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o , ABSTRACT .

. The prevention of freezing in northern water distribution and wastewater
c::uugr:téar: systems requires that the heat losses from the system not exceed the heat >
aviuaéie be*{gre\ica fodmation. in areas with suf ficient quantities of potable water. one ¢
the easiest methods of accomplishing this is to cantinuously dischige water fror
distribution systern to the sewsrs. This practice of bleading water during the w

ey
spring rasults in high watar copsumption rates and energy costs and aiso higr
' ¢ -

and operational difficulties associated with pumping and treating large guantitic

and dilute wastewater

The present project has examinad various maethods of alleviating the

freeze protection -It hag iﬁﬂ@lv;«j developing.a data base dn the exi &
ingtallation in Whitehorse, Y.T, r’évmwm-g and evaluating those bleeder alte’

have bean identified thus far. testing the most feasible alternatives in a laborat- .
. and using a computer simulation to attempt to determine the effects of reduce -=eoe
%Iavis on the Whitehorse bleeder syStem

Laboratory testing. consisted of pumping water through a series of j.:arallgl .

F
g of =25 *C. A differant— —

‘racirculating pipes in & cold room at an smbient tewn
bleader control device wasxthsﬁ mountad on each of tha recirculating pipes. The devices
tested in this manner were a temperature controf davice, & metal orifice plate. a timer. a
storage tank that filed with water and discharged it, i‘!cji pressure tank that. in theory.
would fill with water during periods of high system presure. and drain 1t back to the
distribution system whenever network pressures drop.

Four tests of from five to nine days duration with the first four devices and two
ten day tests with the last device suggest that only the orifice plate and a variable set
timer are technically feasible for further development. Employing a present worth
comparison basad on a twanty year expected life, the timer appears to be the more
economic of- the two devices based largely on the volume of water that would be bled

For the computer modelling work. a piping network of downtown Whitehorse
was derived from as built drawings. A steady state ghermal package was then added to

the hydraulic portion of a proprietary sipir{g analyis /model developed by Associated



Engineering Services Limited and used to determine the thermal affects of reductions in
flow and ambient tsﬁ':irib;; upon the network.” The resalts suggést that pipe freezing
will occur at exterior soil temperatures below 0 °C. The resuits aiso suggest that varying
the network flow rate will have a negligible effect on whether or not thermal failures
occur in the system Due to uncertanties about the assumptions made :ndséva steady"
state aqggtiéﬁs used in the computer analysis, these results are considered to be )
conservghve and ﬁE‘EWDTb‘. thermal failuras will Ergbgly-né;c occur as readily as predicted

foa
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. | I. INTRODUCTION

Watar quantitias éerrﬁittingg one of the more traditional approaches ussd%
protect buriad water linas in the north from freezing has been to maintain é continuous
flow of water in the supply mains and service lines These flows have Iir’ggiy been
sustained through the practice of bleeding water directly from off line hydr’aﬁts, dead
end mains, and building drawoffs into the sewer system '

The practice of bleeding water has had a number of impacts on those
communities using it On the positive side, this method of freeze protection has allowed
distribution lines to be installed with a minimum of msuiat@% and. in some cases, with
shallower placement This method also allows water utility lines to be laid out in a

conventional manner and thus, as in more temporate climates, vehicular traffic patterns
5

could be used as the primary criteria when plannir{g communities.

However, water bleeding leads to large "watér céﬁsﬁﬁptign rates, higher
'tréatrnantiﬁd pumping costs. and the high costs associated with the handling of large
quanti.tias CH‘; highly diluted wastewater,

‘The work presented in this thesis has been aimed at developing and evaluating
some alternative methods for.reducing the amount of freeze protective water that must
be bled from a distribution network. The project has invoived studying an existing water

bleeder systam, conducting laboratory tests on various bleeder control alternatwaes, and

‘running computer simulations to determine the effects of bleeder flow reductions on an

Bkistiﬁg system

#
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Il. LITERATURE REVIEW

A HISTORICAL DEVELOPMENT

in North America, coid region u*nhty systems (water and sewer) have evolved

largely in response to the interaction of two factors: '
. 1. the demand for a safe and adequate water supply and "waste disposal
facilities; and
2. the constraints placed on the provision of the above by the environmental
conditions prevalent in the north. E '
» The original methods of utility servicing used in the north were those developed
by the aboriginal peoples — the indians, Inuit, and Aleut (Murphy and Hartman 1969)
These methods largely conformad with individual preference modified somewhat by
concern for the grai;rp welfare (Alter, 1977) . )

The transport of water and sewage in the north was first accamphsh%mrgugh
the use of self—haul systems. The average wataer consumption rates tended to be low. on
the order of 5-25 L/person/day (Smith et a/., 1979 Murphy and Hartman, 1969;
Grainge, 1968), nevertheless, because manual labour was used, water collection was &
time consuming process. Sources included ice and snow meit, warm springs, walls, holes
drilled through ice covered lakes and streams. and. during the summer, rain water as well
as the normal surface sources (Grainge, 1959, Alter, 1950) ,

Waste dispesal mathods also tended to be prifﬁifive The use of chamber pots
that were emptied periodically was common. as was the construction of latrine héigs and
privies (Alter, 1969).

For various reasons such as exploration, géaﬁéfﬁié development, resource’
development, and perceived military need. non-indigenous people have been migrating
into the north since tﬁé early nineteenth century (Alter, 1977) At first. their living
conditions were only slightly less primitive than the native population (Grainge, 1968!
Gradually, however, water and waste transmission works, mostly gravity flow systems,
were constructed. The large quantities of water required for mining and fishing mtivitias.
h;rOught about the first water supply and tramsmission works in Alaska (Alter, 1977),

while in the Canadian arctic, the first running water and sewer systems were constructed



for schools and hospitals by Christian missionaries with the aid of the Federal
governmaent (Gr’mnge.; 1968). In Dawson City. a buried wood stave water and sewer
system was installed in 19@3 — 1904 (Stanley Associates _Eﬁginggring! Limited, 1977;
Staniey. 1965. Murphy and Hartman, 1969. Grainge. 1969b)). Larger municipal utility
projects in Alaska were developed in the éariad 1916 - 1930, and the first municipally
own pgb!'ie Qtilities system (at Ketchikan) was established in 1930 #tter, 1977)

Historically, in northern North American communities. the muricipal water supply
and waste disposal services were first ésta_bhshad as hayiage systems [Dawson and
Cronin, 1977). As populations grew and/or government subsidies became avalable, on
grade or shallow burial summer distribution and coliection systems were f;Dﬁstr‘qu\‘.Ed.
Continuous piped utility sgrviées simillar to those available n more temperate climates :
have generally been the goal of most northern communities thus far (Atter, 1974, Yates
. and Stanley, 1963; Staniey, 1965, Raniga, 1§BD), -

With the advent of piped water and séwage transmission works in the north, a
number of problems arising from therr ambient operating conditions became evident
Chief amongst these were line freeze-ups (Dickens, 1958; Grainge, 1958 Alter, 1963;
Dawson and Cronin, 1977), élnd‘ in the case of permafrost araas soil instability (Alter,
1950: Yates And Stanley, 1963 Grainge, 1959

There are many reasons for preferring piped utility systems to haulage anés.
Grainge (1969a, 1969bi has suggested that piped water and wastewater systems are

superior because’

1. the water supply that reaches the consumer will generally be lass
contaminated,

L

 the cost of water is less and thus. freer use of it is made for washing; and
'3 there is no dccidental spillage of sewage. |
B. PIPE FREEZING MECHANISMS
The properties ©f water on freezing were investigated and compiled by Dorsey
(1940. 1948). while the freezing mechanism in a closed pipeline has been waell.
documented by Gilpin (1977a, 1977b, 1979). :



‘Water free from any contamination can normally b‘g supercoolad to -20 *C
before freezing. however, depending on environmental conditions, only a moderate
amount of supercooling can be tolerated before ice wiéli::nuclgate in ordinary water
(Dorsey. 1940) In natural bodies of fresh water for example. the ﬂUEiES'tIE)ﬁ ternperature
for frazil ice is only slightly less than O *C Riddick, Lindsay and Tomassi. 1950). while in a
pipe. ice will typically nucleate at —4° to -6 C {Gilpin, 1977a; Zarling, 1979} |

In a quiescent pipe, supercooling will initially produce dendritic ice growth = thin
'feathery crystals intermingied with the water. The amount of the dendritic growth is
‘directly proportional to the amount of supercooiing required to produce nucleation
(Gitpin, t977a). in turn, the nucleation temperature is dependent upon the amount of
active nucleation particles or ‘motes of foreign matter present in the water (Dorsey.
1948, _ _ e

The heat of fusion liberated by the growth of the dendritic ice (sufficient to block
off the entire cross—section of @ small diameter pipe in a short period of time) will raise
the temperature in the pipe back to 0 *C. Further cooling will then produce an snnulus of

solid ice growing inwards from the pipe wall, with the dendritic ice being transformed

into thin continuous sheets imbedded in the annulus (Gilpin. 1977a. 1977b). See Figure 1. -

The prescence of dendritic ice will increase the pressure required to reestablish
flow in the pipe These start up pressures will further increase by a factor of ten or
more with the inital formation of annular ice. Alsc. with a relatively smail temperature
gradient between the pipe wall and the pipe axis such as would be the case with a small

i
diameter pipe and/or a\slow cooling rate, dendritic ice formation can effectively block

off the pipe in much less time than required for the pipe to freeze solid (Gilpin, 1977a,

*

1977b)

w

pipe occur not because of ice axpans:s(wﬁﬁ\p;g

Low temperature failures in
walls, but rather. because of hydrostatic pressure (Rice, 1970). ice expansion places an
increasing pressure on that water in the pipe that is still unfrozen. This pressure will then
be transmitted. to’ the pipe walls and\bursting will occur if b elastic limit of the wall
material is exceeded

One cause of a pipe bursting that has been suggestad has been that of

non-uniform cooling along its lengﬂiu (McFadden, 1977a, 1977b). This non-uniform
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cooling will lead to trapping isolated pockets between frozen pipe sections.

For flowing pipes under sub-zero EQﬂd-itiDﬁi Gilpin (1979) observed that ice will *
form as a series of cyclical ice bands tapered downstream from an expansion (see Figure
2). Given sufficient time, the expansions will migrate upstream until an equilibrium pi;:iﬁt s
reached and presumably, the change in convective heat transfer between the upstream
and downstream sides of the separation balances tha change in conduction through the
ice layer. Subsequent cooling will resutt in the closing off of the narrow separation
Pockets of unfrozen water will then be isolated and pipe failures, if they occur, will
occur between the ice bands. It was found that a pipe wall tempersture below ~3° to -4
°C was required before ice growth could be initiated (Gilpin, 1979).

For pipes with water flow in them, there is an increase in the viscosity of the
water as the temperature is decreased (CRC Handbook, 1973). The increase in viscosity
causes the friction factor to increase (Daugherty and Franzini, 1977), thereby resulting in
a lower Reynolds number and a smaller drscharge. Quraishi (1978) found that by keeping
the ha,;d loss per unit length constant in smooth (Le., plastic) pipes in the 5° to 30 C
temperature range, there is about a 2% reduction in flow for every 5 *C reduction in
temperature. For rough pipes, the variations in flow with temperature appear to be

neglible (Alter, 1979),

in an entire community or installation water su;;;ply concept, the most critical
phase of the system with respect to frost damage is the distribution component (Slrgaﬂt
1963, Alter, 1969, Grainge, 1969)

To effect distribution of a safe and reliable supply of water to consumers in thn
arctic regions of North America, a3 number of types of mpmg systems have been used
over the years Various schemes for classifying the;sa systems have been proposed by a
number of authors (Stanley and Yates, 1963; Staniey. 1965. Alter. 1963, 1972, Grainge,
18969 Murphy and Hartman, 1969, Dawson and Cronin, 1977). A simple listing of the
. typss of systems that. singly or in combination, have been successfully operated, wouid
include the following .

: 1. an iﬁtsrm'rﬁsﬁt system with the distribution lines being filled only on a periodic
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A | ¢
or a seasonal basis; . (K '

2. an encapsulated pressure system supplied'from storage tanks which.gre filled |
by hauled water: ' A

3 a heat cable system with electrically heated supply mamns and service
connections;

4.  recirculating systems employing either a siﬁggﬁin ér dual mains;

5  a conventional non-recirculation system with heavy users located at the ends
of the supply mains;

6  a utilidor system either ;la(:ed below, on, or above grade.and -

7 a conventional non—circulatory system with bleeding at dead ends to maintain -
the flow. * ‘

T

Further discussion of these types of piping systems i1s given in the following

b

D. INTERMITTENT SYSTEMS

sections.

In a number of small communities, seasonal distribution with pipelines is practiced
(Alter, 1969). The overall costd for water supply are reduced by eliminating the trucking
of water for four months and relying instead on tﬁgxpénsma, above grade lines (Smith et
a.L, 1979). Reservors may also be filled for winter use at this time The lines are
operated by either gravity flow or with pumps and drainage 1s accarﬁphshed by gravity
flow, or by Elewvﬁg comprassed air through the system Murphy and Haﬂman 1969) As
noted by Alter (1950, 1969), some of the problems associated with this type of seasonal
distribution are as follows:
1.  the complete coliection, storage, and relaying of the pipe each year is a costly .
procedure;
2. the pipes, when disjonted, are left open and exposed on the ground to
accumulate whatever contamination is around, and ; ]
3. hasty assembly and the use of worn and damaged jair:’atsf an;&iﬁg make the
syst@rﬁ suscaptibie to contamination whenever negative hé:ds ocgur.
A variation on this type of distribution system is to use a conventionally laid,

below grade piping network (Hubbs, 1963, Murphy and Hartman, 1989; Smith et a/.,



' \
1979) Summer time operation would be similiar to systems in more temperate cgﬂmes
During the winter however. the water would be distributed through the hinas only on a
pre-determined schedule or on demand Each c’:éns,t.rﬁgr would be hooked up to the

- supply main through a continuous looped service line {Smith et a/., 1979) and would be
responsible for filling his own hoiding tank. So that individual consumers would have
water pressure. the hoiding tank could be Iot;atad n the athc (Murphy and Hartman,
1969) |

Advantages to this type of intermittent system are as follows:
1. water use is higher than would be the case with a haulage system (Smith and

Heinke, 1980) Presumably, larger qumti%ngs of water would therefore be

used for washing, )
2. the possibilities for coritamination of the water supply sre considerably less
than with a haulage system (Grainge, 1969a, 1959!1 Smith et a/., 1979): and
3 watef usage 1s not as high as would be the case with a fully piped system The
chances are therefore greatly reduced of depleting a village's water ‘supply or
requiring the construction of a very large reservoir (Murphy and Hertman
1969) ' .
Some disadvantaées of an intermittent purnémg system gre its lack of fwe
protection (Alter, 1969, Murphy and Hartman, 1969), the requgrarﬁeht; for large storage
facilities, and its uhsuitability for larger size communities iAlter, 1969),
| Grainge (1968a) has proposed that it might be ac:anarﬁicaj to operate a parma-
nently laid distribution system only during the summer. An electrical heat tape could be
used to preheat the supply lines prior to spring start up while everygfall, the same lines
" would be drained and sealed again. Such a system has been operated ésueéassfuﬂy in such
communities as Fort Franklin, Oid Yellowknife, and Aklavik
Alter (1969) has documented the use of an intermittent system in F‘cmt Barrow,
Alaska and at some DEW Line stations In some communities in Graanltﬁd seasonal

surface distribution is practiced by connecting small summer lines to the excstnng yaa

round supply meins Rosendsiv, 19803, 1980b).

L1
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E. ENCAPSULATED SYSTEMS

Encapsulated water systems are ones in; which all or some of the components of
the water supply system are protected from ;fr,aa;iﬁg by being enciosed in heated
buildings or other structures. Complete encapsulation of both water and wastewater
systems, ;;S Aiter (1963, 1972) has pointed Sut, implies the concept of full water re—use.
For various aesthstic, technical and financial reasons however, re-use applications to
date have been limitad to demonstration pr’;jacts and specific aerospace and military
applications (Cameron and Armstrong, 1975)- : |

Encapsulated water systems that have been attempted under arctic conditions
have generaily been modified ones in which some c:anﬁaﬁgnts of the systam, such as the
initial water supply. have been located outside of the encapsulated area Locations where

encapsulatiory has been practiced include some DEW Line stations (Alter, 1969, 1877.

McConnell, 1958) and some stations in the Antarctic (Esser, 1981a, 1981b).

. OtHer projects with some aspect of encapsulation are the Alaska Village
~ Demonstration Projects at Emman;k and Wainwright where, in addition to the truck
hauling of water to individual consumers, central facilities for showers and saunas, and
laundry machines for community use were aiso constructed (Reid, 1974, 1977; Puchtier
et a/.. 1976). Such an arrangement had the following advantages:
1 because it contaned much less infrastructure, the central facility was cheaper
to construct and maintan than a fully piped and pressurized distribution
system; and V
2. efficient use of the water was praét:cad bgcau#e'ccﬁﬁal of water for bathing
| -nd laundry, estimated to comprise 35% of total water needs, was maintained
at a central facility which employed energy and water cansgrv:tiﬁg systems.
The facility was aiso close enough that use of witer for washing was not
unduly discouraged, yet it was far enough away that more frivolous water
| ~ uses were kept under control The success of tha projects at Emmonak and
Wainwright have prompted the construction of central facilities for other
. Alaskan villages under the Village Safe Water Program (Sargent and Scribner,
! 1977, Sargent, 1977, 1980} |



"

F. HEAT TRACING ' : | ’ »

Tracing of water lines with steam pipes or electric cables has fong been a
recognized technique of freeze protection (Alter, 1977). Electric heat tracing i1s. in fact,
Currently the standa'rd backup freéze protection system used in most northern piped
distribution systems in Nortﬁ America (Smith et a/., 1979). Practices related to these,
such as glectrk:al resistance thaw wires. or thawing with steam or hot water. are not
protective techniques in themselves, but are instead, after the fact procedures which are'
used to restart the flow if a pipe has already frozen.

In locations where central heating with steam is av&lﬁble, the placing of water
lines adjacent to them in a common utilidor has been successfully practiced (Alter. 1950,
‘;953; Grainge. 1959, Cameron, 197;‘%—:5&? of problems that have occured with
steam tracing include overheating of the water line in the summer {Cameron, 1977; Alter,
'1977), and the attendant costs and problems incurred with producing steam and
coliecting the condensate (Hubbs. 1963). In the former case the problem can be
attributed to poor utilidor design. while the latter problem deals more with the economics
of central heating with steam. W

Other fiuid mixtures for heat tracing have also beeh’uséd, such as ethylene glycol '
and propylene glycol These antifréeze mixtures are easier to use than steam or hot
water because they have low freezing points and, therefore, they p(otef:t the heat trace
piping and aliow winter startups. However. these fluids are also cqrrosive. more viscous.
and have poorer heat transfer characteristics than water Friction losses will.
consequently be grester ahd pumping costs will be higher (Smith et a/., 1979) Fiuid
tracing as a whole has other drawbacks such as the reliance on leak free plumbing and
the inability fo provide a given amount of heat at a specific po;nt {(Whyman, 1980)

In locations where water lines have been traced with electric cables. the technique
has generally been empioyed only as a backup protective measure Primary protoét-on Of,
mains with eiectric heat tracing is 'no longer a popular cbncept, although the practicg s

- still fairly common in Newfoundland and Labrador (Whyman, 19789). There.,. -although the
cost of electricity to heat the mains is hugh no major expénses tor pumping and

recirculation are raqunred and a conventional distribution system layout can be used



. 12
P
The mauﬁypes of electric heat tracing systems in use are: -
3 serigs and parallel rasistance cables and tapes; )
: ER
4 induction haating: and h i
5  Skin Effect Current Tracing or SECTe. - R

The series resistance method employs a looped cable used to heat up the water
ine. The heat output per unit length will vary with the length of the cable. Parallel
resistance heating cables and strips. on the other hand, carry both the conductor and
resistance buss wires in the same casing and theré¥ore. can be cut to any length without
affecting the output or watt dansity (Jc}hﬁsa,ﬁ et a/., 1980 Thei‘SE(: ¥ system empioys a
carbon stee! heat tube attached to a water line to transmit the heat generated when an AC
current is passed through the copper cable located in the tube The main uses of SECTe
have been with metal pipes, however claims have been made for its ar:p&@abihty to
plastic pipes as well. To rmprove heat transfer to the watar in this situation, a metallic foil,
aluminum or mild steel. would be wrapped abound both the heat tube and the main carrier
pipe (Tracey, 1980) Finally, induction heating ‘consists of wrapping an alternating current
carrying wire around a pipe. The water is heated by inducing eddy currents within the
pipe.
For maximum enargy efficiéncy, research and experience has shown that a
resistance cable should be placed inside a pipeline (Kardymon and Stagaﬁtsév, 18972,
Cheriton, 1966) There are a number of problems attendant with this arrangement -
however. Thase include: ‘
1. maintaining hermetic seals at leads. in and out of the pipe;
2 Maintaining the dielectric properties of the cable insulation;

3 the structural requirements for the cabls to withstand the pressure and
vihfatian loads inside the pipe.

4. the need for special arrangements for bypassing valves and other fittings; and

W\

the need to remove the cable whenever individual pipe sections are repaired.
For thege reasons, heat cables are usually placed outside of a water pipe.
o For supply mains, the capital and O & M costs associated with Heat {racing are
VBI‘vy high (Hubbs, 1963. Smith et a/., 1979; James. 1589!:). Major problerhs include the

'high cost of electricity and attempts to find a safe and reliable heat cable and thermostat
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system (ﬁyaﬁ. 1977). Thermostatic controls are often a major source of wastad anergy
" and malfunction James (1980b) reported that in a heat traced Rankin Inlet instaliation,
many burnouts and fauity circuits were found after one year of operston Mechanical.
liquid filled thermostats generally have a wide tolerance range ané are only aéc:‘*ata‘ to
within a few degrees (Smith et a/., 1978]. Much greater sensitivity and control can be
attained with solid state thermostats employing thermocoupies, resistance temperasture
datactors (RTDs), or thermistors as sensors however, their cost is considerably mgher
than mechamical thermostats (Whyman. 1980 ,

in thermostatically controlled systems, placemant of the sensors can also be
critical. Under high moisture conditrons, they may become faulty and either lead to
excessive heating and high electrical wastage, or to freezeups and possible ine damage.
Aiter {1969) has noted that utilidor fires ha?'\;e resulted from the overheating of electric
cables. Piastic pipe and snsulation can also be damaged b; averhéétmg (Whyman, 1980).
Efforts to alleviate overheating problems include high imit thermostats and the use of
‘self limiting or modulating heating cables that lower heat output Qitﬁ an increase in pipe
temperature.  _

in some hr::rtharn instaliations, prefabricated ana preinsuiated piping systems have
been introduced which have incorporated heat cable channeis or tubes attached or
suspenéedg underneath the man pipe These piping systems are only a recent
phenomenom to the north (O'Brien and Why’m?ﬁ, 1977). although research mto their use
wéra conducted in the middle to late 1960s (Yates and Stanley, 1963; Hoffman, 1968).

