Hot heating water from the five existing plate heat exchangers shown by Schematic 
No.1 is circulated by two pumps of the power plant system into a pressurized surge 
tank located in the addition onto the power plant building. The surge tank absorbs 
volumetric surges caused by opening or closing flow control valves in the power 
plant labelled as "Valve A" and shown by Schematic No.1. 

The hot heating water is re-pumped by City owned pumps No. 5A/5B from the 
surge tank to the City Pumphouse where it is circulated through heat exchanger 
No.HE-1; returned to the surge tank and then circulated through any combination 
of plate heat exchangers providing that flow control valve "A" on the inlet to the 
heat exchanger is "OPEN". 

Valve "A" shown on Schematic No. l and located at each plate heat exchanger opens 
only if both: 

(a) the temperature of the engine jacket cooling fluid returning to the 
engine circulating pump is above the setpoint of temperature sensor 
''TLL"; and 

(b) the temperature of the heating water returning from the pump house 
is greater than the setpoint of temperature sensor 11TS" sensing 
return water temperature. 

4.4.5 Existing Water Heating System Description 

A. Service System Description 

Waste heat generated in the power plant is used as a base heat source and can be 
augmented with the steam boiler No. B-1. The heating rate of boiler B-1 is 74.6 kW 
firing with No.2 grade fuel oil and is rated at 105 kPa steam pressure. 

Schematic No.2 in List "B" shows the existing heating system. Reservoir water to be 
heated is circulated from the service pump header by pumps No. PlA/PlB 
(duty/ automatic standby operation) through the heating system and is discharged 
into the 200mm diameter fill line to the reservoir. 

Pumps No. PlA/PlB circulate water to flow control valve No. CV-1. Valve CV-1 
modulates to divert the pumped flow through the tube side of heat exchanger 
No.HE-1 and/or through the piping bypass past HE-1. The total flow from pumps 
PlA/PlB then circulates through either the steam to water heat exchanger No.HE-
3 or the valved manual bypass past HE-3 and is discharged into the 200mm 
diameter fill line to the reservoir. 
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Hot heating water from the power plant is circulated by pumps No. P5A/P5B 
(duty/ automatic standby operation) located in an addition onto the power plant 
building. The power plant diesel engines themselves circulate a toxic cooling fluid 
solution of 60% glycol/40% water through the engine jackets and plate type heat 
exchangers located in the power plant. The heating water circulated by pumps No. 
P5A/P5B to the pumphouse is heated in these plate type exchangers and is 
circulated through the shell side of heat exchanger No. HE-1. the reservoir water 
to be heated is circulated through the tube side of HE-1. The heating water 
pumped loop (pumps 5A/5B) and heat exchanger system (plate exchangers and 
HE-1) establish a buffer loop which isolates reservoir water from the diesel engine 
jacket cooling fluid thereby preventing contamination of drinking water by the toxic 
cooling fluid of the power plant engines. 

The hot heating water pumped from the power plant (at normally 60 C.) by pumps 
No. P5A/P5B is circulated at the pumphouse through the shell side of heat 
exchangers No.HE-1 (for reservoir water heating) and No.HE-4 (old radiator 
system for providing the power plant with summer cooling). The heating water is 
then returned to the power plant at normally 57 C. to 58 C. (minimum 50 C.). The 
old radiator system has not been used since approximately 1981 when outdoor 
radiators were installed at the power plant. 

B. Water Heating System Control 

The temperature controller (TC shown on Schematic No.2) senses heated potable 
water temperature at the outlet of heat exchanger No.HE-3 prior to the discharge 
of the heated potable water at approximately 40 C. into the 200mm diameter fill 
line to the reservoir. 

Pumphouse operating personnel set the desired predetermined temperature for the 
heating system discharge water temperature at Temperature Controller TC. 
Temperature Controller TC controls both flow control valves CV-1 and CV-3 to try 
to maintain the setpoint temperature by: 

(a) modulating control valve CV-1 towards full flow through heat 
exchanger HE-1 thereby drawing as much heat as temperature 
sensor TCS-326 will permit from the hot heating water circulating 
from the power plant; and then 

(b) modulating the steam flow control valve CV-3 open to provide 
additional heat from boiler No.B-1 to supplement the heat being 
supplied from the power plant. Boiler No.B-1 has not been 
operated due to the cost of fuel. 

Temperature sensor TCS-326 limits the return temperature of the heating water 
circulating back to the power plant to not less than its setpoint of 50 C. by limiting 
the percent of full open position (ie: full flow through heat exchanger HE-1) to 
which Temperature Controller TC can modulate control valve CV-1. If TCS-326 
senses 50 C. return water temperature it overrides controller TC such that CV-1 
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diverts 100% flow past heat exchanger No.HE-1 and no heat is exchanged to the 
water system. 

Temperature sensor TCS-320 controlled operation of the old radiator at the 
pumphouse so as to reject the excess heat flow rate (kW) that the reservoir did not 
require from the power plant. 

C. Pumphouse Heating 

The hot heating water is circulated in the pumphouse by secondary pumping 
arrangement of pumps No. 3A/3B (duty/ automatic standby operation) for 
pumphouse heating by unit heaters and finned tube radiation. Steam from boiler 
B-1 can be supplied to a standby steam to water heat exchanger for pumphouse 
heating should the hot heating water flow from the power plant be interrupted or 
the building heating water temperature be too low. Steam flow to the standby heat 
exchanger HE-5 is controlled by valve CV-4 such that building heating water 
temperature from HE-5 is scheduled with outdoor ambient temperature. As water 
from HE-5 is lowered to satisfy the decreasing building heating requirement. 

D. Swimming Pool Heating 

Water for heating and filling the Dawson City swimming pool is supplied from a 
hand operated valve manifold in the pumphouse. How water is supplied from HE-
1 and is manually blended at the hot and cold water valves to mix water to lower 
temperatures suitable for the swimming pool. 

4.4.6 Existing Heat Exchange System Capacity and Performance Restrictions 

A. Mandatory Restriction on Heat Exchanged 

The power plant must use waste heat from "ON-LINE" engine(s) to: 

(a) maintain the "OFF-LINE" diesel engines warm to facilitate easy 
starting; 

(b) maintain the glycol fluid in the outdoor radiators warm so as to 
prevent cooling of the "OFF-LINE" engine and gelling of the 60% 
glycol/ 40% water solution during cold weather; and 

(c) provide building heating for the power plant and the on-site office 
and warehouse complex. 

These mandatory heating requirements are provided by the system of heat 
exchangers and circulating pumps shown on the engines at the bottom of Schematic 
No.1 in List "B". Refer to section 3.2 for the estimated heat flow rate (kW) 
required for (a), (b) and ( c ). 

Existing Heat Exchange System Performance Restrictions 
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The primary reason why the city requirement for heat flow rate (kW) to achieve a 
4.0 C. water system temperature is not presently being obtained appears to be as 
discussed in 3.4.2, that the city demand for heat has not historically equalled the 
specific cooling requirement of the engine(s) "ON-LINE" at the power plant. The 
city is extracting only part of the new waste heat at the engine( s) and since the 
engine( s) require continuous cooling; the fan-coolers integral with the power 
plant's radiators run "FAN-ON" to reject the remaining heat form the engine 
cooling system( s ). The "FAN-ON'' operation of the fan-coolers rejects heat to the 
outdoor air and rejecting heat that the pumphouse could use for heating the water 
system. The heat extracted by the plate heat exchanger would not appear to be at a 
constant rate since the fan-cooler(s) are running "FAN-ON" and the engine 
thermostat compensates by cycling between diverting 100% of the engine coolant 
flow to: 

(a) the suction inlet of the engine cooling pump; and then 

(b) to the plate heat exchanger and radiator. 

With the resulting temperature change of the hot heating water leaving the plate 
heat exchanger, control valve CV-1 at the pumphouse "hunts" for the correct valve 
position, (the valve strokes between the positions which pass water to be heated: 

(a) through heat exchanger HE-1; and 

(b) bypass around HE-1. 

B. Capacity Restriction on Existing Heat Exchange System 

B.1 Heat Transfer Capacity of Existing Plate Heat Exchangers 

The existing plate heat exchangers were apparently originally sized with 
heat transfer capacity to fully cool the associated engine by; transferring the 
heat to the city pumphouse. Yukon Electrical advised that although certain 
engines have been replaced with engines of higher power rating, the plate . 
heat exchangers have not been modified or replaced to match the cooling 
requirement of the higher power rated engines. 

An option looked at with Yukon Electrical in Whitehorse was to modify the 
existing plate heat exchangers by adding plates to the exchangers where 
required to increase the heat transfer rate. This option d.oes not appear to 
be practical because the additional pump head loss imposed by adding 
plates to the exchanger would probably reduce the engine's coolant pump 
flow rate. Modifying the engine's coolant pump is not an acceptable 
solution. 

The floor space available at the location of the existing plate heat 
exchangers is very limited by piping, building exterior wall and the engines. 
An acceptable alternative appears to be installing new heat exchangers of 
the shell and tube type design. This type of heat exchanger typically has a 
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lower pressure drop than the heat exchanger of the plate type design, 
however, requires more floor space. A shell and tube design heat exchanger 
for each engine could be installed in the area where the existing surge tank 
and pumps P5A/P5B are presently located and piped to the associated 
engine cooling circuit at the piping connections for the existing plate 
exchanger. The room would have to be increased in floor space to 
approximately 5 by 6 meters. 

B.2 Maintenance 

(a) The 150mm diameter heating water lines between he power plant and the 
city pumphouse are critical to the operation of the heat exchange system. 

The system should be checked for internal build-up and deposits of scale 
particularly in the closely spaced plates of the plate heat exchangers and 
possibly in the bottom of the surge tank at the power plant. Scale deposits 
in the plate exchangers may be reducing the exchanger's heat transfer rate 
(kW). Strainers should be checked for scale deposits. Pump impellers 
should be checked for erosion. Erosion of impellers can result from scale 
deposits moving into the suction of the pump or can be an indication of 
pump cavitation. 

A water treatment specialist should be consulted for recommendations on 
application of water treatment chemicals and/or corrosion inhibitors. This 
should be by analysis of water samples from the heat exchange system; 

(b) The flow of pumps P5A/P5B should be checked by possibly performing an 
ultrasonic flow measurement. Three significantly different flow rates where 
indicated during the site visit of September 10, 1991 by various sources as: 

283 Usgpm at 30 ft head per the pump name plate date on the 
pump; 
343 Usgpm marked on the performance curve found in the 
maintenance manual; 
150 Usgpm reported by city personnel. 

These pumps were down-sized in the past and apparently were also 
installed backward. This was corrected; 

(c) The tube side piping of heat exchanger No.HE-2 has been disconnected and 
is not being used. The shell side connections to HE-2 are piped into the 
heating water circulated from the power plant. The tube side connections 
of HE-2 could be piped in parallel with heat exchanger HE-1 tube side 
connections to provide if desired a standby for heat exchanger No. HE-1; 

(d) The operation of control valve CV-1 should be checked. Temperature 
controller "TC" and temperature switch TCS-320 should be checked for 
calibration to setpoint. 



- 35 -

( e) The pumps (manufactured by Sigmund Pulsometer Pumps Ltd.) are located 
at the ceiling in the power plant pump hot heating water from the plate heat 
exchangers to the surge tank. The city advised that the motors on these 
pumps are repeatedly being replaced, apparently due to motor failure in the 
high temperature ambient air at the ceiling level in the power plant. A 
review of the piping to these pumps as shown by Schematic No.l in List "B" 
indicates that depending on how many, if any, of the valves labelled "Valve 
A" are open, these pumps may be operating at conditions including shut-in 
(zero flow rate) and the runout condition of maximum flow at the pump's 
lowest rated head. Operating a pump at runout can overload the motor if 
not sized for this pump operating condition and cause the motor to run 
excessively hot and eventually need replacement. This possibility will be 
reviewed in detail design if the heating alternative is decided upon requires 
these pumps be used in the system. 

4.5 Estimated Operating Fuel Costs 

Heating Fuels Available at Dawson City 

ICG Propane Company in Whitehorse advised that propane fuel unit cost in 
Dawson is between $0.39 to $0.42 per litre. This rate is applicable to larger 
commercial consumers. At the propane heating value of 7.06kWhr per litre of 
propane (109,560 Btu/Imperial Gallon advised by ICG) the unit cost of $0.39 per 
litre is equivalent to 5.523 cents per kWhr of heat. Heating fuel oil grade No.2 
having a heating value of 101.79kWhr per litre at a unit cost or $0.37 per litre is 
equivalent to 3.428 cents per kWhr of heat. 

4.5.1 Heating Alternative No.Hl 

(A) Alterative No.Hl-Option "A" 

Heating Alternative No.Hl-Option "A" is to provide the additional heat for 
the water system by operating a fuel oil fired heating boiler system 
assuming no improvement in the effectiveness of the existing heat exchange 
system between the power plant and the city pumphouse/reservoir. · 

Calculations indicate that the waste heat exchanged to the city (see Figure 
No. lb List "B") averaged at a heat flow rate of approximately 296kW over 
the months November 1989 to May 1990. Assuming this average heat flow 
rate of 296kW for waste heat is exchanged from the power plant and 
assuming no improvement in the effectiveness of the existing heat exchange 
system; additional heat (see Figure No.2a) will be required for the water 
system design criteria. 

Assuming a water system heating season of 196 calendar days (end-October 
to mid-May); no improvement in the effectiveness of the existing heat 
exchange system; a fuel oil unit cost of $0.37 per litre of fuel; and an 85% 
boiler additional heat required; calculations indicate that: 
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(a) heating the present flow of 38 lfs well water form 1.5 C. to 4.0 C. 
requires a total boiler heating output capacity of 200kW at an 
estimated annual fuel cost of $38,000.00 (see Figure No.2b); 

(b) heating the ultimate design flow of 65 1/ s well water from 1.5 C. to 
2.5 C. requires a total boiler heating output capacity of 70kW at an 
estimated annual fuel cost of $13,000.00 (see Figure No.2b); 

( c) heating the ultimate design flow of 65 1/ s well water from 1.5 C. to 
2.9 C. is possible with a boiler system sized for present flows 
(heating output capacity of 200kw) and would incur an estimated 
annual fuel cost of $35,000.00. 

The heatin·g requirements including building heating and reservoir heat 
losses are: 

495.4kW for the present water system flow of 38 l/s heated from 1.5 
C. to 4.0 C. and; 

364.6kW for the ultimate water system flow of 65 l/s heated from 
1.5 C. to 2.5 C. 

Should either the heat supply from the power plant be interrupted by a 
failure in the heat exchange system or should a boiler fail, the effect on 
water system temperature for the ultimate and the present water system 
flows are as shown in the Table 4.1 on the following page: 
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TABLE4.1 
Heating Alternative No.Ht 

Ootion "A" 

HEAT SOURCE AVAIIABLE HEATED WATER 
TEMPERATURE AND% OF 
HEAT SOURCE CAPACITY 

kW Temp. C. @ 65 l/s Temp. C. @ 38 l/s 
and and 

%0FSOURCE % OF SOURCE 
CAP. CAP. 

POWER PLANT HEAT 296 100% 100% 
1-200kW BOILER 200 34% 100% 

2.5C. 365kW 4.0C. 496kW 

NO POWER PLANT 0 0% 0% 
HEAT 200.0 2.0C. 100% 100% 
1-200kW BOILER 200kW 2.3 c. 200kW 

POWER PLANT HEAT 296 100% 100% 
BOILER FAILURE 0 0% 0% 

2.3 c. 296kW 2.8C. 296kW 

POWER PLANT HEAT 296 100% 100% 
1-lOOkW BOILER 100.0 Sf AND BY 100% 
1-lOOkW BOILER 100.0 69% 100% 

2.5 c. 365kW 4.0C. 496kW 

NO POWER PLANT 
HEAT 0 0% 0% 
1-lOOkW BOILER 100.0 100% 100% 
1-lOOkW BOILER 100.0 100% 100% 

2.0 c. 200kW 2.3C. 200kW 

POWER PLANT HEAT 296 100% 100% 
1-182.kW BOILER 182.3 Sf AND BY Sf AND BY 
1-182.3 BOILER 182.3 38% 100% 

2.5 c. 365kW 3.9C. 478kW 

NO POWER PLANT 
HEAT 0 0% 0% 
1-182.3kW BOILER 182.3 100% 100% 
1-182.3k W BOILER 182.3 100% 100% 

2.5 c. 365kW 3.3 c. 365kW 

POWER PLANT HEAT 296 100% 100% 
l-68.6kW BOILER 68.6 100% 92% 
1-148.0kW BOILER 148.0 Sf AND BY 92% 
1-148.0kW BOILER 148.0 Sf AND BY Sf AND BY 

2.5C. 365kW 4.0C. 4%kW 

NO POWER PLANT 
HEAT 0 0% 0% 
l-68.6kW BOILER 68.6 100% 100% 
1-148.0kW BOILER 148.0 100% 100% 
1-148.0kW BOILER 148.0 100% 100% 

2.5 c. 365kW 3.3 c. 365kW 
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The above Table shows that either a single 200kW boiler or the combined output of two 
lOOkW boilers would not heat the flows to the minimum of 2.5 C. if the heat supply from 
the power plant was interrupted. For heating at the ultimate water system flow rate a 
single 200kW boiler would operate at only 34% of the boiler rated capacity when 
supplementing the heat from the power plant. Two 182.3kW boilers would heat the 
ultimate and present water system flows to at least 2.5 C. if heat from the power plant was 
interrupted. However, operating a single 183.2kW boiler to supplement the heat supply 
from the power plant for heating the ultimate flow of 65 1/ s would load the boiler to only 
38% of the boiler's rated capacity. The seasonal fuel efficiency of a boiler will be 
optimized if the boiler is sized so that it can be operated near to its full load rating and 
"ON-OFF" cycling can be minimized. 

The recommended boiler system is three boilers. One (1) boiler of 68.6kW and two 
(2) boilers of 148.0kW rated heating output each. The system is shown by Block 
Schematic No.3. This boiler system would heat the ultimate flow to 2.5 C. or the 
present flow to 3.3 C. if the heat exchange from the power plant was interrupted. 
This boiler system would operate between 92% and 100% of rated heating capacity 
at the design criteria for the present and ultimate water system flows. 

Applying the same assumptions for duration of heating season; no improvement in 
the effectiveness of the existing heat exchange system; a fuel oil unit cost of $0.37 
per litre of fuel; and, an 85% boiler efficiency for heating boilers burning No.2 fuel 
oil to generate the additional heat flow rate (kW) required. Figure No.2b and 
Figure No.2a. show the estimated annual fuel cost and the additional heat flow rate 
(kW) required to heat the water system design flow range of 35.0 l/s to 65.0 l/s 
from the various sources of water as follows: 

(a) water from the existing "New Well" at 1.5 C. to either 2.5 C. or 4.0 
C.; 

(b) water from a blended temperature of 1.1 C. to either 2.5 C. or 4.0 
C.; 

(c) water from the existing "River Well" at 0.5 C. to either 2.5 C. or 4.0 
c. 

The capacity of the proposed boiler system would not provide the heat rate 
required for the conditions of water source and final heated temperature shown by 
Figure No.2a requiring more than 365kW if the heat exchange system between the 
power plant and pumphouse failed. 

Calculations indicate a blended (mixed) water temperature range of 0.8 C. to 1.1 C. 
during the periods when the River Well was in use to supplement the "New Well" 
capacity from November 1989 to May 1990. 1.1 C. blended water temperature at a 
flow of 38.0 l/s corresponds to the water system pumps mixing 13.9 l/s of river well 
water at 0.5 C. with 24.11/s of "New Well" water at 1.5 C. Calculations are based 
on bimonthly records for reservoir temperatures, well temperatures, pumphouse 
peak/low discharge flows and records showing wen the river well was in use from 
November 1989 to May 1990. 
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Figure No.2b and Figure No.2a include the heat flow rate (kW) required for the 
relatively small secondary heating requirement of the pumphouse and compensate 
for heat losses from the above ground storage reservoir. 

B. Alternative No.Hl-Option "B" 

Heating Alternative No.Hl-Option "B" is to provide the additional heat for the 
water system by proposed modifications to the existing heat exchange system and 
optimize the effectiveness of this system. 

The proposed modifications are expected to increase the waste heat flow rate (kW) 
exchanged from the power plant from the estimated present 296kW to an estimated 
696kW of net waste after deducting allowances for power plant secondaries. 

The Average Heat Requirement Based on Power Generated (see 3.1 General) is 
used in estimating the waste heat that could be made available by proposed 
modifications to the existing heat exchange system to optimize the heat exchanged 
between the power plant and city water system (Figure No.4 ). 

Calculations for Figure No.4 in List "B" assume that the motor driven cooling fans 
integral to the radiators at the power plant are "FAN-OFF". 

Option "B" would eliminate the requirement for supplemental heat to be generated 
by operating a fuel oil fired heating boiler. The estimated optimum Net Average 
Heat flow rate of 696kW of waste heat that could be made available from the 
power plant to the city pumphouse would heat 65 l/s of Well Water from 1.5 C. to 
3.7 C. The additional heat required to heat from 3.7 C. to 4.0 C. if desired, is 
approximately 92kW. 

Figure No.4 shows the estimated net average, and upper /lower ranges of waste 
heat flow rate (kW) available from the power plant after deducting the estimated 
power plant secondary heating requirements from the heat flow rate (kW) rejected 
to the diesel engine coolant. Calculations are based on data for November 1989 to 
May 1990. Figure No.4 shows that the estimated net average waste heat that could 
be made available to the pumphouse for heating the water system is of sufficient 
heat flow rate (kW) to: 

(a) heat 561/s of Well Water from 0.5 C. to 4.0 C.; 

(b) heat 40 l/s of River Well Water from 0.5 C. to 4.0 C. 

Calculations for Figure No.4 also indicate that 651/s of Well Water could be heated 
from 1.5 C. to 3.7 C. 