With these prefabricated and preinsulated piping packages. there can be problems
with sealing the joints in the exterior heating cable channel. Cases of water intrusion iﬁi’
the channel have occured at installations such as Resolute and Rankin Inlet (Whyman,
1980r Because of this. and because of the fact that the high density polyethylene pipe
used in thase pupiﬁg packages 1s capable of sustaining liqud freeze uds without damage.
heat trace cables hgva“baeﬁ eliminated altogether in some supply man systems. The
exparséhce from Frobisher Bay has shown that given a continuously flowing water maih
with backup power and pumps and in line heaters, heat trace cables were not required
along the supply mains (James, 1980b. Whyman, 1980). Suﬁsgquantly, haat tracing of the,

sewer system in Frobisher Bay was abandoned as were the electric heaters in each
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manhole (James. 1980a). In the supply mains, the heating cables are being replaced in new
construction with after the fact thaw tubes attached to the pipe with heat transfer
cement These thaw tubes are joined at ea;:h pipe connection with a watertight cr}upliﬁgi
{(Whyman, 1980) and in the evertt of freeze ups. hot water or steam can be injected into
themn. |

-

with electric cables is a very common practice in arctic and subarctic regions and many
of the problems associated with the electric cable tracing of supply mamns are eiiminated
typically 15 to 30 meters, and hence. the operation of electric cables can be site
specific. ngrﬁasts can also be billed directly to the consumer. Service line heating
cables are also frequently installed without thermostat controls and are manually
operated They are then left an during the entire period when freezing may-occur. This is,
however, a very wasteful practice. In Frobisher Bay. service line hsi:ting cables without
thermostats have been installed which are activated by flow switches only under stagnant

flow conditions (James, 1980a)

G. RECIRCULATING SYSTEMS
¢ Recircuiating systems rely on the continuous movement of water within the lines

to praevent the occurence of freezeups. The method works bécagse,, under. design
conditions, the water temperature in the supply mains does not drop below freezing
before it returns to the main pumps and is reheated again. At any given cross section
tharefore; the net heat I:;sses ara not enough to allow the farmatiéﬁ of ice. Heat can also
be added to fhe system at other points along the crreuit

There are basically two types of recirculating systems, the snngle main system and
the dual main system. v

The dual rﬁaiﬁ recirculating system cénsists of two watér mains laid adjacent to

aach other. One line is a’para;ed at high pressure baﬁd i5 used to distribute water to
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goes through a pressure reducing mechanism (orifice, valve, etc.), ,ané then discharges the
unused water to the second, lower ;ﬁasswg return line. The consumed water is taken off
the end of the service loop in the building.

Meanwhile, the lower pressure line returns the unconsumed water back to the
main pumphouse or to an intermediate facility where, if necessary, it is reheated and
returned to the high pressure distribution network,

The dual main system has been used in a number of government installations and
frining camps in Alaska (After, 1977), in Flin Flon, Manitoba (Grainge. 1969b. and in
Yellowknife in the Northwest Territories {Grainge. 1959, Yates and Staniey, 1963; Alter,
1969). In Yellowknife, the dual Fﬁa:n system was constructed between 1947 and 1949
and flow in the copper service loops between the distribution and return lines was
maintained by the use of an orifice plate in each building and at éver.h'y,ﬂraﬁt (Grainge,
1959) The dual main consisted of two cast iron ﬁiﬁES. one a 15.2 cm (6") supply main, the
other a 10.2 em (4”) return line. In areas of permafrost and Ice lenses, 25.4 cm (1 ft} of
compacted moss was used as insulation in the top and sides'of the pipe trench, with 0 - -
5.1 em (2") of the same as bedding (Copp., 1954; Yates and St,énley, 1963; Stanley, 1965}
The Yellowknife system was éxpanded at various times over the years.as the pﬂﬁlﬁgﬁtlﬂﬁ

increased. The original dual main system now only serves the Central Business Disfric

the City In 1972 - 1973 after freezing problems, an investigation revealed gt

holes in a number of the original copper orifice plates had worn away, thereby causing a
loss of differential pressure and haﬁ%e, flow, between the dual mains These were
subsequently replaced with steel platesr(Premice and Srouji, 1980). Recent additions to
the system have been installed as recirculating loops with service connections

thermostatically heat traced and bled (Dawson and Cronin, 1977).

Some features of a dual main recirculating systém are as follows: .
1 the system layout can be similiar to conventional shaliow buried systams;

2~ with double the ‘amount of pipe required, the installation costs would

apémach twice that Qf a conventional system (Murphy and Hartman, 1969),

‘even though smaller capacity pipe can be used for the return line and both

lines may be laid in the same trench:
3 duetoa iargér total surface area with two sets of mains.. energy consumption

i
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would be higher than with a conventional system (Smith et a/., 1979). and

4  the control mechanisms for this type of system are elaborate and careful
control must be maintained over line pressures (Murphy and Hartman, 1969)
Because varying consumptions would lead to stagnant flows occuring in
certain locations at certain times, thgrmst:tit;aﬂy controlied solencid valves
between the two mains are réq;ired at regular intervals to short circuit the
system (Smith et a/., 1979).

The second type of recirculating system in use is the single main distribution
' system. This consists of one pipeline through which water 1s continuously circulating. The
system is laid out in loops originating at a pumping/ heating facility and the return portion
of each loop is also used to service consumers.

The smglg main recirculsting system was developed just after the dual main
system, in the early 1950s In certain single main systems; flaws suffncusnt to pravent
freazing in the services connections are maintained by the use (:\f pitorifices, devices
developed as a result of research conducted by Captain W.B. Page of the Arctic Health
Research Center, US Public Health Service (Page, 1952, 1954) from an idea initially
presented by A.J Alter (Alter. 1950, 1979

Each pitorifice consists of a piece of pipe shaped into a scooplike lip at one end
(see Figure 3) These are located at aach end of a service loop running between the
building and the supply main aﬁé are inserted into the main as corporation stops, with one
pitorifice opening being oriented upstream and one downstream. Flows in the service
loop are maintained by uftihznﬁg the velocity head present in the main pipeline.

There are limitations on the Ieﬁgfh of sgfvic!é' lines that can be suécgssﬁjlyi
operated with a pitorifice as well as minimum velocities that must be maintained in the

supply main. Since the pioneer work by Page, further research and calibration of
pitorifices has been carried out by the U.S. Army Corps of Engineers (Jehnsa.‘:’l 978).
The ﬁrst installation of a full scale canfnuﬁrty sungle main recnrcula’tmg system
occured at Fairbanks, Alaska in 1952 - 1954 (Grainge. lESSb; Alter, 1977). Prior to this,
In 1944, a recircuisting system for Feirbsnks was designed by the firm of Black &
Veatch. This system relied heavily on bleeding to maintain flows however, and was haver

constructed (Black & Veatch, 1944) Another recirculating system was subsaquently

—_—

/
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designed for Fairbanks after the war by the firm of RW. Beck & Associstes. After the

mitial cost estimates on four types of systems (including a dual mam recirculating system,

a steam ftracing system, and a system of utilidors), the single main system using

pitorifices was selected This system was estimated to cost $900,000.00 US. less for

instaliation than the comparable dual main system (Hubbs, 1963, Wallace and Westfall,

1954; RW. Back & Associates, 1953; Westfall, 1956}

The single main recirculating system is currently recommended as the best

non-institutional piping system for arctic conditions (Murphy and Hartman, 1969; Smith et

a/., 1979). its features include the following:
1

the system must be laid out in one or more loops. For maximum efficiency of
pumping and line lengths, a dense circular pattern of development around a
central pumping/heating facility is preferred This would tend to place

constraints on town planning by eliminating such features as cul-de—sacs

' {Grainge, 1969a). One possible way to get around this limitation is to employ

dual main subsystems taken off from the main loop to service areas for which

it would be otherwise impractical to extend the main circuit (Smith et /.,

1979);

sy;tem controls are simpler than those required for a dual main recirculating
installation. Flow and temperature measuremahts at the main station or at
booster stations are all that are required (Murphy and Hartman, 1969: Sﬁiifh et
al., 1979)} .

in a pitorifice installation, in order to achieve protactive flows in the service
loop. ‘cemin velocities are required in the main Because the service
connection is isid out in a loop. tha actual length of r.;ipé exposed to soil
ambient conditions is twice the distance from the serviced building to the
supply main. Assuming certain steady state temperature and soil conditions for
Fairbanks, Page caiculated that a service flow velocity of 0.05 m/sec (0.17
fps) as produced by a main velocity of 0.6 1 m/sec (2 fps) wouid be sufficient
to prevent water freezing in 8 30.5 m (100 ft) length of pipe (intake and
return) (Page, 1954) ang

because the system is laid out in loops, if problems occur anywhere in the line
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m a shutdown is required. loss of sa%vit;s mught occur along the entire loop.
hpr:s;:ce hé\s:évar, temporary connecting sections are constructad as a loop
is axtended lﬂd thase normally closed sections could be used to bypass
problem areas {(Smith et a/.. 1979).

Because the single and dual main recirculating systems were developed during the
same time period and because the former has several distinct advantages over the iatter,
recirculating systems that have been installed n the arctic havé! generally been of the
single main type The pitorifice has been used farrly extensively n Alaska with this system
In Canada however, other methods, éuch as recirculating pumps, are preferred with the

~ service loop (Whyman, 1979).
H. CONVENTIOMNAL SYSTEM WITH HEAVY END LINE USERS

some degree of protection can be mantained if there is a continual flow of water in the
ines such that the neti;u of heat mto the system is at least agual to the net flow of
hest out In order to sustain a continual flow of water without recirculation, dead ends
must be eliminated. This may be accomplished by placing high volume users at the

terminals of the main distribution lines (Smith et a/., 1979).

- there can be attributed to a number of factors. chief iaf which is that in Greenland. the
responsibility for all fieids of technical deveiopment work lies with only c;ne!;rgﬁiz;ticm,
the Greenland Technical Organization (GTO) As such, therefore. it has been possible to
coordinate all aspects of utility servicing with town planning (Grainge. 1969b, 1969c.
Grainge et a/., 1980).

The sixtesn towns in Greenland have all been supplied with piped water
distribution systems, but in each case. only the heavy consumers such as hospitals,
industrial plants and apartment buildihgs are directly connected to the ine. All other wnav;
users are suppliad by summer lines and & haulage system (Rosendshl, 1980b).
| This servicing arrangement is facilitated by the fact that unlike comparible

population centers in the Canadian north and Alaska (Godthasb. the capito! of Gregﬂlan;;i
r;as a population of 8500 people - Gramgé et a/.. 1980), te majority of the urban



Greenland population are housed m muiti-story apartment blocks of 350 - 400
persons/hectare density According to Grainge (1969b. 1968c). acceptance of this
typically northern Scandinavian philosophy of housing by the indigenous popuistion has
been good In part, this has been due to good community planning, the attractiveness of
havng piped water distribution and sewage collectron, and the high apartment building
standards that afford some degree of privacy to the occupants {Grainge et a/., 1980,
Rosendahl, 1980a. iSSh. Lately however, a rash of social problems has ied to the GTO
policy of constructing some lower density multiple housing (Grainge et a/.. 1980,
Rosendahl, 1981)

The practice for water distribution lines in Greeniand is to lay them below the
depth of frost penetration (approximately 2 meters) in areas whaere this is possible, and
to msulate and protect the lines in areas of permafrost Typically, ductile cast ron pipe is
used, and if it is required, it is insulated with polyurethane foam and covered with & high
density extruded polyethylene pipe jacket Where additional freeze protection is needed,
a single heat trace cable is embedded in the insulation The heating cable is controlled by
sensitive siectronic thermostats which allow the system to operate at temperatures very
close to freezing Placement of the sensors at strategic Igcations 1s very critical (Smith et
a/.. 1979). For non-insulated pipe, sarﬁé protection from f'rast_paﬁg’iritian is achieved
by placng a five cm thick layer of polystyrene msulation spanning the pipe trench about
fifteen cm. above the water main (Grainge et a/.. 1980. Rosendahl, 1980b)

The water distribution lines in Greenland are generally smaller than in North
America and therefore have a smaller fireflow ggaaclty This is because of a different
fire pratSet@n phlasaphy which stresses containment by isolation rather than
axtinguishment. Adjacent units lﬁmt buildings n Greenland are separsted on all
sides by concrete firewalls and mndividual buildings are separated from each other by

relatively long distances (Rosendahi, 1980a: Grainge et a/., 1980)

I. THE UTILIDOR
A utilidor is a duct in which various utility services, such as wiater and sewer
pipes, central heating pipes, electrical and telephone lines, and fuel lines. are carried. One

of its purposes may, in fact be to consolidate utilities such as those listed.



Utiidors have been constructed in a wide variety of shapes. configurations. and
sizes. They may be located below. on, or sbove grade. in both permafrost and
nonpermafrost areas. Service eemé«:’tians wrth utihdors are accomplished by extending
' the utifidor to each building serviced (a utilidette), or through a common service bundle
(Jarmes, 1977). .

Regardiess of design. all utilidors are made up of the following EDfﬁpDﬁEﬁtS

1 2 foundation;
a frame;
an outer casing, .

inner insulation; and

moob oW W

internal piping systems (Leitch and Heinke, 1970: Gamble and Lukomsky |,
1975, Carefoot. 1977; Smith et a/.. 1979,
Alter (1977) reported that the first utilidor systsm in Alaska vwas built at Fairbarks
in the early 1900s. This was a small buried system constructed of wood. steam traced,
and used to service commercial concerns in the downtown business section of the City

A rnc;rg elaborate utilidor system C:c:nt;nmng steam. sewer and water. wWIring, was

strted at Ladd Fisld near Fairbanks in the Iste 1930s Thes was a walk fhrough af fair, with
a lrge mternal cross section (213 m X 274 m.or 7 X 9). buried. and contructed with
steel and reinforced concrete e
In Canada. elaborate above ground utilidors have been constructed at Inuvik,
NW.T., which has become known as the test bed for utilidors (Gamble. 1977) Accounts
from 1977 (Carefoot. 1977. Dawson and Cronin, 1977} list eight different utihdor
designs designs in use there. Even more systems have been added on since (Smith et &/
1979, James. 1980a)

. Utilidor systermns have a number of adverse fastures The costs for construction
and maintenance ire generally high Gamble and Lukomsky) (1975) analyzed the utidors in
Inuvik -m;t arrived at capital cost estimates for the eight systems thatranged from

18144.36 to. 5997.38/m (544.00 to $304.00/foot) in 1974 doliars. The utilidors at the
bottom end of the sps;tﬁ,.ﬁ"; however, were so—-called ‘low cost systems that had the
highest maintenance costs and did not exceed therr short intended ifespans A

subsequent utilidor constructed in inuvik in 1976 had capital costs of S600 00/meter not
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including the cost ﬁf vm and madéw:y crossings. In 1977, a small on grade utilidor
constructed in Noorvik, Alaska cost 5230.00/meter (Smith et /., 1979)

In the past. one of the reasons for the tgh cost of utiidors (and to a lesser
extent, other northern utility systems) has been ﬂﬂ\?:k of uniform design standards. The

iack of information dispersal has led to i

assentially similiar problems in different regions. areas.

Hartman, 1969; Gamble, 1977 James. 1980a) Engineering costs arg therafore inflated

tests n the late 1960s, Gramge (1968, 1969a) rgpmar: a reduction in heat losses of

éﬂammaxpasaﬂﬁipgwheﬁﬁmpiﬁawgsbwicdta!d:pﬂiafpnﬂ foot
Buried utilidors would also have a longer lifespan. be less costly to maintain, and would
not be subject to vandalism or accidents (Cameron, 1977). Two basic problems exist
hcwgvérj with underground utiidors The early underground utilidors, uniess they were
;pgr;mlly t;c;ﬁstmx;téd to be watertight, served as infiltration galleries and collected
groundwater {Alter, 1850) The wa’ter- then destroyed tha thermal properties of the
interior insulation. Lukomskyj and Thornton (Cameron, 1977) have even suggested that
the lack of a hydrophobic insulation was one of the ‘chief raasons for the development
of above ground utihdors

In permafrost regions, other reasons may have been the difficulties of excavation
Equipment (bucket teeth) may wear excessively and groundwater in the active layer would
c:caﬁtxﬁuanyﬁil trenches and excavations (Jamas, 1977)

Also in regions of permafrost. another, more serious préb]am with underground

graped soils, with high moisture contents, thawing would produce a slurry like unstable

~ material, very plastic, with little or no strength (Ryan, 1980) Differential settlement will
therefore occur ﬂwraughaut the utiidor structure ahd pipes and joints can bresk or
‘Methods that have been suggested for minimizing the damage done to

underground utilidors from permafrost degradation inciude instaling a system of
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refrigerated brine tracer lines to mantan the thermal balance between the permafros!
and the utility piping (Giles. 1956). installing thermal piles with surface cooling fins that
remove heat from the ground by natural convection (Jahns er a/., 1973, designing the
system tﬂ tolerate a large degree of deformation [Rice. 1979). prethawing the soil, -
placing msulation around the utilidors (Alter, 1969), replacing the soil around the utilidor
with non-frost susceptible materials, and ventilating the utilidor The latter two methods
have been used extensively in underground utilidors in Northern Russia (Krasnoyarsk
Design and Research institute for Heavy Construction. 1967). In Nome Alaska, the
underground utiidors are located i1 an ice rich soil. but they have been designed with
snough systemn fhxigility to withstand a large amount of displacement whenever the -
ground thaws (Leman ef a/., 1979).

instaliing utihdors on grade or above grxde on riﬁlgs slso presents a number of
problems Surface utilidors mpede traffic flows and tend to unnaturally segment the
community @sﬁeran. 1977). Vaults and road crassings, thrust biocks at deflections and
special anchors for valves and hydrants must be constructed (Cameron. 1977) Heat
losses are greater and the costs for mantenance are also higher since vandalism or
Jaccidents may occyr as well as excessive surface wear from peopie using the utiidors
as walkways. Elevated utiidors aiso require that buildings be constructed hcgﬁgr than
normal to allow for gravity drainage of sewer flows Finally, in fine graned. high moisture
_ content soils. frost heaving will aiso occur as the active layer freezes and thaws Ryan.
1980) In Greémaﬁd, the planning disadvantagesof above ground utilidors were such that
they were discontinued in the aarly 1950s (Rosendahl. 1980a, 1980b)

On the-other hand. construction of on or above grade utilidors is easier, as s
:e;ass for their maintenance. Thermal infiuence 9n the ground is also minimal {Cameron,
1977) - e .

There are several rnethcds in use for the ?réﬁz! protaction of water lines nn<
utilidors. The most common -is to trace them with central heating lines Heat tracing of
utiﬁity li'rigs is not the primary concern however, when installing central heating (Smith et
"8l 1979 In Inuvik, central heating was originally installed because it allowed the
elimingtion of less efficient and fire hazardous inchvidual building furnaces and fuel tanks,

and because it also allowed a cheaper grade of fuel to be used Waste heat for the
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protection of the {w,itar and s:war mans was only considered an atiractive byproduct of
the system (Laitch and Hmnke 1970)

Temperature control of the water lines is difficult to achieve wrm constant central
heating During the summer months, the ambient temperatures will increase inside the
utilidor and it may be difficult to obtain ;ﬁyfhnng other than hot water from the service
taps. In such situations, cold water may be-eventually obtained by bieeding the taps To
counteract this high temperature water probiem. an attempt was made at a US. Army
Cold Regions Research and Engineering Laborstory facility in Alaska to hest and protect a
utilidor using a rg;iru;ulitiﬁg domastic hot water lina. The experiment failed and such an
arrangement was not recommended (Reed, 1977).

Freeze protection of utility lines in utihdors have also been accomplished through

such means as heat cable tracing and recirculation At Canadian Forces Station Alert on.
Ellesmere island, a single main recirculating line was placed inside an insulated, on grade.
wooden box utilidor. Two, emergency heating cables were aiso located inside the utilidor
(Chong and Mattes, 1980a, 1980b) . |
In large open utilidors. thermal stratification can become a problem (Ca@p&p

1968. Srmith et #/., 1979). Even if average temperatures inside the utilidor are adequate,
instances of pipe freezing can occur in lines located too far from the heat source.
Convective flows of hot air upwards along sloping sections of utilidors have also been

recorded (Cooper, 1968). In such instances, baffles or spacers may be used

Attempts have been made to correct some of the faults evident in many past and
present utiidor systems through the design of prefabricated utiidors One of these, the
U-Dore system developed by Gambie and Lukomsky), has done away with the frame or
support structure of the typrcal utilidor. It consists of fibreglass reinforced plastic (FRP)
_pipe iﬁeharaﬂfar bonded in rigid polyurethane foam insulation and coverad with an FRP
casing It comes in -longitudinally segmented modules (see Figure 4) with system

appurtenance modules for valves, hydrants, junction boxes, and service connections. A .

sewer and water Iine can be clamped together to form a utility conduit and the system

can be buried or installed above ground on piles. Claims by the developer for the system
are a 2/3 reduction n engineering design time and costs, a 2/3 reduction in on site

contruction time and costs, plus significant heat loss reductions over a conventional



'FIGURE 4

TYPICAL U-DOR CONFIGURATIONS

SOURCE: LUKOMSKYJ, P. AND GAMBLE, D.J, (1973]
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utilidor (Lukomskyj and Gamble, 1973; Gamble and Lukomskyj, 1975 Gamble, 1977,

Fiberlite Products Co. Ltd. 1976) The first installation of a U-Dore system was for a °

small trailer court in Inuvik

The U-Dore concept is similiar to that of another system which some feel may
_eventually replace many of the utilidor systems in the north (James, 1980a) This is the
shallow buried pipe system using rigid polyurethane factory insulated high density
_ﬁalyamylerze pipe The major pra\}aﬂﬁﬁt of this type of installation is the Dupont
:Carp@rancﬁ with ther Sclaircore piping system (see Figure 5) Dupont's claims for
- Sclaircore include ?E,S‘DD m (one milion feet) of installation at over 150 northern
locations by 1979 (Whyman, 1980), and 383,000 m (1-1/4 miliion feet) by 1981 (Fiala et
a/.. 1981) Other clams for the system are low thermal conductivity, unit flexibility to
conform in unstable soils, light weight, water tightness. and the ability to withstand full

and repeated fluid freezeup without damage (Dupont Canada. Inc., nd) Freeze protection

single service lines electrically traced or dual service lines operated with pitorifices or
‘recirculation pumps in each building Backup freeze prate::tnanﬁr thaw capability on the

supply mains is provided by either heat cable tracing or with thaw tubes

(:urreﬁtly. in the Northwest Territories, virtually all new water and sewer systems

commssioned by the Department of Public Works employ shallow burial using Sclaircore
(Whyman, 1879b). The system is also increasingly being used in. Greeniand (Rosendahl,
1980a. 1980b) and the Yukon (Shilington, 1981), while acceptance in Alaska has been
slower {Fisla et a/.. 1981). - '

In certain instances, such as extremely rocky terrain, very unstable soils, or for
military installations, utilidors may still be aconomic. A large, high cost utilidor employing
both above ércuﬁd and walk-through underground sections, for example, has been
designed for Barrow, Alaska (Leman, 1980). In comparisons made in the late 1960s and
early 1970s for US naval installations, the utilidor was found to be an economic
propasition for 4 to 6 line utility systems if waste heat or cheap heat were available or,
pre-insulated and heat traced piping was found toc be mdre cost effective (Hoffman,

1968. 1971) Since that tme. the weight of opinion has seemed to increasingly lean

==
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towards the latter option.