The heating requirements including building heating and reservoir heat losses are: 

495.4kW for the present water system flow of 38 l/s heated from 1.5 C. to 
4.0 C.; and 
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364.6kW for the ultimate water system flow of 65 l/s heated from 1.5 C. to 
2.5 c. 

Should the heat supply from the power plant be interrupted by a failure in the heat 
exchange system the standby boiler capacity that would be required is 364.6kW to 
maintain the water system at 2.5 C. at the ultimate flow rate of the water system. 
The effect on water system temperature for the ultimate and the present water 
system flows are as shown in the following Table: 

TABLE 4.2 
Heatine Alternative No.HI 

Option "B" 

HEAT SOURCE AVAILABLE 
kW 

HEATED WATER 
TEMPERATURE AND% OF 
HEAT SOURCE CAPACITY 

POWER PLANT HEAT 696 
1-364.6kW BOILER 364.6 

POWER PLANT HEAT 696 
1-364.6kW BOILER 364.6 

NO POWER PLANT 
HEAT 0 
1-364.6kW 364.6 

365kW 

Temp. C. @ 65 l/s 
and 

%0FSOURCE 
CAP. 

52.% 
STANDBY 

2.5 c. 365kW 

100% 
STANDBY 

3.7 c. 696kW 

0% 
100% 

2.5 c. 365kW 

Temp. C. @ 381/s 
and 

%0FSOURCE 
CAP. 

71% 
STANDBY 

4.0 c. 496kW 

95% 
STANDBY 

5.0 c. 661kW 

0% 
·100% 

3.8 c. 

The recommended standby boiler heating capacity is one boiler of 364.6kW rated 
heating output to heat the water system ultimate flow of 65 l/ s from 1.5 C. to 2.5 C. 

The proposed modifications to optimize the heat exchange system capacity would 
not provide the heat rate required for the conditions of water source and final 
heated temperature shown by Figure No.4 requiring more than 696kW with the 
boiler in "STANDBY" mode. 
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The proposed modifications to the existing heat exchange system are shown by 
Block Schematic No.4 in Appendix "B". The modifications are: 

(a) Provide a separate heat exchanger for each engine to replace the 
plate heat exchangers at the power plant (refer to 3.6.3.1). Provide 
control of the heat exchanger heat transfer rate to extract all the 
heat being rejected by the engine to the jacket cooling fluid, 
providing that the pumphouse requires additional heat. Heat 
transfer of the heat exchanger controlled by modulating the flow of 
heated water through the exchanger in order to return the cooling 
fluid to the engine circulating pump at a temperature setpoint 
determined by and under the control of the power plant operating 
personnel. If the pumphouse did not require more heat then the 
existing bypass valve "B" would be closed, the engine's associated 
radiator would cool the engine, and the exchanger would not extract 
heat from this engine's cooling circuit; 

(b) Provide additional pressure drop through the bypass piping in the 
power plant at each of the control valves labelled "Valve B" on Block 
Schematic No.4. Provide additional pressure drop to ensure that 
enough coolant flow is circulated through the radiator coils to keep 
the coil warm when bypass valve "B" is open and the outdoor air 
temperature is ( -50 C. ). Provide the additional pressure drop by 
installing an orifice plate in the bypass piping. Reactivate the 
control valve( s) labelled "Valve B" on Schematic No. l and Block 
Schematic No.4 to bypass most of the coolant flow away from the 
radiators; 

( c) Provide rejection of excess heat transferred from the new heat 
exchanger( s) to be located at the power plant. As described in (a) 
above, the heat exchanger rate of heat transfer would be controlled 
at the power plant to extract all of the heat being rejected by an 
"ON-LINE" engine providing that the pumphouse requires 
additional heat. Depending on the pumphouse total req~irement 
for heat it would be possible that more than one hat exchanger may 
be operating to cool its associated engine. The fan-coolers at the 
power plant and associated with the particular engine cooling circuit 
would be "FAN-OFF" thereby making all of the net waste heat 
available to the pumphouse. It is necessary to reject any excess 
waste heat at the pumphouse because the city water system 
requirement seldom if ever equals the specific cooling requirement 
of the engine(s). The excess heat would be rejected by a ducted fan 
cooler located at the pumphouse and controlled to return the water 
to the power plant at a constant temperature. The ducted fan cooler 
at the pumphouse would be located inside an enclosure heated so as 
to protect against freezing of heating system water inside the coil of 
the fan cooler. Glycol would not be used as an antifreeze solution in 
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the fan cooler in order that a second "pumped buff er loop" will not 
be required between toxic glycol and the drinking water; 

( d) Provide standby heating boiler of 364.6kW heat output rating. 

4.5.2 Heating Alternative No.H2 

(A) Heating Alternative No.H2 

Heating alternative No.H2 is to provide the heat flow rate (kW) for the 
water system and the relatively small secondary heating requirement for the 
pumphouse and compensate for heat losses from the above ground storage 
reservoir by operating fuel oil fired heating boilers assuming no waste heat 
from the power plant. 

Assuming a water system heating season of 196 calendar days (end-October 
to mid-May); a fuel oil unit cost of $0.37 per litre of fuel; and an 85% boiler 
efficiency for heating boiler( s) burning No.2 Fuel Oil to generate the total 
heat required for: 

(a) heating the present flow of 38 l/s Well Water from 1.5 C. to 4.0 C. 
requires a total boiler heating output capacity of 495kW at an 
estimated annual fuel cost of $94,000.00 (see Figure No.3b); 

(b) heating the ultimate design flow of 65 l/s Well Water from 1.5 C. to 
2.5 C. requires a total boiler heating output capacity of 365kW at an 
estimated annual fuel cost of $69,000.00 (see Figure No.3b ); 

( c) heating the ultimate design flow of 65 1/ s Well Water from 1.5 C. to 
2.9 C. is possible with boilers sized for present flows (heating output 
capacity of 495kW) and would incur an estimated annual fuel cost of 
$91,000.00. 

The heating requirements including building heating and reservoir heat 
losses are: 

495.4kW for the present water system flow of 391/s heated from 1.5 
C. to 4.0 C.; and 

364.6kW for the ultimate water system flow of 65 l/s heated from 
1.5 C. to 2.5 C. 

The required boiler output heating capacity is 495.4kW to heat the present 
water system flow of 39 l/s from 1.5 C. to 4.0 C. The water system 
temperature for the ultimate and the present water system flows are as 
shown in the following Table 4.3. 
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TABLE 4.3 
Heatine Alternative No.H2 

HEAT SOURCE AVAILABLE 
kW 

1-495.4kW BOILER 495.4 
1-495.4kW BOILER 495.4 

1-247.7kW BOILER 247.7 
1-247.7kW BOILER 247.7 
1-247.7Kw BOILER 247.7 

1-182.3kW BOILER 182.3 
1-182.3kW BOILER 182.3 
1-182.3kW BOILER 182.3 

1-182.3kW BOILER 182.3 
1-182.3kW BOILER 182.3 
1-182.3kW BOILER 182.3 

HEATED WATER 
TEMPERATURE AND% OF 
HEAT SOURCE CAPACITY 

Temp. C. @651/s 
and 

%0FSOURCE 
CAP. 

2.5 

2.5 

2.5 

2.5 

74% 
STANDBY 
365kW 

74% 
74% 
STANDBY 
365kW 

100% 
100% 
STANDBY 
365kW 

FAILED 
100% 
100% 
365kW 

Temp. C. @ 381/s 

%0FSOURCE 
CAP. 

4.0 

4.0 

4.0 

3.3 

100% 
STANDBY 
496kW 

STANDBY 
100% 
100% 
496kW 

91% 
91% 
91% 
496kW 

FAILED 
100% 
100% . 
365kW 

The recommended boiler system is three (3) boilers each rated at 182.3kW 
rated heating output each. The system is shown by Block Schematic No.5 in 
List "B". This boiler system would heat the water system ultimate flow of 65 
l/s to 2.5 C. or the present water system flow of 38 l/s to 3.3 C. with one 
boiler failed or out of service. This boiler system would operate between 
91 % and 100% of rated heating capacity at the design criteria for the 
present and ultimate water system flows. 

Applying the same assumptions for duration of heating season; no waste 
heat from the power plant; a fuel oil unit cost of $0.37 per litre of fuel; and, 
an 85% boiler efficiency for heating boilers burning No.2 Fuel Oil. Figure 
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No.3b and Figure No.3a in Appendix "B" show the estimated annual fuel 
cost and the heat flow rate (kW) required to heat the water system design 
flow range of 35.0 l/s to 65.0 l/s from the various sources of water as 
follows: 

(a) water from the existing "New Well" at 1.5 C. to either 2.5 C. or 4.0 
C.; 

(b) water from a blended temperature of 1.1 C. to either 2.5 C. or 4.0 
C.; 

(c) water from the existing "River Well" at 0.5 C. to either 2.5 C. or 4.0 
c. 

Figure No.3b and Figure No.3a include the heat flow rate (kW) required for 
the relatively small secondary heating requirement of the pumphouse and 
compensate for heat losses from the above ground storage reservoir. 

The capacity of the proposed boiler system would not provide the heat rate 
required for the conditions of water source and final heated temperature 
shown by Figure No.2a requiring more than 365kW with one boiler in 
"STANDBY" mode. 

4.6 COST ESTIMATES 

4.6.1 General 

The following equipment is available for use in the systems proposed for Heating 
Alternative No.HI Option A and B and for Heating Alternative No.H2. The 
suitability of this equipment as to capacity rating, type and equipment condition 
and predicted life will be reviewed during detail design. 

(a) Pumphouse Heat Exchanger No.HE-2 is available for use, however it must 
pass inspection by the Boilers Branch of the Yukon Territorial 
Government. HE-2 was disconnected 6 to 7 years ago; 

· (b) Pumphouse Heat Exchanger No.HE-3 and HE-5 are steam to water 
converters and might be suitable depending on their heat transfer capacity 
as water to water heat exchangers. These heat exchangers must pass 
inspection by the Boilers Branch before being reused; 

(c) Heat Exchanger No.HE-4 is available for reuse and must pass inspection by 
the Boilers Branch; 

( d) Pumps PlA/PlB are apparently in satisfactory operating condition. There 
have been no problems with these pumps. The capacity rating will be 
reviewed during detail design; 
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( e) Pumps P2A/P2B and P4A/P4B are available, however they have not been 
operated for a number of years and their condition is questionable; 

(f) ·Pumps P3A/P3B would remain; 

(g) Pumps P5A/P5B would remain for Heating Alternative No.HI-Option "A". 
The suitability as to capacity rating will be reviewed in detail design; 

(h) The outdoor radiator has not been operated since radiators were installed 
at the power plant in approximately 1981. The condition of this equipment 
is questionable, however it might be considered for use in Heating 
Alternative No.1-0ption "B" if it can be made operational and can be used 
as a ducted fan cooler. This will be reviewed in detail design; 

(i) Steam Boiler No.B-1 is over 13 years old. Boilers of higher fuel efficiency 
are available for Heating Alterative No.1-0ption "A" and for Heating 
Alternative No.2. The heating output of Boiler B-1 is too small for Heating 
Alternative No.1.-0ption "B". The boiler, condensate pumps, condensate 
tank and piping would be removed; 

(j) The condition of the underground fuel oil storage tank is assumed to be 
good and would remain. 

The cost estimates assume that items ( d), (f), (g) and (j) are to be reused or remain 
and that all other items listed above would not be reused. 

4.6.1 Cost Estimates 

The following cost estimates include: 
(a) Materials, Labour and Freight; 
(b) Testing, Start-up and Commissioning by the Contractor; 
( c) Systems Balancing and documentation; 
( d) Mobilization; 
( e) Labour Productivity factor of 25% of Contractors total direct labour 

cost for work not perform~d in a major city such as Vancouver; 
( f) consumables and small tools; 
(g) Mechanical Contractor overhead and profit; 
(h) Contingency; 
( i) Engineering. 

The following cost estimates do not include: 

(a) Goods and Services Taxes. 
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Heating Alternative No.Ht-Option "A" 

Heating Alternative No.Ht-Option "A" is to provide the additional heat for the 
water system by operating a fuel oil heating boiler system assuming no 
improvement in the effectiveness of the existing heat exchange system between the 
power plant and the city pumphouse/reservoir. 

The estimated cost is: 

Mechanical Total 
Contingency 20% of Total 

Heating Alternative No.Ht-Option "B" 

Total 

$362,000 
$67.000 

$429.000 

Heating Alternative No.Ht-Option "B" is to provide the additional heat for the 
water system by proposed modifications to the existing heat exchange system and 
optimize the effectiveness of this system. 

The estimated cost is: 

A. With Back-Up Boilers 

Mechanical Total 
Contingency 20% of Total 

B. Without Back-Up Boilers 

Mechanical Total 
Contingency 20% of Total 

Heating Alternative No.H2 

Total 

Total 

$678,000 
$t22.900 

$800.900 

$382,000 
$56.000 

$438.000 

Heating Alternative No.H2 is to provide the heat flow rate (kW) for the water 
system and the relatively small secondary heating requirement ,for the pumphouse 
and compensate for heat losses from the above ground storage reservoir by 
operating fuel oil fire heating boilers assuming no waste heat from the power plant. 

The estimated cost is: 

Mechanical Total 
Contingency 20% of Total 

Total 

$373,000 
$68.500 

$441.500 



TABLE4.4 
Heating System Cost Estimates 

OPERATION COSTS 
Flow Temp 

Ootion Caoital Cost l/s (de2.C.) 
Cost (Fuel) 
Year 

Alt. #Hl 
Option A 

Alt. #Hl 
Option B 

Alt. #H2 

$429,000 
- 3 boilers of 
1 @68.6kW 
2@ 148kW 

$800,900 
- 1 boiler of 
364.4kW 

$438.000 

38 

65 

38 
38 
40 

56 
- without standby, 65 
keep existing 
boiler 

$441,500 38 
- 3 boilers 65 
@ 182kW each 65 

1.5-4.0 

1.5-2.5 

1.5-4.0 
0.5-4.0 
0.5-4.0 

0.5-4.0 
1.5-3.7 

1.5-4.0 
1.5-2.5 
1.5-2.9 

$38,000 

$13,000 

-
-
-

-
-

$94,000 
$69.000 
$91,000 

Comments Rank 

Heat from plant is as present of 1 
296kW, supplemented with 
boilers for make up 

Modify existing exchange 
system in NCPC and City 
buildings 

Heat from NCPC would go 
from 296kW to 696kW. 
Standby of 364.6kW generator 

No waste heat Boilers to 
provide heat of 495kW 

4 

2 

3 

I 

~ 
"'I 
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Comparisons of Costs 

Table 4.4 indicates that the capital costs between Alternative #1 Option "A" and 
Option "B" are similar, however Alternative #1 Option "A" requires an annual fuel 
cost of $35,000.00 while Option "B" has no fuel costs. If the fuel costs are projected 
over 15 years at $35,000.00 per year, the simplified present worth at 8% for Option 
"A" is $78,000.00 in fuel costs plus the capital cost of $429,000.00 for a total present 
worth of $507,000.00. Option "B" at a capital cost of $438,000.00 is now the less 
expensive of all the alternatives. 

4.7 Discussions - Agreement 

In April 1983 an agreement was signed between NCPC and Yukon Territorial Government 
to allow the City of Dawson to utilize the waste heat from the diesel plant, refer to 
agreement in Appendix "C". Since that agreement NCPC has turned the operations of the 
plant over to Yukon Electrical Company, however, the agreement is still in place. There 
has been modifications in this plant by NCPC over the years which has limited the waste 
heat transfer to the city water system. The water system at present has the minimum waste 
heat required to keep the system in operation, as the usage increases addition heat will be 
required. 

The agreements, master and subsidiary, allow for Yukon Territorial Government to 
extract all of the heat they require provided Yukon Territorial Government pays for the 
capital costs. 

4.8 Conclusions 

The following conclusions have been drawn from this study: 

1. The electric power supply for Dawson will continue to be the diesel pant until 1995. 
This will be a political decision, however, based on the estimated capital cost of 25 
million dollars for the supply from Mayo the diesel plant probably will continue to 
be used for the foreseeable future. 

2. There is sufficient waste heat being produced from the existing power plant to heat 
the future water needs of the City of Dawson. 

3. The term of the agreement expires on April 1, 1993. 

4. Modifications to the existing NCPC power plant and the City pumphouse will 
provide the required heat for the system for a population of 3000. 

5. The existing equipment presently being used, such as the transfer piping, requires 
to be cleaned and tested. 
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6. The cost to modify the system to get sufficient waste heat is estimated at $438,000. 

4.9 Recommendations 

1. The City enter into discussions with Yukon Territorial Government to negotiate 
the agreement with NCPC for future use of the waste heat. 

2. The City to enter into discussion with Yukon Territorial Government/NCPC on 
the life of diesel plant in view of the possible transmission line from Mayo. This 
will determine the extent of the modification to the diesel plant for waste heat. 

3. Pre-design be undertaken so proposals can be presented to NCPC for the required 
work within their plant if a well system supply is not used. If the wells system 
provides adequate supply at a reasonable temperature the work required in the 
NCPC power plant can be delayed or even deleted. 

4. The existing pipes and pumps be checked and cleaned during the summer of 1993. 
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SECTION 5 SEWAGE SYSTEM 

5.1 Introduction 

This section addressed the City's sewage collection and treatment system by reviewing the 
water usage and past sewage flows. The system includes the sewer collection system, pump 
stations, screening plant and future treatment requirements. 

5.2 Design Criteria 

The sewage flows are accepted to be equal to the water usage since it is a bleeding system 
and the effluent flows are very similar to water consumption rates. 

The peak sewage flows will follow the water usage since the peaks, both daily and hourly, 
are not significant due to the high bleeding rate. When there is no bleeding in the summer 
all facilities can still cope with the peaks since they are designed for the winter high water 
usage. 

5.3 Emuent Quality 

Data has been collected over the past few years by city staff and sent out for analysis. 
There are two sets of average effluent quality, one being summer flows and one the winter 
flows as shown on Table 5.1. This data is taken at sampling station DC.3 which is at the 
screening plant immediately following screening. There is no data for "raw wastewater" at 
this time. A program will be put in place to collect this data. 
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The above results have been based on tests taken in 1991 and are attached in Appendix 
"D". 

The Yukon Territorial Water Board has set effluent standard guidelines for all municipal 
waste water discharges. These guidelines have been divided into four different categories 
depending on the type of water environment which will receive the treated effluent, each 
with its own set of parameters. With the city being situated adjacent to the Yukon River, 
the effluent guidelines which apply are dependent on the effluent dilution ratios provided 
by the River. 

Data obtained from the Water Survey Canada is presented in Table 5.2 and indicates the 
mean monthly river flows, in cubic meters per second. Dilution ratios have been calculated 
relative to the current average daily sewage flow of 38 1/ s and the future average daily 
flows of 651/s. 
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It is noted, in addition to the · mean monthly flows tabulated above, the lowest recorded 
flow was 350 m3/s in the month of January. The calculated dilution ratio between the 
minimum river flow and the maximum sewage discharge flow rate is therefore 5,384: 1 The 
dilution ratio falls into the Yukon Water Board category of greater than 1000: 1, therefore, 
the minimum guideline parameters requirement for present and future discharge are 
presented in Table 5.3. These are the guidelines which are outlined in the present water 
license. 

.. ·Deslgn Parameters 

. IlOD 
• SS 
.: pH. 
• . Pil/Grnase 
.-. :phqsphoro\ls 
· .. F'ecatcolilorm - . . . . - - . . . . . . . . . 

: }31d_assay:Cfo11centrati0n 
: To#~ Ofganic:Sµbsta11ces 

TABLKS.3 
Sewaee Emuent Quality Guidelines 

Present• and Future< Flows 

AllQcil_~•e<Efluent . Quality 
· :with :dilution ratfo> 1000:1 

. 150·mg/l 
150mg/l 
6:to•9 · 

smg/I 
5tng/1 
l6~0x l0s •counts/100ml .· 
lb0%(LC50} 
Nil . 
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The guidelines also state that the discharge of raw sewage into any receiving waters is 
prohibited. Therefore, some form of treatment of the effluent will be required. Further, 
the Yukon Water Board sets out that the minimum standard for municipal wastewater 
treatment is the requirement to provide the best practical technology (BPT) available that 
reflects both economic and environmental impact. 

5.4 Receiving Waters 

The receiving waters is the Yukon River which has a large dilution ratio of the sewage 
effluent being discharged. The following has been extracted from the water license with 
regards to the receiving waters: 

Receiving Water Standard 

The licensee shall ensure that the receiving water standards shown below are met outside 
the initial mixing zone. For faecal coliforms the initial mixing zone is defined as a volume 
of water extending seven hundred and fifty (750) meters downstream from the point of 
discharge from the bed to the surface of the Yukon River. For all other parameters 
specified, the initial mixing zone is defined as a volume of water extending three hundred 
(300) meters downstream from the point of discharge from the ed to the surface if the 
Yukon River, whose width shall not exceed twenty-five (25) per cent of the natural surface 
width of the river. 

Parameter 

Faecal Coliforms 

Dissolved Oxygen 

Oil and Grease 

Organisms 

Settleable Solids 

Floatable Solids and Scum 

Metals 

Standard 

not to exceed 20 counts/100 ml 

decrease from point upstream of 
discharge not to exceed 10%, and 
concentration not to fall below 7 mg/I 
as a result of sewage discharge . 

not to exceed 1.0 mg/I at surface 

no undesirable change in productivity 

negligible increase 

negligible increase 

negligible increase 

This water license is appended in Appendix E. The sampling to date, refer to Table 5.4 
Sampling Results, has shown that the City meets all of the criteria and should continue to 
do so even with the increased flows for a population of 3000 persons. The projections are 
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based on the dilution for both winter and summer flows. The strength of the sewage 
increases in the summer but the flows in the river go up by a factor of 8 to 10 thereby 
making the mixing zones that much greater. 

The receiving waters should continue to meet the current criteria as presently set with the 
increased population of 3000. 

5.5 Sewage Treatment and Disposal 

5.5.1 Existing Sewage Treatment and Disposal 

The present sewage treatment is primary treatment which is achieved by the use of 
rotor strainers. This process eliminates the solids from the raw sewage. The solids 
are then disposed of in the municipal land fill. 

These fine screens are estimated to remove up to 20 percent of the suspended 
solids and BODs dependent on the incoming sewage strengths. To date, all testing 
of the sewage has been after screening so there is no data to compare the 
effectiveness of the screens, however, the testing program will be expanded to 
evaluate the raw wastewater characteristics. This data will be required for the 
upcoming water license application. 

Since the sewage is very diluted the screens effectiveness for SS and BOD removal 
is lowered due to the low strength of the incoming sewage. However, they do 
provide the required primary treatment of the sewage prior to disposal to the 
Yukon River. 

This treatment system has proven to be acceptable with the only parameter being 
exceeded is the Oil and Grease. The O&G will be reduced within the system by 
proper traps in all food serving facilities. Steps towards this has already been done 
by proposing a new bylaw enforcing the grease traps usage. 

The primary treated effluent is discharged to the Yukon River through a. 250 dia. 
outfall line. This line is approximately 225 meters from Front Street and is located 
in 5 meters of water during low water level and 13 meters of water during the 
summer months. The outfall line has a diffuser which was designed to produce a 
flume to adequately dispense the sewage effluent to meet the permits. From data 
to date this has been achieved to such a degree that most parameters are 
undetectable, refer to attached data sampling in Appendix "D". 

5.5.2 Future Sewage Treatment Requirements 

A Sewage Screening Plant 

It is anticipated that the strength of the sewage will not increase 
substantially due to the system of bleeding in both the winter and the dilute 
nature of the sewage in the summer. 
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To meet the effluent parameters for a population of 3000 the existing 
screening plant will require the following: 

install the second rotostrainer; 

increase the size of pumps to handle the additional flows; 

modify the piping as required; 

install a new meter for recording flows; 

update the electrical system. 

The treated effluent will continue to be disposed of through the existing 
outfall. The outfall will require a greater head to drive the increased flows 
due to the size of the outfall line. To achieve this head a header tank will be 
constructed next to the dyke. This tank will receive the effluent from the 
pumps located in the screening plant and will then flow by gravity through 
the outfall. The flow will be driven by the increased height in the header 
tank. 

The header tank will be 1.5 meters in diameter and be built to the same top 
elevation of the dyke. There will be 1.7 meters of head to drive the sewage. 
It will be built on the river side of the dyke, refer to Figure 5.1. 

To undertake this work the capital cost estimate is shown in Table 5.4. The 
operating and maintenance budget would not increase significantly to what 
it is at present. 

TABLE:S.4-
Cost Estimate 

Sewaee Screen in& Plant Modifications 

.. Itein: 

.. s ·upply and· install screen 

. : Supply and install pumps : 

·Outfall head~r tank 

· :. Contingendes.and Engineering~ 

.. · TotalEstilna.ted.Cost 

CostEstbnate 

$36,000 

· s.ss~ooo: · 

· · Si$~QOO : 

:$15)000< 

.. $:12%0:0Q,. 
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This upgrading could be done in two stages, first install the screen since the 
existing pumps can handle flows greater than that of the existing screen. 
Secondly increase the pump sizes once the hydraulics of the system requires 
it. At this time the outfall header tank should be constructed. 

B. Mechanical Treatment Plant 

Since the water license is up for renewal May 25, 1993 and an increase in 
water withdrawal will be required in the future the City wanted to compare 
the cost of secondary treatment in case the Water Board wanted to go that 
route. Therefore, an engineering analysis was undertaken. 

( i) Site Location 

Selection of possible sewage treatment sites is governed by the type 
of system: either lagoon or mechanical, and four specific criteria, 
namely available land area, proximity to the community, soils 
condition and effluent disposal area. 

Lagoon systems require a large area that contains proper soils for 
lagoon construction and possibly lining, proper drainage, shelter 
belts and access. Around Dawson there are no areas unless they are 
located up along the Klondike River, however soils are very poor. 
As well, the discharge would be into the Klondike River which has 
not got sufficient flows and joins the Yukon River upstream of the 
community. For these reasons the lagoon system was abandoned. 

The only treatment alternative was a mechanical plant. This plant 
could be located adjacent to the existing screening plant or be 
located to the north of the City in the old dump or on top of the 
waste disposal site. Since any treatment plant does give off odors 
and the area around the existing screening plant is prime 
development area the site selected for the plant would be in the 
north on the waste disposal area, refer to Figure 5.2; 

(ii) Process Selection 

There were two processes reviewed for this application since this is 
only a prefeasibility analysis, there are others that should be 
considered later if required: 

rotating biological contractors 

extended aeration plants 

The treatment of municipal wastewater is classified by the level of · 
treatment the sewage receives. The levels of treatment are primary, 
secondary and tertiary. Primary sewage treatment consists of 
screening or settling of solids, some removal of faecal coliforms, 
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BOD and grease and oil within the wastewater followed by disposal. 
The level of treatment is minimal, but often sufficient depending on 
site specific conditions and receiving body of water. Secondary 
treatment follows primary treatment and consists of improving the 
quality of sewage effluent to an increased level of treatment. 
Tertiary treatment is once again a higher level of treatment. For 
Dawson City the highest level of treatment which we believe the 
Water Board would require is secondary. Therefore, the process is 
based on the equivalent of secondary treatment. 

When the two selected alternatives were reviewed both could do the 
job for this low strength sewage, however, the lowest operational 
costs favour the RBC system. Therefore the process selected for 
this analysis is the rotating biological contractors; 

(iii) Rotating Biological Contactors 

General 

The rotating biological contactor (RBC) is essentially a fixed film 
type of process where micro-organisms form a thin layer ( 5 to 10 
mm thick) on a flat surface and act to remove organic matter. The 
RBC typically consists of a series of closely spaced plastic disks 
which are mounted on a horizontal shaft. The shaft is mounted in a 
tank which has a contoured bottom. Each grouping of disks is 
referred to as a stage, and as such a single tank may contain more 
than one stage. The disks rotate slowly within the tank with 
approximately 40% of the surface area submerged. As the disks 
rotate, they pick up a thin layer of wastewater to adhere and grow 
on the disk surface. As the disks rotate, oxygen is transferred from 
the air to the liquid film and ultimately to the layer of micro­
organisms. The biomass on the disks serves to remove both 
dissolved oxygen and organic matter from the wastewater. As time 
passes microbial growth on the disks increases until such time that 
excess growth is removed by shearing forces caused by rotation of 
the disk in the wastewater. 

Operation of Rotating Biological Contactor 

The most significant advantage associated with the use of RBC 
systems in small communities according to Smith (1986) and the 
USEPA (1977) include: 

(1) low maintenance; 

(2) stability under fluctuating organic and hydraulic loads. 

A typical flow diagram of the rotating biological contactor system is shown in Figure 5.3. A 
detailed drawing of the RBC unit itself is also shown in Figure 5.3. 
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As shown in Figure 5.3 primary treatment is an important part of the overall removal 
process since the flow velocity and turbulence in the RBC compartment containing the 
disks are not high enough to keep heavy primary wastewater solids in suspension. In this 
application primary treatment consists of the existing fine screens located in the screen 
building. 

Since large surface areas of the disk are exposed to the atmosphere, the RBC serves as an 
efficient heat transfer device and therefore the effects of ambient temperature must be 
considered in the design and operation. Ross et al. (1980) suggest the two most important 
effects of temperature are: 

1. Reduced biological activity and treatment performance; and 

2. Ice formation. 

Therefore, to obtain efficient operation under cold climatic conditions it is imperative that 
the RBC unit be enclosed in a temperature controlled building. 

A secondary clarifier is used to separate solids which form during the biological treatment 
process in the RBC unit. This is the final step in the treatment process and serves to 
provide a clarified effluent for discharge. Secondary clarifiers are typically designed based 
on hydraulic overflow rates. Ross et al (1980) suggests that properly designed and 
operated secondary clarifiers should produce a stable well-clarified effluent which is low in 
BOD and suspended solids. However, they stress that "good housekeeping" is essential in 
the operation of secondary clarifiers since it is desirable to keep the accumulation of sludge 
to a minimum. This clarifier also must be housed due to the low temperatures. 

Performance Data 

Smith and Given (1981) examined the effectiveness of an RBC in treating domestic 
wastewater which was both dilute and cold. Performance date collected at four different 
hydraulic loading rates is shown in Table 5.5. For cold dilute wastewater BOD removal 
efficiencies may range from 64 to 92% at the high and low hydraulic loading rates 
respectively, Table 5.6. Similarly suspended solids removal efficiencies at high and low 
loading values ranged from 61to86% respectively. 
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Based on scaled up pilot plant date Smith and Given ( 1981) provided an equation which 
relates effluent BOD's to both influent BOD's and the applied hydraulic loading. 

BODe = 2.9 + 1.6 (BODi*Q/1000) 

where: BODe =effluent BOD, mg/L 

BODi = influence BOD, mg/L 

Q = hydraulic loading expressed as L/1n2*d 

Results of the Smith and Given study (1981) suggest that based upon effluent quality 
considerations, an RBC appears not to be significantly effected by influent wastewater 
strength. However, RBC percentage removal values may be greatly influenced by influent 
strength, much lower removal efficiencies may be expected at low wastewater strength. 

Sludge Handling 

According to the US EPA ( 1977) the amount of sludge produced will depend on individual 
waste characteristics and loading rates. An RBC unit designed for 80 to 95% removal of 
BOD would produce approximately 0.1 and 0.3 kg of sludge per kg of BODS removed, 
respectively under typical operating conditions. 

The biological sludge produced tends to be dense and settle rapidly. Solids concentrations 
can be maintained at 3 to 4% if continuous withdrawal is provided. Typically no sludge 
recycle is used in an RBC process. The sludge would be handled wet and piped to a sludge 
pond located by the solid waste disposal site where it would settle out. 

Nitrification 

RBC's can be designed to provide nitrification in addition to BOD and suspended solids 
removal. For this purpose temperature, pH, and the presence of toxic substances must be 
carefully controlled. Typically 4 to 10 step RBC units are used for this purpose. The 
USEPA (1977) reports that as BOD decreases the ammonia-nitrogen removal increases. 
At hydraulic loadings of 0.04 m3/m2/d, ammonia-nitrogen removal of more than 95% and 
effluent concentrations of less than 1.0 mg/L had been reported at wastewater 
temperatures above 13 C. Murphy and Wilson (1978) report that design loadings must be 
considerably reduced for load temperature applications, especially when the temperature 
drops below 5 C. 
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Operation and Maintenance 

Since the operation of an RBC unit is fairly stable under conditions of fluctuating hydraulic 
and organic loadings, and does not require recycling of sludge, the need for great operating 
flexibility and instrumentation is reduced when compared to other biological processes 
such as extended aeration. 

It is preferable that the units be placed in an enclosure such that the temperature may be 
maintained a few degrees above the wastewater temperature, although this will increase 
operating costs, it will improve operations during times of extreme cold weather. 

The main mechanical components of an RBC unit are related to rotating the biological 
disks. These typically have separate drive units allowing each bank of disks to be shut 
down individually for servicing. 

Summacy 

The RBC has been . shown to be a reliable and simple process for the treatment of 
municipal wastewaters, even at very low temperatures and under dilute conditions. 
Simplicity of operation is one of the outstanding features of the RBC process. Due to the 
mechanical simplicity of the process only minimal maintenance is required, consisting of 
period sludge removal and maintenance of drive line units. These advantages make the 
RBC especially suitable for small plant operations. Changes in organic loadings which 
occur slowly can be accommodated by adjustments in the biomass. In cases where an RBC 
unit is operated below the design loading the units may provide treatment which is 
consistently better than required. 

Disadvantages of RBC units include the limited residence time (typically less than 3 hours) 
which can seriously hamper the ability of an RBC to equalize or absorb varied or shock 
loadings. Additional equalization equipment should be installed where large fluctuations 
in flow or BOD are expected. Although the estimated man-hour requirement for the 
operation of an RBC is similar to that for an extended aeration unit, the lack of a defined 
need for a process control makes this process superior to extended aeration. 
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RBC Cost Estimates 

The estimated cost for a RBC plant in Dawson City is shown in Table 5.7. 
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5.6 Sewage Collection System 

The sewage collection system, refer to Figure 5.4, follows the water distribution system as 
outlined iii Section 3 complete with cost estimates. The collection system is expanded to 
complete the infill and northern expansion area within the study boundaries. The lift 
station will require some modification to handle the northern expansion area at a cost of 
$20,000.00. 
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Section 5.7 Cost Estimate Summary 

Cost estimates are summarized from the previous subsections and tablized below: The 
future sewage treatment costs carried forward are those of the screening plant 
modifications. The cost of secondary treatment is very high and in light of the sewage 
strengths and disposal source unwarranted. 

- - -- . - . .. 

TABLKs.s·-
. . - . . - . . . ~- . ·.· . . 

Summau-_Recomnlended: ·capitarCos-ts -

_A. __ - MtjdifY:Screeil Plant 
-and>outfall line 

- B. Modify Lift Station 

5.8 Conclusion 

Total 

- - -

-- : $127 ,000 

$20.000 

$147.000 

The following conclusions have been made from this study: 

1. The sewage flows are equivalent to the water usage. 

2. The present and future sewage effluent will meet the present water license 
requirements. 

3. The existing screening plant with modifications will meet the treatment 
requirements for the population of 3000 for a capital expenditure of $127,000.00. 

4. To provide secondary treatment will cost approximately $4.4million. 

5.9 Recommendations 

1. The screening plant be modified at an estimated cost of $127,000.00 to meet the 
treatment requirements of 3000 persons. 

2. The water license expires on May 25, 1991 and a new application should eventually 
be applied for using primary treatment for the sewage effluent. In the meantime an 
extension to the existing permit should be applied for until such time as the water 
withdrawal exceeds the existing permit. 
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SECTION 6 WATER LICENSE REVIEW 

6.1 Existing License 

The existing license is dated May 26, 1983 between the City of Dawson and the Yukon 
Territory Water Board and expires on May 25, 1993, a period of 10 years. A copy of the 
water license is attached in Appendix "E". To date, the City has met all portions of the 
license except at times, the oil and grease in the effluent discharge. The City, with their 
present facilities can continue to meet these requirements. 

As the City population increases the water requirements will increase and exceed the water 
withdrawal portion of the license. Since the license expires in May 1993, the City should be 
preparing a request for extension until such time as the water withdrawal exceeds the 
present license. 

6.2 New License Application 

The City should prepare a new license when requested after application of an extension 
based on this report and contain the following: 

1. Rate of use of water not to exceed: 5.6 Ml/ day ( 1,300,000 igpd) 

2. Sewage treatment of the effluent to continue to be primary treatment. 

The extension and application takes some time and should begin early in 1992. An 
engineering budget of approximately $50,000 may be required. 
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SECTION 7 CAPITAL WORKS SCHEDULE 

7 .1 Introduction 

The previous sections outlined the needed requirement to bring the water and sewage 
systems to a level to adequately serve 3000 persons. The level of service expansion does 
not have to be done at one time but can be phased in over a period of years. Numbers 
therefore, presented in Table 7.1 is a schedule of works with the associated capital costs for 
a given year. In certain cases the work for that particular year may be delayed or 
accelerated due to a change in growth or based on political/ administration requirements. 

• 



TABLE 5.9 
Cl1Y OF DAWSON 

CAPITAL WORKS SCHEDULE· WATER & SEWER 
1991 WATER AND SEWER STUDY 

Item 1991 1992 1993 1994 1995 1996 1997 Totals 

A. Water Sueell'. 
Well System 

1. Site Analysis $6,500 $6,500 

2. Aquifer Analysis 
and drilling $40,000 $110,000 $150,000 

3. Engineering $50,000 $50,000 

4. Construct wells, 
Pipelines and 
Pump houses $270,000 $270,000 

B. Pumehouses 
°' Uegrading °' Reservoir 

Exeansion 

1. Engineering $35,000 $25,000 $60,000 

2. Pumphouse Mod. $80,000 $260,000 $340,000 

3. Reservoir $120,000 $120,000 

C. Water and Sewer 
Sl'.stem Exeansion 

1. 8th Ave. and 
7th Ave. 
Addition-
Engineering $10,000 $7,000 $15,000 

2. 8th Ave. and 
7th Ave. 
Addition 
Construction $324,000 $324,000 

3. Northern 
Expansion Area 
Survey & Legal $75,000 $75,000 



TABLE 5.9 (CONTINUED) 
CIT\' OF DAWSON 

CAPITAL WORKS SCHEDULE - WATER & SEWER 
1991 WATER AND SEWER STUDY 

Item 1991 1992 1993 1994 1995 1996 1997 Totals 

4. NEA-
Engineering $350,000 $80,000 $80,000 $80,000 $320,000 

S. NEA-
Block BE $80,000 $350,000 ' 

6. NEA-
Stage 1 $717,000 $717,000 

7. NEA • 
Stage 2 $717,000 $717,000 

8. NEA-
Stage 3 $717,000 $717,000 

°' 9. Water Meter -...J 

Program $180,000 $180,000 $360,000 

D. Water System 
Heating 

1. Alt #1 • 
Option B 
Engineering $35,000 $35,000 

2. Constr:uction $403,000 $403,000 

E. Sewage Treatment 

1. Upgrade Screening 
Plant and 
Outfall $40,000 $7,000 $80,000 $127,000 

2. Prepare New 
Water License SS0,000 $50,000 

3. Modify Lift 
Station $20,000 $20,000 

TOTALS· YEARLY $86,500 $1,999,000 $1,189,000 $180,000 $977,000 $0 $797,000 $5,228,500 
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7.3 Financing and Grants 

The City receives the majority of its capital works money through "Block Funding 
Payments" based partially on population. The Capital Works Water and Sewer Projected 
Schedule indicates several major expenditures for the water and sewer systems over the 
next three years. The Yukon Territorial Government should be approached for 
"Extraordinary Funding" for both the water supply (well development) and sewage 
treatment facilities. 

7.4 Rate Recovery By-Laws 

The By-Laws for recovery of operation and maintenance of the water and sewer systems 
should be reviewed for user charges. An economical analysis of the service charges to 
actual costs should be undertaken. 

Special levies should also be considered for any new building/ development that connects to 
the existing systems. 

The waste heat subsidiary agreement alters the term date to April 1st 1993, which is a 10 
year period. This period is approaching and discussions should begin to determine the 
future of the plant, modifications required, and the continuous use of waste heat. Portion 
of these costs should be reflected in the user charges. 
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WATER SUPPLY FOR PUBLIC FIRE PROTECTION 

A GUIDE TO RECOMMENDED PRACTICE 

PREFACE 

This guide summarizes the more significant recommendations uf F irP. Under · 
writers Survey with respect to fire protection requirements in mun1c1p <il w:11• ~ r 

works system design. It reflects the manner in which the FUS surveyor .iss•~'>'>" " 

the water supply aspect of a municipality's fire risk potential during sur v~ys un 

behalf of the Canadian property insurance industry and represents the accumu · 
· tated experience of many years study of actual fires . Water supply is onl' of a 
number of components evaluated by FUS in the community fire protection sys 
tern. Recommendations applying to fire departments and Code enforcement ;11 t> 

covered in other publications of Fire Underwriters Survey . FUS local offices Jrt' 

prepared to assist municipal officials or their consultants with advice on specific 
problems, as time limits permit, in accordance with the intent of this guide . The 
minimum size water supply credited by FUS mll\St be capable of delivering not 
less than 1000 Umin (200 gpm) for two hours or 2000 Umin (400 gpm) for 
one hour in addition to any domestic consumption at maximum daily rate . 
Static suction supplies to fire department pumpers are recognized only as a sup 
plement to the piped system. 

In the FUS assessment of a water supply system the major emphasis is plac1·d 
upon its ability to deliver 1dequate water to control major fires throughout the 
community on a reliable basis via sufficient and suitable hydrants. What is ult1 · 
mately available to the fire department is the critical test in this fire protection 
evaluation . 

In this second edition, coincident with conversion to metric units . some reduc · 
tions in the amounts and durations of fire flows have been introduced to reflect 
changing conditions in the structure of communities and in fire suppression 
techniques. 

Rates of flow for firefighting purposes are expressed in litres per minute JS th1\ 
is the adopted unit for the firefighting field. 

With this edition of the Guide, quantities are specified in S. I. units. Imperial 
,quivalent1 or approximations are also given for convenience only . 
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PART 

GENERAL 

ADEQUACY ANO RELIABILITY. An adequate and reliable water supply for 
f11efighting is an essential part of the fire protection system of a municipality. 
This is normally a piped system in common with domestic potable water service 
for the community . 

A water supply system is considered to be fully adequate if it can deliver the nee· 
essary fire flow at any point in the distribution gridiron for the applicable time 
period specified in the table "Required Duration of Fire Flow" with consump· 
,;rin at the maximum daily rate (average rate on maximum day of a normal year). 

!n this delivery is also possible under certain emergency or unusual conditio 
<.J) herein specified, the system is considered to be reliable . In cities of populatio1r 
in excess of 250,000 (or smaller places with high fire incidence and severe hazard 
conditions) it is usually necessary to consider the possibility of two simultaneous 
major fires in the area served by the system. 

Fire flows are amounts of water necessary to control fires . These are determined 
as shown in Part 11 . System design should contemplate meeting the required fire 
flows existing or probable with the possible exception of gross anomalies where 
there is no fire threat to the remainder of the community. In these cases, the 
properties should preferably be modified in hazard to reduce the required flow 
as part of a coordinated community fire protection system. 

Tiu, protection of buildings by automatic sprinkler systems is a significant con· 
t1 ibution to the fire protection of the community and should be encouraged, not 
penalized by onerous service charges or metering requirements. 