J. WATER BLEEDING

The prictice of bleeding to prevent water pipes from freezing is perhaps the
simplest method of protectign for piped distribution systems. In its crudest form, it
consists of wasting water directly from the building service taps into the sewer outlets.
Alternatively, special bleeder takeoffs can be arranged from-the service line to a sewer
drain. The ends of supply mains and off line fire hydrants are aiso usually- bled in order to
avoid stagnant fiow conditions. ’

The principle of cperation of a bleeder system is similiar to that of a recirculation
system. As water exits any given pipe section, it is continuously being replaced with more
water with a higher heat content Under equilibrium conditions, water entering a pipe
section will exit with a slightly lower heat content, with the net heat iosses at any pipe-
section not being enocugh to allow freezing to occur in that section. The continual influx
of water and hence. heat, through the system is assured t?y bieeding at &ead ends snd
service connections.

Characteristics of bleeder. systems include the following:

1. a8 very high per capita water consumptuon (see Table 1). Hanson (1974) in
looking at the water usage in a number of Alaskan municipalities, found
average flows ranging from a textbook figure of 378 L/person/day (100
USgpcdlin Fairbanks, to 4163 L/person/day (1100 USgpcd) in Seward He
attributed the main cause for the high flows at the upper end of the scale to
bleeding of water lines to avoid freezing Figures reported I'.;y Armstrong and
Given (1979) from a number of sources on communities that practice water
bleeding also indicate high per capita water consumption rates (up to 9080
L/person/day);’ ' |

2 because of the higher water consumption, Yarger water and sewer systems

are required..For water di-stribution, larger pipe, pump, and reservoir sizes are
required. and larger water treatment facilities may also be needed. Larger
putv;ps. pipes, and wastewater treatment facilities would also be required to

handle the higher sewage flows generated Capital and O & M costs for these



TABLE 1

Water Cohtumption

In Some Northarn Communities
Which Practice Watar 8leeding”

* The water consumption rates noted are wost Tikely dus tp water blesding.

consumption rats

Location Cons ummption Parcent of . Commmnits e ference
L/person.d  Reference &
Consumption i
‘Northwest Territories e
Jellomkn fe 485 115 - pipsd portion Swith et al.
af community 1979
Pine Point 590 140 - Average daily Reid Crowther B
) Jan.-Mov., 197% Fartners, Ltd. .
1160 276 pesk daily 1977: also King,
1979
Yukon Territory B :
* Clinton Creek 1185 285 average annual Stanley Assoc.
&80-2270 162-540 range Engineering Ltd.,
whitehorse 1680 400 average annual 1974
1135-2500 270-595 range
Dawson City ¥ X-900 Bh5-2162 FangE
Dawson City 3 2120 average daily
: , Sept.-Apr., 1976 Stanley Assoc.
*574 average darly Engineering Ltd. .,
) May-Aug., 1976 1977
Faro D 188 average annual Carmie, 1979
Haines Junction S70 1% avarage annusl
Mayo 21% 650 average annual
Watson Lake a20 195 average annual
Alaska
Anchorage 850 212 average annual Smith et al.. 1979
Dillingham . 16X 388 average annual .
Fairbanks 650 155 average annual
Homer 16X 388 average annual’
Palmer 760 181 average annual ]
Seldoria 680 162 average annual
Ketchikan 1135 270 average annual HMartin, 1978
660 157 bleeder portion
Seward 988 235 average annual
us as blesder portion
Sitka 1600 18] average annual
. 285- 3180 68-90 . blesdsr portion
Wrangell . 740 176 average annual
195 46 bleeder portion
Reference consumption 420 design commwnity Hammeer , 1977

However, defects in the distribution system piping or other Targe CONsumErs
may be responsible far the high uie rats.
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systems would consequently be greater:
the practice of bleeding on a community wide scale presupposes that a large
source of pt:tablé water must be readily available to the municipality involved,
the practice of water bleading allows northern communities to layout a water
distribution system in a conventional manner (Smith ef a/., 1979), There are no
speacial restrictions on town planning, pipe burial depths can be minimal, and iﬁ
localites where permafrost and its destruction is not a factor. line insulation
can also be minimized:

large quantities of wastewater are generated as a result of bleeding This
wastewater will be cold and dilute and consequently, will be harder to treat
Physical. biological, and chemical processes (such as precipitation), are all
adversely affected under these conditions (Aiter, 1950, 1979; Smith et a/..

1979: Given and Smith, 1979, Smith and Given, 1979, Smith and Given, 1980.

for treatment plants specify 85% removal of BOD and suspended solids and
that whereas this would pose no difficulties for a normal strength sewage of
200 mg/L BOD, problems would arise with a dilute sewage of 100 mg/L BOD

in the former case, the effluent wouid be required to be reduced to 30 mg/L,

( 1974) has also speculated that the lower temperature wastewater would also
make the sewer lines more susceptible to freezing; and \

in communities which practice bleeding. the extravagant u;éaaf water tends to
be taken for granted Bleeders which are turned on to prevent service line
failures are then frequently, out of hgbi} or neglect, left on during the summer
months when bleeding is not required” Such a practice is true in Dawson City,
Y.T. (Stanley Associatps Engineering Limited, 1977), and is aiso felt to be true
of Seward, Aigska (Hanson, 1974). A factor contributing to this*practice is
that, in Fﬁ!'ﬁy;Df these communities, water is billed to consumers not on a
consumptive use bas‘r;;. but on a sat monthly rate structure. In localities where

heat traced service lines are instalied, and where set water rates are prevalent,

. it makes more economic sense to an owner to keep his taps running rather
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than operating his heat cable whenever freeze protection is required
The water distribution systems in many of the communities that practice bleeding

were installed at a time when their municipal water supplies were abundant and relatively
cheap to develop. Due to community growth and water system expansion however,
substantial quantities of *patablei water are now being required to keep these systems
{such as those at Mayo, Whiigharsa. and Dawson >City in the Yukon) operational
(Armstrong and Given. 1979). Economic considerations aiso did not take mto account
wastewater treatment costs because, in many cases. wastewater treatment was ;ﬁQt
prr;;tiead, !

In Whitehorse, supply rnam bleeding is practiced along with service line bleeding
in the older sections of the City In rnewer areas, haat tracing of the service lines is the
norm. In 1974, Stanley Associates éngmaering Limited (SAEL. 1974} reported per capita
consumptions of 1680 L/person/day (370 igpcd) on an annual average. aﬁd\be;k, daily
flows of 2500 L/person/day (550 igpcd. Together with infiltration into the .sewer
system in some parts of the City (Mar-Tech Municipal Pipe Services Ltd. 1978), the large
volumes of generated wastewster have become gxpans;vi to handie and treat Water
bleeding is also practiced in more southern areas of North AFﬁBﬁEi such as Jasper and
Lake Louise in Alberta (Reid. Crowther & Partners Limited, 1978) Wriéht and Fricke
(1963) have reported on the practice in a number of mountain communities in Colorado.
There, water system freezing problems exist because of the high elevation. low arr
temperatures, and the generally extreme wnter conditions

in some localities, bleeding is still considered an economic “method of freeze
protection. A complete new water distribution system has recently been instailed in
Dawson City, Yukpn Territory. It uses recirculating. shallow buried, pre-mnsulated, ;\d heat
traced high density polyethylene pipe for the éupply mains, but watar blesding has been
retained as a system feature for the freeze protection of service iines. The dilute sewage -
effluent is discharged, uﬁtrmgéi into the Yukon River (Shillington et /.. 1981 Shillington;
1981)

- Various calculations of the bleeder flows raquifad in a pipeline to prevent it from
freezing have been presented over the years. All of these calculations have been made

¥ .
using standard heat transfer equations available from such sources as the ASHRAE
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Handbook of Fundamentals (1972) Because of ther ammenability to providing closed
form numerical solutions, steady state conditions of initial water. air, and ground
temperatures and soil thermal conductivities h;:va generally been assumed Anderson
(1959) and Constance (1964) have presented ther mass flow rate calculations in the
form of easy to use graphs. Stephenson (1977) went further by also presenting farnulia
for pipe inlet and outiet fiuid temperatures Zarling (1979) modified the standard fluid
freeze—up and temperature drop time formulas grven by ASHRAE by taking into account
the thermal resistances c,:f‘the pipe wall and ar fim and lﬁEDFpQr‘stiﬁg a Log Maan
Temperature Difference (LMTD) term The majority of the steady sﬁsta haat transfer
equations for ‘fhnd flow in pipes have been summarized within a common terminology

framework by Thornton (1977). Derivations of these are given in Appendix 1.



1. PROJECT OBJECTIVES
can be done to alleviate the problems associated with existing water distribution systems
that rely on biassding as a maans of freeze protection .The current project has been an

attempt at remedying this situation its oversll objective has been to identify and develop

" the most technically and economically visble service linefieeder flow reduction

alternatives and to deterrmine the effects of these upon an existing bleeder system In
order to achieve this, sub-objectivas were set for the project as follows: !
1. using an existing blesder mstallation as a study area. to develop an up to date
data base on the system's development ;ﬁd characteristics,
2. to review and evaluate those wataer bleader control alternatives that have been
idantified;
3.  to test the most feasible alternativas m a laboratory setting; and
4. to determine, with the aid of a computer simulation model. the effects of
reduced bleeder flows on the existing bleeder -system studied in
sub-objective 1. ‘ '
Further discussion of the methodology used to achieve sach sub-objective is

given in the following chapter.
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IV. PROJECT COMPONENTS
A. FIELD MONITORING

the Yukon Territory.

Whitehorse is the capitol city of the Yukon Territory, and as such is the
the Yukon. The Whrtsharss Metropolitan Area consists of the City of Whitehorse, the
adjacert subdivisions of Riverdale Hillcrest \?allsyvisw; C.ir;p Takiwni, the Marwell
Industrial Area, and the Alaska Highway subdivisions of McRae, Porter Creek. and
Crestview (SAEL, 1974) See Figure 6 )

The City of Whitehorse proper {downtown Whitehorse) is situated approximatsly
640 m (2100 feet) above sea leve! on a gravel plain 30 - 6 1.m (10 - 20 ft) above the
Yukon River which flows east of the City. The airport serving the area is located on a
plateau scuthwest of the a@mtcv\;ﬁ ares and has a mean altitude of 702 m (2303 feetl.
The yearly average tgrrg:g;rma of downtown Whitehorse is 1.7 *C (35 *F) with a mean
Jam;arv temperature of -7.8 *C (18 °F) Totsl average annual precipitation is 26 cm

{10.24"), 14.2 cm (5.6") of which is ramfall, with 1277 cm (50.3") of snow. There is &

frost free period of 78 days in the City proper and 45 days in the subdivisions located
on the plataaus.'Tha City itself 15 located in a p&rrﬁafrast free area. however, islands of
permafrost have been encountered in the surr;::uﬁd:ﬁg area (City of Whitehorse and
Whitehorse Chamber of Commerce. nd, Lotz, 1961).

The Whitehorse Metropolitan Area is serviced year round with chiorinated and
fluoridated piped water from the Yukon River. In the winter, to maintain water
temperatures in the system. warm groundwater, constituting 40 - 50% of the total fiow,
1s mixed with the river water * |

Bleeding is practiced throughout the system except for the subdivisions of Porter
Creek and the Takhini Trailer Court which have a network of heated and recirculating

' mains.
From the 1971 Federal Census, the population of the Whitshorse Metropolitan -

Ares was 11,217, while estimates m 1978 derived from ongoing tallies of public health
L
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records placed the population st 15394 1981 c::h figures were not available at the
tme of writing.

The existing data gathering portion of the project was carried out during a fieid
trip to Whitehorse from 19 to 23 November, 1979. A subsequent follow-up trip was
made to Whitehorse from 17 to 19 December, 1980, and additional mformation was
also subsequently obtamed from City of Whitehorse Engineering Department technicians

—y Work conducted during the fisld trips ncluded: '

1 making a survey of some repraéeﬁtaﬁve ;vzm* bleeders i municipal,
domaestic, and commercial locations,

2. obtaining seven and a half years of water pumping records from the City of

3 examining reports, documents, and records in the Engineering Department

library for information pertaining to the historical development and the current

,state of the Whitehorse water distribution and sewage collection system
Data collected during this portion of the project was refined and analyzed back in

Edmonton

B. BLEEDER ALTERNATIVES - INITIAL REVIEW

From an analysis of data obtaned about the wiitsharsa bleeder system and a
review of the.technical and economic requirements for preventing system freeze ups
while st the same time reducing water wastage. various alternatives to conventional
bleeders were identified for further study Criteria for evaluating these alternatives were
also established These were as foliows:

1. compatibility with existing infrastructure. implementing a given altenative
should not involve any major construction modifications to the existing water
distribution system: .

2. public health considerations. Safeguards should exist with any alternative to -

3. ease of installation, operation and maintenance. |deally, installation should be »

quick and easy. and operation of any alternative should be either automstic or

under central control Given that sepatate bleeders exist for each service
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connection in a water distribution system however, this may not be possible
without large capital expenditures. in !ﬁy event. owner hvtfnlvgmér-_nt once a
bleeder control is installed, should not extend beyond turnng a valve or
flicking a switch on or off twice a year Maintenance intervals should also ‘bg
on the order of years. and
4 . ease and cost of manufacture.
Only one previous consideration of bleeder alternatives exists in the literature In
1979, after discussions with various individuals and using a slightly different set of
crteria, Armstrong and Given (1979) identified various afternatives to existing service line
bleeding These are listed in Table 2
As a startng pomnt. the Armstrong and Given alternstives were evaluated
Discounting the do nothing alternative of continued full bleeding. several problems can be
seen with attempting to conduct a laboratory study on some of the options lhisted
The spot check with penalty option for bleeder operators who bieed too much
water or when it is not required, was discounted because it i1s a practice that must be
instituted in an actual situation in the field.

miliarly. while installing ‘water meters along with instituting a consumptive use

¥
water rate structure would undoubtedly provide an economic -incentive to conserve

water (Cameron and Armstrong. 1979), this alternative was deemed outside the scope of
the present project Tastiﬁg the hypothesis would aiso require an actusl field situstion and
there would be political overtones associated with attempting to institute water metering
in an area used to baynr’gg a flat rate for water use and in which 1t is therefore viewed as
an inviolable right The standard municipal engineering iiterature (Far. Geyer and Okun,
1966, Clark, Viessman and Hammer, 1971) sll state, however. that the institution of
metering will tend to reduce water use

Due to the expense mnvolved in excavation, exterior heat tracing of an existing
service line would probably only be fa.isiblg if the service line were in need of repair or
replacement in any event. no Isboratory testing of alra;dy srvee praveﬁ hglt tra:e
cables was deemed necessary '

No excavation would be required if a heat trace cable were installed inside an

existing service line Thermal efficiency would also be maximized by this piacemaent
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There are a rumber of m;ax problems with this aiternative F!QWQVEF,: in 1979, no
commercially available constant watt/foot heat tracing cable was CSA approved for use
while imnersgé in water (Whyman, 1979). Perhaps this was due to the permaeability of
the jacket and the vumnerability of the end caps and sphlicas A problem would also exist
with obtaining water tight seals whenever valves and other fittings have to be bypassed
Mineral insulant resistance cables are available for use under submerged. in—pipe
conditions, but the specifications for their use rgci!uu;e the remrﬁ loop to be placed
outside the pipe (Armstrong and Given, 1979) To do this, excavation is agan requred
and if this is done, iT would then be easier to apply an exterior heating cable.

The adjacent dwelling recirculation alternative would consist of estaﬁlishhg a
pump operated recirculation loop between- adjacent buildings and then returning the
water to the main This option was rejected for laboratory study because service line
recirculation technology has aiready been proven. Another problem with this alternative is
that of the split cost and control dilemma that would arise from the usual situation of
different ownership between two adjoining properties Again, this was regarded as a”
largely political probiem outside of the scope of the present project

' The plastic tube recircuiation option would consist of installing a small plasuc or
copper tube into the service ling and using individual pumps to recirculgte the watgv; back
to the supply main. Problems with this option were foreseen with possible vibration loads
inside the pi@éf the need for fittings or some other means of bypassing valves such as
curb stops, and the cost of installing the system plus a backup solenod valve

Fu:om ‘this imtial svaluation then. the service line bleeder alternatives, .modified
shightly, chosen for Iab@r;iary study, were:

1. . atampersture éaﬁtral device;
a timer ﬂéviéé:

an orifice or flow restricter. and

2w N

a storage tank that would fill from an existing bleeder ine before discharging
~ to a sewer drain. A !
Of the four davices. three of them rely on the principle of intermittent bleeding

while the orifice can be used to restrict bleeder flows to a desired minimum figure.
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A fifth bleeder alterrative was later chosen that might have industrial or large
commercial applications Basically, this would consist of a large pressurized storage tank
that would fill with water ouring periods of igh water distribution system pressures: and

discharge 1t back tc the supply main whenever the system pressures drop

C. LABORATOﬁY FACILITIES

The laboratory testmg phase of the project as conducted using a 1. 65 m w:de by
2 25 m tong by 213 m hugh insulated cold room The refrlgeratuon controls on the co!d
room were rated at -40 °C, but as was determined durlng testing, weére incapabie of
droppmg interror temperatures below approximately -26 °C. _

. Inside the cold room. a set of parallel recirculating cogper pipes mounted on -
timber suopérts were set up (see Fu'g,ures 7 and 8) Arrangerrwerits were made such that'
parts of the' pipe network: resided outside the cold room: in theory, the temperatﬂres:
inside the cold room were set to simulate fn—-ground service conditions, while the piping
-outside the cold room represented the servuee conditions inside a héated building.

All mfenor piping was covered with a 95 mm (378" thick layer of closed foam
- cell plastc pipe méuiation with two iayers of the same being applied at every elbow and
urion. All seams were closed with either contact cement or weatrwerStrnppnng tape

In nital testmg.-'a, recirculation cycie started with water from a c0nstant
temperature bath being pun'ped thrOugh a254 mm(1)id copper feeder pnpe leadmg to
: the cold room Once inside. the water was distributed by a cooper mamfold o six 127
‘mm _(1;2 ) 1d copper lines. These pipes wgre looped in parallel through the cold room
before exiting Gate valves: o'n the pipe manifold controlied the fiow into each pipe
Outside the cold room. a different bleeder control device was mounted ori‘e'ach of four
of the pipes wrm’e a fifth pipe was used as a bieeder contro! (i.e cdn'starmtly bleeding).
~and a sixth one was retained as a spare

Outside the cola room. all six pipes were reduced to 6 4 mm (1;4 } copper tubing
(3é‘mm or 1/’8 1a) whuch freely dsscr\arged INto an msulated partly covered stamless

stee' holdmg tank Frorr 'hns the water was pumped into the constant temperature bath

where the cv:|e started agair
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"In the first four cold room test runs, four different bleeder control devices were
placed on tr:ne systerr{ These were the temperature controller, a timer device, an grificé
plate: and & holding tank._ ~ , . '

The temperature control device was a device designed to allow water bleeding
whenever the service line temperature fell below a specified rminimum. The device
. consusted of a temperature sensor (thermistor) and a solenoid vaive connected together
via a circuit board. See Figure 9. The solenoid valve was set to stay open in tha event of
a power failure In an actual situation, placement of the solenoid valve would be at the
end of the existing bleeder line, while the temperature sensor would be positioned
somewhere on the service line. The ideal (i.e., the coldest) location for the thermistor
would be‘ where the service line runs underneath a sidewalk or some other place with
litle or no snow cover. In the laboratory situation, the thermistor was p!a;:ed inside one
-of the bleeder lines just at the point where it axited the coid room, while the solenoid
valve was located at the discharge end of the same line. The device was operated by the
circuit board which was calibrated to trigger open the solenoid vaive at a preset input
signal (temperature) sent to it from the thermistor. Calibration of the device was achieved

;placing, the temperature sensor in a besker of ice and water. The temperature of the
;;:§7water mixture was raised or lowered by stirring with a glass thermometer.
. The timer option was a device aimed at allowing bleeding on an intermittent or
timed basis. In the lab, it consisted pfké solenoid valve placed on the end of one of the
It'aleeder lines exiting the cold room and triggered by a timer which alternated equal
periods of bleeding and fhon-bleeding. Two timers were used during the testing period,
one a commercial model and one a custom made unit built from standard modular
components. See Figure 10. »

In theory. the time interval set between periods of bleeding would only depend on
the amount of time taken for the temperature inside a service line to drop to 0 °C under
no flow conditions, while the bleeding period néed only be as long as would be required
to replace the cold water in the service line with warmer water from the supply main (sae
the calculations in Appendix 1). In actual fact’ with the limitations of nnexpgnsrvg
off-the-shelf timers, it is more practical to set periods of non-bleeding equsl in length

6 periods of bleeding If such were the case, bleeder flows from each service
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connection would still be reduced by 50%
. Agalﬁ as a safety precaution, the solenoid vaived;sad with the timer device was
set to allow continuous bleeding N the event of a powaer failyre
The orifice plate was the simplest device tested in the laboratory and consisted
solely of a metal plate machined to fit into a 12.7 mm (1/2") id brass union set into a
bleeder line and used to obstruct the flow (See Figure 11). Dependent on line pressures,
the size of orifice drilled into the plate can be varied to regulate the amount of water
bled Sample calcuistions on determing orifice sizes are given in Appendix 2 in the duai
main recirculating system in Yellowknife. fh;ws in the service Im;é are maintained by the
insartion of an orifice piate nto the line to create fjiffer‘aﬁti;l pressures
The drainage tank option consisted of a small, insulated steel tank connected to a
three way solenoid vaive attached to another of the bleeder lines exiting the cold room

(See Figure 12) Two variable set level detectors were placed inside the the tank and

triygered the valve to afllow water from the bleeder line into the tank. When the water
level in the tank reached the second detector. the valve was triggered to shut off the
incoming water and allow the tank to drain

in this case again. in a field situation, the critical variable 1s the time taken for a
service line to freeze under stagnant flow conditions

After simultaneous testing of the four bleeder alternatives was carried out, the
" cold room set up was modified to test a fifth alternative. This was done because testing
of the fifth device required an extensive amount of counter space and its operation was
incompatibie with the other four alternatives.

in a field situation this alternative would consist of a large pressure tank which

would fill with water from the bleeder line during periods of high distribution system

normally open valve on one line.would allow flow into the tank at the normal bleeder rate.
.When the tank pressuras raached a certain specified amount. the pressure switch would

close the first vaive and open the second, normally closed valve to allow the tank to dran
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back through the return iine into the service pipe to the supply main

A slightly different set up was adopted n the laboratory to test this concept
Because the circulation pump operated continuously, it was decided to aliow the pressure
tank during drain periods to empty outside the cold room into the steel holding tank
rather than attempting to operate against the pump. See Figure 14. |

Another modification in the cold room set up was made when it was decided to
obtain mformation on the performance of other sizes of pipe. Accordingly. a number of
the 127 mm (1/27) id. interior pipes were replaced with 19.1 mm ( 3/47 and 254 mm
{17 1d hnes.

The data coliected during laboratory testing consisted of temperature, pressure,
and flow recordings. Temperature information was collected using Type T thermocouples
{copper and constantin} Using a T junction hydraulic fitting, one thermocouple was placed
in sach pipe near its dlschafging end, just inside the cold room. For water tightness. the
sensing end of each thermocoupie was covered with self fusing butyl rubber pressure
tape and sealed with s layer of silicone caulking and a layer of spoxy cement This had the
effect of causing a slight time delay in the temperature readings, but the effect was
considered unavoidabie for the sske of mantaining & water tight seal in later testing. the
T junction hydraulic fittings were replaced with a. 1/4" tube X 1/8" (64 mm X 3.2 mm)
NPT male connector threaded and soldered directly nto the pipe. '

In addition to measuring the water temperature in each pipe, 8 number of
thermocouples were placed on the pipe insulation outside of where an interior pipe
thermocouple wass situated. By using the paired temperatures thus obtained, it was hoped
to csiculate heat flux values. Unfortunately, the low degree of refth o‘f the
temperature readings (0.1 °C) did not allow the caiculations to be made.

Pressure values in each pipe were'obtainod using pressure transducers conﬁectod
to each line via 6.4 mm (1/4") copper takeoffs These were placed just outside the cold
room and were uninsulated Each transducer was attached to a carr’ ‘demodulator used
to convert the AC output into a usable DC volitags.

Flows in the system were measured using modified household water meters. The
modifications consisted of adiding a device attached to the face of each flow meter

which picked up the magnetic puises generated by each turn of the reading dial. A signal
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conditioner was then used to convert the magnetic pulses to voltages A mechanical flow
" accumuiator display counter was also present on the face of each dial

' Due to space constraints, a flow meter was placed on each hne inside the cold

room These were then mitially covered with a two inch layer of fibreglass insulation

. After initial testing. a layer of foafn pipe insulation was attached to each meter before a
blanket of fibreglass was wrapped around it The flow meters were not sus:gptible to

damage by freezing Each meter was equipped with a replacable bottom plate with

" preformed stress lines in it which would crack open if the water in the meter froze and

expanded

All the information generated by the various types of instrumentation was
inputted nto a Fluke 2240B data logger which C—C&L;iﬂ be programmed to ﬁ;rmi out
readings at any one second time interval up to 24 hours (see Figure 15) The flow and
pressure readings ‘were outputted as voltages which then had to be manually converted
into their representative units. while a special option on the data logger permitted
temperatures 10 be printed out directly in degrees Celcwus Calibration of the pressure
transducers was accomplished using a pressure gauge set 1n psig as a standard while
calibration curves for the fiow meters tn igpm) were deveioped following a series of

tmed flow tests on each meter

D. COMPUTER MODELLING
Dugﬁg this phase of the project. an artempi- was made to determine the effect
that rsduci%‘g bleeder flows would have on the Whitehorse water distribution system.

For this work, rather than attempting to develop a new hydraulic and thermal

computer model, a thermal package employing steady state heat transfer theory was

added to the hydraulic portion of an existing propietary piping analysis model This was
done because éf time constraints and the imited programming experience of the author
The model chosen for use in the project was Hydrotherm, a computer pfaéram
series developed by J Stewart for Associated Engineering Services Limted (AESL) 1
Edmaﬁfaﬁ Hydr::th‘erﬁ% was chosen for a number of ‘raasans aﬁ;ang which were B

1 accessibiity The model was preloaded on to AESL's in—house computer in

Edmonton ready for use The model developer was also in Edmonton and

A
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available for consultation;

2. prior northern thermal application AESL had previously used Hydrotherm to
determine the heat loss rates of the utilidor systems in Inuvik,. NW.T. (Hull,
1980). The program results there had bgen checked against actual on site

> conditions and had compared very favourably (Stewart, 1881);

3. spplicability to Whitehorse conditions. AESL had recently compiéted a

~ waterworks, sewerage, and roadways engineering analysis for the City of
Whitehorse (AESL, 1978), in which ‘Hydrotherm, had been used to conduct

hydraulic analyses of a skeletonized version of the water distribution network.
Hydrotherm consisted. of nine active programs which ran in an automatic,
self—generating order. It was claimed by the developer to be capable of simulating all

" hydraulic and thermal aspects of a piping network (Stewart. 1981), although prior to the

present project. all thermal analyses done with it had been on utilidor systems.

in general, the program ran in an iterative mode where pressures. flows, and
temperatures were cachlatod and-corrected from one iteration to the next The program
set up a system of simultaneous linear equations for each piping network analyzed,
as#wﬁed initial values (either specified or default), and solved the set of linsar equations.

The initial values were then corrected and the linear equations resolved Reiteration

terminated when the corrections all feli within a set tolerance. ’

Hydraulic paramieters were simulated using the Darcy-Weisbach and Colebrook
eduations. A set of nodal pressure correction equations was set up using the first and

second terms of the Taylor Expansion Series and mass flow rates were solved as a

function of the pressure differentials. Network equipment such as pumpvs', check valves,

reservoirs, and hydrants cquld also be simulated Network loads were simulated by
setting drawoff rates at the desired nodes. Flow calculations were all done using mass
flow rates (lbs/min) to account for descrepancies due to temperature and »pressure
sensitive fluid viscosities and densities. All values were then converted to USgpm and
feet of head.

Thermal calculations for a piping network were. carried out after a hydraulic
balance had been obtained Once a hydraulic balance was achieved, hydraulic corrections

- were made'usifg'ﬁe temperature corrected values for fluid densities and viscosities. The
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process was then repeated until the model was balanced both thermally and hydraulically.
Heating equipment such as boilers could aiso be simulated.
¢ Origmally., Hydrotherm was' only set up to thermally analyze above surface pipes

Using the steady stateheat loss equations summarized by Thornton (1977). The four types
of networks that couid be handied were bare and insulated pipes in air, and single and
multiple pipe utilidors. |

For project purposes, a thermal package was added to Hydrotherm to handk the
situstion of uninsulated pipes buried in thawed or frozen ground In order to obtain
closed form expiicit solutions amenable to numerical computations, use was made of the
steady state heat transfer equations for flow in pipes (see Appendix 1) Direct
calculations of the Igngitudinal pipeline temperature drops rather than the cross sectional
hest loss rates were alsc made. '

Downtown Whitehorse was the section of the City chosen for computer analysis.
It was chos.en for a number of reasons, among which were: !

1. this was the oldest section of the City with the most established water
distribution system. It had the best mix of land uses and included residential,
commercial, institutional, and system water bleeders: ,
2 information was more readily évailable on this section of the water

distribution system eg. detailed contour maps of the City were not available
from the ‘City of Whitehorse Engineering Department, however, hydrant
elévation records were found for the downtown portion of the City from
which, the elevation heads necessary as input information for Hydrotherm
could be deduced. Similiarly, recent soil témperaturq records were available
from the City. To that point in time ho;ever, thermocoupies had only been
installed at locations in the downtown and Riverdalé areas,
3 for network analysis purposes, downtown Whitehorse was a well defined ;nd
easily separated area, with only two inflow lines and one outfiow pipe.
The piping network was formulated from the ‘City' of Whitehorse water and
sewer as-built drawings. Rather than skefetonizing the system by replscing 8 series of -
smaller pipes with one Qrger equivalent line. as s prevalem. in Most hycraulié analyses,

the entire network of pipes was retained down to the service connection level (see
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Figure 16). This resulted in a netwerk of 146 pipes and 124 nodes. Pipe lengths were
measured from the water and sewer plans, and inside diameters were determined using
the given nominal sizes in the plans and the appropriate pipe size tables for the given
material. Only a few figures for pipe burial depths were available, and it was t,hér’éf@fg

dacided to use a singia conservative estimate of 1.5 m (5 ft) for the entire natwork.
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V. RESULTS

A. BLEEDER SURVEPY

During the first field trip, a survey was conducted of 18 representative service
line and supply main water bleeders in commercial, civic, and domestic locations. Six
more bleeders were sampled on the following field trip, and ; further 13 were surveyed
by City of Whitehorse Engineering Department staff and the results obtained in early
1981 '

information obtaned on each bleeder instaliation examined included its location.
the type of bleeder (ie. how it was set up and controlied). and a brief description of the
physical conditions. A picture was taken of each installation, and where possible,
_ temperatures (both water and ambient), flows, and line pressures were also taken This
data is given in Appendix 3.

The survey, as conducted, did nqt represent a statistically vahd sampiing. in
domestic and commercial locations where owner permission had to be obtained for
access, this became the governing criteria for examination Nevertheless, it was felt by
the City enginesring staff who took part in the survey that exsmples of most of the

From the survey photographs and descriptions, it can be seen that there are many

variations in the types of bleeder set ups. A 'typical’ domestic one will consist of a 127

a 64 mm (1/4") od copper line leading to the sewer drain. There may or may not be an
air gap between thg drain and the bleeder. Flow control is usually mantained via a
‘petcock or gate valve. See Figure 17.

System‘blaeﬂgfs will typically consist of 12.7 mm (1/2) takeoffs from the supply
main or a hydrant This will run to the se;}af main in @ manhole and will be cgntrolied by a
cu;b cock type valve with asacuum breaker.

Whitehorse has a City bylaw (No. 180) which states that bleeder flows are to be
(lirﬁitad to 1/3 igpm (1.5 L/min), however, since the bleeder controis are usgaiiy .ﬂt by
‘hand based on past practice or whatever sounds good to the owner, large variations

exist in the bleeder flows The use of only a simple petcock or gate valve to control the

/)
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, \ .
flow also does not facilitate bleeder setting to a given rate, since it would require the
owner to somehow obtain an accurate measurement of his bleader flows. This could
easily be done with a2 watch and a measured container, but for many people, the
procedure would be too bothersome The difficuity of setting bleeder flows accurately
'can aiso be extended to the system bieeders on the supply mains.

The quality of plumbing and bleeder set ups varied considerably in the survey.
Some were obviously home rigged affairs, or set ups modified by persons ignorant or
uncaring about plumbing or public health standards In some instances (see tasts No 2B,
30. 31, 33 35) the controls were non-servicable Several instances of cross
connections (tests No 11, 24, 26, 31) were aiso found. In some cases, there were no air
gaps between the discharge end of the bleeder and the drain, or where a bleeder led to a
pipe drain, the owner had attempted to seal the end into place Concewably then. in
reverse flow situations, public water swpplies could become contaminated Similiar
situations were even observad in the manholes examined

The flow data from the bleeder survey has been summarized by type in Table 3
Given that water line freeze ups were not mentioned as being a probiem in the set ups

L/min (1/3 igpm). it can be surmised that flows in excess of those required for freeze

protection were being maintained in a sizable number of locations. If such were the case.

enormous.

B. WATER FLOW RECORDS ' ; .

The daily City of Whitehorse water pumping records were obtained for thé years
1973 to 1980. These have been refined and reduced to daily averages by week and are
presented numerically and in graphical form in Appendix 4.

At the present time, the Whitehorse water supply is taken from two sources,
.Schwatka Lake and a series of six warm water wells, only four of which are normally
used. Schwatka Lake is an impoundment lake formed by the placing of a dam across the
kaon River in Whitehorse by the Northern Canada Power Commission in 1955-56

“

(Sack, nd). In 1978, the Schwatka Lake 55.9 cm (22") diameter intake and transmission
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line was rated at 27,240 L/min (6000 igpm - AESL, 1979) This was considered to be
sufficient to meet the City s peak day demand until 1983 (AESL, 1979).

No treatment other than chlorination and fluoridation is done on either the well
water or the lake water. The temperature of the incoming Schwatka Lake water is
monitored daily and whenever it falls below approximately 4 *C (38* - 40 *F), warmer
well water at 5 °C (41 *F) is added to it to maintain the temperature of the resulting mix at
about 3°® to 4 °C. Reheating of the water in the system i1s also carried out at various
points. '

During the summer, to lower the water table for construction purposes, water is
also periodically pumped from the wells. In 1979, the wells were rated at 7877 L/min
(1735 ig!pm - AESL, 1979)

During the years 1973 - 1980, depending on weather conditions, the pumping of
well water for pretempering was initiated from as early as September 3, in 1975, to as
late as December 12, in 1980. Periods of pretempering have lasted from as littie as 7
1/4 months to as long as 9 1/2 months (see Figure 18 and Table 4) The total quantities
and rates of well water pumped have also fluctuated considerably from year to year,
with 1978 — 1979 baing the lowest on record.

Some general trends are evident from examining the fllﬁsw graphs. Unlike typical
" urban communities in more temporate climates. Whitehorse displays a reverse annual
flow variation, with high flows being exhibited during December and the first six Tﬁt;ﬁths
of the calendar year and the low flow period occurring from August to November. This
cycle roughly coincides with the cycle of water bleeding in the City and also is consistent
with the soil temperature records compiled by the City Engineering Dspartment which
show the deepest frost penetration occurring in mid to late spring. Transition periods in
the cycle occur due to tardiness ia turming off bleeders in the summer and the cycle is
aiso camplit:atad somawhat due ‘he practice of summer well pumping

As can be expected from an increasing population, overall water usage has
increased in Whitehorse during the last eight years. This is avidenced by overall increases
in c:énsﬁmptiéﬁ during the low flow periods when it .is ‘axpectad that Thé. majority of
water bleeders would be turned off The overall increases in water consumption have not’

been as great as the general population increase however (11,217 in 1971 to 15,394 in
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1978 ~ a 37% increase). This can partislly be attributed to the fact that new subdivisions
are bomg constructed with hest traced service lines rather than water blesders.

Estimates for 1978 obtained from the City Engineering Department and derived
from flow records and public health population taliies place the average annual daily per
capita water consumption at about .1090 liters. If a typical southern design figure of 450
liters per person per day is assumed for actual cohsumptive use (@ high estimate as
Whitehorse has only a small industrial base - Reid, Crowther & Partners Limited, 1970).
then 640 L/person/day. or 58% of the total flow can be attributed to wastage (i.e.
bleeding and system leakages) If a more realistic }:onsump_tron figure of 227
L/p;rson/day or 50 igpcd is assumed (AESL. 1967). then 79% of the total flow can be

attributed to wastage.

C. LITERATURE REVIEW _

Historica! Dov%moﬂt

From investigations in the City of Whitehorse Engineering Department library,
copiés of a number of reports. biueprints, and documents were obtained that related to
the development of the present waterworks and sewerage system. " '

Until its incorporation. Whitehorse consisted of- a number of isolated
developments, each of which operated its own separate water distribution and sewage
collection systems. Growth in the area was spurred on by the construction of the Alaska
Highway during the Second World War; a large proportion of the present buildings in the
City were constructed for or by the Canadian and U.S. Armies working on the highway.

Historical documents on the construction of water and sewer facilities in the area
have largely been dcstroyed but evidence from a number of sources (Main, Rensaa &
Minsos, 1953. Sack, nd) suggest that these systems were generally brought to the area
in the years 1854 - 55

As required', these syste;ns were expsnded and improved at various times over
the space of the next 25 years. The City of Whitehorse took over the operation af the
Canadian Army water and sewer system in Whitehorse proper in October ;of 1957
(Yates. 1960). These had been left in an incompiete state and extensions to the

downtown distributiop network were required in 1960 (Haddin, Davis & Brown Limited,

- s
\
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1960). Further extensions to Riverdale were carried out in the middie to late 1960s. The
water supply for the Whitehorse system was obtained from an intake structure in the
Yukon River. in the meantime, the Department of National Defence retained control of
their separate systems in Camp Takhini. Water for all of the federal instaliations in the
aea including Camp Takhini, the RCAF Base (the airport) and housing area (Hillcrest),
Valleyview. and the Department of Transport facilities was obtained from Mcintyre Creek
(TH Newton Engineering Ltd. 1964) In the mid to late 1960s. additional service
connections to the federal syéter’n were made to the Kopper King and Takhini Trailer
Camps, and to a Yukon Territorial Government school and correctional institution
(Department of Public Works, 1*9691

Porter Creek was established as a residential subdivision sponsored by the Yukon
Territorial Government and, until the installation of piped services in 1967 - 68,
subsisted on trucked ;atar delivery from a well (AESL, 1969). The well supply was
initially retained for the piped distribution network. but was later replaced by a
pumphouse at Mcintyre Creek (AESL, 1979).

In 1969, consideration was being given to abandoning ‘the federally operated
Mcintyre Creek supply due to inCreasing avidence of contamination from Alaska Highway
construction and the Yukon Electric hydro installation upstream (Department of Public
Works, 1969). Upgrading of the treatment facilities was considered uneconomic because
of the liklihood st that time of certain federal lands being incorporated into the
Whitehorse municipal area and resulting in an integrated water system

in the Whitehorse system in the mid 1960s. a number of problems bgcar’ng;
evident with the water supply from the Yukon River These included frazil ice problems at
the intake, bank erosion problems adjacent to the intake. and high pumping heads (AESL.VV
1967) Accordingly, a new %5.5 cm (22") diameter supply main was constructed to tha
Northern Canada Power Commision power dam at Schwatka Lake. Addntnennl pumping
facilities and a new pumphouse was aiso added at this time at the site of the original
Selkirk Street Pumphouse (AESL, 1967). V

‘Studies on the feasibility c:xf consolidating all the various water systems in the
region had been conducted as early as the mid 1960s (AESL: 1963b: TH Newton
Engineering Ltd. 1964) and had been accepted in principle (Reid, Crowther & Partners
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Ltd. 1970), however, it was not until 1971 that these naetworks were all integrated into
an elongated three pressure zone system At the present time. the sewerage facilities
continue 1o consist of a number of independent collection and treatment systems.

Currently, the water distribution system still consists of three interconnected
networks. The first and original Whitehorse network serves downtown Whitehorse and
Marwaell on the west side‘::xf the Yukon River, and the subdivision of Riverdale on the east
side. The main pumphouse (Selkirk) for the entire metropolitan system and the warm
water wells are also situated m Riverdala.

The second waterworks network servaes the subdivisions of Hillcrest, Takhini, and
Valleyview, as well as the Whitehorse Airport Essentially, it consists of the old federal
government network with some extended services to Hilicrest Use of the old Mcintyre
Creek intake Pumphouse has been discontinued. |

The third water distribution network services the subdivisions of Porter Creek
and Crestview. It consists of the original Porter Creek network with extensions and a
booster pumphouse and heater added for servicing Crestview.

All three networks have their own reservoir. In unifying the various systems,
re;a'rvairs were added at Valleyview and Porter Creek, a booster pumphouse was
installed at Two Mile Hill, and additional feeder lines between the networks were added
(AESL, 1979)

Using Hydrotherm, AESL conducted hydraulic analyses for the entire water
distribution network in 1979 and estimated that under existing pe,ak- hour flows, the hne
prassures in all three networks w@uld‘ vary from 207 - 621 kPa (30 - 90 psil. Under
firaflow conditions, the minimum pressures would drop by a further 69 kPa (10 psi).

Historically, wastage (bleading and leakage) has played -a significant role in the
operation of the Whitehorse distribution networks. Estimates of the consumption rates

have varied over the yeasrs. In 1963, AESL estimated bleeder flows of 1362

igpcd) in Camp Takhinu TH Newton Engineering Ltd (1964) revised these figures to a
normal domestic flow range of 890 - 1339 L/person/day (196 - 295 igpcd) and a
winter time flow of 1362 - 3795- L/day (300 - 836 igpd) per service connection.

Internal City of Whitehorse estimates have placed the average annual consumption at
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1312 L/person/day (289 igpcd ~ 1973), and 999 L/person/day (220 igped - 1978).
There has bam a noticable downward trend m overall éaﬁsuﬁptiaﬁ over the years, and
with better controls and a ban on the c_aﬂsu'ucgan of new bbgedgrsi this trend js
expected to continue. One area where the reverse has been true is the subdivision of
Porter Creek where consumption from 1972 ~ 73 to 1977 - 78 increéased from 400
L/person/day to 1049 L/person/day (88 to 231 'igpcd - AESL. 1979). This increase may
be attributed to the installation of a piped sewage coliection system in the latter half of
the decade. ,

‘ The seemingly excessive water consumgtion rate in Whnteharse has been a point »
of concern since the middie 1960s. In 1964 T H Newton Engmeanng Ltd recommended
that means be taken to drastncﬂy curtsil the usage of water. The same recommendation

has been echoed in various cther consultants' reports since then (AESL. 1967, 1969, "

the most feasible means of freeze protection, and have instead focussed on rnamtannmé
the bleeding rates for domestic service cénﬁectnaﬁs at a given level, usually 1-1 L/min
(0.25 igpm= T H Newton Engineeﬂng Ltd, 1954) or 1.5 L/min (0.33 igpm - AESL, 1967)
Imernal documents and bleeder surveys conducted by the City Engineering
Department have also conceded the necessity of blcadmg An internal memorandum from x
the Assistant Clty Manager to the City Manager (Byron, 1970) recommended that maters
be installed on ail service lines in the City and that a usage rate structura be established
| for excessive water use above that requirad for bleédmg at 15 L/rrnn (0.33 igpm)
(68,100 L or 15,000 ig/month),- plus domestic c:ansurnptmn during the mahths when
bieeding is rsqwrgd Since that tlma sporadic metering has been done, but a Citywide
usage rate structure is still not in place. o
Bleeder surveys conducted by the City in 1974 and 1975 focussed on obtaining
an accurate record of the existing meters and bleeders. Particular attention gwts paid to
determining the number of oversized blgeégrs; For . residential services, this was
determined to be anything over 3.2 mm (1/87 0.d. (1.6 mm or 1/16" id) of copper ;ubi'ﬁ,g
blagain; over 1.5 L/min (0.33 igpm). Hydrant and dead end bleeders were found in the
surveys to be bleeding at the respective average rates of 34 and 6.8 L/min (075 and 15

igpm).
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The total water usage rates for Whitehorse can be pasily determined, but
saeparation of the bleeder flows from system leakages has not been an easy matter.
Leakage is known to be a major problem in the Whitehorse distribution systam, but to
date, due to the highly permeable nature of the soil (TH. Newton Engineering Ltd, 1964),
the exact extent of it has not been documentad. Byron (1870) has recorded that in 1969,
a subply main repair by the City in Riverdale resulted in a daily consumption reduction of
681,000 L (150,000 gallons). A leak survey using sonic techniques was conducted in
1976 which resulted in 18 possible system leaks being detected, however, difficulties in
distinguishing between leakage sounds and bleeder generated sounds hampered the
survay ccnsiderablif {Heath Survey Consultants, 1976) AESL, in 1979, also recommended
that leakage surveys be conducted, but considered that no successful survey could be
conducted unless the entire distribution system were metered Their summary of supply
main axaminations done over the years spotlighted some of the more corroded sections
of pipe found A large amount of sediment and grit in the lines was also found to be
characteristic of the éystem -

The current pract;s:e for operators of water bleeders has the City advising them
‘a newspaper and other media ads when to turn on ther bleeders sach year and again,

when to turn them off Due to carelessness, or the lack of an aconomic incentive, sc;mé

bleaders are turned off late or left on year round Because of less visibility, this would
probably be more true of those operators with direct connections from their service line

to the sewer drain. The City lblBEdﬂF surveys previously mgnticged also found a large
number of leaking faucets' wasting a continual stream of water. '

A sample ad in the Yukon News of November 14, 1979, has been included as
Figure 19. The 1/3 igpm f'iéure refarr;d to in the advertisement is incorporated into
Bylaw 180 of the City of Whitehorse (see Appendix 5)

.~ Water bleeding results in large quantities of cold and dilute wastewater in the
Whitahcrsé sanitary sewage flows There is some evidence that a sizable portion of this
can be attributed not me. to bleeding, but to groundwater infiltration into the sewer
mains as well A 1977 - 78 study ::n the Riverdale sewer system concluded that on an
average annual basis, 6.819,100 L/day (1.502,000 igpdivflowed from the Riverdale
system, 2,024,800 L/day (QAEQQDC;: igpd - 30%) of which came from infiltration,

= -
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1,262,100 L/day (278.000 igpd = 18%) from domestic sewage. and 3,529,600 L/day

(777.468igpd - 52%)from bleeder flows (Mar-Tec Municipal Pipe Services. 1978).
Similier analyses have not been done on the rest of the Whitehorse system, although in
certain areas such as downtown, the problem is believed to be substantial (AESL, 1979).