In order to provide reliability, duplication of some or all parts of the system will 
he necessary, the need for duplication being dependent upon the extent to which 
the various pJrts may reasonably be expected to be out of service as a result of 

·intenance and repair work, an emergency or some unusual condition. The in-
.l11ction of storage , either as part of the supply works or on the distribution 

sys tern , may partially or completely offset the need for duplicating various parts 
uf th r. system, the value of the storage depending upon its amount, location and 
:i va il.:ibility. 

STORAGE. In gen eral, storage reduces the requirements of those parts of the 
system through which supply has already passed . Since storage usually f luctu · 
ates, the normal da ily minimum maintained is the amount that should be con · 
side red as available for fires . Because of the decrease in pressure when watEr is 
drawn down in standpipes. only the portion of this normal daily minimum 
storage that can be delivered at a residual pressure of 150 kPa (20 psi) at the 
point of use is considered as available. As well as the quantity available, the rat~ 
of delivery of watt.?r to the system from storage for the fire flow period is critical 
to this consideration . 
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PRESSURE. The principal requirement to be considered is the ability to cf1•l1ver 
water 1n sufficient quantity to permit pumpers of the fire department to obtain 
an adequate supply from hydrants . To overcome friction loss in the l1ydri1nl 
branch, hydrant and suction hosP., a minimum residual water pressure of I SO i... P.i 
(20 psi) on the street main is required during flow. Under condit1on5 of i:x1 ·,.1· 
tionally low suction losses a lower residual may be possible . This 111clud1~<. ttll' 
use of 100 mm (4·inch) and larger outlets for fire department pumper llSl' ;111d 
hydrants with large waterways. 

Higher sustained pressure is of importance in permitting direct continuous ~upphf 
to automatic sprinkler systems, to building standpipe and hose wstems. illld "' 

maintaining a water plane such that no portion of the protected area is without 
water, such as during a fire at another point . Residual pressures that P><Ct~f'd 
-')0 kPa (75 psi) during large flows are of value as they permit short hc1)e ·lt11l's 
' be operated directly from hydrants without supplementary pump1nq Tl1l' 

volumes and pressures of water supply required for individual au 1urnat ic spr :11i...1t:1 
systems vary considerably, but a flow characteristic of 4500 L/rnin ( 1000 qprn} 
at 300 kPa (40 psi) is considered adequate for a majority of such svslcflls 1111it•:r 
ting low hazard industrial or commercial buildings . 

SUPPLY WORKS 

NORMAL ADEQUACY OF SUPPLY WORKS. The source of supply. including 
impounding reservoirs, and each part of the supply works should nor inJlly be 
able to maintain the maximum daily consumption rate plus the maximum 11· 

quired fire flow . Each distribution service within the system ~huuld srrnilJr ly 
support its own requirements. In large cities where fire frequency may 11.·sult 111 

simultaneous fires, additional flow must be considered in accordance with the 
potential. Filters may be considered as capable of operating at a resonable ovl'• · 
load capacity based upon records and experience . In qeneral. overlo;1d c;1pJcrty 
will not exceed 25 per cent, but may be higher in well designed plants opera1111q 
under favourable conditions. 

The absolute minimum supply available under extreme dry weattwr co11ditio11s 
should not be taken as the measure of the normal ability of the source of H1pply 
such as supply from wells . The normal or average capacity of wt.?lls during the 
most favourable nine month period should be considered, or the normal sus 
tained flow of surf ace supplies to the source . 

RELIABILITY OF SOURCE OF SUPPLY. The effect on adequacy must be 
considered for such factors as frequency, severity and duration of droughts. 
physical condition of dams and intakes; danger from earthquakes, floods, forest 
fires, and ice dams or other ice formations; silting-up or shifting of channels; 
oossibility of accidental contamination of the watershed or source; absence of 
.vatchmen or electronic supervision where needed; and injury by physical means. 
Where there is a risk of disruption, special precautions or alternat1~ supplies 
should be arranged. 

'J 
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Where supply is f rorn wells, some consideration should be given to the absolute 
minimum capacity of the wells under the most unfavorable conditions ; also to 
the length of time that the supply from the wells would be below the maximum 
daily consumption rate, and the likelihood of this condition recurring every year 
or only at infrequent intervals . It should be recognized that some water is gencr· 
ally ava ilable from wells and that the most extreme conditions are not as serious 
as a total interruption of the supply, as would be the case in the breaking of a 
darn or shifting of a channel. The possibility of clogging, salinity, and the need 
for periodic cleaning and overhauling must be considered. Dependence upon a 
single well , even where records are favorable, may be considered a feature of 
unreliability. 

equent cleaning of reservoirs and storage tanks may be considered as affectinn 
1iability . 

Continuity of and delay in implementing water supplies obtained from systems 
or sources not under the control of the municipality or utility should be con· 
sidered also from these aspects. 

GRAVITY SYSTEMS. A gravity system delivering supply from the source to 
distribution directly without the use of pumps is advantageous from the fire 
protection point of view because of its inherent reliability, but a pumping system 
can also be developed to ah igh degree of reliability . 

PUMPING 

RELIABILITY OF PUMP ING CAPACITY. Pumping capacity, where the system 
or se rvice is suppli ed by pumps, should be sufficient, in conjunction with storage 
when the two most important pumps are out of service, to maintain the maxi· 
rnum daily consumption rate plus the maximum required fire flow at required 
' ressure for the required duration . For smaller municipalities (usually up to 

1out 25,000 population) the relative infrequency of fires is assumed as largely 
offsetting the probability of a serious fire occurring at times when two pumps 
are out of service . (Th e most important pump is normally, but not always, the 
one of largest capacity, depending upon how vital is its contribution to main· 
tainin ~J flow to the distribution system .) 

To be adequate, re 1na ining pumps in conjunction with storage should be able to 
provide required fire flows for the specified durations at any time during a period 
of 5 days with consumption at the maximum daily rate . E f feet of normal mini· 
mum capacity of e levated storage located on the distribution system and storage 
of treated wJter above lowlift pumps should be considered, for example . The 
rate of flow from such storage must be considered in terms of any limitation of 
water main capacily . The availability of spare pumps or prime movers that ca1 
quickly be installed may bP. credited as may pumps of compatible characteristics 
which may be valved from another service.to assist. 
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POWER SUPPLY FOR PUMPS. Electric power supply to pumps should tw so 
arranged that a failure in any power line or the repair or replacement of a tra11s · 
former, switch , control unit or other device will not prevent the dcl1vury , 111 co11 
junction with elevated storage, of required fire flows for the requ11t'd <.JurJt1011s 
at any time during a period of two days with consumption at th•· rn ;1x 11111i111 

daily rate . 
Power lines should be underground from the station or substation of the powl'' 

. utility to water plants and pumping stations and have no other consumt•rs · ~ " 
route . The use of the same transmission lines by other consurn nrs introduct' '> 
unreliability because of the possibility of interruption of power or deterior;1ti u11 
of power characteristics. 

Overhead power lines are more susceptible to damage and intc11uption thJ11 
·nderground lines and introduce a degree of unreliability that d1·1H!rHls upu11 

,..,eir location and construction . In connection with overhead lines. c"miclerat11 1
11 

should be given to the number and duration of lightning, wind, slt ·•·t. Jr11t s11(1\·1 

storms in the area; the type of poles or towers and wires ; the 11;1tu1 l' of 11 ... 
country traversed; the effect of earthquakes, forest fires. and floods. the l1qh111 · 
ing and surge protection provided; the extent to which the systt•111 is clependt•nt 
upon overhead lines; and the ease of and facilities for repairs . 

The possibility of power system or network f-ilures affecting largr J1eJs should 
be considered. In-plant auxiliary power or internal combustion <tr 1ver ~.tJ11cltiy 
pumping are appropriate solutions to these problems in many casl'c.. particularly 
in small plants where high pumping capacity is required for t 1r e protection 
service. When using automatic starting, prime movers for auxiliary power su1ml y 
and pumping should have controllers labelled or listed by Underwriters' LatJ01 ;1 
tories of Canada to establish their reliability. 

FUEL SUPPLY. At least a 5-day supply of fuel for internal-combustion engines 
or boilers used for regular domestic Sllpply should be provided ; where lu11~1 haul s. 
condition of roads, climatic conditions, or other circumstances could c,11Vit ' inh·r 
ruptions of delivery longer than five days, a greater storage shouhJ ue pr uv1c.lt-d 
Gas supply should be from two independent sources or from th1pl1catc c3.1 s 
producer plants with gas storage sufficient for 24 hours. Unre liability of re9ulJr 
fuel supply may be offset in whole or in part by suitable provisions for the ust• 
of an alternate fuel or power supply. 

BUILDINGS AND PLANT 

BUILDINGS AND STRUCTURES. Pumping stations, treatment pl,ints. contr t: il 
centers and other important structures should be located. constructl'd, arr a1111•·d . 
and protected so that damage by fire, flooding, or other causes will be held w" 
minimum. They should contain no combustible material in their construc11011 , 
and, if hazards are created by equipment or materials located within the sarni.• 
structure, the hazardous section should be suitably separated by fire rl.'sistiv 1· 
partitions or fire walls. 

() 
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Buildings and structures should have no fire exposures. If exposures exist, suit · 
Jble protection should be provided. Electrical wiring and equipment should be 
instillled in accordance with the Canadian Electrical Code. All internal hazards 
should be properly safeguarded in accordance with good practice. Private in· 
plant fire protecti0n should be provided as needed. 

MISCELLANEOUS SYSTEM COMPONENTS, PIPING AND EQUIPMENT. 
Steam piping, boiler ·feed lines, fuel ·piping (gas or oil lines to boilers as well as 
gas, oil or gasoline lines to internal ·combustion engines), and air lines to wells or 
control systems should be so arrang~d that a failure in any line or the repair or 
replacement of a valve, fuel pump, boiler-feed pump, injector, or other necessary 
device , will not prevent the delivery, in conjunction with storage, of the required 
fire flows for the specified duration at any time during a period of two days with 

;umption at the maximum daily rate. 

Piants should be well arranged to provide for effective operation. Among the 
features to be considered are : ease of making repairs and facilities for this work, 
danger of flooding because of broken piping; susceptibility to damage by spray; 
reliability of priming and chlorination equipment; lack of semi ·annual inspection 
of boilers or other pressure vessels; dependence upon common nonsectionalized 
electric bus bars; poor arrangement of piping; poor condition or lack of regular 
inspecrions of important valves; and factors affecting the operation of valves or 
other devices necessary for fire service such as the design, operation, and mainte· 
nance of pressure regulating valves, altitude valves, air valves, and other special 
valves or control devices, provision of power drives, location of controls, and 
susceptibility to damage. 

Reliability of the treatment works is likely to be influenced by the removal from 
service of at least one filter or other treatment unit; the reduction of filter capac· 
ity by turbidity, freezing, or other conditions of the water; the need for cleaning 
basins; 3nd the dependability of power for operating valves, wash·water pumps, 
m ixers, and other appurtenances . 

OPE RATIONS . Reliability in operation of the supply system and adequate re· 
ise to emergency or lire demands are essential. Instrumentation, controls 

, automatic feJtures should be arranged with this in mind. Failure of an auto· 
matic system to maintain normal conditions or to meet unusual demands should 
sound an alarm where remedial action will be taken. 

The operating force should be competent, adequate, and continuously available 
as may be required to maintain domestic and fire service. 

EMERGENCY SERVICES. Emergency crews, provided with suitable transpor · 
tat ion , tools. and equipment, should be continuously on duty in the larger sys· 
terns and be readily available upon call in small systems. Spare pipe and fittings 
JrH.1 construction equipment should be readily available. Alarms for fires in 
lJuildings should be received by the utility at a suitable location where someorn~ 
is alwJys on duty who can take appropriate action as required, such as placing 
;1d<Jitional equipment in operation, operating emergency or special valves, or ad· 
justing pressures . Receipt of alarms may be by fire alarm circuit, radio , outside 
.rl1!rting dev ice, or telephone, but where special operations are required, the alarm 
51.'rv ice should be equi11Jlent to that needed for a fire station. 
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Response of an emergency crew should be made to major fires to assist the I 11 , . 

department in making the most efficient use of the water system Jnd to 1.!nStH1' 
the best possible service in the event of a water main break or other e11wr<J1•11cy . 
The increase of pressures by more than 25 per cent for fires is considt>red to 1n · 
crease the possibility of breaks. 

PIPING 

RELIABILITY OF SUPPLY MAINS. Supply mains cut off for repair should not 
drastically reduce flow available to any district. This includes all pipL' l111 L' s or 
conduits on which supply to the distribution system is dependent. 1ncl uclinq 111 

takes, suction or gravity lines to pumping stations, flow lines froni reservo11s . 
aatment plant piping, force mains, supply and arterial mains , etc . Cons idt•r · 

.. Hion sh0l1ld be given to the greatest effect that a break, joint separation or 01111.·r 
failure could have on the delivery of the maximum daily consumption 1 JIL' plus 
required fire flow at required pressure over a three day period. Aqu1·duct 'i. 
tunnels or conduits of substantial construction may be considered as lt :ss ~ usc1~11· 
tible to failure and equ ivalent to good mains with a long history of rcliJbil1ty . 

INSTALLATION OF PIPE. Mains should be in good condition ;1r11t p101wrl v 
installed. Pipe should be suitable for the service intended . Ash1· -. 1os·n·rne11t. 
cast and ductible iron, reinforced concrete and steel pipe manuf JcturL•ct in ac · 
cordance with a appropriate Canadian Standards Association or ANSI / AWWA 
standards, or any pipes listed by Underwriters' Laboratories of CanadJ for 1111.• 
service are considered satisfactory. Normally, pipe rated for a maximum work ing 
pressure of 1000 kPa ( 150 psi) is required. Service records, including the fr e · 
quency and nature of leaks, breaks, joint separations, other failures and repairs. 
and general conditions should be considered as indicators of reliabil ity . Wht•11 
mains are cleaned they should be lined. 

Mains should be so laid as not to endanger one other, and special construction 
should be provided to prevent their failure at stream crossings, railru;1d cross1119s, 
bridges, and other points where required by physical conditions. suµply 111.iins 

shall be valved about once a mile and should be equippl'd with air vJlves at h1qh 
points and blow offs at . low points. Mains should not be buried ex trcrnely dL'L'P 

or be otherwise unusually difficult to repair, though depths to ten feet rnJy lw 
required because of frost conditions. 

The general arrangement of important valves. of standard or special f 1tt irHJS. Jr11t 
of connections at cross·overs, intersections, and reservoirs. as well Js Jt d i <icll ; 11 ~w 

and suction headers, should be considered with respect to the ti ml' required to 
isolate breaks. The need for check valves on supply or force mains and for otli"t'r 
arrangements to prevent flooding of stations or emptying of rest•r1101rs al the 
time of a break in a main should also be considered, as well JS the neec.J for rel 11'1 
valves or surge chambers. Accessibility of suitable material and equ1µm1m1 JIHf 

ease of making repairs should be considered. 

11 
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Arterial feeder mains should provide looping throughout the system for mutual 
support and reliability, preferably not more than 1000 metres (3000 feet) be· 
tween maim. Dependence of a large area on a single main is a weakness. In 
qeneral the gridiron of minor distributors supplying residential districts should 
cunsist of mains at least 150 mm (6-inch) in size arranged so that the lengths on 
the long sides of blocks between intersecting mains do not exceed 200 metres 
(600 feet) . Where longer lengths of 150 mm (6 ·inch) pipe are necessary 200 mm 
(8 ·inch) or larger intersecting mains should be used. Where initial pressures are 
unusually high, a satisfactory gridiron may be obtained with longer lengths of 
150 mm (6 ·inch) pipe be tween intersj!cting mains. 

Where deadends and a poor gridiron are likely to exist for a considerable period 
or where the layout of the streets and the topography are not well adapted to 

· above arrangement, 200 mm (8· inch) pipe should be used. Both ability to 
.H the required fire flows and reliability of a reasonable supply by alterna; 

routing must be taken into account in this consideration. 

VALVES. A sufficient number of valves should be installed so that a break or 
other failure will not affect more than 400 metres (Y. mile) of arterial mains, 
150 metres (500 feet) of mains in commercial districts, or 250 metres (800 feet) 
of mains in residential districts. Valves should be maintained in good operating 
condition . The recommended inspection frequency is once a year, or more 
frequently for larger valves and valves for critical applications. 

A valve repair that would result in reduction of supply is a liability, but because 
of the probable infrequency of occurrence, it might be considered as introducing 
only a moderate degree of unreliability even if it resulted in total interruption. 
The repair of a valve normally should be accomplished in 2 days. Valves opening 
opposite to the majority are undesirable and when they do occur they should be 
clearly identified. 

HYDRANTS 

.:>rZE , TYPE , AND INSTALLATION. Hydrants should conform to American 
Water Works Association Standard for Dry Barrel Fire Hydrants (AWWA C502) 
or Underwriters Laboratories of Canada listing. Hydrants should have at least 
two 65 mm (2 %- inch) outlets . Where required fire flom exceed 5000 Umin 
( 1000 gprn) or pressures are low there should also be a large pumper outlet. The 
lateral street connection should be not less than 150 mm (6·inch) in diameter. 
Hose threads and operating and cap nuts on outlets should conform to Provincial 
Standard dimensions . A valve should be provided on lateral connections between 
hydrants and street mains when on major feeder mains, where fire flows exceed 
5000 Umin (1000 gpm) and where grid is not close. Hydrants that open in a di· 
rection opposite to that of the majority are considered unsatisfactory. Flush hy· 
cir lints are considered undesirable because of delay in getting into operation; this 
delay is more serious in areas subject to heavy snow storms. Cisterns are con­
sidered unsatisfactory as an alternative to pressure hydrants. The number and 
spucing of hydrants ~hould b1! as indicated in the accompanying table "Standard 
llyd1i111t Oistri1Jutio11" . 
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INSPECTION AND CONDITION. Hydrants should be inspectt'<I at leJst sL• 1111 · 

annually and after use; inspectior1 should include operation at IL·;ist once a year 
Where freezing temperatures occur, the semi-annual inspections should be r11.idt• 
in the spring and fall of each year . Oecause of the possibility of frl'• :lirHJ tlli:y 
should be checked frequently during extended periods of severe cold . Hy<lrJ111s 
should be kept in good condition and suitable records of inspections an ct r epa11 s 
be maintained. Hydrants should be painted in highly visible colors so tha 1 tl""r 
are conspicuous and be situated with outlets at least twelve inches above gr adl· 
T.here should be no obstruction that could interfere with their operation. S11uw 
should be cleared promptly after storms and ice and snow accumulations re· 
moved as necessary. 

HYDRANT DISTRIBUTION. All areas should have hydrants installed in loca· 
tions and at spacing convenient for fire department use along streets and in other 
areas, including private developments, where fire apparatus can go. General dis · 
tribution density of hydrants should be in accordance with the required fire 
tlows as indicated in the accompanying table "Standard Hydrant Distribution" to 
allow for convenient utilization of supplies. In addition convenient lire depart ­
ment use normally calls also for a maximum lineal distance between hydrants 
along streets in congested areas of 100 metres (300 feet) and for light residential 
districts, 200 metres (600 feet). Good practice calls for hydrants at inter sections, 
in the middle of long blocks, particularly when required flows exceed 6000 
Umin (1300 gpm), and rear the end of long deadend streets. Hydra11ts should 
be required by by·laws within large properties having access to fire apparatus. 
The planning of hydrant locations should be a cooperative effort between the 
water utility and the fire department. 

RECORDS 

PLANS AND RECORDS. Complete, up·tO·date plans and records essentrJI for 
the proper operation and maintenance of the system should be available in con · 
venicnt form, suitably indexed and safely filed. These should include plans of 
the source as well as records of its yield and a reliable estimate of the safe yielll; 
plans of the supply works including dams, intakes, wells, pipelines. treatment 
plants, pumping stations, storage reservoirs and tanks; and a map of the d1str1Liu 
tion system showing mains, valves, and hydrants. Plans and maps should ~ 111 
duplicate and stored at two locations. 

Detailed distribution system plans in a form suitable for field use should tw J11;1i1 

able for maintenance crews. Records of consumption, pressures. storage lt·vcis. 
pipes, valves, and hydrants, and of the operations of the supply works and llistr1 · 
but ion system, including valve and hydrant inspections and repairs shuu Id he 
maintoined. 

11 



Fire 

lit 

ow Required 

per minute 

2,000 
4,000 
6,000 
8,000 
0,000 

2,000 
4,000 
6,000 
8,000 
0,000 

2,000 
4,000 
6,000 
8,000 
0,000 

2,000 
4,000 
6,000 
8,000 
0,000 

2.000 
4,000 
6,000 
8,000 

STANDARD HYDRANT DISTRIBUTION 

Avera119 Area Fire Flow Required 
pe'r Hydrant - m2 Imp. gal/min 

16,000 400 
15,000 800 
14,000 1,000 
13,000 1,500 
12,000 2,000 

11,000 2,500 
10,000 3,000 
9,500 3,500 
9.000 . 4,000 
8,500 4,500 

8,000 5,000 
7,500 5,500 
7,000 6,000 
6,500 6,500 
6,000 ' 7,000 

5,500 7,000 
5,250 8,000 
5,000 8,500 
4,750 9,000 
4,500 9,500 

4,250 10,000 
4,000 
3,750 
3,500 

Average Ar11 
per Hydr1nt - ft2 

IApproJC.) 