Problems arising from the large sgwgée flows have been the surcharging of lines
resulting in residential basement fiooding (TH Newton Engineering Ltd. 1964; AESL,
1967), and the high costs associsted with pumping sewage (AESL. 1979; Foster, 1980).
The latter problem has been accentuated with the construction in 1978 of sewage lagoon
facilities for the Whitehorse Metropolitan area Whereas raw effluent was once
discharged, untreated, directly into the Yukon River, sewage from downtown, Marwaeill,
Takhini, Valleyview, the sirport, and Riverdale must now be pumped through a force main
to the central sewage lagoon located on the east side of the Yukon River 1-1/2 miles
downstream of Marwell Separate lagoon facilites also exist for Porter Creek and
Crestview. '

Some performance data has been collected from the Central Lagoon (see Table
5), but as yet, not enougr; of a data base has been established to verify the effects of
~ sewage dilution on treatment performance. :
Soil Dsta

Subsoil investigations in the Whitehorse'area have generally been for construction
or groundwater exploration purposes. The areas of investigation have varied considerably
(See Figure 20). A brief summary of the types of soil encountered at shallow depths by
various investigators is as follows

SAEL's 1978 groundwater exploration program in Hilicrest. an area directly east
of the airport, found that the materials near the surface consisted of either glacial till. or
glacial outwash sand and gravel ranging from clean to silty in composition Further
exploratioh (SAEL, 1979) located gravel and silty gravel deposits near the surface in the
area Underwood McLellan (UMA| and EPEC Eansultir\g‘sfinvesmns {(1878c, 1978) in
Hillcrest for a subdivision expansion largely confirmed these findings. the surficial
materials largely consisted of cobbly sand, sands and graveis, and some sity tills found in

a frozen state with moisture contents of approximately 5%.

.
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Teble §

Whitshorse Wastawater La Performance*
Susmary of
Grad Samples
NMarch 1979 to January 1980

Means and Number Percent
Parameter Location Geometric Range of R:dun ns
Means for Data . Samoles uctro
Tesperature, °C Inf. 8.4 4.0 to 13.0 7
Erf1. 6.1 0.0 to 13.0 7
800, . m/L Inf1. % 12. to 70. 1
£ 22 11. to 29. 11 9
Suspended Infl. 38 7. to 94. 12
s0lids, mg/L £, 18 11. to 25. - 13 53
Toral Coltform . 2.7x108(6) 0.13t 5.8+ 10§ 1
per 100 mi EFf1. 6.2 x10° (G) 0.8 to24 x10 10 ”
Fecal Coliform Il 5.8x105 (6) 1.3 to20. x 103 1
per 100 mL EFf1. 1.7 x10°(G) 0.1 to 5.0 x 10 1 n
Flow rate 12.2 8.2 to 16.0 9 (montns
l/d . - . ]
Pumping Energy from 121050. 88125 to 142125 9 (montns)
::.:' to Lagoon == (35478 /month)

* Lagoon size, & calls of 68200. -3 each, liquid depth 6.1 m, average detention time 17.2 d.
** Average Cost of Energy $0.0452/¥WH

Data Sources: Chemical and biological data, Environmental Protection Service, niuﬂoru. Yukon.
Pumping and flowrats data, Clty of Whiteharse, Emgineers Ofﬂu
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Groundwater test holes in Salkirk, the area where the current walls for the City
are located, contained poorly sorted sands and gravels near the surface (SAEL. 1978).

UMA (1978a) investigations in the Marwell land area directly north of downtown
Whitehorse found mostly saturated alluvial sands and gravels to the 3 meter depth. In
another investigation in Takhini, UMA (1878b) found mainly loose, dry sand beneath a thin
topsoil layer.

In 1976, Golder Associates's geotechnical investigation at the site of the
Whitehorse sewage lagoons found, in general, a 1.2 - 24 m (4 - 8 1) thick intermittent
stratum of brown fine to medium sand in the area These fiﬁdéﬁgs were confirmed in therr
| final raport m 1977 (Golder Assaéiatesi 1977).

Hydrogeological Consultants' groundwater exploration program in 1976, in an
area north of the City, encountered mainly sand and/or gravel deposits in all their test
holes.

The only formal ‘soil investigations in the downtown area appear to be by Haddin,
Davis & Brown Limited in 1959. Their 0.9 m (3 ﬁ) testhole borings throughout downtown
Whitehorse revealed mainly sand and gravel layers with some silt mixed in. Other, undated
test drilings on old plans n the City Engineering Department Library support these

findings. !

D. LABORATORY RESULTS '

After a iong period of initial difficulties in obtaining aquifpm‘gﬁxi setting 1t up,
testing and calibrating it. and constructing a water tight pipe recirculation network, tasting
of laboratory alternatives was started in October of 1980 The immediate objectivas of
the testing were:

) 1 to determine which of the alternatives would fail under simulated éevar’g
service conditions, and
2 to determine the net water savings, if any, gained by using a particular device
as opposed to using a conventional service line bleader

The insulating effects of EQ,I;IVBﬁtiE!ﬂil daptlﬂ;uﬁal in the ground weére simulated

by applying foam insulation to the pipes. The insulation also helped to dampen out the

.temperature cycle of the refrigeration equipment in the cold room With the amount of

&
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insut‘ation that could be practically applied however, the temperature inertia effe;t of
conventional depth burial (ie. it takes a number of months for frost to penetrate a given
depth of soill could not be simulated. This effect was aiso not desired due to the amount
of time that would be required to run a lab test

The cold room controls were placed at their maximum setting because it was feit
that this would provide a safety factor in applying the iaboratory resuits to a fieid
situstion It is uniikely that soil temperatures at conventional burial depths wouid reach
-25 °C for long periods of time.

Each test run was started by turning on the pump that ran the water recirculating
system while simultaneously lowering the temperature controls in the cold room
Printouts of the data logger readings were usually programmed for 5 minutes mitially for
one or two hours, and then for every 10. 15, or 20 minutes. |

The devices operated in Test #1 consisted of the temperature controller, the
commercial timer, the drainage tank, and the orifice plate. The cold room temperature
controls were set for —30 *C. _ s

As testing continued. and after the cold room temperature stabilized, some
operating characteristics of the recirculation system became apparent One was that the
opening and closing of the valves in the intermittent bleeder devices would Cause
fluctustions in flows and pressures throughout the rest of the lines in the system The
cyclic nature of the Jacuzzi 0.373 kW (1/2 ‘HP) jet pump also contributed to flow and
" pressure fluctuations. Another problem was that the closing of the three way solenoid
valve on ‘the drainage tank was so sudden that‘ a water hammer effect with its
accompanying pipe vibrations was crested These problims had some effect on overall
system performance, but were considered acceptible.

Yet another problem was that the cold room compressor, while being rated at
-40 °C. was incapable of lowering ambient temperatures below approximately —25° to

-26 *C. In test #1, the room temperature stabilized st - 19 °C in five hours after being set

. for =30 *C. so after 73 hours, the controls were set for the maximum temperature drop.

This resulted in —25° to —26 °C ambient temperatures. v
in Test #1, the first device that failed was the temperature controllier. Tf.te

triggering temperasture for its sensor was set at about 0.5° C and at that setting. the



solenoid vaive failed to oparate before a blockage occured in the pipe.
The next device that froze was the drainage tank. For this test. the tank level
sensors were sat to allow a flow of 2.8 liters (over 3 times the amount of water iﬁ!thé

line) into the tank. The drainage time for this amount of water was 5 minutes, with a tank

eventually fail came in the form of successively greater water hammer effacts (indicating

increasing ice blockage in the line) as the test run progressed This device failed some
103 hours after test initiation, 31 hours after the ambient temperature was lowered to
~25 *C.

The final device to freeze in Test #1 was the timer. The timer used for this tast
and out of metal kg; tabs on a 24 hour cycle clock, each key tab controlled 15 minutes
of time. The timer failed after 221 hours of operation. The progress of ice growth in the
pipe was deduced from observing the increasing time delays taken for full bleeder flows
to be achiaved after the solenoid valve was opened.

The orifice plate therefore, was the only device that had not failed by the time the
test run was concluded after 224 hours. It was also the only device in which flows and
pressuras did not vary significantly from their means, respectively, of 1.8 L/min. and 415
kPa (0.39 igpm and 60 psil The results of Test #1 are summarized in Figures 21 and 22
and in Tabie 6.

K After test termination the recirculation system was thawed out and repairs
initiated. This resulted in a long down pgngd during which laaks were detected. (:upeQ
insulation stripped off, and fittings and pipe sections replaced

it was found throughout laboratory testing that all the pipe failures occurred only
at elbows and other pipe fittings (see Figure 23}, however. iantira straight pipe sections
would have to be replaced because taking off a split fiting nacessitated cutting off
some straight tubing with it and sometimes not enough of the straight tubing remained
which could be joined together with new fittings. Another problem was that of saidgr
cracks and leaks daveloping where a frozen pipe ;uﬁaﬁr out of the pipe manifoid. These
were difficult to repair because of the impossibility of draining all the water out of the
manifold. ’

Tk,
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Other problems that developed were attempting to solder in cramped and dif ficuit
to reach places, and the difficulty of maintaining water tight seals for the thermocouples
inserted into a pipe. Long down times therefore became characteristic of the lzbériztt:r’y
testing phase of the project - X

Test #2 was essentially a repeat of Test #1 with samé modifications made to
some of the failed devices. The circuit b?ifd on the termperstura controller was
recalibrated to trigger {Span its attached saien::id valve when its temperature sensor
registered 1 °C, and the level sensors in the drainage tank were set 1o i"@\ﬂ;' a dranage

and fill cycle of 4-3/4 minutes and 7 seconds, respectively. The same timer from Test

#1 was retained

maximum cold.room temperature setting was retained throughout the test Agan, the
temperature controlier failed immediately m that its attached solenoid valve did not open
before biockages occured in the pipe. The drainage tank failed again, this time after 143
hours of operation, thle the time;‘ failed after 162 hours. The effects observed in Test
#1 1e, increasingly severe water hammer éffacts wrg-\ tha drainage tank, and increasingly
longer delays taken to achieve full bieeder flow with the timer, were again observed in
Test #2. No perceivable difference in the operation of the orifice plate device was
observed throughout the test and Test #2 was terminated after 164 hours.

More device modifications were m.ids for Test #3 The temperature controlier
was recalibrated again for a 2 *C triggering temperature. The drainage tank cycle was
resdjusted to a 4-1/2 minute drainage and & second fill up cycle. Finall}y, the cormmercial
timer was replaced with a custom constructed unit built with modular components. This
timer contained 2 variable control feature for separate settjyg (O — 5 minutes) of both the
bleeding and non-bleeding periods. For test purposes. both were set at three minutes.

qu results of Test #3 are summarized in Figures 26 and 27 and in Table 8. The
temperature controlier triggered open its solenoid valve after some 25 minutes of
operation On(y the water in the immaediate vicinity of the thermistor drained however, by
the time the valve opened. blockages had aiready occured elsewhere in the line. The
dramaéo tank aiso failed. this time after 131 hours of operation Tha inGreasing severity

of water hammer effects was again observed
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The new timer device did nop fail Mmg Test #3 Full bieeder flows appeared
mrngchatew after the opening of the salgn&nd vaive on the line. The observed line
temae;atures also did not fall Below 2 °C A _

Aé‘ e oritice plate alsa aperated continuously . throughout, Test: #3. was;j’ 5
tarrminated after 167 hours c:sf operation. N
in tést #4, some more delvice modifications were made The drainage tarr .

" drain times were readjusted to five geconds Eﬁd. 4 minutes. respectve
recalibration of the tem§§ra£gre controller was made. this tme 17 -
tempersmré of 3 ‘C. Finally, in an attempt to reduce the bleeding rate of

without reducing the size of the ar.ifn:ei a variable control pressure redu

purchased from a local plumbing distributor This was installed on the 12~

immediately in front of the c:rruf'y:e plate (see Figure 28)

The results of Test #4 are ‘summarized in Figures 29 and BD ar
before, both the timer and the orifice plate functioned throughout the - v
addition of the pressure reducing valve. the rate of bleeding of the or = » #e« sas
reduced further %‘ha temperature .control device aiso Qpara;t‘ed this time ar »und 2'te. 20
inutes, 1t tﬂgggrgé open its solenoid vaive and full bleadgr flows were mantaned
+ gontinuously thereafter Finally. as in the prevuaus test runs, the drarﬁag tank fauaﬂ agaun
-+ this time gfter 153 hcur& of aperam:m X - 77» = -
7 After Test #4, two of the pipesm the recirculation systefﬁ were réplaeed ﬁuth
254 mm (17) 1d pipe and two with 191 fm (374" 1d 'gupe All four of the control
devices previously tested were taken out and the jet pump was also replaced with a
more powerful centrifugal pump A fifth bleeder alternative was then se{up as per Figure
31 It consisted of a large steel pressure tank equipped with an lntgr\air bladder. A
'pressure switch was mounted on the copper line Iaadmg into the tank It was cannected
to two 2-way solenoid valves, one ﬁarrzi:sny open and one normally closed A pressure
reducing valve set for 103 kPa (15 psi) was also placed on the line after the normaily
open valve.

For Test #5, the pressure switch was set for a high/low pressure :y:le of 103 -

276 kPa (15 - 40 psil. Because of the usge af largar diameter pipe, 1t was determined that ’/

the recirculation pump was meaaabta of sustainfhy system line pressures above 276 kPa
L



PRESSURE REDUCING VALVE

AND

ORIFICE PLATE INSTALLATION
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4 FIGURE Ni

PRESSURE TANK SET-UP



w

(40 psi). : 7

C’)piira’tiﬁﬁ of the 'presgré tank ’praeeeagd as follows: after the systgfﬁ was

switched on. water would ra:n’:ulite through the system, with some being ﬂweﬁaafnta

the pressure tank T}yre water bemg re:ireulated would flow through the m::rmal!y open

solengid and the pressure reducing valve. ‘After the pressure in the tank rgached 276 kPa
(40 psh, the pressure switch would trigger apan the normally closed valve and shut the
normally open one The tank would then drain alcmg wn’t‘h tha recirculating water untll its
internal pressure dropped to 103 kPa (15 psil. Tha cycle wauid then start again

Using 254 mm (1°) 1d pipe, this aitern;twa was operated in Test #5 for some
240 hours. No failures occured during this period The fill times averaged approximately
13 minutes. with a two minute ﬂraiﬁ‘érme This was equal to a drawdown of some 64 L
(a8 ig) during each cycle A temperature record of Test #5 is given in Figure 32 :

An Test #6, the 254 mm (17) 1d. pupa was replaced with a 19.1 mm (3/‘4i')|in¥a; The
system was tested for 240 houfs and again. no failures were ‘abservgi Fiuraﬁd drain
times were on the order of 14 and 2-1/4 minutes, respectively The system

temperatures for Test #6 are given in Figure 33 : !

A copy of one of the basic mput files for Hydrotherm is given in Appendix 6. The

majority of terms are se!f explanatory. a brief discussion of those that are not is given in

the following paragraphs Note that because of model characteristics. all data is first

given in imperial or US. units.

in the general data, the default value for ;he pipe roughness coefficient. RC, of
001 applicable to old bare stégl, cast iron, and ductile iron pipe Other roughness
scéfﬁéiem values used were 0001 for asbestos cement pipe. ?nd 0.0002 for
polyethylene pipe. L - '

Thﬁ;! constant head node, CH, in the input file was required as a refarénsa starting
}:t:;int, for Hydrotherm. Tims was taken as thsélevatn:n head of the Riverdale rasdrvoir
minus an estimate for head losses as taken at the start of the downtown Whitehorse

system.

?‘

c
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The consumer drawoff factor. CD. is a factor by which all the specified drawoff

'. flow rates are multiplied Overall increases or decreases in flow (as in peak or low

demand periods) are fhus considered to be the result of. the same percentage increase or -
decrease throughout éli parts of the system

The temperature c::nstanté., DT and OT. are extraneous figures not required for a
Hydrotherm thermal analysis and random values were arbitrarily assigned to them CT, the :
constant wat'eriampgramrei 15 that input temperature assumed at the start t:gf the
network For project purposes. from the City of Whitehorse pumping records, this was
taken-to ba 38 *F (sbout 3.3 *C). | |

Finally, the type 4 temperature analysis was that dasignated for the case of
uninsulated pipes in frozen and thawed ground. '

In the supply pipe data, the equivalent pipe length, LE, was taken igs equal to the
sctua‘l pipe length, LA, as measured from the City's as—built drawings. Iri actual fact, LE is
the actual pipe length plus enough pipe to account for head Iasseé at fittings. valves, etc.
The! losses are taken as a multiple of the velocity head in the Bernoulli equation In the
pipe lengths, the drawing scales, and the flow velocities being dealt with, these head
losses were disregrded as being reiatively insignificant. -

Mogifications to Hydrotherm were made for the next two constants. R1 and R2.
The R1 constant was modified to represent the ratio of thawed and frozen ground
thermal conductivities. From evidence derived from subsoil investigations in the
Whitehorse area. it was decided to use the thermal conductivities for sand, 10%
saturated throughout the modeliing area. Silt and clay soils are aisﬁ known to be present
in downtown Whiyehe:rsé and most soils, in any case, are not homogeneous, isotropic
mediums, but the assumption of sand, with its greater thermal :aﬁductivitkas (Harlan and
Nixon, 1978), throughout the area, provided a more conservative estimate of ground
thermal conditions. The values‘used therefore,-were 19 and 2\.4 BTU/ft-hr-%F (3.2 and
4.1 W/m=%), raspégtjvely. for thawed and frozen ground.

The canstintkﬁE representad the pipe longitudinal thermal resistance in ’tEFFﬁS\Gf
hr—ft—F/BTU as used in the Hydrotherm steady stite equations for heat transfer The
values used for the calculation of R2 included the outside radius of the pnﬁ;e and an

assumed five foot burial depth throughout the system With regard to the latter, the
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Engineering Design Standards for Whitehorse specify that tha minimum depth of bury
for water mains must be 10 ft (3 m) or an equivalent depth when rigid insulation is used
in the pipe trench (City of Whitenorse, 1975) Older undated Yukon Territorial
Government drawings f}c:m the City Engineering Department library of the downtown
area state a minimum bunal depth of 9 ft (27 m). and this ‘1s Eaﬁfn‘méd in an internal
memorandum from 1970 Byron, 1970). Some records obtained fFQFﬁ the City Waorks
trailer for one section of the downtown area howsever, show actual burial depths vgrying
from 15 mto 29 m (5 - 95 ft), with the average being araun,dél m (69 ft in any
event, the assumption of 5 ft (1.5 m) burial is a conservative estimate. , x

The final figure of concern in the supply data is that of the pipe ambient
temperature, PA For the Hydrotherm steady state heat transfer equations, these were
| taken either as the undisturbed soil temperature at the depth of burial of the pipe. or as
an equivalent temperature for the thaw zone surrounding the pipe

in the t:an‘suméf data. various demand drawoffs were as!!\ed to various nodes
to simulate the consumption from various sections of the d@\ﬂ;ﬁté\ﬂiﬁ are‘a @a@ serviée
connections in a particular section Qvere lumped together as a 100 ft (305 m) equivalent
length (LE) of asbestos concrete pipe of 15" (381 mm) id The member status, MS,
as;igned to each drawoff desigﬁated it as a fixed flow drawoff Other MS designations
possible wuthﬁydrc:therm included pumps, boilers, check valves, etc
: The average flow rates assigned to the vaﬂaus se:tu:ns were obtained from the .
hydraulic analyses that AESL had previously done for the City. Due to the lack of
complete metering on the Whitehorse system, AESL had obtained ther fiows by the
basic technique of using bulk flows and assigning drawoffs to various sections of the
City according to land use After discussion with the AESL personnel who had done this,
for project purposes: the flows from their skeletonized downtown network were
de- skeletamzed and reassigned. For the one au‘tfl@w pipe from the dcswntcwn area, the
downstream skeietonized flows were summarized and used as the drawoff.

The boiler data for Hydrotherm was required in order to set an incoming water
temperature into the downtown network of 38 °F (3.3 *C)

Finatly, the node elevations, or static heads. were tasken from hydrant elevation

records for the dQWﬁtﬁ)Wn area minus a figure of 8 ft (24 m) to allow for the aSSumed



height of the hydrant and a 5 ft (1.5 m) burial depth.

After some initial difficulties in modifying Hydrotherm. putting together and
correcting the data file for the model of downtown Whitehorse, and calibrating the
output results with a few isolated test runs, a matrix of twenty test runs was conducted
The consumer drawoff factors. CDirwgr’e varied from 1.0 to 0.2 by 0.2 increments,
while at the same time, the pipe ambient temperaturas, PA, were varied from 32 °F to 20
% (0 *C to -6.7 *C) by 4 *F (2.2 °C) increments It was thus h@eﬂ to obtain an idea of the
network thermal responses to reductions in flow and St:nl temperature.

‘ - The results of the Hydrathgrm analysis showed er;an pipe members at&unng in

the network at all flow rates at 28°, 24° and 20 °F (-2.2°, -4.4* and -6.7 °C). In an attempt
to define the failure ternparaturas further, additional runs were made at pipe ambient
temperatures of 30° and 31 °F (~0.6° and -1 1°C). Here again, at all flow variations, the
resﬁfts showed frozen pipes occuring in"the network. A final series of computer runs -
were then made at PA = 33 (0.6 \'C‘:D.V -

information from some éf the test runs fc:r Eéi‘ﬁé representative’ pipes in the
network are piotted in Figures 34 through 38 Thisa show the variations in temperatube

in the pipe as a function of flaw ) ’
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Vi. DISCUSSION

A. LAEDRA%DRV RESULTS

in terms of each tested device, the following observations can be rﬂide

The “temperature control device failed in three of the four times it was testéd
Only at the triggering temperatures of 2 2 °C and 3C did the sclenoid valve open, and only
at 3 °C did any bleeder flows develop from the line It is speculated that the failure cases
occurred because, in a full pipe under stagnant flow ;aﬁémaﬁs ice formation sufficient
to close off the pipe occured inside the cold room before the water temperature at the
sensor had dropped low enough to rtrigggr open the valve In ths one test where the
valve opened to allow bleeding. the flow was maintained at a continuous rate for the
duration of the test |

The major ﬁréblem with the device seems to be the location of the temperature

sensor on the service line If the location of the thermistor at the celdast spot on the hne

could be snsured, pfaper fremze protsction could probably be achieved by sattmg the

tﬁgganng ternperamre wrthin half a degree Ceicius, or less, of the freezing point On a
service line where the critical location could either not be determined exactly . or wh{!
placing the sensor there would not be practical. however, it appsars that the tngg:fmg
temperature waulé have to be iﬂsréased in c:féef to make the temperature control device
function pFGpﬁ%ly; For exterior placement, the sensor could be either taped to the
outside wall of the pipe or set inside the Iine itself. Tha latter arrangement would require
a fitting of some sort and/or a means of maintaining a water tight seal The cabte for the
sensor would then have to be run nside the building and connected to the temperature
c:antréllar for operating the solenoid valve. Running the sensor through the service line
from the interior of a heated building to a critical location wéuld present the prc;blam of
obtaining a cable suitable for operating under submerged conditions

If the cable were placed on the service line inside the bulding. the triggering
;temperature wauid_ again have to be increased in order to provide adsquate fregzé
protection The critical period for the device would be during periods of stagnant flow
when no water 1s being drawn from the supply man If the triggering temperature were

not set high enough. freezing could conceivably occur at a critizal location during this
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period before the temperature at the sensor dropped low enough to initiate bleeding.
This is because, under stagnant flow conditions, the heat pick up or loss) in the building
intericr at the sensor location would be greater (or less) than—the c:c:ﬁvsz:th:ef:a@c:tive .
heat loss transmitted to the sensor from an exterior location aiong the se;vicevliﬁal Thes
would be espééially true with longer and smaller diameter service lines. Prc;rbabl;r the only
way in which the tmf;ﬁfs drop would be picked up by the sensor under such an
arrangement would be if there were a sudden drawoff from the se‘rvu:s line from inside
the building |

- ¥, in order to trigger oben the solencid ‘vaive; it were required to raise the
tr:ggerrng temperature to near the normal water temperature at a service tap, bleeding,
. once initiated, would be continuous and the temperature control device, during winter
time Dpafa‘ban would be reduced to a conventional bleeder similar to what occured
during test #4. ,

The failure of the drainage tank in each of its four test runs can be sftrib,uted to
the fact that, under the near gt,ead.y state temperature conditions exhibited in the. cold
.room, the stagnant flow periods were sufficient in length to aliow the nucleation of
dendritic ice. As evidenced by the increasing savei;ity of the water hammer affects each

time the flow was stopped. each flow pgriéd was not long enough to c:r;rﬁip_let:ely clear

the pipe of ice. and eventually, the buildup became sufficient to block off the flow
entirely

The critical requirement for this device is that after a stagnant flow period, all the
wat,ér in the pipe must be replaced by more water as the tankis being filled if ice has
nucleated.in the line, the total heat imparted to the pipe by the incoming water must be
' sufficient to melt the ice and prevent further nucleation during the period of stagﬁant
flow Further to this, the pressure in the supply mam also must be enough to F'ast,art the
flow when the valve is reopened. especially if sufficient cooling has occured to allow the
growth of annular ice

The ume period during which the tank drains and flow is arrested in the service
line must also not exceed the time period required for dendritic ice to' form in the fine In
the laboratory test runs. these time periods were maximized bécause the tank was not

pressurized and therefore. dranage occured by gravity flow alone
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The timer failed in two of the four tests because of the model used A fifteen
minute period of stagnant flow was sufficient under the test conditions to allow the
.formation of ice in the pipe This was borne out by the amount of time taken for full
bleeder. flows to develop 'after‘the opening of the solenoid No slush or ice ;xartu:ias
were oBserved issuing from the line. but this can probably sbe accounted for by the
smaliness of the bleeder opening. :

With the cbnstructed timer, the amount of cooling m%’»e ‘Bipe during the stagnant
fiow perib’d was insufficient to allow dendritic ice to nucleate. The steady state equations
~ bear this out (see Appendix 1), as did the fact that the full bieeder flows developed
immediately after the opening of the valve in tests #3 and #4. ‘

For maximum operating efficiency, the stagnant flow ﬁér'ic:é should be k:mg'
enough for the temperatbre at a critical point inside the pipe to drop to just above
freezing The bleedihg period shouid then be just sufficient to replace all the water inside
the tine with higher temperature water from the supply main Setting the solenod to -
operate on such a cycle is possible with a variable set timer such as the one used in tests
#3and ¥4,

‘ With all three of the devices that operate through prermittent bleeding, the
critical period occurs when the flow in the line is stagnant The net heat loss is greatest’
during this period because no heat input is’ prcvidea into the line ' With the orifice plate. a
continuous input of'yvater and hence. heat, is going into the service line and it only
refmains for the fiow rate to be sufficient to prevent an ice nucieating tm_:tura drop
at a critical point in the line (See Appendix 1). From the orifice equation (Appendix 2), the
flow through a lin€ sap be controliad 'bv manipulating two factors. One is the size of the
orifice opening. and the other is the line pressure prior to the orifice. A third factor, the
size of the line can also be manipulated, but this may not be as accomplished as aasily as
the other two. A table giving the variations in flow with different line pressures and
orifice sizes i1s given in Appendix 2. 7

In a field situation, installation of an orifice plate would allow the regulation of
bleeder flows without relying on the owner. with his gate valve to attempt to set his
flows to a specitied rate lke 15 L/min (1/3 1gpm) He could simply turn\his valve or

petcock completely open every season and turn it off every summer In areas where grit
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in the Imes is a problem, the size of the Lifigg opening could be in;:raésed if a preset
pressure reducing valve wgre installed in the line upstream Possible claggmg of the
bieeder hne could thus be avoided and only a periodic cleaning of the stramer sCreens i
the pressure reducing valve would be required The use of a pressure reducing valve
woul& alse-result in additional water savings because of the fact that the orifice plate. if
used 'aiona. would have to be set to pass minimum flows during the iaw pressure periods
and would Eaﬁ_SEQQQntiy discharge greater flows during high pressure périt_sds,

Fiﬁ:ﬂy the grassurgtank device, although operated successfully in the laboratory,
" ‘would apm jar to h.tvt a number of problems associated with it if set up as per Figure 13
ie. dramihg back thraug'i the service line to thé supply main) in a field situation One of
these is the sheer size of the tank that would be rgquurad For a release rate of, say, 15
L/min, operating for roughly 14 hours (say from 6 pm to 8 am), a tank drawdown of
1271.L would be required ‘Additional \;tank space would a!éc be required for mn ar
bladder or some other diiving mechanism An oprating air bladder would, in fact. take up
the majority e,:szther t,ank,v space. And even more storage room would be required because
‘not all the water in e tank would drain. discharge would only continue until the internal
tank and suﬁply main pressures equahzed |

At the present time, no pressure tank above 5145 L (120 ig) is commercially
avai!abie. Such a tank (depending on the storage/drainage ratio) relegsing water at 1.5
) L/mm would probably be sufficient for a drain paﬁéé of zome 4 10 5 hours Tanks larger
than 545 L must be manufactured to order (Westburne, 1981; Bartie & Gibson. ’IES‘H

Another problem with the field set up as originally envisioned. is the control
mechanism required. With a pressure switch mofnitorirg internal tank pressures, inflows
into the tank would have to be carefully regulated to ensure that the tank operates during.
the times required If tank pressures buid up to the amount required for discharge
prematurely, stagnant flows may occur at a critical time during the night uniess an
allowance i1s-made for this with a larger size tank I¥ the pressure switch were mounted
on the service line, there would still be a problem because the diurnal pressure cycle in
the supply mamn system is not totally reliable. Drops in line pressure. eg during fire flow
situatiors, may also prematurely discharge the tank and result in stagnant flows during

criical times
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To totally eliminate bleeding.  the ideal irmgament for this device would be for
the taok to fill up with, say, 1271 L during the dayiigl%t hours when nml demands plus.
tank inflows would provide frost protection for the service line, and release the same
amount back to the supply main during the night Utilizing a pressure switch as a control
mechanism wbuld not appear to be very feasible, since the device -depends heavily ‘on a
constant diurnal pressure cycle.

One possible way around this would be to substitute a timer for the controliing
mechanism, but this option would still requre maintaining careful control over the
incoming flow rate into the tank If the fill period set were set higher than required ;ta fin -
the tank during the day. a ccr’ytimc;;s night time release back to the supply mam would ﬁa
ensured, but periods of no flow n the service line may occur during the fill up period if
the tank is already at capacity and there is no demand in the building A larger capacity
tank would therefore have to be provided in this case, and a greater tank release rate set
.~ Some backup freeze protection method for power fgilurés would aisa. have to be
arranged
arrangement to the field situation Rather than attempting to operate as a diurnal cycle
recirculating system the pressure tank could be run as an intermittent bieeder. This -
arrahgement would :;;fgrc:tzmg the siow discharge limitation of the original holding tank
tested bé;afusé of the air bladder discharging mechanism Some sort of flow regulating
davic? must still be used however, due to the high net bieeding rate (64 L ona 13 and 2
minuté Fill/ drain cycie). '

A rough economic shalysis of the successful labaraféry alternatives is given in
Tables 10 and 11 All costs have been calculated on a preéent worth basns’or a
comparison period of 20 years at a 10% rate of return For comparative purposes.
technical considerations aside. the pressure tank has been analyzed on the basis of uts
operation in ewhicf two E@nﬁgbfatugns either as an interrmttent bleeder. or as a hoiding
tank discharging back to the Supp;Iy main. As a bleeder. it has been assumed that its
discharge can be controlled to a flow of 15 L/mmn. '

Actual equipment costs wére used as the basis of the capital estimates where J

applicable. For the variable set timer. the actual component costs of the one tested in the



Altarnative

1. Orifice Plate:

2. Timer:

3. Pressure Tiﬁk

k. Pressure Tank

(Non=bleeding) -

Assumptions: |.
ig;222ﬁ§s§g. 2.
3.

TABLE 10 ’
ESTIMATED COST
OF
SERV[EF_F[!E BLEEDER ALTERNAT!VES
Componants Initial Cost Water Bled Power Used
(Cagital + Installation) Wsyr) (kWh/yr)
(%) : '
orifice plate & union ......... § 5.00 262,080 ]
PRV ........... 5 5C )

Installation ..

CiMEE o\ etienerennnsraneenane. $5100.00 201,131 5h.S
lencid valve . - ‘ 0.0C
. H!E!'Il!é@n b s a e se i s e
I =5170.00
LNk . .......cinnsirainaaaaaaa. 2160.00 - 262,080 132.8
solenoid valve . 5l5B 00

pres;ur; qwntch/tnmgr .

LANK .« . i st $500. 00 L+ 2N ) 132.8

solenoid valve
pressure sultﬁhft|mer -
installation .................. 50.00

0.00

For installation, assume a $20.00/hr rate

For continuous bleedings assume 182 days @ 1.5 L/min (1/3 igpm)
For intermittent blesding (timér) assume 3 2.2 min. blesding and
2.1 min, non=-bimeding cycle. this is derived from: ;

a) the steady state calculation for the temperature drop in &
22.9 m (75 ft.), uninsulated service line, 15.9 mm (5/8")
o.d., buried 1.8 m (6') underground @ -1° C pipe axterior

. temperatuse and & flow of 1.5 L/m (1/3 igpm);

b) the steady state ealculation for the time taken for a staghant
pips with an initial temperature of 3° € to drop to the
temperature calculated .above;

€)- the time taken for water to flow through 22.9 m (75') of
15.9 mm (5/8") of pipe @ 1.5 L/min (1/3 igpm) and

d) . a 15% safaty factor on the calculated bleading period required.

I10
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- TABLE 11

ECONOMIC_COMPARISON
of

SERVICE LI{NE BLEEDER ALTERNATIVES

.. . N B N

Alternatives Compared ' Breakeven Point: Water Delivery Conclusion

and Removal Cost
($/m%)
. . -
1. Timer vs. Orific Plate ’ $1.73 - at more than $1.73/m®

the timer will be more
economic than the orifice

plate.
2. 'Timor vS. F‘ressurc Tank . N/A ' l a bleeding pressure tank
(8ieeding) . _ is not economicdl when

compared to the timer.
. > B

3. Timer.vs. Pressure Tank . $8.35 . at $58.35/m? ﬁg or greater

- (Mon-bleeding) ' : a non-bleeding pressure tank
) would be more economical
than a timer.

L. .Orific Plate vs. N/A a bleeding pressure tank -
"Pressure Tank (Bleeding) ‘ ‘ is not economical vs the
orifice plate.
5. Orifice Plate vs. Pressure . $5.08 ’ at $5.08/m’ ig or greater

. Tank (Non-bleeding) - @ non-bleeding pressure
: . tank would be more
- economical than an orifice
plate.

Assumptions: 1. cost/alternative = initial cost (capital + installatioh) + present value
‘ of annual costs (power + water bled).

2, ‘power rate = |10¢/kwh

3. 10% rate of return for 20 years

. N
+ -
Present Worth Factor = —lti) =l

i(1+i)n

- 8.5136
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laboratory were $140.00. but it was felt by the toéhnic:al staffwha constructed it that
comparable ones cbuld be built for 1/2 t6 2/3 that price. The cost for a 1360 L (300 ig)
pressure tank is not actually available because no tank of that size is available The
s500 00 cost used in the calculation is therefore only a rough estimate, but based on the
quoted net cost of a 545 L (120 ig) tank ($220.00 - Westburne, 1981), this may be low.

Finally, the power consumption for each device. was calculated from equipment
rating§ or actual current measurements. Other assumptions and conditions are as stated in
the table »

For the purposes of the present study, esch device was compared and equalized
on the basis of break even water delivery and sewage disposal costs to the consumer.
For situations such as in Whitehorse, this may not be what he is actually billed for water
and sewer, but what he wili eventually have to pay (either in higher municipal taxas, or in
higher costs for other municipai services) in order to keep the systam epgrﬁnéna!,

The analysis has been done on this basis due to the ditficulties of assessing some
of the _more' mdiréct water distribution system and sewage collection system costs.
Nevertheless, it is believed that these calculations provide an indication of the relative
costs of each alternative

For the-Whitehorse situation, a further comparison of e-ac_h alternative to the
continued full bleeding option was aiso considered ih order to obtain some net water
and/or cost savingé This comparison was discarded because of the lack of water
_metering data on all service line bleeders and the difficulty of separating the bleeder
flows from the System leakage flows. !

From theé mternal comparison then, it can be seen that due to higher ;apntal :ests
b'leeding pressure tank option is not an economic proposition when compared to the
" timer or the orifice plate Technical problems aside, the 'nén bleading pressure tank will
be viable versus the timer and orifice plate at water delwery!duspcsal ca_gts of 6508 and
$8.35 per m' (112 and $1.84 per 1000 ig). respectively The timer apién bacomes a
feasible alternative to the orifice plate at a dehvery/dnspasal rate of $1.73/m’
{sQ. 38/1000 ig). For approximate comparison purposes, the City of Edmonton, at roughly
the same water usage rate being considered {68.100 L or 15000 ig/month). charged

$7.26/m' (51.60/1000 ig) to.its municipal residential custcmgrs n 1881 (Clty of
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Edmonton. 1981)

The rate of return e a sigmfncmt effect on these calculations. Low interest

1

rates will favor alter. W high capital investments and low annual costs, whereas

__igh interest rates will ur reverse combinations.
B. MODELLING RESULTS

The results. of the computer simulation runs predict thermal -failures n the
downtown Whitehorse system whenever the exterior soil temperatures ‘sbrroundmg the
p;pe drop below 32 °F (0 °C). They aiso show the refatNe insignific'ance of the given flow
rates in determining system failures. This is evidenced by the predicted pipe temperatures
charted in Figures 34 through 38 The minimal importance of the flow rate relative to the
'pip'e ambient (PA) temperature becomes increasingly evident as the water in the system
tmoves further downstream from the start of the system and/or reaches a critical flow
séctibn. At Consumer #15, a flow decrease of approximately 22% 1s required before the
predicted inflow temperature at P')/k =_33"°F (0.6 °C) will equal the same predicted
temperature at PA .=‘32 % (0°C). At Consumers #90 and #58, however. a flow decrease
of 32% is required before the predicted temperatures at the two PA values will equal
each other, and at Consumer #103. the flow independent variation in predicted
temperatures is minor in comparison to the PA dependént variation |

o in analyiing the computer' modelling work, the valdity of the predicted results can

be q\':estiohed because of ; number of factors. . '

Some of these are associated with shortcomings in the Hydrotherm model. The
program, as it exists. will stop at the end of a current iteration if any of' the prechcted
temperatures fall below 32 °F (0 °C) This is then interpreted as a system failure; in actual
fact, ice growth in a flowing iine will not be initiated until some supercooling has occured.
This model feature does. however, provide a degrée of safety for the distribution
system, since not all the Ietem heat in the water must be lost before ice formation will
start somewhere in the network, particularly on metal vaives and fittings (Carefoot et a/.,
1981) A -

More serious shortcomings in the mode! exist becausé of the equations used and

the assumptions made In dealing with the latter. the rationale for using a 5 ft {15 m)
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burial aepth and the thermal conductivities for sand throughout the network have been
‘chscussed in Chapter 5 Lacking actual burial depths and soil data for the entire system,
conservative estimates leading to rt:;aﬁsarvat:va predictions were made. ,

Most soil materials will actuaily have a range of thermal conductivities According
to Kersten, who conducted the pioneer work in this area in the late 1940s, correct
values for thermal conductivities are difficult to determine and can be up to 25% in error
(Johnston et af., 1981). Nixon and McRoberts (1973) have shown however, that for
Neumann- and Stephan type thaw C—;lﬂgl!fiaﬁi neither the absoiute magnitude nor the
* temperaturs dependence of the frozen conductivity will have a significant effect on the -
predicted rate of thaw. o |

Some estimate of the effect of depth of pipe burial can ba obtained from Figure
39. where freeze preventive flows for various PA temperatures have been plotted for
two burial depiﬁs for a 305 m (100 ft) section éf 127 mrﬁ (1/2") id uninsulated pipe
The graph is deceptive In certain respects because tthﬁ, temperature 5 In itself
dépendent upon the soil depth considered i.a. there is a temperature gradient in the s::il
and for non permafrost soils during the freezing season, the temparature at 30 m (10 ft)
~ will be higher than the temperature at 1 8 m (6 ft).

There is #isa some uncertainty regarding the assigning.of the flow rates for the
network. The sum totsl of the downtown Whitehorse flows wir- obtaned from actual
: pumpmg records; lacking complate metering on the network_howsver, the quantity and
distribution of the flows in the s;bsiéi,iry pipes could only be roughly estimated by -
thd sctual subsidiary flows hed been known and substituted into the model. The
dominance of the PA temperature variable in the actual results do not support this
premise however o . ‘

in calculating interior water températurés conservative estimates for PA were
also made. The coupling of the time independant steady state equations with exterior sojl
- temperatures below 0 *C essentially presumes nt:nith!wm-g psrmafrost conditions. The
actual ground thermal conditions for Whitehorsa are lass severe than this.

TH. Newton Engineering Ltd (1964) has recorded that localized frost penetrations

to 4.3 m (14 ft) have been known to occur in the Whitehorse area. and Byron (1970) has
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stated that during periods of ‘nnteﬁsg cold, Est has been known to penetrate below 2.7
m (9- ft) For the ground and temperature conditions assumed in the present study. the
- modified Berggran equation (see Appendix 7) predicts a frost penetration. or active layer,
| of 4.0 meters (13 1 feet) All 61‘ these figures are for undisturbed areas however, and do
not take into account the thermal influence of a warm pipe uﬁaﬁ ité su*ramdmg soil
mass. The modified Bergoan equation assumes, for example, that all the soil material is
_ mitially isotherrmal gt some temperature greater than O *C. Other assumptions such as a
' step decrease in Vtemperature. and the liberation of all the latent heat at 0 °C. will tand to
. overestimate the maximum freezing isotherm MNixon and McRoberts, 1973; Smith et o.,
1979; Goodrich and Geld. 1981).

Some soil temperature data obtaned from tha City of Whitehorse Engineering
Department for 1979 - 1980 is given in Appendix 8 Wherever possible. the City placed
thoir Qensors ctose (0.1 meters) to the water main and the temperstures thus obtamed are
for areas under the thermal influence :)fv’tﬁe pipe. These show that the minimum ground
temperatures (occurring in the late winter/early ;ipfiﬁg period) at the depth of bury do not
drop below the freezing mark. In the case of the two temperature sensors (#s 4 and 5)
V not located near a water ma'n at the tme the data was obtained from Whitehorse, not
enough time had elapsed for natural ground conditions to reassert themselves, or for the
sensors to record an entire annual temperature cycle.

The thermal influence of the pipe upon its surrounding soil mass is of nrﬂpartmé
because of the soil t‘mpergturn term, PA, used in datarmmmg the mtsn;r ﬂund
temperature at the end of a given pipe section. The majority of work conducted in this
area has focussed on the extent and nature of pmfrast beneath an engineering
strugture snd the resultant thaw sattiement and ioss of soil’ sﬁ:bility. A nurnber of
geothermal models using computerized numarical techniques havé been deveioped that |
~ are capable of accounting for iétent heat effects, temperature dgpanéant soil thermal
properties. and various surface temperature fluctuations and heat source Inputs
(Goodrich, 1973, Jahns et 8/, 1973, Kent and Hwang, 1980) Neverthsless the most
sophisticated of these models still employ severe Idealizations, and all of them are himited
by the guantity and reliabifity of input data (Thornton, 1976. 1977) Goodrich (1973) has™

pointed out the uncertainties associated with relating ar thawing or freezing indices to

.
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ground temperatures wiich are usually unavailable — and notes that such uncertainties
may negate sny additionat benefits to be gained by further refining a model.

In permafrost soils. a simple f\i'ytvcal solution to obtaining the termperatures
below the active layer has been given by a number of authors (Thornton. 1977. Cameron,
1977, Smith et a/., 157§ Carefoot et /.. 1981). The principie of superposition is used
to add the calculated sté:dy ‘state ground temperatures when a pipsiine is céﬁsndered, to
the maximum ground temperature that would occur in the permafrost beneath the active
layer without a pipe present Ea:agsa of the idealizatons empl?yad., this solution will
overestimate the depth of thaw. When ﬂ:cmatmg surface temperatures and latent heat
effects must be considered however, there is no analytical solution. and -numerical
techriques must be applied. :

Relatively little consideration has been given to the reverse problem of soil/pipe
thermal interactions upon the fluid terﬁpeﬂtgées inside the pipe Steady state equations
have usually been used, although in the strict sense, these heat transfer approximations
are only appropriate for situations with constant. or relatively constant. boundary

conditions. For pipes buried beneath the influence of fluctuating air temperatures.

Porikhayev (Cameron 1975) has stated that the soil tempersturgs~around the pipe will

resemble a slowly changing saﬁés of steady state conditions. Sde early work on using
steady state theory to calculate heat losses for pipes buried at ;aﬁvemianai depths has
been done by Page (1955, 1956) and Day (1956} for Farrbanks, Alaska The results there
were cilibrated using measured temperatures in and around the: pipeline and calculated
values for the soil conductivities _

Refinerments to the simple case steady state heat loss equations for buried pipés
‘have been n?ade by a number of researchers Janson (1963 used superposition to add a
partial dff&mtul term to the equation for use in calculating the heat loss when there i1s a
termperature gggéigﬁt in the ground. He suggested that the term is insignificant except for
pipes buried just below.the ground surface and under the influence of arr temperature
fluctuations Further steady state refinements and experiments by a number of Russian
authors .have also been made These Have nvoived 'subststmnng the ground surface

termperature with the undisturbed soil temperature at the depth of the pipe axis. and n
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(1975} hns reported good to erratic results in the Russian verification of these equations.
The majority of the steady state refinements for various pipe burial conditions have been
summarized by Thornton (1977) and are given m Appendix 1.