170,000 
160,000 
155,000 
144,000 
132,000 

120,000 
108,000 
100,000 
97,000 
90,000 

85,000 
78,000 
72,000 
66,000 
63,000 

60,000 
57.000 
53,000 
51,000 
48,000 

45,000 

A refers to surf ace area of blocks and bounding streets. For a street without 
:.HJjacent streets, a depth of one· half block is used. 
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REQUIRED DURATION OF FIRE FLOW 

Fire Flow Requir9d Our1tion 
litres per minute hours 

2,000 or less 1.0 
3,000 1.25 
4,000 1.50 
5,000 t~ 6,000 l,~o L/5 ( ·2.Q_ 
8,000 . 2.0 

10,000 2.0 
12,000 2.5 
14,000 3.0 
16,000 r~}> 18,000 2ic.OL/f 
20,000 4.5 
22,000 5.0 
24,000 5.5 
26,000 6.0 
28,000 6.5 
30.000 7.0 
32.000 7.5 
34,000 8.0 
36,000 8.5 
38,000 9.0 
40,000 and over 9.5 

Interpolate for Intermediate figures. 

Fire Flow Required 
Imp. gal/min 

--Our~t~~ - - --1 
hours 

400 1.0 
600 • 1.25 
BOO 1.50 

1,000 1.75 
1,500 2.0 
2,000 2.0 
2,500 2.5 
3,000 3.0 
3,500 3.5 
4,000 4.1 
4,500 4.7 
5,000 5.2 
5,500 5. 7 
6,000 6.3 
6,500 6.9 
7,000 7.5 
7,500 8.0 
8,000 8.6 
8,500 9.2 
9,000 and over 9.5 

A water supply system is considered to be adequate for fire protection when it 
can supply water as indicated above with consumption at the maximum daily 
rate. Certain types of emergency supplies may be included where reasonable 
conditions for their immediate use exist. Storage on the system is credited on 
the basis of the normal daily minimum maintained insofar as pressure permits 
its delivery at the rate considered. 
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PART 11 

GUIDE FOR DETERMINATION OF REQUIRED FIRE FLOW 

(INSURANCE SERVICES OFFICE 1974 VERSION) 

COPYRIGHT I . S. 0 . 1974 

N . B.: It should be 1ecou1111ed thJt this is a "guide" in the true sense of the word, 
;111d requires a certain Jmount at knowledge and experience in fire protection 
engineering for its effective application. Its primary purpose is for the use of 
surveyors cxperi1~ncecl in this field, but it is made available to municipal officials. 
consulting engineers ancl others interested as an aid in estimating fire flow re· 

· ·ements tor municipJI fire protection. Some examples of typical fire flow 
Jiremcnts a1 e shown in the Appendix. 

Hequired Fire Flow may be described as the amount and rate of water applica· 
tion required in fire fighting to confine and control the fires possible in a build· 
ing or group of buildings which comprise essentially the same fire area by virtue 
of immediate exposure . This may include as much as a city block. 

1. An estimate of the tire flow required for a given fire area may be determined 
by the formula: F = 220 C rA 
where 

F = the required fire flow in litres pr.r minute. 

C = coefficient related to the type of construction. 

~ = 1.5 for wood frame sonstructi<:>n (structure csset'\.tially all 
combustibie'l. ( :"'r / . ~....J ·~_:. ,-J, ... / -..J..._I\_) 

Note: 

1.0 for ordinary construction (brick or other masonry walls, 
combustible floors and interior) 
0 .8 for noncombustible construction (unprotected metal 
structural components, masonry or metal walls). 
0.6 for fire ·resistive construction (fully protected frame, 
floors, roof). 

For types of construction that do not fall within the cate· 
gories given, coefficients shall not be greater than 1.5 nor 
less than 0.6 and may be determined by interpolation be· 
tween consecutive construction types as listed above. Con· 
struction types are defined in the Appendix. 

A = The total floor area in square metres (including all storeys, 
but excluding basements at least 50 per cent below grade) 
in the building being ·considered. 

(The above formul<J using gallons per minute and area in square feet would be 
F -~ 14.8C 17\.) 

For fire resistive buildings, consider the two largest adjoin· 
iny floors plus 50 per cent of each of any floors immediately 
above thl'rn up to eight, when the vertical openings are in· 
adequately protected. If the vertical openings and exterior 
vertical communicJtions ,JJl' properly protected (one hour 

-·-~ > -- __J 

rating), consider only the area of the largest floor plus 25 
per cent of euch of the two immediately adjoining floors 

The fire flow as determined by the above shall not exceed 

30,000 L/min (6, 700 gpm) for wood frame construction 
30,000 L/min (6, 700 gpm) for ordinary construction 
23,000 L/min (5,000 gpm) for noncombustible construct 1u11 
23,000 L/min (5,000 gpm) fire· resistive construction 

except that for a normal l ·storey building of any type of construction 
the fire flow shall not exceed 20,000 Umin (5,000 gpm). 
The fire flow determined shall not be less than 2,000 Umin (400 goml. 

For 1-family and small 2·family dwellings not e.xceeding 2·stories in height. 
see Note J. 

2. The value obtained in No. 1 may be reduced by as much as 25% for occuµan 
cies having a low contents fire hazard or may be increased by up to a 25°·u sur 
charge for occupancies having a high fire hazard. Those may be classi f 1ed Js 
to contents as follows: 

Non ·Combustible - 25% Free Burning + 15% 
Limited Combustible - 15% Rapid Burning + 25% 
Combustible No charge 

As a guide for determining low or high fire hazard occupanciPs, see the lists 
in the Appendix. 
The fire flow determined shall not be less than 2,000 Umin (400 gpm). 

3. The value obtained in Number 2 above may be reduced by up to 50°·~ fur 

complete automatic sprinkler protection depending upon adequacy ot the 
system. Where buildings are either fire resistive or non·combustible constr uc· 
tion, and have a very low fire hazard, the reduction may be up to 75%. The 
percentage reduction made for an automatic sprinkler system will depend 
upon the extent to which the system is judged to reduce the possibility of 
fires spreading within and beyond the fire area. Normally this reduction will 
not be the maximum allowed without proper system supervision including 
water flow and control valve alarm service. 

4. To the value obtained in No. 2 above 'iher alle1JtiA~ aRy reflti1etieA ti1n1:h:r P.'6. 
.a.J a percentage should be added for structures exposed within 45 metres ( 150 
feet) by the fire area under consideration. This perc~tage shall depend upon 
the height, area, and construction of the building(s) being expo!.cd, the scpara · 
tion, openings in the exposed building(s), the length and height of exposure. 
the provision of automatic sprinklers and/or outside sprinklers in the builcl· 
ing(s) exposed, the occupancy of the exposed building(sl. and the ef tect of 
hillside locations on the possible spread of fire. 

The charge for any one side generally should not exceed the following limits 
for the separations shown: 

Sep1r1tion Ch1rge 
0 to 3 m ( 0 - 10 ft.) 25% 
3. 1 to 10 m ( 11 - 30 ft.) 20% 

10.1to20 m (31- 60 ft.) 15% 

Sep.,ation Charge 
20. l to 30 m ( 61-100 ft .) 10''u 
30.l to45m (101-150ft .l 5% 

The total percentage shall be the sum of the percentages for all sides, but shall 
not t?xceerl 7!1% 

__) 



The fire flow shall not exceed 45,000 Umin ( 10,000 gpm) nor be less than 
2,000 Umin (400 gpm) . 

Note A: The guide 1s not expected to necessarily provide an adequate value for 
lumber yarcis, petroleum storage, refin~ries, grain elevators , and large 
chemical plants hut may indicate a minimum value for these hazards . 

Note B: Judgement must be used for business, industrial. and other occupan· 
cies not specifically mentioned . 

Note C: Consideration should be given to the configuration of the building(sl 
being considered and accessibility by the fire department . 

Note D: Woon frame structures separated by less than 3 metres ( 10 feet) shall 
be considered as 011e fire area . 

E: Fire Walls : - In determining floor areas, a fire wall that meets or ex 
ceeds the requirements of the current edition of the National Building 
Code of Canada (provided this necessitates a fire resistance rating of 
2 or more hours) may be deemed to subdivide the building into more 
than one area or may, as a party wall, separate the building from an 
adjoining building. 

Normally any unpierced party wall considered to form a boundary 
when determining floor areas may warrant up to a 10% exposure 
charge. 

Note F: High one·storey buildings: - When a building is stated as 1 = 2, or 
more storeys , the number of storeys to be used in the formula depends 
upon the use being made of the building. For example consider a 
1 = 3 storeys building. If the building is being used for high-piled 
stock, or for rack storage, the building would probably be considered 
as 3 stories and, in addition, an occupancy percentage increase may 
be warranted . However, if the building is being used for steel fabri· 
cation and the extra height is provided only to facilitate movement 
of objects by a crane, the building would probably be considered 
as a 1 ·storey building and an occupancy credit percentage may be 
warranted . 

Note G: If a building is exposed within 45 metres (150 feet), · normally some 
surcharge for exposure will be made. 

Note H: Where wood shingle or shake roofs could contribute to spreading fires, 
add 2,000 Umin (400 gpm) to 4,000 Umin (800 gpm) in accordance 
with ex tent and condition. 

Note I: Any non -combustible building is considered to warrant an 0.8 coef · 
f icient. 

_ ____, - __,J 

Note J : Dwellings : - For groupings of detached 1-family and small 2 -family 
dwellings not exceeding 2 stories in height, the f ollowirHJ short nw 
thod may be used . (For other residential buildings, the rt ~ qular 1ne 
thod should be used.) 

Exposure distances 

Less than 3 m ( 10 ft.) 
3 to 10 m ( · 30 ft.) 

10.1 to 30 m (100 ft .) 
Over 30 m (100 ft.) 

Suggested required fire flow 
Wood Frame Masonry or Brick 

See Note "D" 6,000 Umin ( 1.200 gpm) 

3,600 Umin (800 gpm) 3,600 Umin ( 800 gprn) 

2,700 Umin (600 gpm) 2.700 Umin ( 600 gprn) 

2,000 Umin (400 gpm) 2,000 Umin ( 400 riprn) 

If the buildings are contiguous, use a minimum of 8,000 L/rn1n 
( 1,800 gpm). 

Also consider Note H. 

OUTLINE OF PROCEDURE 

A. Determine the type of construction. 

B. Determine the ground floor area . 

C. Determine the height in stories. 

D. Using the fire flow formula, determine the required fire flow to the nearest 
1,000 L/min (200 gpm). 

E. Determine the increase or decrease for occupancy and apply to the value 
obtained in D above. Do not round off the answer. 

F. Determine the decrease, if any, for automatic sprinkler protection . Do not 
round off the value. 

G. Determine the total increase for exposures. Do not round off the value. 

H. To the answer obtained in E, subtract the value obtained in F and add the 
value obtained in G. 

The final figure is customarily rounded off to the nearest 1,000 Umin (200 gpm) 
if less than 10,000 Umin (2,000 gpm) and to the nearest 2,000 Umin (400 gpm) 
if 10,000 Umin (2,000 gpm) or greater. 



APPENDIX 

TYPES OF CONSTRUCTION 

For the specific purpose of using the Guide, the following definitions may be used: 

Fire· Resistive Construction - Any structure that is considered fully protected, 
having at least 3·hour rated structural members and floors. For example, 
reinforced concrete or protected steel. 

Non ·combustible Construction - Any structure having. all structural members 
including walls, columns, piers, beams, girders, trusses, floors, and roofs of 
non -combustible material and not qualifying as fire-resisitive construction. 
For example, unprotected metal buildings. 

nary Construction - Any structure having exterior walls of masonry or suer 
non·combustible material , in which the other structural members, includin~ 
but not limited to columns, floors, roofs, beams, girders, and joists, are 
wholly or partly of wood or other combustible material. 

Wood Frame Construction - Any structure in which the structural members are 
wholly or partly of wood or other combustible material and the construction 
does not qualify as ordinary construction. 

OCCUPANCIES 

Examples of Low Hazard Occupancies: 
Apartments Hotels Prisons 

Institutions Asylums 
Churches 
Clubs 

Libraries, except Large 
Stack Room Areas 

Public Buildings 
Rooming Houses 
Schools 
Tenements Museums Colleges & Universities 

Dormitories 
Dwellings 

Nursing, Convalescent 
and Care Homes 

Hospitals Off ice Buildings 

Generally, occupancies falling in National Building Code Groups A, B, C and 
D are of this class . 

Examples of High Hazard Occupancies: 

Aircraft Hangers 
Cereal, Feed, Flour and Grist Mills 
Chemical Works - High Hazard 
Cotton Picker and Opening 

Operations 

Explosives and Pyrotechnics 
Manufacturing 

Foamed Plastics, Storage or use 
in Manufacturing 

High Piled Combustibles Storage in 
Excess of 6.5 metres high 

Linoleum anc1 Oi !cloth Manufacturing 

:to 

Linseed Oil Mills 
Match Manufacturing 
Oil Refineries 
Paint Shops 
Pyroxylin Plastic Manufacturing 

and Processing 
Shade Cloth Manufacturing 
Solvent Extracting 
Varnish and Paint Works 
Wood Working with Flammable 

Finishing 

__ ._J 

Other occupancies involving processing, mixing, storage and dispensing 
flammable and/or combustible liquids. 

Generally, occupancies falling in National Building Code Group F. Oiv1s1ons 
1 and 2 would be in this class. 

Experience has shown that the following credits should normally be applied for 
the occupancies listed: 

Dwellings•, apartments, and dormitories 
Hospitals 
Elementary Schools 
Junior and Senior high schools 
Open parking garages 

•when applying the standard method . 

25 % 

20 "'· 
20 % 

15 % 
25 % 

For other occupancies, good judgment should be used, and the percentage in· 
crease will not necessarily be the same for all buildings that are in the same 
general category - for example "Colleges and Universities"·: this could range 
from a 25% decrease for buildings used only as dormitories to an increase for a 
chemical laboratory. Even when considering high schools, the decrease should 
be less if they have extensive shops. 

It is expected that in commercial buildings no percentage increase or decrease 
for occupancy will be applied in most of the fire flow determinations. In 
general, percentage increase or decrease will not be at the limits of plus or minus 
25%. 

EXPOSURES 

When determining exposures it is necessary to understand that the exposure p~r · 
centage increase for a fire in a building (x) exposing another building (y) does 
not necessarily equal the percentage increase when the fire is in building (y) ex· 
posing building (x). The Guide gives the maximum possible percentage for ex· 
posure at specified distances. However, these maximum percentages should not 
be used for all exposures at those distances. In each case the percentage applied 
should reflect the actual conditions but should not exceed the percentage listed . 

The maximum percentage for the separations listed generally should be used if 
the exposed building meets all of the following conditions: 

a. Same type or a poorer type of construction than the fire building. 

b. Same or greater height than the fire building. 

c. Contains unprotected exposed openings. 

d. Unsprinklered. 
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EXAMPLES OF REQUIRED FIRE FLOWS (REVISED) 

: or convenience in making general estimates some examples of required fire 
lows in typical buildings are provided below. In establishing fire flows for areas 
,f a Municipality as yet undeveloped, but where a broad range of commercial, 
nstitutional, residential and industrial occupancies may be expected to be ere· 
1tecJ under modern building code requirements, an outside design figure of 
15,000 Umin appears likely to be suitable. When very large or high fire load 
iuildings are probable, 25,000 Umin is more appropriate. It should be noted 
>iHticulary that the tendency to install automatic sprinkler protection in large 
irea and high hazard industrial and commercial buildings is a key factor in keep· 
11" "Quired fire flows within economically acceptable limits in many cases. 

allowing examples suppose no significant exposures to other buildings nol 
.pr inkier protection unless specif 1ed. Where areas are given they are ground areas 
in less specified . 

C>ET ACHED OWE LUNGS (TOTAt: Fl.QOR AREAS) 

- Under 100 m2 ( 1,200 ft.2) i 2,00M/min (400 gpm) 
101 m2 - 200 m2 (1,201 - 2;~t.2) = 3,000 Umin (600 gpm) 
Over 200 m2 (2 ,400 ft .2) = 4,000 Umin (800 gpm) 

- Add fo r exposures to similar buildi .1gs on both sides: 
Over 30 m (100 ft.) - nil 
30 - 10 m (100 - 30 ft.) add 1,000 Umin (200 gpm) 
10 - 3 rn (30 - 10 ft.) add 2,000 Umin (400 gpm) 
Less than 3 m ( 10 ft.) see Noti"D", if Frame. Brick, add 3,000 Umin 
(600 gµrn) . 

- If wood shingle or shake roofs are prevalent, add 2.00)> to 4,000 Umin 
(400 to 800 gpm). _ _;/ 

- Modern residential subdivisions of 1 and 2 storey sjngle family homes 
detached 3 to 6 m ( 1 o to 20 tt . l require usually 4,ooo to 5,ooo L/min e ~ _Q._ I 5 
(800 to 1,000 gpm) . 

Old congested two and three family tenements detached less than 3 m 
( 10 ft.) and running the length of the block may require 14,000 to 23,000 
Umin (3,000 to 5,000 gpm) and should be calculated according to Note 
" O" . 

- Modern Row or Town House groups may require 6,000 to 9,000 Umin 
( 1,400 to 2,000 gpm) including adjoining exposures. providing required 
fi re separations are adequate. 

A.PARTMENT BUILDINGS 
- 3 storeys, frame , 300 m2 (3,300 ft.2) = 7,000 Umin ( 1,600 gpm) and 

exposure coverage . 

- 4 storeys , brick, 1,900 m2 (20,00Q ft.2) = 15,000 Umin (3,200 gpm) and 
exposure coverage . 

- 3 or more storeys, fire resistive, 5,600 m2 (60,000 ft.2) with cut off shafts 
and stairs = 9,000 Umin (2.000 gpm) and exposure coverage. 

22 
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INSTITUTIONAL BUILDINGS 

1 storey, fire resistive school of 2,300 m2 (25,000 ft .2) = 5.000 Umin 
(1,200 gpm) 

3 storey, brick ordinary school of 2,300 m2 (25,000 f t .2) = 15.000 Umin 
(3,200 gpm) 

3 or more storey, fire resistive hospital with adequate ' floor separations 
1,000 m2 (10,000 ft.2). no exposures - 4,000 Umin (800 gnrn) . 

INDUSTRIAL BUILDINGS 

Typical industrial park, 1 storey ordinary, area 3,700 m2 (40,000 ft.2) with 
average combustible contents fire load 14,000 Umin (3,000 gpm). 

Frame warehouse 1 storey, Moderate contents fire load 3, 700 m 2 (40,000 
f t.2) = 20,000 L/min (4,400 gpm). 

Warehouse high fire load contents, brick non·combustillle, 1 storey. 14,000 
m2 ( 150,000 ft.2) • 25,000 Umin (5,600 gpm). With full , adr.quate auto· 
matic sprinkler protection (item 3, P. 17) 13,000 Umin (2,800 gpm) . 

Traditional 3 storey brick, ordinary, factory with high fire load. 9,300 m2 
( 100,000 ft .2) = 36,000 Umin (8,000 gpm). 

COMMERCIAL BUILDINGS 

Old business district city blocks with largely contiguous brick ordinary 
construction, 2 to 4 storey with no exposures 14,000 to 23.000 L/rnin 
(3,000 to 5,000 gpm). 

Large Mall Shopping Centre, no exposure, in one area of 16,000 m2 

( 170,000 ft.2). 

Non-combu5tible 
Fire Resistive 

- 22,000 Umin (4,800 gpm) 
- 17,000 Umin (3,600 gpm) 

Moderately large shopping centre, no exposure, in one area of 9,300 mi 
( 1 00 I 000 ft, 2). 

Non-combustible - 17,000 Umin (3,600 gpm) 
Ordinary - 22,000 Umin (4,800 gpm) 

Small open shopping centre, or part of large one, 5,000 m2 (5'1.000 ft.2) . 

Non-combustible - 12,000 Umin (2,800 gpm) 
Ordinary - 16,000 Umin (3,600 gpm) 
Frame - 23,000 Umin (5,000 gpm) 

Individual department store 4,600 m2 (50,000 ft.2), 3 storeys. 

Fire Resistive - 16,000 Umin (3,600 gpm) 
Brick ordinary - 26,000 Umin (5,800 gpm) 

High-Rise, fire-resistive office building more than 9 storeys, 2.500 m7 

( 2 7 I 000 ft, 2), 

Floors cut-off 
Not cut-off 

8,000 Umin (1,800 gpm) 
16,000 Umin (3,600 gpm) 
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AUTOMATIC SPRINKLERS 

The required flows shown above may be reduced by from 25 to 50% for build· 
ings having full approved automatic sprinkler protection with satisfactory alarm 
supervisory service and to 75% where conditions of very low fire load and non · 
combustible or fire resistive construction are also present, as noted in Item 3 on 
page 17. 

EXPOSURES 

In addition, if not included in the description in the above, water for hosestreams 
covering any exposures is needed . There are many variables in this consideration. 
In general for significc.nt expc ures in the area of 3 to 20 metres (10 to 60 feet) 
distant, 15 to 25 percent of the required flow may be added per exposing side. 

2'1 
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SYNOPSIS OF ANALYSIS #5 

This analysis considered the following components in the water distribution 
networks: 

1. New Development; 

2. Existing Network; 

3. Installation of a Fire Pump capable of 212 l/s @ 67m TDH (2800 imp. gal/min @ 
95 PSI). 

The result of this pump operating at this point when a fire flow demand did 
not exist resulted in pressures ranging from 490 - 655 KPa and velocities ranging from 0.03 
- 0.74 m/s. 

Recommendations: This analysis of the network shows no signs of high 
pressures and velocities, therefore this pump works well at this point with the existing 
network. However, as shown in the fourth analysis this pump does not meet the fire 
demand criteria. 
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+-------------------------------------------------------------------------+ 

Waterworks All-in-one - Water Syste1 Analysis Report 
+-------------------------------------------------------------------------+ 

: DATA : DAWSON.WK4 

FIRST : Dawson City 
SECOND : Water Supply Syste1, June 1~91 

THIRD : New Develop1ent, No fire, Fire Pu1p 2121/s @ 67.001 TOH 
FOURTH : File Name : Dawson.vkS 

t----------------------------- Long Report -----------------------------+ 

The analysis use Hazen-Willia1s's for1ula 
Iteration ter1ination threshold: 0.01000 
Maxi1u1 number of iterations: 40 

There are: 39 Pipes(s) 
32 nodes(s} 
1 sources(s) 
0 booster pu1p(s) 
0 pressure reducing valve(s) 
0 check valve(s) 
0 pressure sustaining valve(s) 

t-------------------------------------------------------------------------t 

rl, 
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PIPE TABLE 
<--------------------- Input --------------------><---------- Output -----------><-Input-> 
Pipe UpNode DnNode Length Dia1eter Roughness flow Velo(ity Headloss Status 

I II l/s 1/s I Open 
1 1 33 230.00 150.00 140.00 -2.26 -0.13 0.03 
2 2 l 195.00 150.00 140.00 -1.47 -0.08 0.01 
3 3 2 95.00 150.00 140.00 -0.47 -0.03 0.00 
4 4 3 72.00 150.00 140.00 0.81 0.05 0.00 
5 5 4 90.00 150.00 140. 00 1.67 0.09 0.01 
6 33 5 160.00 150.00 140.00 2.95 0.17 0.04 
7 6 33 280.00 150.00 140.00 -1.% -0.11 0.03 
B 7 6 90.00 150.00 140.00 -0.53 -0.03 0.00 
9 8 7 80.00 150.00 140.00 0.47 0.03 0.00 

10 9 B 90.00 150.00 140.00 1.32 0.07 o.oo 
11 33 9 210.00 lS0.00 140.00 2.11 0.12 0.03 
12 15 33 400.00 250.00 140.00 -36.02 -0.73 0.84 
13 10 15 280.00 250.00 140.00 -18.11 -0.37 0.16 
14 33 10 690.00 200.00 140.00 16.43 0.52 1.00 
15 11 10 520.00 150.00 140.00 -5.89 -0.33 0.46 
16 12 11 410.00 150.00 140.00 -3.89 -0.22 0.17 
17 13 12 430.00 150.00 140.00 -2.03 -0.11 o.os 
18 14 13 80.00 150.00 140.00 2.25 0.13 0.01 
19 10 14 650.00 150.00 140.00 6.39 0.36 0.66 
20 16 15 510.00 150.00 140.00 -5.82 -0.33 0.44 
21 17 16 920.00 150.00 140.00 -0.68 -0.04 0.02 
22 10 17 400.00 150.00 140.00 5.31 0.30 0.29 
23 18 10 410.00 150.00 140.00 -8.39 -0.47 0.69 
24 19 18 ' 270.00 150.00 140.00 -4.26 -0.24 0.13 
25 20 19 230.00 150.00 140.00 -3.26 -0.18 0.07 
26 21 20 400.00 150.00 140.00 -1.98 -0.11 0.05 
27 22 21 610.00 150.00 140.00 3.59 0.20 0.21 
28 10 22 410.00 150.00 140.00 8.58 0.49 0. 72 
29 23 15 170.00 150.00 140.00 -·~. 22 -0.52 0.34 
30 24 23 350.00 150.00 140.00 -7.00 -0.40 0.42 
31 25 24 613.00 150.00 140.00 -4.14 -0.23 0.28 
32 26 25 105.00 200.00 140.00 -3.00 -0.10 0.01 
33 27 26 10.00 200.00 140.00 -3.00 -0.10 0.00 
34 28 27 20.00 200.00 140.00 -1.43 -o.os 0.00 
35 20. 28 80.00 200.00 140.00 0.14 0.00 0.00 
36 29 25 670.00 150.00 140.00 3.71 0.21 0.25 
37 30 29 400.00 150.00 140.00 6.13 0.35 0.38 
38 31 30 350.00 150.00 140.00 7.20 0.41 0. 45 
39 33 31 210.00 150.00 140.00 13.07 0.74 0.81 
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NODE TABLE 
<---------- Input ---------><-----Output ----><---Optional ---><-Input-> 

Node Elevation De.and Pressure HGL XCoord YCoord Status 
I l/s kPa I ON 

1 320.00 0.79 655.63 386.97 
2 320.00 1.00 655.50 386.95 
3 320.00 1.28 655.49 386.95 
4 323.00 0.86 626.13 386.95 
5 320.00 1.28 655.58 386.96 

33 320.00 0.00 655. '37 387.00 
6 320.00 1.43 655.65 386.97 
7 326.00 1.00 596.88 386.97 
a 323.00 0.86 626.27 386.97 
9 320.00 0.78 655.70 386.97 

10 320.00 0.00 646.18 386.00 
11 332.00 2.00 524.19 385.54 
12 332.00 1.86 522.56 385.38 
13 328.00 4.28 561.22 385.33 
14 325.00 4.14 590.72 385.34 
15 320.00 2.86 647.n 386.16 
16 320.00 5.14 643.49 385.73 
17 320.00 5. '39 643.34 385.71 
18 320.00 4.13 639.39 385.31 
19 323.00 1.00 608.74 385.18 
20 323.00 1.14 608.08 385.11 
21 320.00 5.57 637.00 385.06 
22 320.00 4.99 639.10 385.28 
23 320.00 2.22 644.43 385.82 
24 320.00 2.86 640.28 385.40 
25 320.00 4.85 637.53 385.12 
26 332.00 0.00 519.95 385.11 
27 332.00 1.57 519.'34 385.11 
28 335.00 1.57 490.56 385.11 
29 320.00 2.42 639.98 385.37 
30 320.00 1.07 643.69 385.75 
31 320.00 5.8-7 648.06 386.1'3 
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INfLOW TABLE 
<---------- Input~---------><------ Output ------><-Input-> 

Node Pu1ps OpCurve XEsti1ate ?Actual Inf low Status 
l/s ON 

33 1 pu1pl 1 1.00 -74.7~ 

BOOST TABLE 
<------ Input ------>< Output ><-Input-> 
Pipe Pu1ps OpCurve Boost Status 

NA ON 
<< Booster data not available >> 

REDUCING CPRV> TABLE 
<-------------- Input --------------><---- Output ----> 
Pipe Source Pressure OpenK CKV PRVLoss CKVState 

NA NA 
<< PRV data not available >> 

SUSTAINING CPSY) TABLE 
<--------------- Input ---------------><------ Output -------> 

Node UpNode DnNode Pressure Options DnDe1and Pressure 
NA NA NA 

<< PSV data not available >> 

CHECK CCKV> TABLE 
<Input>< Output > 

Pipe State 

<< CKV data not available >> 
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MASTER 

AGREEMENT BETWEEN 

NORTHERN CANADA POWER COMMISSION 

AND 

GOVERNMENT OF YUKON TERRITORY 

COVERING PROVISION OF RESIDUAL HEAT 

FROM COMMISSION POWER FACILITIES 

IN YUKON TERRITORY 
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THIS AGREEMENT made in duplicate this 1st of April, 1983 A.O. 

BETWEEN: 

NORTHERN CANADA POWER COMMISSION, 
a Corporation established by an Act 
of Parliament of Canada, hereinafter 
ref erred to as "the Com mission" 

OF THE FIRST PART 

- and-

GOVERNMENT OF YUKON TERRITORY 
hereinafter referred to as 
"Yukon" and represented by the 
Minister of Municipal and Community 
Affairs 

OF THE SECOND PART 

WHEREAS the Commission operates diesel-electric power plants at a number of 
locations in the Yukon Territory; 

AND WHEREAS residual heat energy is available from the jacket water and/or exhaust 
system of these power plants during their normal operation; 

AND WHEREAS Yukon wishes to utilize the available residual heat energy for various 
heating purposes; 

AND WHEREAS the utilization of the available residual heat energy will contribute to 
energy conservation and reduced heating costs for various locations in the Yukon; 

AND WHEREAS withdrawal of residual heat from the power plant may be of benefit to 
the Com mission; 

NOW THEREFOR THIS AGREEMENT WITNESSES that, in consideration of the 
premises and the terms and conditions hereinafter set forth, the parties covenant and 
agree as follows: 
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1. RESIDUAL HEAT 

1.1 In this Agreement, ·the term "residual heat" shall mean the heat contained 
in the jacket water coolant and/or exhaust system of the Commission's 
diesel-electric power plants in various locations in the Yukon. 

2. TERM 

2.1 The Commission agrees to supply, and Yukon agrees to withdraw, residual 
heat to be used for various heating purposes for varying periods of time, as 
identified in each specific subsidiary Agreement which may from time to 
time be made. 

3. RESPONSIBILITY FOR EQUIPMENT AND MAINTENANCE 

3.1 The Commission will make available residual heat at no charge for the heat 
energy supplied to Yukon. The Commission's responsibility for provision of 
the residual heat terminates at the places within the Commission's Power 
Plant where Yukon's heat recovery piping and related equipment is 
connected to the Commission's piping and related equipment for the 
dissipation of residual heat. 

3.2 In each subsidiary agreement, Yukon shall assume the capital installation, 
maintenance and operating costs incurred after the subsidiary agreement is 
made for the heat recovery equipment, including aU heat exchangers and 
piping required to transmit the residual heat to the connected heating load. 

3.3 The Commission shall permit Yukon full access, under supervision of its 
representative, to Yukon's heat recovery equipment and all heat exchangers 
and piping located on the Commission Power Plant property for the purpose 
of maintenance and repair of the equipment and pipelines. 

3.4 Electrical energy consumed in each heat recovery process shall be metered 
and assessed to Yukon at the applicable power rate in each specific 
location, as amended from time to time. 

4. INDEMNITY 

4.1 Yukon shall agree: to indemnify and save harmless the Commission from 
and against all claims, demands, loss, costs, damages, actions, suits, claims 
or other proceedings by whomsoever made, brought or procesuted in any 
manner based upon, occasioned to, by or attributable to the execution of 
each specific subsidiary Agreement, or any action taken or things done or 
maintained by virtue thereof, or the exercise in any manner or rights 
arising hereunder, except claims for damage resulting from the negligence 
of any officer or servant of the Commission. 
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WAIVER 

5.1 No waiver on behalf of the Commission, or Yukon, of any breach shall take 
place or be binding unless it is written over the signature of duly 
authorized officers of the Commission or of Yukon, as the case may be, 
and any waiver so expressed shall extend only to the particular breach to 
which such waiver will specifically relate, and shall not be deemed a 
general waiver with respect to any other breach. 

6. HOUSE OF COMMONS 

6.1 No member of the House of Commons shall be admitted to any share or 
part of this Agreement, or to any benefit to arise therefrom. 

7. SUSPENSION OR TERMINATION OF SUPPLY 

7 .1 The Commission shall not be liable to Yukon for any loss or damage which 
Yukon may sustain by reason of any suspension, interruption or 
termination, in whole or in part, whether temporary or permanent, from 
whatever cause, other than a negligent intentional act of an offic~r or 
servant of the Commission, arising in the supply of residual heat pursuant 
to this Agreement or a specific subsidiary agreement. 

8. DEFAULT 

8.1 If the Commission or Yukon fails to perform any of the covenants, 
conditions or agreements herein contained, and shall allow such default to 
continue for fifteen (15) days after notice thereof, then each specific 
subsidiary Agreement may, at the option of the party who is not in default, 
be terminated effective immediately upon giving notice. 

9 TERMINATION 

9.1 Either party may terminate each specific subsidiary Agreement on one 
hundred and eighty (180) days written notice to the other party. 

10. NOTICES 

10.l Notices required under this Agreement shall be malled to the following 
addresses: 

In the case of the Commission, to: 

Northern Canada Power Commission 
7909 - 51 Ave. 
P .0. Box 5700, Station "L" 
Edmonton, Alberta T6C 4J8 
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In the case of Yukon to: 

Government of Yukon Territory 
Municipal and Community Affairs 
P .0. Box 2703 
Whitehorse, Yukon 
YlA 286 

Notices shall be deemed to have been received immediately upon personal 
service or seven (7) days after mailing by regular mail. 

11. GOVERNING LAW 

11.1 The provisions of this Agreement shall be construed in accordance with the 
laws in force in the Yukon Territory. 

12. MARGINAL CAPTIONS 

12.1 The marginal captions in this Agreement are for the convenience of 
reference only, and shall not affect the scope, intent or interpretation of 
any provision. 

13. TRANSFER 

13.1 The Govern_ment of Yukon may assign any specific subsidiary Agreement to 
a municipal body or some other government department or agency. 

IN WITNESS WHEREOF the parties hereto have executed this Agreement under the 
hands of their officers, duly authorized in that behalf, as of the day and year first 
above written. 

SIGNED, SEALED AND DELIVERED 

in the presence of: 

N CANADA POWER COMMISSION 

GOVERNMENT OF YUKON 

~-~--· _:.r .. _--~--~)C ~~ 
Witness Minister of Municipal and Communi 

Affairs 
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SUBSIDIARY 

AGREEMENT BETWEEN 

NORTHERN CANADA POWER COMMISSION 

AND 

GOVERNMENT OF YUKON 

RE: SUPPLY AND WITHDRAW AL OF RESIDUAL HEAT 

AT 

CITY OF DAWSON, YUKON TERRITORY 
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THIS AGREEMENT made in duplicate this 1st of April, 1983 A.O. 

BETWEEN: 

NORTHERN CANADA POWER COMMISSION, 
a Corporation established by an Act 
of Parliament of Canada, hereinafter 
referred to as "the Commission" 

OF THE FIRST PART 

- and-

Government of Yukon, hereinafter referred to as 
"Yukon" and represented by the Minister of 
Municipal and Community Affairs 

OF THE SECOND PART 

WHEREAS the Commission operates a diesel-electric power plant at City of Dawson, 
Yukon; 

AND WHEREAS residual heat energy is available from the jacket water and/or exhaust 
system of the power plant during its operation; 

AND WHEREAS Yukon wishes to withdraw the available residual heat energy for the 
purpose of heating of the City of Dawson water system and related buildings; 

AND WHEREAS the utilization of the available residual heat energy will contribute to 
energy conservation and reduced heating costs for water supply system operations; 

AND WHEREAS withdrawal of residual h~at from the power plant may be of benefit to 
the Com mission; 

NOW THEREFOR THIS AGREEMENT WITNESSES that, in consideration of the 
premises and the terms and conditions hereinafter set forth, the parties covenant and 
agree as follows: · 

I. RESIDUAL HEAT 

1.1 In this Agreement, the term "residual heat" shall mean the heat contained 
in the jacket water coolant and/or exhaust system of the Commission's 
diesel-electric Power Plant in the City of Dawson, Yukon. 
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2. TERM 

2.1 The Commission agrees to supply, and Yukon agrees to withdraw the 
residual heat it requires to heat its water system and related buildings for 
a ten year period, commencing on the 1st day of April, 1983 A.D. 

3. RESPONSIBILITY FOR EQUIPMENT AND MAINTENANCE 

3.1 In consideration of payment by Yukon of $1.00, receipt of which is 
acknow !edged by the Com mission, the Com mission will make available 
residual heat at no charge for the heat energy supplied to Yukon. The 
Commission's responsibility for provision of the residual heat terminates at 
the places within the Commission's Power Plant where Yukon's heat 
recovery piping and related equipment is connected to the Commission's 
piping and related equipment for the dissipation of residual heat. 

3.2 Yukon shall assume the capital installation, maintenance and operating 
costs incurred after the date this agreement is made and associated with 
the heat recovery equipment, including all heat exchangers and piping 
required to transmit the residual heat to the connected heating load. 

3.3 The Commission shall permit Yukon full access, under the supervision of a 
representative of the Commission, to Yukon's heat recovery equipment and 
all heat exchangers and piping located on the Commission Power Plant 
property for the purpose of maintenance and repair of the equipment and 
pipelines. 

3.4 Electrical energy consumed in the heat recovery process shall be metered 
and assessed to Yukon at the applicable power rate in the City of Dawson, 
as amended from time to time. 

4. INDEMNITY 

4.1 Yukon agrees to indemnify and save harmless the Commission from and 
against all claims, demands, loss, costs, damages, actions, suits, claims or 
other proceedings by whomsoever made, brought or procesuted in any 
manner based upon, occasioned to, by or attributable to the execution of 
this Agreement, or any action taken or things done or maintained by virtue 
thereof, or the exercise in any manner or rights arising hereunder, except 
claims for damage resulting from the negligence of any officer or servant 
of the Commission •. 

5. WAIVER 

5.1 No waiver on behalf of the Commission, or Yukon, of any breach shall take 
place or be binding unless it is written over the signature of duly 
authorized officers of the Commission or of Yukon, as the case may be, 
and any waiver so expressed shall extend only to the particular breach to 
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which such waiver will specifically relate, and shall not be deemed a 
general waiver with respect to any other breach. 

6. HOUSE OF COMMONS 

6.1 No member of the House of Commons shall be admitted to any share or 
part of this Agreement, or to any benefit to arise therefrom. 

7. SUSPENSION OR TERMINATION OF SUPPLY 

7 .1 The Commission shall not be liable to Yukon for any loss or damage which 
Yukon may sustain by reason of any suspension, interruption or 
termination, in whole or in part, whether temporary or permanent, from 
whatever cause, other than a negligent or intentional act of an officer or 
servant of the Commission, arising in the supply of residual heat pursuant 
to this Agreement. 

8. DEFAULT 

8.1 If the Commission or Yukon fails to perform any of the covenants, 
conditions or agreements herein contained, and shall allow such default to 
continue for fifteen (1.5) days after notice thereof, then this Agreement 
may, at the option of the party who is not in default, be terminated 
effective immediately immediately upon giving notice. 

9 TERMINATION 

9.1 Either party may terminate this Agreement on one hundred and eighty 
(180) days written notice to the other party. 

10. NOTICES 

10.1 Notices required under this Agreement shall be mailed to the following 
addresses: 

In the case of the Commission, to: 

Northern Canada Power Commission 
7909 - .51 Ave. 
P.O. Box 5700, Station "L" 
Edmonton, Alberta T6C 4J8 

In the case of Yukon, to: 

Government of Yukon 
Municipal and Community Affairs 
P.O. Box 2703 
Whitehorse, Yukon, Y IA 2C6 
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Notices shall be deemed to have been received immediately upon personal 
service or seven (7) days after mailing by regular mail. 

11. GOVERNING LAW 

11.l The provisions of this Agreement shall be construed in accordance with the 
laws in force in the Yukon Territory. 

12. MARGINAL CAPTIONS 

12.1 The marginal captions in this Agreement are for the convenience of 
reference only, and shall not affect the scope, intent or interpretation of 
any provision. 

13. TRANSFER 

13.l The Government of Yukon may assign this Agreement to the City of 
Dawson or some other government department or agency. 

IN WITNESS WHEREOF the parties hereto have executed this Agreement under the 
hands of their officers, duly authorized in that behalf, as of the day and year first 
above written. 

SIGNED, SEALED AND DELIVERED 

in the presence of: 

GOVERNMENT OF YUKON 

Minister of Municipal and Comm ity 
Affairs 



APPENDIX "D" 

TESTS OF WATER SUPPLIES 
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604-436-0565 QUANTA TRACE LABS 

Quanta Trice Laboratories 

Cations 

Anions 

Calciu11 
Sodiua 

D U A L I T Y C 0 N T 
8 A H I> l E t 

36.8 
2.41 

~-, 

-• .. " 

R 0 
1 5 

! 

I 
1' 
I 

I 
126 P03 

L R E P 0 R 
7 4 1 - 1 

Ha~nesiua 

Potassiua 

S2.2 Chlo~id•<Cl) 

I 

~ 
l 
I 

APR 09 '91 1~ 

10 
• 6 . 

Phenolth•lein Alkalinitv 
Su1Phate<S04> 
Fluorida<F> 

O Total Alkalinitvl 

0 Nitrate Ni\tos&n NOJ) 

86 
.9 
.J 

C•tion-Anion Bal.: 
Cation Su• 
Anion Su• 

Differ•ne• 

Results For 

• 2.79114 
• 2.8~241 
•• 712693£-01 

SaG\Ple 115741-1 

STATUS 

PASSED 

LJHITSt 



To: Citw of Dawson, 

--------------~---~+~~~---~----+ 
SaaPle t!:I,.• 
Identification 

water 
I DC-1 
IRaw SuPPlv 
I 09130 hrs 
I 15741--001 

-~---~~--~------~~-+-~-~----~~-+ 

W/D! 15741-1 P~ 

Analyzed b~ Ultrasonic Nebulization - I~P 
Hethod used lextractablel 

I 1X HNOJ I 
Total Hardn~ss-----+-----------+ 

as CaC03 11d/l I 134. I 
--~~-~~~-------~-~-+~-~~~~-~---+ 

Alu•inua Al I 0.059 
Antiaonw Sb ' < o.os 
A1'senic As I < o.o~ 
Bartua Ba I 0.069 
Be1'wlliu• Be I ( o.ooos 
lli••uth 81 I < 0.01 
Cadaiu11 Cd I 0.0014 
Calciura Ca Jt .. s 
Chroaiu• Cr < 0.001 
Cobalt Co < 0.001 
Co,.Per Cu < 0.001 
Iron Fe o.01s 
L•ad Pb < 0.004 
L·ithiu• Li < o.os 
Hainesiu• M!I 10.0 f 
Han•anese Mn 0.002 I 
Holvbdenu• Mo < o.oo~ ' Nickel Ni < 0.001 I 
PhosPhorus p 0.09 I 
Potassiu• K 0.68 ' . S•leniu• 8• < 0.01 I 
Silicon Si J.s I 
Sodiu• Na 2.41 ' Strontiua Sr 0 .198 I 
Thoriu• Th < 0.02 I 
Titaniu• Ti < 0.001 t 
Uraniu• u < 0.02 I 
Vanadiua IJ < 0.00051 
Zinc Zn o.oos f 
Zirconiu• Zr < 0.001 J 

Results in 11•/l I 
~--------~~~~--~~~~+--~-----~--+ 

l 

TIS\ nsults 1n fop inbrntl.., aniv. Guinta Tract lbbilitv is lilittd ta tlll tnUM fee l'aid. 1nal 11st~ 
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" , ., .. ._;·vv u:.i.t i4 0t'~ V•;(.:' r Burr.c"Jb~.': B.c., V5G 4H1 -Tm1:<604>43 
-- "'\._ \ 
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:i. n c • 
:5226 F a>d 436-

---~--- ..... ----. .. --~-

ANALYSIS OF ENVIRONMENTAL SAHPLES 

To: 

Attn! 