- Use of the stemady state approximations have focussed on calculating heat loss
rates at given pipe cross sections in order to determine the requirements, such as
insulstion thicknesses or heat tape capacities, for pipe freeze prevention and/or
protection of the permafrost

When conducting a network thernﬂl analysis such as Hydrotherm, a more useful
indication of heat adequacy can be obtained by w::rkmg with tempar’atures rather than
with haat losses A Eﬁfmt steady state equation must therefore be used which

-employs a Log Mean Temperature Difference to account for the fluid convective effects
_inside the pipe (See Appendix 1). This equation is generally applicable to pipes in ar. but
has been applied to buried [:uéas as well (Smith ez al.. 1975).- The PA temperature term
that must be used in this case is that of the undisturbed soil mass at the pipe axis depth.
A drawback to this temperature equation appears to be the lack of a term to account for
the iatent hast present in the water. At the fréezing pomt and siightly below therefore,
predicted temperatures using the equation will be iower than what will actually occur. The
latent heat effact will offer some additional degree of protection to the system, but
axactly how much, 1s difficult to asesft;iﬁr Ativalves and fittings, the safety factor time
will certainly be lcsé than that required for the cross section to freeze solid

Finally, a third smbiguity relstes back to the mechsnism of hest transfer between
the pipeline and the soil One of the more common assumptions used in these kind -of
heat transfer problems is that the process will occur through conduction sione. This
approximation is useful when dealing strictly with frozen soils, but when water, Qnar '
vapour, and ar are présént in the soil pores, heat will actually be transfered
simultaneously through a number of processes conduction through the structural soil
skaieton, convection (internal pore circulstion, migration, and filtration), evaporation and
condensation, and F!C’l!ltiﬁﬁ in such cases. it might be prudent to determine an effective
soil ‘conductivity” for the soil as a system rather than as a substance

In 1974, Lock and Thierman attempted to reconcile the predictions of a

mathematical steady state thermal model (similiar to that used in Hydrotherm) with
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measured observations from the Yellowknife dual main recirculation system They
spocumed that the observed temperature dcffercnce of only 0.27 *C (0.5 *F) batwean the
supply and return at the pumphouse might .be due to a much lower effective sail’r
conductivity than that usually associated with a saturated material.’



*VIl. SUMMARY AND CONCLUSIONS

Bleeding of service I!iﬁES,laﬁd dead end mans and hydrants is the simplest method
of freeze protection for a ::c:ﬁvenﬂéral piped water system in ﬁafﬁﬁﬁ-iﬁﬂs Adverse
characteristics of bleeding systems are high per capita water usage high system
operating costs, and the generation of large quantities of cold and dilute wastewater.

The aim of the present study has been to deveiop sm visble alternative service
. hne bleeder controls fc;rr use with an existing bleeder systerri Towards this end. the initial
development and current characteristics of an existing bleeder systism have been

sumenarized, a number of service line bleader controls have been tested. irv affabc

setting, and an attempt has been made to determine. with the aid of a computerwm
existing network thermal response to reductions m bleeder flows. 7
Five types of bieeder control devices were tested in the laboratory: a
temperature controller, a timer, a gravity flow dramage tank. an orifice plate, and 2
storage pressure tank. The results suggest the following: 7
The temperature control device. in theory, holds the most promise for control @f‘

bleeding because of its reﬁiﬁﬁé:éﬁ the most direct indicator of thermal failure in a pipe.

difficultiss on an ainstmg service line, it cannot be considered a feasible bleeder
siternative

The use of a pressure tank Gyzlnhg water back to the supply main during low
s:ystem pressure periods also camnot be considered a feasible bleeder alternative. Such a
. device. f operated successfully, would ehminate service line bleeding :!taégther. but
besides the size of the tank that would be required. this alternative places too Jgrgzt a
reliance on a regular diurnal pressure cycie in the supply main network

For a different reason. the use of an ordinary holding tank that would fill up, and
then waste water to a sewer drain. also cannot be considered a viable bleeder aiterﬁ;tlve
The main problem here is that gravity flow is too slow a method for dlsshar’gmg the

accumulated water Aftempting to alleviate the problem by accumulating smaller amounts

not be long enough to completely clear the supply pipe of any nucleated ice This

problem would be soived if a pressure tank with an internal ar bladder. or other driving
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mechanism to drain away the water, were substituted instaad Notwithstaridmg this,
careful control over the tank inflow and discharge rates would still be required as would
a reliable controi mechanism. This version of the holding tank atternative is therefore also
not considered to be feasible. | . - |

The two tested alternatives considered technically feasible _»fcfk further
deveiopment are the orifice plate and the variable set timer. Used alcne. the former
device would regulate continuous bleeder flows to a specifiéd minimum and relieve the
pteedar ar:éfit_ér of the rgsg#ans';gnjtylcf attempting to set his own flows Line-grit
problems could be avoided and further water saviﬁgs:wguld also be possible if the
orifice plate were installed in conjunction with a pressure reducing valve on a vertical
service line blesder take off : ;

The variable set timer device, on the other hand, has the greater water saving
potential because bieeding would only be intermittent Assuming certain Whitehorse
conditions. the total amount of water bied with this device wouid be only half of that
allowed by the orifice plate. '

Erﬁﬁloﬁﬁg a éprasam worth comparison based on a 20 year expected life, the
timer appears to be the more economic of the two options, based largely on the amount
of water that would be bled '

The results of the computer modeliing work are not as definite or as clear cut as
those from the laboratory. With a developed thermal model employing basically steady
state heat transfer theory. the results for downtown Whitehorse suggest that pipe
freezing will occur at exterior soil temperatures below 0 °C The résufts also suggest that
“the network flow rates will only have a minor effect on whether or not thermal failures
occur in the system

These fésuit% cannot be regarded as conclusive due to uncertainties about the
assumptions made and the equations used i the analysis Uncertainties with the former
include the average flow rates, the depth of pipe burial and the effective soil thermal
conductivities Uncertainties about the latter are the applicability of steady state
approximations for non steady state conditions, the ignoring of latent heat effects in the

water. and the exterior soil temperature term used in calculating incoming and outgoing
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It is concluded that the computer modaelling results are conservative and that the
actual water temperatures will be somewhat higher than predicted At the flow rates
c::ﬂsrdefed it also appears thgt reductions in bleeder flow will not affect the thermal

rEspanse of the system to aﬂy sogmfu:&ﬁ degree



VHI. RECOMMENDATIONS

any large scale application of the tested alternatives is made toc an existing bleeder -
system. It is therefore recommended that interested parties set up a field ﬁiﬁﬁitafiﬁg
program to tast éut the timer and orifice plate devices (and variations thereof) in a variaty

of service line bleeder settings. Testing should be carried over a minimum of one winter
water temperatures, and graund sz.grfa«:e temperatures.

2 if further information is desired on distribution network thermal responses to
reduct:ans in bieeder flow, it is also recommended that additional cs:mputer modeling
. wark be carried out An aﬁempt should then be made to calibrate the chosen madel with
~ #ctual site conditions. This would entail obtaining actual pipe burial depths, data fn:m:i
actual representative soil samples, supply main flow data, and air and soil temperature
data The latter could be gathered by burying strings of thermt:x:mplas at various depths
both near and away from buried pipelines. Scme thought should also be given to using a
geothermal rnt;:ciel to predict the ‘exterior soil temperatures at the pipe axis depth.
Verifjcation of the dxstrlbutlan network model could then be carned out by :amprmg

the pFBdﬂ:tEd and actual system ternperatures

" 123



F

L%

124
BIBLIOGRAPHY

A C & S Contracting Ltd (1979 Mechanical contractor. Armourflex pipe insulation
Edmonton, Aita Pers. comm.

Alter, AJ (1950). Arctic Sanitary Engineering. Federal Housing Administration,
Washington-D.C, 106 pp.

Alter. A.J (1952a). Water Supply Problems in Low Temperature Areas. Se/ected Papers

of the Alaskan Science Conf. of the National Academy of Science, National

- Research Counci!/. Washington, DC. 9 - 11 November, 1860, Ed- HB. Collins,
Arctic Institute of North America, Washington, D.C., 219 - 239

- .

Alter. A J (1952b) Relationships of Permafrost to Environmental Sanitation Se/ected
Papers of the Alaskan Science Conf. of the National Academy of Science, National
Research Counci/, Washington, DC, 9 - 11 November, 1950, Ed HB Coliins,
Arctic Institute of North America, Washington, D.C, 240 - 253,

Alter, A.J (1956). Thermodynamic Considerations in the Design of Alaskan Water
Distribution Systems Abstract Proc. Fourth Alaska Science Conf.. Juneau, Ak. 28

September - 3 October, 1953, Alaska Division, American Assoc. for the
Advancement of Science, College, Ak, 36 - 38.

Alter. A.J. (1963) Sanitary Engineering in Alaska Proc. Permafrost |nternational Conf.,
11 - 15 November, 1963, Purdue University, Lafayette, Indianna, National Academy
of Science — National Research Council, Washington, D.C., 407 - 409

Alter, A J (1969a). Water Supply 1n Cold Regions Cold Regions Science and Engineering
Monograph lII-CSA, Cold Regions Research & Engineering Laboratory, Hanover,
NH., 85 pp. ) , ) i

Alter, AJ (1969b) Sewerage and Sewage Disposal in Cold Regions Cold Regiohs
Science and Engineering Monograph Hi-C5B, Cold Regions Research & Engineering
Laboratory, Hanover. NH., 107 pp.

Alter, A.J. (1973) Water Supply and Waste Disposal Concepts Applicable in Permafrost
Regions. Proc. North Americai Contribution Permafrost Second |nternational
Conf., .13 - 28 July, 1978, Yakutsk, USSR, National Academy of Sciences,

Washington, D.C., 577 - 581 /

Alter. A.J. (1974). An Evaluation of Waste Disposal Practices in Alaskan Villages. Proc.
Symp. on Wastewater Trestment in Cold Climates, 22 - 24 August. 1973,
University of Saskatchewan, Saskatoon,  Ed. E Davis, Environmental Protection
Service, Report No. EPS 3-WP-74-3, Ottawa, Ont, 1 - 28

Alter. A.J (1977) Utilities Delivery in Arctic Regions Early Developments in Alaska Rroc.
Symp. on Utiiities Delivery in Arctic Regions, 16 - 18 March. 1976, Edmonton,
Afta, Ed DW. Smith, Environmental Protection Service Report No. EPS
3-WP-77-1 Ottawa, Ont, 18 - 69



125

Alter, AJ (1979). Support Systems State of the Art Review. Proc. of the Conf. on
Applied Techniques for Cold Environments . Cold Regions Speciaity Conference.
Anchorage, Alaska, 17 - 19 May. 1978, American Society of Civil Engineers, New
York, NY., 742 -774. :

Anderson, TK. (1959). Maintaining Water Supply Lines at Zero Temperatures. Water and
- Sewage Works J., 106 5. 212

Andrews, RV. (1955) Solvir? Conductive Heat Transfer Problems with Electrical
Analogue Shape Factors. Chemical Engineering Progress, 81 2, 67F - 71F.

Armstrong, B, Cameron, J, and Christensen, V. {(1977) Water and Sanitation Project
Costs - A Consolidation of Historical Cost /nformation, Department of Local
Government, Government of the Northwest Territories. 99 pp

Armstrong. B.C. and Given, PW. (1979} Pre/iminary Analysis of Alternatives for
Upgrading Service Line Water Bleeders (Draft]. Northern Technology Unit.
Environmental Protection Service, Environment Canada, Edmonton, Alta.

ASHRAE Handbook of Fundamentals. (1972). American Society of Heating. Refrigerating
and Air—Conditioning Engineers, inc., New York, NY., 688 pp.

Associated Engineering Services Limited. (1963a). Pre/iminary Report to the Government
of the Yukon Territory on Water and Sewer Services Porter Creek Subdivision,
Whitehorse, Y.T. , Edmonton, Alta, 20 pp. ’

Associated Engineering Services Limited. (1963b) Report to Commissioner Government
of the Yukon Territory on Feasibility of a Joint Water Supply Camp Takhini -
Porter Creek, Edmonton, Alta, 22 pp.

Associated Engineering Services Limited. (1967). Report to City of Whitehorse on Water
and Sewer Facilities 1967, Edmonton, Aita. 35 pp. ' '

Associated Engineering Services Limited. (1969). Report to Department of Engineering
and Municipal Affairs Gowernment of the Yukon Territory 'on Water Supply for
Porter Creek, Edmanton, Aita, 40 pp. .

Associated Engineering Services Limited. (1979). City of Whitehorse Yukon Territory
Waterworks, Sewage & Roadways Engineering Analysis and Capital Works Budget
. 1879 - 1984, Edmonton, Alta, 82 pp. _ :

Associated Water & Air Resdurces Engineers, Inc. {1973\ Handbook for Monitoring
/ndustrial Wastewater. US Environmental Protection Agency, Office of
Technology Transfer. Washington, D.C.

Balmer, P (1980} Swedish Experience with Wastewater Treatment with Special
~ Reference to Cold Climates Proc. /nt. Assoc. on Water Pof/ution Research Post
Conf. Seminar - PS4 Design of Water and Wastewater Services for Cold Climate
Communities, Department of Civil Engineering, University of Alberta, Edmonton, 28

- 29 . 1980 : :



Bartle & Gibson Co. Ltd (1981} Plumbing supply wholesaler. Pressure tanks. Edmonton,
Aha Pers. comm '

RW. Beck and Associates. (1953). Design Analysis Water Distribution System
Fairbanks, Alaska Colorado Springs. Colorado, 29 pp

Black & Veatch Engineers (1944). Prel/iminary Report to the City of Fairbanks, Alasks
on @ Water Supply and Distribution System Sewage Pumping Station and Storm
Sewers, Kansas City, Missouri; 40 pp.

Byron, RL (1970). Contro/ of Water by Metering, Internal Memorandum. Assistant City
' Manager to City Manager, Whitehorse. Y.T. , ,

Cameron, J.J. (1975) Evaluation of a Buried Water Distribution Systemn in Faro, Yukon
Territory, iInternal Report, Environmental Pratection Service, Northwest Region,
Edmonton, Alta, 31 pp.

{
Cameron, JJ [1977) Buried Utilities in Permhafrost Regions. Proc. Symp. on Utilities
Delivery in Arctic Regions . 16 - 18 March, 1976, Edmonton, Alta, Ed DW.
Smith, Environmental Protection Service Report No. EPS 3-WP-77-1, Ottawa
Ont, 151 -~ 200 : '

14

Cameron. J.J. and Armstrqng. B.C. (1979) Water and Energy Conservation Alternatives
for the North, Water and Sanitation Section, Department of Local Government
Government of the Northwest Territories/Northern Technology Unit, Environmental
Protection Service, Edmonton, Alta. 74 pp

Carefoot. EI (1977) The Town of Inuvik, A Case Study Proc. Symp. on Utilities
Delivery in Arctic Regions, 16 — 18 March, 1976, Edmonton. Alta, Ed DW. Smith,
Environmental Protection Service Report No EPS 3-WP-77-1, Ottawa Ont, 488
- 504.

avies, AL, Johnston. GH., Lawrence, N.A. Lukomskyj, P. and Thornton,

L.
1981) Utilities. Permafrost Engineering Design and Construction, Ed

Johnston, GH. John Wiley & Sons, Toronto, 415 -~ 472,

Cheriton, W.R. (1966). Electric Heating of a Water Supply Supply Pipeline Under Arctic
Conditions, £ngineering J. . 49 9, 31 - 35.

Chong. TMY. and Mattes, T.T. (1980a A Water Supply for the World's Most Northerly
Parmanent Community, 7he Canadian Military Engineer, 12. 1, 14 - 20

Chong. TMY. and Mattes. TT. (1980b). . A Water Supply for the World's Most Northerly
' Permanent Community. Proc. Second Symp. on Utilities Delivery in Northern
Regions, 19 - 21 March, 1979, Edmonton, Alta, Ed D.W Smith, Environmental
Protection Service Report No EPS 3-WP-80-5, Ottawa, Ont 367 - 393

City of Edmonton (1981). Water and Sanitation Department Municipal water rates
Edmonton, Alta. Pers. comm



City of Whnehcrse (1975). Engineering Design Standards for the City of Whitehorse,
Engineering Department, City of Whitehorse, Whitehorse, Y.T.

Clark, JW. Viessman, W. Jr. and Hammer, M J (1871). Water Supply and Pollution
Contro/. 2nd ed. International Textbook Company, Scranton, Pennsylvania. 660 pp.

Clark, LK. and Alter, A J (1956). Water Supply in Arctic Areas Design Features .
Sanitary Engineering Division, Proceedings of the American Society of Civil

Engineers . B2 SAZ2. 11 pp.

Constance, JD (1964 Caiculate Bleed Required to Protect Pipe From Freezing Chemical
Engineering, 7.1, August 3. 1964, 120 - 122

Cooper PF. (1968). Engineering Notes on Two Utilidors: A Report on the Ffablsher Bay
Utilidor System and the Proposed New /nuvik Utilidor, Northern Science
Research Group. Department of Indian Affa;rs and Northern Development, Ottawa.

Ont, 38 pp.

Copp. S.S (1954) Two Water Supply Systems of NQFthWESTEFﬁ Caﬁada Proc. Third
Alaskan Science Conf., Mt McKinley Nationsl Park. 22 - 27 Stember, 1952,
Alaska Division, American Assoc. for the Advancement of Science. College, Ak .

62 ~ 63

Copp. SC. Crawford, CB. and Gralnge JW (1956) Protection of Utihtnes Against |
Permafrost in Northern Canada J. Armerican Warer Works Assoc., 46. 9. 1165 -
1168 :

CRC Handbook of Tables for Applied Engineering Science . 2nd ed..(1973) Ed REBolz
and GL. Tuve, CRC Press inc.. Clevsiand, Ohio. 1167 pp.  °

Daugherty, RL and Franzini JB (1977) Fl/uid Mechanics with Engmeermg
‘Applications, 7th ed. McGraw Hill Book Company, New York, N.Y., 564 pp

Dawson, RN. and Slupsky. JW. (1968) Pipel/ine Research Water and Sewer Lines in
Permafrost Regions. Manuscript Report No NR-68-8, Division of Public“Health
Engineerng, Department of National Heaith and Welfare, Edmonton, Alta, 71 pp

Dawson, RN. and Cronin, K.J (1977) Trends in Canadian Water and Sewer Systarns
Serving Northern Communities. Proc. Symp. on Utilities Delivery in Arctic
Regions. 16 - 18 March, 1976, Edmonton, Atta, Ed. D.W. Smith, Environmental
Protect:on Service Report No. EPS 3-WP=-77-1 Ottawa Ont, 1 - 17

Day. EK (1956) Temperature Observations on Farrbanks, Alaska Sewer System. FProc. of
the Fourth Alaskan Science Conf., 28 Saptember - 3 October. Juneau, Ak. 1953
Alaska Division, American Assoc. for the Advancempent of Science. College. Ak, 1 -
5

Deans. B and Heinke, GW (1972) Water Supply and Waste Disposal fz:r Frobisher Bay,
N.W.T. - A Conceptual Look at Alternate Systemns, Department’of indian Affairs and
Northern Development, Northern Science Research Group. Ottawa Ont. 88 pp



Department of Public Works (1969). Federa/ Government Water Supply System
Whitehorse, Y.T.. Design Branch, Department of Public Works, Ottawa,. Ont. 15 pp.

Dickens, HB. (1959) Water Supply and Sawage Disposal in Permafrast Areas of
Northern Canada The Pol/ar Record 9, 62, 421 = 432. o

Dorsey, NE (1940). Properties of Ordinary Water Substance in all its Phases:
Water-vapour, Water and all the /ces, Reinhold Publishing Corporation. New York,
NY. 673 pp. :

Dorsey, NE. (1948) The Frea;in% of Supercooled Water. Transactions of the American
Philosophical Society, 38, 3. 245 - 325..

Dupont Canada. Inc. (nd) Sc/a/rcore Pre-1insulated Pipiﬁg System, Brochere, Enf.n:nt
Canada Inc . Migsissauga. Ont, 12pp.

EPEC Consulting Western Ltd (1978). H/l/crest Neighbourhood 1 (Clusters A, B, and
Part of C1 Site /nvestigation Test Drilling Results, Edmonton, Alta

Esser. AC (1981a A New US. Station for Antarctica Proc. of the Specialty Conf. on :Thg
Northern Community: A Search for a Quality Environment, Seattle, Washington, B8
- 10 April. 1981, Ed TE Vinson. American Society of Civil Engineers, New York.
NY., 288 - 299 :

Esser. AC. (198 1b). Consulting engineer. Antarctic stations. Pers. comm. -

Fair, GM. Geyer, JC. and Okun, D.A (1966). Water and Wastewates Engineering Vol. 1

Water Supply and Wastewater Removal. John Wiley & Sons. Inc.. New York, NY.

Fiala. | OBrien, ET and Whyman AD. (1981) An Advanced Northern Utility Piping
System Proc. of the Specialty Conf. on The Northern Community: A Search for a
Quality Environment, Seattle. Washington, 8 — 10 April, 1981, Ed TE Vinson.
American Society of Civil Engineers, New York, N.Y.. 425 - 437 :

Fibrelite Products Co. Ltd. (1976) Engineering Guide to Prefabricated Utilidors.
Brochure, Edmonton , Alta. 27 pp. :

Fiow Meter quineériﬁé Handbook, 5th ed.. Ed. CF. Cusick. Honeywell Process Control
Division, Fort Washington, Penn. . 170 pp

L]

Foster, A (1980). Technologist. Engineering Department. City of Whitehorse, Whitehorse,
Y T Pumping Costs Pers comm.

Gamble, D and Lukomskyj, P (1975} Utihdors in the Canadian North Canad/an J. of
Civil Engineering , 2. 2. 162 - 168

Gamble. D J (1977) Unlocking the Utiidor Northern Utihties Design and Cost Analysis
Proc. Symp. on Wtilities Delivery in Arctic Regions. 16 - 18 March, 1976,
Edmonton. Alta Ed DW Smith Enwvironmentai Protection Service Report No



3-WP-77-1. Ottawa, Ont, 99 - 130

Gebhart, B. (1971) Heat Transfer. 2nd ed, McGraw Hill Book Company, New York NY.
596 pp. | o

PP

Giles. S (1956) 4 Proposed Systern of

Utility Piping Installation in Snow, Ice and

Permafrost, US. Naval Civil Engineering and Evaluation Laboratory. Port Hueneme,

Calif. 9 pp

Gilpin. RR. (1977a) A Study of F’Esf:fgazing Mechanisms. Proc. Symp. on Utilities

Delivery in Arctic Regions , 1

18 March. 1876, Edmonton. Alta, Ed DW Smith,

Environmental Protection Service Report No EPS 3-WP-77-1 Ottawa. Ont . 207

=220

Gilpin, RR {1877b) ice Formation in Pipe

s Proc. of the Second /nterpational Symp. on

Cold Regions Engineering 12 - 14 August, 1976, Umiversity of Alaska, Fairbanks,

Ed JL Burdick and P Johnson.