Rel 

Citw of Dawson' 
Bo>< 308 
Dawson City, Yukon 
YOB 160 

Nor• Carlson 

f 

-------~-----~-~~~-+--~--~--~~--+ 
Saa'tll'le t\IPe water I 
Identification DC~t I 

IRaw S~PPlc.. I 

' 09130 hrs I 
Lab Reference t I 1~741-001 I 
--~~~~~---~~----~~-+---------~-+ 
Alka11nitY-CaC03---+-----------+ 

Bicarbonate · t 96, I 
R•sul ts in I ••11 _- I 

Phwsieal Tests-----+-----------+ 
PH I 1.2 ' 
Turbidi tw FTU 1 1. I 
Colour TCU I < S. I 
Conduct. uS/ca t 250. I 

Wtr Sol Ions IEC---+-----------+ 
Fluarid• F I < 1. I 
Chlarid• Cl I o.90 I 
Nitrate NOJ-N I 0.30 I 
Sulfate 604 I 52.2 I 

R•sults in I ••11 I 
Coloriaetrie-------+-----------+ 

Nitrite N02-N I < 0.003 I 
Total P04-P I o.oe4 r 

Results in I •~/l I 
Cold VaPOUf - UV---+-----------+ 

Mercurv H• I < 0.00021 
R•sults in I 11a1i/l I 

-~~----~~~--~-~--~-+~~-----~---+ 

Wlrkordo1'S 
R ceived : 
C lhPletQdt 

I 
I 
i 
I 

15741 
13-H.er 
09-APr 

12 ••• 



.. J401-3700 Gil•ore .!J.a\o Burnc.bwr s.c., V~O 4Hl ... ,Tel t (604>4J -5226 F~u<t436-C 
\ ; .\ ~ . ' 

a. ._, ~ ir-. -..c. «iJ -~ ..... Jia c a- .:l.. ~ b c::> r a t, e> r :l. e- 1iii-

1
. i f8 c • 

. _________________ ; ·------------------------- ~---------- ----------------\ . . . . ; 
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ANALYSIS OF ENVIRONMENTAL SAHPLESi 

Tot Citw of Dawson• 
Bo>< 308 
Dawson City, Yukon 
YOB 100 

orkorder: 15741 
eceived % 13-Har 
OllPleted: 08-APr 

Attn% Nor• Carlson 

Rel Water Sa•Ples 11-Mar-91 

j 

;:~;~:-~~;:--------~---~~~~:---~---::;~;---~---~:~· ;---~ 
Identification I DC - 4 I DC - 5 I DC - ' I 

I Receivin• I Receivind I Rec•i in~ I 
I 14UO hrs I 16:10 hrs I 1614 . hrs I 

Lab Reference t I 157~1-00J I 1S741-004 I 15741-00~ 1 
--~-----~~~--------+~-·--------+~~~~-~-----+-~-~~~~~--~+ 
Ph Y s 1ca1 T •st s-- - - -+-- - - - --~ - - -+-- -- --- - - - - +-- -- - - • -·- -+ 

PH I 7 • S I 7 • B I 7~ . 8 I 
Conduc:t • uS/ca I 24S • I 230. I 24oi. I . . ! 

Sus. Solid• au•/l I < s. I 140. I 1741• J 

co;~~!~•tric-;~;:;-~-~---~:~~;-r-----~:~;;-~-----i~~;-t 
Results in t ••11 I •!1/l I •tl J 

Ions Bv SIE--------+-----------+-----------+------~----+ 
A•monia NH3-N I 0.09 I 0.07 I ~.06 I 

R•sults in t a•ll I ••11 I ••~l I 
Bacteria--~--------+-----------+-----------+-----·-----+ 

Colifora - Total I 23. 8. 2~ 
Colifara - Fecal I 13. I 2. I 2~ I 

Results in I HPN/100•1 I HPN/100•1 I MPN11poa1 f 

--;~;:::::::-::----:-~--::;:---:-~--::;:---:-~--:!f :---: 
Graviaetric--------+---~-------+-----------+------~~---+ 

Oil I Grease-TOT I < S. I < S. I < 5. I 
Result• in ' a!l/1 I IHl/1 I .sl/1 I 

-------------------+-----------+-----------+-----------+ 

TKt rHUlts '~ for internal ust 1111111. lkllllb Trlt't lflbilitv is Uai\ed t.o \ht WsUnf fet ,.,,d, j Ana 1 ws t~ 
I 
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ANALYSIS OF ENVIRONHENTAL SAHPLES. 

Tot Cit~ o~ Dawson, 
Box 308 
Dawson Citw, Yukon 
YOB 100 

Attnl Nor• Carlson 

---~~~--------~----f ~---~~~-~--+ 
Sa1tf'le twP• 
Identification 

Lab Reference I 

water 
DC - J 

Ettlu•nt 
10l15 hrs 
1~741-002 

---~~-----~--~~--~~+~---~--~~--+ 
Phw•ical Tests-----+-----------+ 

PH I 7.1 I 
Conduct. uS/c• I Joo. a 
Sus. Solids ••11 I 58. I 

Colori•etrie-------+-----------+ 
Total POi4-P I 1+0 I 

Results in I as/l I 
Ions Iv SIE--------+-----------+ 

A••onia NH3-N I 2.so I 
R•sults in I ••11 I 

Bact•~i•--·--------+-----------+ 
Colifor• - Tot•l I 3~00 t 
Colifor• - Fecal I 3~00 I 

R~sults in I HPN/100•1 I 
--~--~---~-----~---+----~---~~-+ 

BOD ~ f 31. 
Results in I ~~/1 I 

Gravi•etrie--------+-----------+ 
Oil I Orease-TOT I 19 I 

Resulis in I •~/l I 
--~---~~~---~---~~~+-~-~---~-~-+ 

I 
I 

Workord•r: 1574~ 
R•ceived l 13-Har 
C~•Plated: 08-APr 

1 Tm r11ult.1 art tor intimal "" ar.l11t bnu Tract UabU1t1 11 1111\ld to UM! \esU~ '" ~aid. 



515 P01 

muan~a trace 1aboratories 1nL 
t401-J700 Gilaor• Waw, Burnab~, B.c., VSG ~H1 r~1t<b04>4JS-S226 ~, 

ANALYSIS uF ENVIRONMENTAL SAMPLES 

To: CITY OF DAWSON 
Bo>< JOB 
Daw~on Citw• Yukon 
YOB 100 

Attn: Nor• Carl$On 

I 
I 

I 
I 

I 
W~rkordor: 16231 
Rtc•i ved t 24-HaY· 
crau=·1~t~d: 31-tta~· 

~--~~~-----~~-----~+~-~~-~-~~~~+---~~~-----+-~~~----~~~+~---~~-~~~-+--~-~~~~~~ 
81~~1• tw~e f w~ter I wat•~ J wot0r f wa~er I water 
Identifica.tion f .. nc-1 t DC•1A I l'C-3 I Dr:l3A I DC-lB 

I JO-APr-9t I 22-M~~-91 f '-2-Mny-91 I 22-M ~-9t I 22-Ha~-91 
t 11:00 a• I 11:15 am f 11t30 a• I 11tJ am f j2t30 a~ 

Lab Reference t I 16231-001 I 16231-002 I 16231-003 f 1~23 -004 l 14231-00~ 

~--~~~~----~----~--+~--~~~---~-+ - --~----~--+-----~---~-+~~-~-~-~---+~----~~---
Gravio•tric - Solids-----------+ ----------+-----------+----- 4 --~--+----------

SuaPendead 1 1 t 6'2.. a i J 
Results in I I I •di l I . I 

Phwstc•l Tests-----+-----------+-----------+-----------+-----~-----f----------
Conduc:t. uS/r.ar I - I - I 423. J ~ f -
Turbid i tw FTU f < 1. I < 1. f I 1 I 
PH I I J 7 • 0 f i I 

81£ - Water Soluble Ions-------+-----------+-----------~-----~-----·+----------
Aa•on i a NHJ-N I - I - J 1 , 60 I ~ I -

Res u l t. 5 i. n I ' I ms I l ' 1 I 

o~:~~n,D•••nd------;·----=-----~-·----:-----t-----:-----t----;~~~--~r-----:----
Resu1ts in f I I I a~/l t 

Bacteria - Coliform+-----------+-~---------+-----------+-----:-----+----------
Colitor11 - Total I I I f -1 f> 240,000 
Colifor~ - Fecal J I I ~ I> 240r000 

Resul t1t in I I J I 1 t1PN/100•1 

----------------~·-+-----------+-----------+-----------+------!-----+--------·-\ 
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ousnts trace 1aboratar~es ~nc. 
t401-3700 Gilaore Wa~, Durnab~• B.c., V5G 4Ml Tel:<604>438-5226 Fax!436-05 
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ANALYSIS OF ENViRONHEHTAL SAMPLES 

To: CITY OF DAMSON 
Box 308 
Dawson Citv1 Yukon 
YOB 100 

Attnt Co!M Cairns I No~• Carlson 

Workorder: 16380 
Received : 13-Jun-~ 
ComPlet~d! 25-Jun-~ 

Re: Water S4Hlilf'les 12-Jlm-91 

-------------------+-----------+-----------+-----------+-----------+-----------
SaaPle t~Pe lwell water I sewa~e Jriver ~at~rJriver watet·lriver water 
Identirication I DC-1 I DC-3 I DC-4 I DC-S I DC-6 
Lab Reference t I 16380-001 I 16380-002 f 16380-003 I 163$0-004 I 16380-005 

-------------------+-----------+-----------+-----------+-----------+------------
Gravi•etric - SolJds~----------+-----------+-----------+-----------+-----------1 

SUSP9nded r ' 51. I 335. I 327. r 310. I 
Results in J I •S/l I e~/1 I n.~/l I -.itll. I 

-------------------+-----------+-----------+-------··---t-----------+-----------~ 

Ph~sieal Tests-----+-----------+-----------+-----------+-----------+-----------+ 
Conduct. uS/ca 1 , - 390. J 153.. I 147. I 151. I 
Turbidit~. FTU I t. I I I J 

\ PH I I 7.8 f 8.4 I a.4 f 8+4 I 

1-------------------+-----------+-----------+-----------+-----------+-----------+ 
I SlE - Water Soluble Ions-------+-----------f-----------+-----------+-----------+ 

A•aonia NH3-N I t 5.60 I < 0.05 I 0.14 t 0.19 I 
Result~s in I I •!f/l r m!i/l I •g/1 I •S/l I 

-------------------+-----------+-----------+-----------+-----------+-----------+ 
Colori•etric-------+-----------+-----------+-----------+-----------+-----------f 

0 r tho p 04-P I ' 50 • I 0 • 16 I 0 • 15 I 0 d. 4 I 
Results in I f •~/l I m9/l f mg/l I •~11 J 

-------------------+-----------+-----------+-----------+-----------+-----------+ 
O~YS@n Deaand-------+-----------+-----------+-----------+-----------+-----------f 

BOD 5 I I 30 • I < 5. I < 5 • I < 5 • I 
Results in f I ms/1 f ~~/l I •~/l I ms/1 I 

·------------------+----·-------+-----------+-----------+-----------+-----------+ 
~ xtraction - Gravi~etric-------+~----------+-----------f-----------t-----------+ 

011 l G~esse-TOT f I 12. I < 5. I < 5. l < 5. I 
Results in I t ra~Ul f 11'1/ l I au:C/l I 1tS/l f 

------------------+-----------+-----------+-----------+-----------+-----------+ 
:acteria - Coliform+-----------+-----------+-----------+-----------+-----------+ 

Colifora - Total 1 I 920r000 t 49. I 79. I 110• I 
Colifor• - Fecal I I 920,QOO I 33. I 11. I 26. I 

Results in f I MPN/100Ml I HPN/100•1 I HPN/100•1 I HPN/100•1 I 
- -----------------+-----------+-----------+-----------+-----------+---~-------+ 

Analyst!~ 'ft results ar• for in~rnal use onlY+ Quanta Trace liability is 1i1Hed to the testing fee paid~ 



. ~ 
t-401, .... 370 ....... ,,,._.__. ... 

. At.tnt 

. t ' ........... - . 
u•~~- ~r•~• 1•bore~ar~••i~na. 
Oil•ar• Waw. Burnabw, D.c., U5B •Ht Tell<,04>438~!22' F•Mi4Jo-O~ 

-~-~~-~~~~~-~~---·-----~-·~~~----·--~~~~~----~~---~------~~-~~~~~~ . , I 
~NALYSI9 OF ENU%RONHENTAL SAHPLE8 1 

CITY OF DAWSON 
Bo>< 30S 
Dawson Cit~. Yukon 
YOB 100 

a ..... 1. twpi• 
!dentific•~ion 

I 1.tau id 
I DC-3 
I 28-Aus-91 
I l1l30 aa 
I 16961-000 

Bravia•trie - Solids--~--------+ 
Su•lll'•ndtd I 119. I 

Resultc in I e~/I I 

PhY~ieml Test~-----+-----------+ 
tonduct. uSle• I 570. I 
~H I 7.J I 

~--------~---~--~--+--~----~---+ 

SI£ - Wat~~ Solubl• Ions-------+ 
Amaonia NH3-N I 1~.o I 

Results in I ••11 t 

Ba~t•ria - CQiltota+-----------+ 
Colifor• - FeQal I 130,000 1 

R•sult.s in I HPN/100•1 I 

Ov.~a9n Deaand-~----+-----------+ 
SOD ~ I 13.0 f 

Results in I •t/l r 



NORTHERN TESTING LABORATORIES, INC. 
3330 INDUSTRIAL AVENUE FAIRBANKS. ALASKA 99701 907-456·3116 
2505 FAIRBANKS ST. ANCHORAGE. ALASKA 99503 907·2n-8378 

City of Dawson 
PO Box 308 
Dawson City YT YOB IGO 

Attn: COlm Cairns 

Our Lab #: Fll1014 
Location/Project: 
Your sample ID: 
sample Matrix: 

Quarterly Yukon River Sam 
DC-6 
Water 

Comments: 

Met.hod Parameter 

EPA 120~1 Conductance 

EPA 150.1 pH at 25 c 

EPA 160.2 Total Suspended Solids 

EPA 350.2 Ammonia-N 

EPA 365~2 Total Phosphate-P 

EPA 405.1 Biochemical Oxygen 

· EPA 413.2 Greaa~ & Oil 

SM 909C Fecal Coliform 

/-~ 
•. ,J 

Repor~_ed By: )James H. Johnson 
Chemistf'Y-sut)eiv-Lao.tY' 

Demand 

Units 

umhos 

Unit 

mq/1 

mg/l 

mq/l 

mg/l 

m7/l 

#/100 

Rep;art Date: 

Date Ar.t'ived: 
Date Sampled: 
Time sampled: 
Collected By: 

10/24/91 

10/17/91 
10/16/90 
1900 
cc 

Def initiona 
MDL = Method Detection 

Limit 
H = Above Regulatory M~. 
B = Below Requlatory Min. 

Resulta Flag 
Date 

MDL Analyzed 

250 1 10/23/91 

8.1 10/19/91 

26oQ LO 10/18/91 

<MDL l 10/19/91 

<MDL 0.10 10/19/91 

<MOL 6.0 10/23/91 

<MDL 0 .. 44 10/23/91 

<10 2 10/18/91 
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NORTHERN TESTING LABORATORIES, 11 
3330 INDUSTRIAL AVENUE 
2605 FAIRBANKS ST. 

City of Dawson 
PO Box 308 
Dawson City Yt YOB IGO 

Attn: Colm cairns 

our ·Lab #: Pll1012 
Location/Project: 
Your sample ID: 

Quarterly Yukon River Sam 
OC-4 

Sample Matrix; 
Comments: 

Water 

Method Parameter 

EPA 120.l Conductance 

EPA lSO.l pH at 25 c 

EPA 160.2 Total Suspended Solids 

EPA 350.2 Ammonia-N 

EPA 365.2 Total Phosphate-P 

EPA 405.1 Biochemical oxy9en Demand 

EPA 413.2 Crease & Oil 

SM 909C Fecal Coliform 

RE!por.:t~ ~y,.) .. Jamee • Johnson ... _.__,,........, 
. Chemistry Supervisor 

FAIRBANKS. ALASKA 99701 
ANCHORAGE, ALASKA 99503 

907-4b, 
907-277-\. 

Unit a 

umhoe 

O'nit 

mg/1 

mq/l 

mg/l 

mq/1 

mq/l 

#/100 

Report Date: 

Date Arrived: 
Date Samplad: 
Time Sampled: 
Coll~cted By; 

10/24/91 

10/17/91 
10/16/90 
1830 
cc 

Oef initions 
MDL = Method Detection 

Limit 
ff • ~ova Regulatory Max. 
a = Below Regulatory Min. 

Results Flag 
Date 

MDL Analyzed 

255 1 10/23/91 

8.0 10/19/91 

27.0 l.O 10/18/91 

<MDL l 10/19/91 

<MOL 0.10 10/19/91 

<MOL 6.0 10/23/91 

<MDL 0.44 10/23/91 

10 2 10/18/91 
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NORTHERN TESTING lABORATORIES, INC. 
3330 INDUSTRIAL AVENUE 
2505 FAIRBANKS ST. 

City of Dawson 
PO Box 308 
Oawson City YT YOBIGO 

Attn: Colm Cairns 

Our Lab #: F111011 . 

Location/Project: 
Your Sample ID: 
sample Katrix1 
Comment st 

STP Effluent Mthly/Qtrly 
DC-3 
Water 

Method Parameter 

EPA 120.1 Conduct a.nee 

EPA 150 .. 1 pH at .2S C 

EPA 160.2 Total Suspended Solids 

EPA 350.2 Amrnonia-N 

EPA 365.2 Total Phosphate-P 

EPA 405.1 Biochemical Oxygen Demand 

EPA 413.2 Grease & Oil 

SM 909C Fecal Coliform 

;,_,' 

FAfRBANKS, ALASKA 99101 
ANCHORAGE. ALASKA 99503 

907-456-3116 
907°277~378 

units 

-umhos 

Unit 

mg/1 

mg/l 

mq/1 

mg/1 

mg/l 

#/100 

. . 
,. ,. 

;. 
JI 

. .f 
p 

/ 

Report Date: 

Date Arrived: 
Date sampledr 
Time Sampled: 
Collected By: 

10/24/91 

10/17/91 
10/17/91 
0730 
cc 

oef initions 
MDL ~ Met.hod Detection 

Limit 
H ~ Above Regulatory Max. 
B • Below Raqulatory Min. 

Date 
Results Flaq MDL Analyzed 

415 1 10/23/91 

7.2 10/19/91 

23 .. 0 LO 10/18/91 

3 1 10/19/91 

1.18 0.10 10/19/91 

18.0 6.0 10/23/91 

s.10 0.44 10/23/91 

>6000 2 10/18/91 
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NORTHERN TESTING LABORATORIES, INC. 
3330 INDUSTRIAL AVENUE 
2505 FAIRBANKS ST. 

City cf Dawson 
PO Box 308 
Dawson City YT roe IGO 

Attnz Colm Cairns 

Flll013 our Lab #z 
Location/Project: 
Your sample ID: 

Quarterly Yukon River Sam 
oc-s 

Sample Matrix: Water 
Comments: 

Method Parameter 

EPA 120.1 Conduct a.nee 

EPA 150.l pH at 25 c 

EPA 160.2 Total Suspended solids 

EPA .350.2 Ammonia-N 

EPA 365.2 Total Phoephate-P 

EPA 405.1 Biochemical Oxyqen Demand 

EPA 413.2 Grease & Oil 

SM 909C Peeal coliform 

/·; 
_ ,.~ .· 

FAIRBANKS, ALASKA 99701 
ANCHORAGE, ALASKA 99503 

907-456-3116 
907-277-8378 

Onita 

umhos 

Unit 

mg/l 

m9/l 

mg/l 

mg/l 

m9/l 

#/100 

Report Date: 

Date Arrived: 
Data Sampled: 
Time sampledz 
collected By; 

10/24/91 

10/17/91 
10/16/90 

·184!5 
cc 

Definitions 
MDL = Method Detection 

Limit 
H • Above Regulatory Ma~. 
B = Below Requlatory Min. 

Date 
Results Flag MOL Analyzed 

255 1 10/23/91 

8.1 10/19/91 

21.0 1.0 10/18/91 

<MOL 1 10/19/91 

<MDL 0.10 10/19/91 

<MDL 6.0 10/23/91 

<MDL 0.44 10/23/91 

<10 2 10/18/91 



APPENDIX "E" 

PRESENT WATER LICENSE 



,· . 
....... -· ...... 

I+ Indian Jnd Northern Allairs Alfaites indiennes et du Nord 

WATER LICENCE 

issued pursuant to 
Northern Inland Waters Act and Regulations 

CITY OF DAWSON 

(licensee) 

Licence Number _J.2.il~Z.lll4 _______________ issued on -~y __ 2_6_L_~2~.J ___________ 19 __ 

Location ________ ~Y!<9JL~ -~9!iJ>_I_~-~!~~-A'L~~~~Q~ __ C_I_'rr_ ___ ----- ________ -.,.. 

· 1AHO S~UO 110-731 



lndoan and N~n All · All"",_.,.. et Q, NO<d 
I l; 

; ' 

YUKON TERRITORY WATER BOARD 

Pursuant to the Northern lnland,Waters Act and Regulations the Yukon Territay Water Board, here­
inafter referred to as the Board, hereby grants to 

~------------------------~!1J_.9J __ D~~~Q~-------------------------------------
tlicenseel 

of ______ ------- -~9!'..).0_~ L_Q!!'~.?!l_ -~g~ !-!~~o_1!_ _'!'.!!!!~?_rJ._ ___________________ _ 
!Mailing address) 

hereinafter called the Licensee, the right to alter, divert or otherwise use water subject to the 
restrictions and ~onditions contained in the Northern Inland Waters Act and Regulations made 
thereunder and su'bject to and in accordance with the condilions specified in this licence: 

Licence Number .~ --------- ___ !~!-~.:._2_8_1_~----:-------------------------------------

Water Manageme~t Area ______ 9~_: __ ~\.!~~~----------------------------------------

Purpase ___________________ Jg_ gj>_t_~~lli -~.f .PJ_e_, __ ~l}g _ !!!~_u_r_~ _! _! !£>~ __ o_f_ -~~ ~~E.: __ 

Description ---- ____________ Ji_u_11.:i.c;1:2~.k y_a_t~L ~ypp Jy __ ~1!_q _!'!~E~--d-~~E~~~!.: ____ _ 

Quantity of Water Not to be Exceeded __ l.2:.L2C.:.J_O_:I!!:ly_1_;_6_5-LQ.QQ.aQQ9 _ _i..&UL ______ _ 

Rate of Use of Water Not to be Exceeded -~"'.5.Lx._lQ:in~l~i__(.l-LQ.QQ.a99.9_J.zE.<!L _______ _ 

Effective Date of Licence _____ 1',:!~.L~§ ... _J_9JlL ____________________________________ _ 

Expiry Date of Licence _______ M_.~:Lf~.a-19.9J ______________________________________ _ 

This Licence issued and recorded at Whitehorse includes and is subject to the annexed conditions. 

----___;~------day 
1983 • 

,; 
.. l 1-tZ·~' 

----~-"';.-...-----day 
1983. 

Wit~ 
I 
'-

I.AHO S2--ll0 I 10o7JI 

( 

Yukon Territory Water Board 

.... ---:; 
-'/·· ·. 

L ::3_ =? 

Chairman 

I ,/ '! . 
- ff~-- ' 

.. d .(.,.·I G ~· ('-)> 
r/ 
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General Conditions 

l. 0<.'f inic iC\ns 

{a) "Ace" means . Northern Inland Waters Ace, R.S.C. 1970 (first supplement) 
Chapter 28 and any amendments thereto; 

(b) "Regulations" means the Regulations made under the Act; 

(c) "Board" means the Yukon Territory Water Board; 

(d) "Minister" means the Minister of Indian Affairs and Northern 
Development; 

(e) "ContrC\ller" means the Controller of Water Rights for Yukon, of the 
Department of Indian Affairs and Northern Development; 

(f) all terms and definitions in this licence, including the above, 
unless otherwise expressly stated shall be defined in the same manner as 
in the Act and Regulations. 

2 •. Compensation 

The Licensee shall provide appropriate compensation to any person whose 
rights are adversely affected as a result of the granting of this water use 
licence. 

). Waste Water Discharge 

This licence is issued to the Licensee, subject to the conditions contained 
herein, with respect to the use or return of water, or the depositing or 
permitting the deposit of w·aste of any type in any waters or in any place 
under any conditions where such waste or any other waste that results from 
the deposit of such waste may enter any waters. However, it is also a 
condition of the granting of this licence to the Licensee that, whenever 
future Regulations are made by the Governor in Council under the Northern 
Inland Waters Act, ~=any other statute imposing conditions relating to the 
quantity and types of waste that may be so deposited, or under which any 
such waste may be so deposited that are more stringent than conditions 
included in this licence, this licence shall be deemed, upon prescription of 
such Regulations, to be automatically amended to conform with such 
Regulations. 

4 . Non-compliance 

In the event the Licensee fails to comply with any prov1s1on or condition of 
this licence, the Board may, subject to the Act, cancel the Licence, and 
without limiting its rights to cancellation of the licence, if the Licensee 
has failed to perform the works as specified in the licence, or has 
performed works contrary to the licence, the Board may apply to the Courts 
for a mandatory injunction compelling the Licensee to perform the works , or 
tor an injunction to restrain the Licensee from performing the works, as 
the case may be. 

S. Correspondence 

Where any direction, notice or order under this licence is required to be in 
writing, it shall be given: 

(a) to the Licensee, if left at or mailed by registered mail to: 

City of Dawson 
P .o. Box 308 
Dawson City 
Yukon Territory 

and shall be deemed to have been aiven to the Licensee on the day it was 
left , or seven (7) days afte r the day it was mailed, as the case may be. 



-J-

(b) to the Bo~rd, if left at or sent by registered mail to the following 
address: 

Yukon Territory Water Board 
Suite 200, 4114 - 4th Avenue 
Whitehorse, Yukon 
YlA 4N7 

and shall be deemed to have been given to the Board on the day it was 
left or seven (7) days after the day it was mailed, as the case may be. 

6. Appeals 

An appeal may be filed with the Board within ten (10) days from any action 
taken · by the Controller under this licence. 

i. Annual Report 

The Licensee shall submit to the Board reports pursuant to Section 15 of the 
Regulations not later than March 1st of the year next · following the year 
reported. In addition to the information required by the Regulations, these 
reports shall contain: 

{a) tabular and graphical sununaries of water quality and quantity data as 
collected under Schedule "A" to this licence, including an analysis and 
interpretation of the data by a qualified individual, and a discussion 
of any variance from upstream stations and from previous years. 

(b) a detailed record of the operation of water supply and sewage treatment 
works, including operational difficulties, maintenance work, and modifi­
cations. 

(c) the monthly quantity of water withdrawn and quantity of effluent 
discharged. 

(d) any other details on water use and waste disposal requested by the 
Board. 

8. Deposit of Waste 

The Licensee shall advise by telex (No. 036-8-342) or telephone 
(No. 668-5151 or 667-7244 - a 24-hour spill report number) the Controller 
iD'Ullediately should a deposit of waste occur or seem likely to occur. A 
detailed written report on any such event including, but not limited to 
dates, quantities, parameters, causes and other relevant details and 
explanations, shall be submitted to the Controller not later than fifteen 
(15) days after its occurrence. 

9. Term of Licence 

The term of this licence is for a period of ten (10) years from the effect­
ive date of this licence. 
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CONDITIONS APPLYING TO CONSTRUCTiON 

The Licensee shall submit to the Board all final design data, engineering 
reports, construction drawings and specifications for any new, extended, 
improved or altered works in connection with the City of Dawson water supply 
and waste treatment works, or associated works at least sixty (60) days 
prior to the start of any construction or work, or such other period of time as 
approved by the Board, and receive a letter of approval from the Board prior 
to the start of any construction or work. 

~ The Licensee shall construct each structure or work in accordance with the 
plans filed with and approved by the Board. 

3. The Licensee shall submit to the Board within sixty (60) days of completion 
of any new water supply wells, or other such period of time as approved by 
the Board, copies of well logs, pump test data and other related performance 
data. 

4. The Licensee shall provide "as-constructed" plans, drawings and specifications 
for all works referred to in Part B, Section(l),(2)and (3), of this licence, 
within ninety (90) days of completion of the construction. 

5. Within one year of the effective date of this licence, the Licensee shall 
ensure that "as-constructed" plans, drawings, and specifications for all 
existing water supply and sewage treatment works have been submitted to 
the Board. 

OPERATION OF MUNICIPAL WATER AND WASTE ·D!SPOSAL SYSTEM 

PART C 

1. Water Supply 

(a) The Licensee shall obtain water from t.he Klondike River via adjacent 
infiltration wells or groundw~ter sources for municipal purposes at a 
rate not exceeding 4.545 x 10 cubic metres per day (1,000,000 gallons 
per day). 

(b) The water supplied by the Licensee shall conform to the most recent 
Guidelines for Canadian Drinking Water Quality, as published by 
authority of the Minister of Health and Welfare, Canada, and any 
conditions as provided by applicable Ordinances. 

(c) nie water supplied by the Licensee shall be disinfected. The equipment 
and controls used to effect disinfection shall at all times be 
effectively maintained and operated, and such ~pare parts as may be 
necessary to maintain the equipment shall be kept on hand at all times. 
When chlorine. or any of its compounds, is used as the disinfecting 
agent, the free chlorine residual shall be tested and recorded at least once 
each day. There shall be maintained a "free chlorine" residual of not 
less than 0.1 milligrams per litre in all parts of the water distribution 
system. 

(d) The Licensee shall submit for approval to the Controller details of the 
methods and procedures used for the measurement of rates of water use 
and water quality. 

(e) The Licensee shall operate and maintain the water supply system in a 
manner satisfactory to the Controller. 

2. Wastewater (sewage systems) 

(a) The Licensee shall ensure that all wastewater from the colleci;or 
systems is directed to the sewage treatment facilities located within 
the City of Dawson and thence through the outfall to the Yukon River. 

(b) The Licensee shall operate and maintain the sewage treatment facilities 
in a manner satisfactory to the Controller. 

(c) The Licensee shall ensure that all effluent from the sewage treatment 
facilities shall meet the following standards: 
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Parameter 

BODS 

Suspended Solids 

pH 

Oil and Grease 

Phosphorus 

Faecal Colif orms 

Maximum Concentration For Any Grab Sample 

150 mg/L 

150 mg/L 

6 - 9 units 

5 mg/L 

5 mg/L 

16.0 x 105 counts/100 mL . 

Toxic Organic Substances Nil 

No effluent shall be toxic to fish as per static Lc50 bioassa~. 

(d) Receiving Water .Standard 

The Licensee shall ensure that the receiving water standards showi;i 
below are met outside the initial mixing zone. For faecal coliforms 
the initial mixing zone is defined as a volume of water extending. seven 
hundred and fifty (750) metres downstream from the point of discharge 
from the bed to the surf ace of the Yukon River. For all other pa:ra­
meters specified, the initial mixing zone is defined as a volume of 
water ext~nding three hundred (300) metres downstream from the point of 
discharge from the bed to the surface of the Yukon River, whose width 
shall not exceed twenty-five (25) per cent of the natural surface width 
of the river. 

Parameter 

Faecal Colif orms 

Dissolved Oxygen 

Oil and Grease 

Organisms 

Settleable Solids 

Floatable Solids & Scum 

Metals 

Standard 

Noc to exceed 200 counts/100 mL 

decrease from point upstream of discharge 
not to exceed 10%, and concentration not 
to fall below 7 mg/L as a result of sewage 
discharge. 

not to exceed 1.0 mg/L at surface 

no undesirable change in productivity 

negligible increase 

negligible increase 

negligible increase 

(e) The licensee shall notify the Controller of the name of the Chief 
Treatment Plant Operator, along with his address and qualifications and 
shall also notify the Con~roller · when and if a replacement in the 
position of Chief Plant Operator occurs. 

(f) The Licensee shall advise the office of the Controller immediately ~hen 
a failure of the waste treatment works occurs, which results in, or may 
result in, an unauthorized discharge of waste. 

\ 

(g) Should effluent from the sewage ·treatment facilities prove at any time 
to be toxic as per static tc

50 
bioassay, the Licensee shall, within two 

years of discovery of such toxic effluent, submit to the Board detailed 
plans for the elimination of such toxic effluent, and shall receive from 
the Board a letter of approval for those plans. 

(h) Within five years of discovery of a toxic effluent the licensee shall 
implement the plans referred to in Part C, Section 2(g) of this licence 
to the satisfaction of the Board. 



(i) 

(j) 

3. 

(a) 

(b) 

(c) 

(d) 

-6- \ 
\ 
\ 

I !. 
Within six months of the effective date of this licenc~~ the 
licensee shall submit to the Board, and receive approval for, 
a plan for the safe removal and disposal of solids from the sewage 
treatment facilities. 

Upon approval by the Board, of the plan referred to in Part C, Section 
2 (i) of this licence, the licensee shall implement the plan to the 
satisfaction of the Board. 

Solid Waste and Refuse Disposal Sites 

The Licensee shall not operate refuse-disposal sites within 100 metres 
of the highwater mark of any water course or within 1.5 metres of the 
groundwater table and shall ensure that refuse does not enter any 
watercourse as a result of any such operation(s) carried out by the 
Licensee. 

-The Licensee shall dispose of all solid waste and refuse at the site 
located in the south-east portion of Lot 329 and the north-west portion 
of lot 23 in group 1052 West near Dawson City. 

No liquid waste shall be deposited ·in any refuse pisposal site. 

The Licensee shall submit to the Board, and obtai_n approval for, a plan 
for any new refuse disposal sites prior to the u~e of any such sites. 

~. Surveillance Network Program 

(a) The Licensee shall comply with the Surveillance Network Program 
attached as Schedule "A" hereto, and with any variations made by the 
Controller, and shall comply with all provisions for sampling, sample 
preservation and analysis specified by the Controller. 

(b) Unless other-vise specified or approved by the Controller, all analyses 
shall be conducted in accordance with the most recent edition of 
"Standard Methods for the Examination of Water and Wastewater", 
prepared and published jointly by the American Water Works Association 
and the Water Pollution Control Federation. 

(c) All analyses shall be performed in a facility approved by the 
Controller. 

(d) All sampling and sample preservation shall be done according to methods 
approved by the Controller. 

(e) The results of all monitoring and analyses shall be presented in the 
Licensee's annual report and shall be available at any time at the 
request of the Controller. 
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SCHEDULE ."A" 

.\ 
\ 
l. ! ~ 

YUKON TERRITORY WATER BOARD 

SURVEILLANCE NETWORK PROGRAM 

LICENSEE: City of Dawson 
LICENCE NUMBER: Y2l3-2814 
EFFECTIVE DATE OF LICENCE: May 26, 1983 
EXPIRY DATE OF LICENCE: May 25, 1993 

A. LOCATION OF SAMPLING STATIONS 
Sampling Station 

2EB-DC-1 

2EB-DC-2 

2EB-DC-3 

Description 

Combined raw water supply from ·the two wells 

Treated water supply before entry into 
distribution system 

Ef fluen~ from sewage treatment facility (at 
screening plant outlet) 

2EB-DC-4 Yukon River immediately upstream of outfall ~ 
from se.wage treatment facility (mid-channel) / 

2EB-DC-5 

2EB-DC-6 

Yukon River 300 metres downstream of outfall (i/' 
from sewage treatment facility (mid-channel) 

Yukon River 750 metres downstream of outfall 
from sewage treatment facility (mid-channel) 

B. SAMPLING AND ANALYSIS REgUIREMENTS I ~ ~A 
1. The raw water supply shall be monitored daily for flow and sampl~ce every~> 

six (6) months at sampling station 2EB-DC-1 and analyzed for the following ~ ~ 
parameters: 

~Jc:- J . 
pH 
Turbidity 
Colour 
Chloride 
Specific Conductance 
Total Alkalinity 
Total Hardness 
Nitrate 
Nitrite 
Temperature 
Flouride 

Total Phosphorus 
Potassium 
Calcium 
Sulphate 
Sodium 
Iron (total) 
Manganese (total.) 

f)o,.; oAn 
ASSAYr11r 

JOH~ 

~nJt Zinc (tot a 1) G :---( 
Mercury (total) t 

Clf6G 

f(f[tJE~ 

Oc 

w A rr Po I\. "f tJ tJ y ., o 
supply at sampling station 2Eb-DC-1 shall be 

e,/H t "Vii H 
sampled every two 

the following: 

,.--
/ } . 

2. The raw water 
(2) weeks for 
Turbidity 
Total Coli forms 
Faecal Coliforms I t-1 G ~t l\S e 5 A Mr" µ ' 

c (-l EGK "V rr H 

t- u UL r 2 u..,1Lc K-.S 
G /\ (\ 6 ~ tvirtzA c 

3. The treated water at sampling station 2EB-DC-2 shall be sampled 
weeks for the following: 

every two 

Toca l Co 1 i forms 
Faecal Coliforms 

A5 AoouC 

(2) 

4. The treated water supply at sampling station 2EB-DC-2 shall be monitored and 
recorded daily for the following: 

Free Residual Chlorine 
Temperature 
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r· 
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), 
~~ ,. ......... ~- ..-W'l-1 ~t ~~ 

].~,.JO I,.; I ~ \ 
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5. Effluent from the sewage treatment facility at sampling station 2EB-DC-3 OJA~o 
shall be sampled daily for flow and monthly for the following parameters: 2.:c :i. ArJl<.~ 

r,• 

Ammonia Faecal Coliforms Dissolved Oxygen 
Suspended Solids Conductivity Temperature 

pH ~DOD~~ I~ P1 
6. El t !::;\ rom the sewage t ;eatment f ac ii it y at sam~ ion 2EB-DC-3 --C....~ 

shcil l be subjected to a detailed chemical analysis each year during summer, 
and at the same time shall be sampled for a static Lc50 bioassay which shall 
be conducted according to methods set out in GUIDELINES. FOR MUNICIPAL WASTE-
WATER DISCHARGES lN THE YUKON TERRITORY, or any other methods approved ~ , . J 
the Controller. A .+- -I ~~ ~ _......., KE.,.J { Ofl..01 

.-'-~ . / b'? - <-/ J>J>'f 
,, Effluent from the sewage treatment facility at sampling station 2EB-DC~A. i; 

shall be sampled quarterly for the following parameters: ~ . ~ 

· -ro µ " ·s _!J 10A~- -A'1 
Phosphorus I - I 
Oil & Grease rs ~ 6 0 0 € ~ c 1) r; H I 

8 . Receiving waters at sampling stations 2EB-DC-4, 2EB-DC-5 and 2EB-DC-6 shall 
be sampled quarterly for. the following parameters: 

Ammonia 

BOOS 

pH 

Suspended Solids 

Oil and Grease 

Phosphorus 

Faecal Coliforms 

Disso.lved Oxygen 

Temperature 

Conductivity 

/' v l(o vJ 'T r n Yl , U - 11, 

J-b·c? -- vr J><f 

f(C1<a 



- tJ -

~h. .ORING SCllEOULE - Oi\wSON CIT\' l.TC:ENf.E ----·-------- -------- · 
STATION 

1
ANALYSIS DCl DC2 OCJ DC4 l>CS 

'I 
Total Chemical Analysis 
,- as per Section 8(1) 
;of Schedule "A". 

Total Coliforms 

Faceal Colif orms 

•Free Residual Chlorine 

Temperature 

6M 

2w 

2w 

··-· . --... 
2w 

2w H Q Q 

D 

D H Q Q 

DC6 

Q 

Q 

;BODS I i M I Q : Q i Q 

. I 
i 

Suspended Solids I ! H Q Q ! Q ! 
pH 

Oil and Crease 

Phosphorus 

Dissolved Oxygen 

Conductivity 

~Detailed Chemistry 
I 
I 

;BioassayLCSO 

I 
1
Flow. 

I Ammonia 

I Turbidity 

II i H Q Q j Q 
' I 

I I Q • . Q Q I Q 

! . 
. I . 

I 

D 

-2w 

LEGEND: D • Daily 
W • Weekly 

I 

Q I 

! 
I 

M I 
I 

I 
I H I 

i I 
I I 

A ! 
. A I I 
i I 

I 
I D I 
I 

: H 
I 

I 
I 
I 

2w • Every two weeks 
M • Monthly 

Q 

Q 

Q 

Q 

I Q 

Q 

: Q . 
I 

I 
! 
i 
I 

I 
· I 

I 

Q 

6H • Every 6 Months 
Q • Quarterly 

I Q 

Q 

Q 

Q 

A • Annually 

_______ ' 



SAMPLING RESULT 

DC-3 SAMPLING CONDUCTED 

Parameter Mar Apr May Jun JUI Aug Sep Oct Nov Dec Jan 

BOD5MG/L 37 108 54.0 30. 66 75.0 N/A 18.0 18.0 18.0 22 

Suspended 
Solids MG/L 58 28. 62. 51.0 114 119. N/A 23.0 15.0 23.4 30.0 

pH 7.1 7.5 7 7.8 7 7.3 N/A 7.2 6.6 7.2 7 

Oil & 

Grease MG/L 19 12.0 5.10 5.09 

Phosporus 
MG/L 1.0 5.0 1.18 .70 

Faecal 
Coliforms 
lOOML 8500 2000 >240,000 920,000 130,000 130,000 N/A <500,000 <500,000 <500,000 <500,000 

Ammonia MG /L 2.5 1.30 1.60 5.60 17 15.0 N/A 3 3 L.D. 2 

US/CM 
Conductance 300 300 H25 380 490 570 N/A 415 340 340 350 

Dissolved 02% 12.2 11.8 13.7 14.2 13.9 15.2 16.3 17.7 



SAMPLING RESULT 

YUKON RIVER SAMPLING CONDUCTED 

DC-4 DC-5 DC-6 

Parameter Mar Jun Oct Dec Mar Jun Oct Dec Mar Jun Oct Dec 

BOD5MG/L <6. <5. <L.D. <6.0 <6. <5. <L.D. <6.0 <6. <5. <L.D. <6.0 

Suspended 

Solids MG/L <5. 335. 27.0 <L.D. 140. 327. 27.0 37.4 174 310. 26.0 4.8 

pH 7.5 8.4 8 7.5 7.8 8.4 8.1 7.8 7.8 8.4 8.1 7.8 

Oil& 

Grease MG/L <5. <5. <L.D. <L.D. <5. <5. <L.D. <L.D. <5. <5. <L.D. <L.D. 

Phosporus 

MG/L <0.005 0.16 <L.D. <L.D. 0.098 0.098 0.15 <L.D. 0.118 0.14 <L.D. <L.D. 

Faecal 
Coliforms 

lOOML 13 33 10 <10 2 11 <10 <10 2 *26 <10 <10 

Ammonia MG/L 0.09 0.05 <L.D. <L.D. 0.07 0.14 <L.D. <L.D. 0.06 0.19 <L.D. <L.D. 

Conductivity 245. 153. 255 300 230. 147. 255 300 240. 151 250 300 

* Sampling procedure to be checked 