Cold Regions Engineers Professional Assoc.

Department of Cuvil Engineering, Umiversity of Alaska, Fairbanks. 4 - 11

Gilpin. RR. (1979). The Morphology of
Reynoids Numbers Proc. National
American institute of Chemical Eng
NY. 89 - 94 )

Given, PW. and Smith, DW. (1979) RBC

ice Structure n 2 pipe at or near Transition
Heat Transfer Conf., 18th, San Diego. Calif,
ineers Symp Series No 189 (75). New York.

Traatment of Cold Dilute Wastewater, Proc. of

the Conf. on Applied Techniques for Cold Environments, Cold Eég&c;ms Speciaity

Conf. Anchorage. Ak. 17 - 19 May. 1978 American Society of

New York, NLY., 490 - 500

ivil Engineers,

Golder Associstes Consulting Geotechnical Engineers. 4 Fina/ Report to Stan/ey

Associates Engineering Ltd. provi

ding Geotechnical Recommendations for the

Proposed Sewage Lagoon Whitehorse Yukon Territory. Calgary, Alta

Goodrich, LE and Gold, LW. (1981). Ground Thermal Analysis Permafrost Eﬂgiﬂeering

=172

esign and Construction, Ed. GH Johnston, John Wiley & Sons, Toronto, Ont, 14

Grainge, JW. (1958 Water and Sewer Facilities in Permafrost Regions The Municipal
Utilities Magazine 86 10, 29 62 - 67

Grange. JW (1959) Water Supplies in
American Water Works Assoc. | 51,

the Central and Western Canadian North J.
1. 55 - 66

Grainge, JW (1968) So/utions to Northern /nsanitary Conditions. Manuscript Report

No NR-68-6. Division of Public He
and Welfare. Edmonton. Alta. 57 pp

alth Engineering Department of National Health

/



130

Grainge, JW. (19693) Arctic Heated Pipe Water and Wast!w:tar Syﬁm ‘Warer
Research, Pergamon Press, Oxford England, 3, 47 - 71.

drmnge JW. (1969b) Environmental Engineering in Northern Aress of the Western |
Wor/d. Manuscript Report No NR-69-4, Canadian Institute on Polktion Control
Conf., 27 - 29 October. 18969. Montreal. PQ.. 14 pp A

Gmn%:avusc (1969c¢). Study of Environmental Engineering in Greenland and |celand,
ript Report No. NR-69-5. Division of Public Health Engineering. Dmt
of Natoonal Health and Welfare, Edmonton. Alta, 61 pp.

- Grainge. JW.. Schaefer. O. Cameron, J.J. Carefoot E.|. Feilden, REK, Jensen, H. Grieco,
B.. and Blackman, LW. (1977). Environmental Engineering in West Greenland, Ed.
-JW. Shaw, Associstéd Engineering Services Limited, Jack G’WEWWL!ﬂ
Underwood Mclelland Ltd. W.L. Wardrop and Associates Lid. Environment Canada,
Health and Welfare Canada, Edmonton. Alta, 74 pp.

Haddin, Davis & Brown B.C) Limited (1959) Report on Proposed Whitehorse Road
Reconstruction Yukon Territory Canada . Vancouver, BC

Haddin, Davis & Brown (B.C) Limited. (1960l Report on FProposed Waterworks and
Sewerage Extensions City of Whitehorse Yukon Territory July 1960 Vsncouver,
8C

. " ‘.’
Hanson. RG. (1975). Unit Water Use in Alaskan Municipal Water Supplies E£nvironmemal
Standards for Northern Regions A Symp., 13 - 14 June, 1974, Anchorage. Ak.. Ed
D W Smith and T. Tilsworth, institute of Water Resources Report No. IWR No. 62,
University of Alaska. Fairbanks, 321 -~ 329

Harian, RL. and Nixon, JF. (1978) Ground Thermal Regwme. Geotechnical Engineering for
Col/d Regions, Ed O.B. Andersland and DM Anderson. McGraw Hill Book .Company,
NewYork NY. 103 - 163 .

- Hesth Survey Consuitants (Canada) lelted (1976) The City of Whitehorse Water Leakage '
Report August 30 to September 8, 1976, London, Ont. 21 pp. |

Heinke, GW. (1970). Arctic Sanitary Engineering B/b/mgraphy Prefiminary draft,
Northern Science Resesarch Group. Department of indian Affairs and Northern
Development, Ottawa, Ont, 138 pp.

' I
Hoffman CR (1965) Requirememts for Liquid Distribution Systems in Polar Camps,
Techrmical Note N-724, U.S. Naval Civil Engineering Laboratory. Port Hueneme. Caiif .

Bpp

Hoffman, CR (1868} (iquid Distribution Systems - ‘Pre /nsulated and Heat-Traced
Piping for Polar Camps , Technical Note N-946, US. Naval Ciwvil Engineering
Laboratory. Port Hueneme. Calif. 10 pp.

Hoffman, CR (1871) Aboveground Uti/idor Piping Systems for Cold-Weather Regions.
Technical Report No R-734. US Naval Civil Engineering Laboratorysfort Hueneme.
Calif . 59 pp



‘j'f - 1 3 1

Hubbs, GL (1963) Water Supply Problems in Permiafrost Areas. Proc. Permafrost
/mernational Conf.. 11 = 15 November. 1963. Purdue University, Lafayette,
hdctmhhna%;l Academy of Science - National Research Council. Washington, .

- DC. 426 - 42 ' : o

Hull. JA. (1980) Thermodynamic Analysis of the Water Distribution System m Inauvik,
NWT. Proc. Second Symp. on Utilities Delivery in Northern Regions, 19 - 21
March. 1979, Edmonton, Alta, Ed DW. Smith. Envronmental Protection Service
Report No. EPS 3-WP-80-5, Ottawa, Ont. 332-346

Hyﬂ*gégg@légiéal Consuttants (1976). City of Whitehorse 1976 Warm Groundwater
Exploration Program, Edmonton, Ala '

Jahns, HO, Miller. TW., Power, LD. Rickey, WP, Taylor. TP. and Wheeler, JA (1973,
-~ Permatrost Protection for Pipelines. North American Contribution Permafrost
Second /mernational Conf.. 13 - 28 July, 1973 Yakutsk. USSR. National -

Academy of Sciences, Washington, DC. 673 - 684

James, FW. (1977) Report on New Frobisher Bay Utlidor Phase | Proc. Symp. on
Utilities Delivery in Arctic Regions . 16 - 18 March 1976. Edmonton, Alta, Ed
DW. Smith, Environmental Protection Service Report No EPS 3-WP-77-1
Ottawa, Ont, 469 - 487 '

T

James, FW. (1980a. Distribution & Collection Systems in North America Proc.
/mernational Assoc. on Water Pollution Research Post ConfwSeminar - P54

Design of Water and Wastewater Services for Cold Climate Communites
Department of Civil Engineering, University of Alberta, Edmonton. 28 - 29 June.
1980 ' o

James, F.W. (1980b). Critical Evalustion of insulsted Shaliow Buried Pipe Systems in the
Northwest Territories Proc. Second Symp. on Utilities Delivery in Northern
Regions. 19 = 21 March, 1979. Edmonton, Alta, Ed DW. Smith. Environmental
Protection Service Report No. EPS 3-WP-80-5. Ottawa, Ont, 150 — 186

Janson, LE (1963). Water Sn.ppié Systems in Frozen Ground. Proc. Permafrost
/mernational Conf., 11 - 15 November, 1963, Purdue University. Lafayette.
Indianna, National Academy of Sciences - National Research Council, Washington, -
DC.430 - 435 '

Johnson, B.C, Pitzer, RK and Tarbutton, G. (1980) Electric Heat Tracing and Energy
Conservation for Northern installations. Proc. Second Symp. on Utilities De/ivery
in Northern Regions. 19 - 21 March. 1979, Edmonton, Aita. Ed DW Smith.
Environmental Protection Service Report No EPS. 3-WP-80-5. Ottawa, Ont. 288
- 310

Johnson, GV. (1879) Pitorifice Service Loop Calibration Testing Proc. of the Conf. on
Applied Techniques for Cold Environmems, Cold Regions Specialty Conf.
Anchorage. Ak. 17 - 19 May, 1978 American Society of Civil Engineers, New
York, NY, 1053 - 1062 '

Kardymon. VF and Stegantsev. V.P (1976) The Positioning of Heatng Cable for
Protecting Water Supply Lines from Freezing Co//ected Publishings Construction
tn Eastern Siberia and the Far North. Krasnoyarsk. USSR, Vol 21 1972 121 -



4 , : : . : ' ’ 132

129, English transiation ’

Handbaok of Water Utilities, Sewers and Heating Networks Designed for Sett/ements
/n Permafrost Regions (1970) Krasnoyarsk Design and Research Institute for
Heavy Construction. Ministry of Construction for Heavy Industries, Krasnoyarsk,
USSR, 1967. English transiation. Ed W Slipchenko, Northern Science Research
Group. Department of indian Affairs and Northern Development, Ottawa, Ont. 107

PP. :

Kreyszig. E (1979). Advanced Engineering Mathematics . 4th ed. John Wiley & Sons,
~ New York, NY. 939 pp T

: . [}
Letch, AF ,and Heinke, GW. (1970} Comparison of Utilidors in Inuvik, N.W.T.,
Deparfhent of Civit Engineering, University 6f Toronts, Toronto, Ont. 84 pp.

K ) ’ -
Leman. L (1980) Water and Sewer Utilities for Barrow, Alaska Proc. Second Symp. on
Utilities Delivery in Northern Regions. 19 - 21 March, 1979. Edmonton, ARta.
Ed DW_Smith, Environmental Protection Service Report No EPS 3~WP-80-5,
Ottawa. Ont, 484 - 506 . '

Leman, LD. Storbo, AL, Crum, JA and Eddy, GL. (1979) Underground Utilidors in Nome:’
Alaska Proc. of the Conf. on Applied Techniques for Cold Environments. Cold
Regions Speciaity Conf. Anchorage. Ak, 17 -~ 19 May. -1978, American Society of
Civil Engineers, New York, NY. 501 - 512 _

L] .
Lock. GSH and Thierman. V.D. (1974) Buried Water Lines: Experiences in a Freezing
Cimate A/AA Paper No. 74-742. AIAA/ASME Thermophysics and Heat Transfer
Conf.. July, 1974, Boston. Mass.. 8 pp

Lotz, JR (1961)._A Genera/ /ntroduction to Whitehorse, Yukon Territory. Area and
Community Planring Section, Industrial Division, Department of Northern Affairs and
National Resources, Ottawa, Ont. 27 pp. : ) :

Lukomskyj. P_and Gamble. D.J (1973) Pre/iminary Report on “U-Dor” Rigid Utility
Piping Conduit Design. Technical brochure, Edmonton, ‘Alta. 17 pp.

Main, Rensas & Minsos. (1853). Addendum to Preliminary Utility Report as dated June
4, 1957 for City of Whitehorse, Y.T. , Edmonton, Alta, 11 pp.

Mar-Tech M.nicipal Pipe Services Ltd (1878) Sewer Systen /nfiltration/!nflow Study
for Riverdale Subdivision Whitehorse Yukon. Richmond, BC

Martin. B (1979) The Water Wastage Probiem in Alaska Proc. of the Conf. on Applied
Techniques for Cold Environmems . Cold Regions Specialty Conf ., Anchorage. Ak,
17 - 19-May. 1878. American Society of Civil Engineers. New York. NY. 1085 -
1082 -

Mathur SP. (1964) Farbanks Water and Sewerage Systems Progress A/aska's Health
and Welfare. 21. 2 - 3




133

McConnell, ME (1958). Engineering for the DEW Line Wate‘ and Waste Systems
Western Elettncal E'ngu‘ger 11 3 35 -37

McFadden. T. (1977a). Freeze Damage Prevention in Utility Distribution Lines Prac. Sym&
on Utilities Delivery in Arctic Regions, 16 - 18 March, 1976, Edmonton. Alta.
Ed DW. Smith. Environmental Protection Service Report No EPS 3-WP-77-1,
Ottawa, Ont, 221 - 231

McFadden. T. (1977h). Freaze Drna?e Prataction for Utility Lmes. Proc. of the Second
int. Symp. on Cold Regions Engineering. 12 - 14 August. 1976, Uruversity of
Alaska Farrbarks, Ed B Jobnson Cold Regloﬂs Engmneers Professional Assoc.,
Department of Civil Engxnnenng University of Ahsk! Faufbﬂﬁks 12 - 16

Nhrpl‘ RS. and Hartman, C.W. {1969). A Water stz‘nautrm Systern for Co/id Regions.
The Single Main Recirculation Method An Histan;:af Review, Field Evaluation
and Suggested Design Procesdures, R rt No. IWR=8. Institute of Water
Resowrces, University of Alaska, Fairbanks, 72 PP

TH Newton Engineering Ltd (1954} Repcfi Whitehorse Water Supply. Edrﬁc’mt@n,
Alta 103 pp ’

Nixon. JF. and McRoberts, EC (1973). A Study of Some Factors Affecting the Thawing
of Frozen Soils. Canadian Geotechnical J., 10, 3. 438 - 452 )

OBrien. ET and Whyman, A (1977). Insulated and Heat Traced Polyethylene Plprﬁg

] Systems: A Unique Approach for Remote Cold Regions Proc. Symp. on Utilities
Delivery in Arctic Regions, 16 - 18 March, 1876, Edmonton, Alta, Ed DW Smith,
Environmental Protection Service Report No. EPS 3-WP-77-1, Ottawa, Ont. 309
- 339

Ptgg WB (19542 Design ef Water Distribution Systems for Arctic Regions. Proc.
Third Alaskan Science Conf. Mt McKinley National Park, 22 - 27 September,
1952?&!:5“ Division, American Asscc for the Advancement of Science, Ccllagg
Ak, 5 €1

Page. WB (1954b) Dasign of Water Distribution Systems for Service in Arctic Regions
Water & Sewage Works, 101, 8. 333 - 337

P;ge WB. (1955) Arctic Sewer and Soil Temperatures Water & Sewage Works, 102, 7
304 - 308

Page, WB (1956) Heat Losses from Underground Pipe Lines Proc. Fourth Alaska
Science Conf., Juneau, Ak, 28 Saptember -~ 3 October. 1953, Alaska Division.

American Assoc for the Advancement of Science. Coliege, Ak, 41 - 46
i LY

Phukan. A and Andersland.” OB (1878) Foundations for Cold Regions Geotechnical
Eﬁgiﬂéérlng for Col/d Regions. Ed OB Andersland and DM Anderson McGraw Hill
Book Company, New York, NY, 276 - 362 - <

Prentice. JR and Srouj, GA (198B0) Waterworks Systems Yellowknife. Northwest
Territories Proc. Second Symp on Ulilities Delivery in Northern Regrons 19 - -



134

21 March. 1979. Edmonton, Alta, Ed D.W. Smith, Ezw'irmtﬂ Protection Service
Report No EPS 3-WP-80-5, Ottawa, Ont. 409 - 425, :

Puchtier, B. Reid. B and Christianson. C. (1976). Water-Related Utilities for Small.
Communities in Rural Alaska . EPA-600/3-76-104, US. Environmental Protection
Agency, Corvallis. Ore.. 71 pp .

Quaraishi. AA (1979) Effect of Low Temperature on Flow Through Pipes Proc. of the
Conf. on Applied Techniques for Cold Environments, Cold Eggét:ﬁs Speciaity
Conf.. Anchorage, Ak, 17 - 19 May. '1978. American Society of Civil Engineers,
New York, NY., 1093 - 1100 ’

Raniga, S (1980). Greywater Characterization & Treatmemt for Isolated ‘Northern

Communities, MSc. thesid, Environmental Science, University of Alberta, Edmonton,

233 pp.

Reed, S.C. (1977). Field Performance of a Subarctic Utilidor. Proc. Symp. on Utilities
Delivery in Arctic Regions . 16 - 18 March, 1976, Edmonton, Alta, Ed DW.*
Smith, Environmental Protection Service Report No. EPS 3-WP-77-1, Ottawa
Ont. 448 - 468

Reid. BH (1974) lnta?rated Utilities for Remote Communities. Proc. /mernational Symp.
on Wastewater Treatment in Col/d Climates. 22 - 24 August, 1973, University of .
Saskatchewan, Saskatoon, Ed E Davis, Environmental Protection Service Report No.-
EPS 3-WP-74-3, Ottawa Ont, 549 - 569 :

Reid, BH (1977) Some Technical Aspects of the Alaskan Village Demonstration Projects.

: Proc. Symp. on Utifities Delivery in Arctic Regions. 16 - 18 March, 1976,
Egmonton, Alta, Ed: DW. Smith, Environmental Protection Service Report No.
3-WP-77-1, Ottawa, Ont. 391 - 439 ' :

'Reid, Crowther & Partners Limited (1970) General/ Developmem Plan Whitehorse
Metropolitan Area 1970, Winnipeg. Man., 55 pp .

Reid. Crowther & Partners Limited. (1978). Lake Louise Visitor Center Utilities Planning
Progress Report, Caigary, Alta, 3 - 4. '

=

Rice, EB (1970). Pipe failure causes Pers. comm. In. McFadden, T (1977b)Freeze
Damage Protection for Utility Lines Proc. of the Second Int. Symp. on Cold
Regions Engineering ., 12 - 14 August, 1976, University of Alaska, Farbanks. Ed
B Johnson, Cold Regions Engineers Professional Assoc. Department of Civil
Engineering, University of Alaska Farbanks 12 - 16

Rice. EB (1979) Support Systems Panel Discussion. Moderator S Clark. Proc. of the
Conf. on Applied Techniques for Cold Environments, Cold Regions Specialty
Conf. Anchorage. Ak, 17 - 19 May 1978 American Society of Civil Engineers,
New York, NY, 779 - 782

R.dduci TM Lindsay, NL and Tomass: A (19501 J. American Water Works Assoc., 42
11. 1035 - 1048 '



135

Rosendahi, GP. (1980a). Alternative Strategies Used in Greenland. Proc. /mternstional

~ Assoc. on Water Pol/ution Research Post Conf. €eminar - PS4 Design of Water and

Wastewater Services for Cold Climate Communities. Department of Civil
Engineering. University of Alberta, Edmonton, 28 - 19 June, 1980 '

Rosendahl, G (1980b) Programming, Design and Construction Of Utilities in Greenland.
Proc. Second Symp. on Utilities Delivery in Northern Regions. 19 - 21 March.
1879, Edmonton, Alta. Ed DW Smith, Environmental Protection Service Report No.
EPS 3-WP-80-5, Ottawa, Ont. 19 - 43

Rosendahl. GP. (1981) The Technical Development Work in Greenland - An Overview.
Proc. of the Specialty Conf. on The Northern Community: A Search for a Quality
Environment. Seattle. Washington, 8 ~ 10 April. 1981, Ed TE Vinson, American

. Socety of Cwvil Engineers. New York, NY® 38-53 ' o

- ‘Ryan, WL (1973) Design and Construction of Practical Sanitation Facilities for small
Alaskan Communities. Proc. North American Contribution Permafrost Second
/mernational Conf., 13 - 28 July. 1978, Yakitsk, US.SR. National Academy of
Sciences, Washington. D.C, 721 - 730 . :

Ryan. W.L (1977) Panel Discussion ~ Design Guidelines for Piping Systems. Proc. Symp.
on Utilities Delivery in Arctic Regions, 16 - 18 March, 1976 Edmonton, Alta,
Ed DW. Smith, Environmentai Protection Service Report No EPS 3-wP-77-1,
Ottawa. Ont, 243 - 255 '

Sack, D. (nd) A Brief History of Whitehorse Capitol of the Yukon, Brochure

*Sargent, C. (1963) Water Supply Systems in Permafrost Areas. Proc. Permafrost
/mernationsl Conf. 11 - 15 November. 1963, Purdue University. Lafayette,
Indianna, National Academy of Sciences - National Research Council’ Washington,
DC. 440 - 442 ¢ "~

Sargent. JW. (1977) Panel Discussion - Design Guidelines for Piping Systems. Proc.

’ Symp. on Utilities Delivery in Arctic Regions, 16 - 18 March. 1976, Edmonton.
Alta, Ed DW Smith, Environmental Protection . Service Report No EPS
3-WP-77-1, Ottawa Ont, 240 - 242

’ Sargent, JW. and Scribner JW. (1977) Village Sate Water Projects in Alaska - Case
Studies. Proc. Symp. on Utilities Delivery in Arctic Regions, 16 = 18 March,

1976, Edmonton, Alta, Ed D W. Smith, Environmental Protection Service Report No
EPS 3-WP-77-1, Ottawa, Ont, 439 - 447

Sargent. JW (1980) Operation, Maintenance .and Management Assistance for Rural

~ Sanitation Facilites Proc. Second Symp. on Utilities Delivery in Northern

Regions. 19 - 21 March, 1979 Edmonton. Alta. Ed DW Smith, Environmental
Protection Service Report No EPS 3-WP-80-5, Ottawa, Ont 248 - 259

Shilington. E.., Keifer. WH and Nutall N.J (1981) Dawson City Water and Sewerage
rogram - An Overview Proc. of the Specialty Conf. on The Northern Community -
A Search for a Quality Environment Seattle. Washington. 8 - 10 April 1981 Ed

TE Vinson, American Society of Civil Engineers. New York NY. 288 - 299



136
g

Shillington, E.I (198 1). Engineering consultant Dawson City water system. Pers. comm

Smith. DW., Reed. S. Cameron, JJ. Heinke. GW., James. F. Raid, B, Ryan, W.L and
Scribnar, JW. (1979). Cold Climates Utilities Delivery Manual. Environmental
Protection Service Report No 3-WP-79-2, Environment Canada, Ottawa, Ont

Smith. DW. and Given. PW. {1879) Ozonation of Dilute, Low-Temperature Wastawater.
Proc. of the Conf. on Applied Techniques for Cold Environments, Cold Regions
Specialty Conf., Anchorage. Ak, 17 - 19 May, 1978, Améﬂcan S:n:nety of Cvil
Engineers, New York, NY. 548 - 559 ;

smith. DW. and Giveﬁ, PW. (1980). Dilute Wastewater. Proc. /nterhational Assoc. on
Water Pollution Research Post Conf. Seminar - PS4 Design of Water and
Wastewster Services for Cold Climste Communities, Depsrtmem of Civil
Engineering, University of Alberta, Edmonton, 28 - 29 June, 1980

Stanley- Associates Engineering Ltd '(1974) F/nal Report on Community Services
!mprovements Program Yukon Territory, Edmonton, Alta.

Stanley Associates Engmneering Ltd (1977). Dawson City , Yukon Utilities Pre-Design
Repgrt Edmonton, Alta

Stanley Associates Engmneering Ltd (1978). City of Whitehorse 1978 Groundwater
Exploration Program Hillgrest - Selkirk Areas. Edmonton, Alta

Staniey Associates Eﬁgneerrng Ltd (1879). City of Whitehorse 1979 Groundwater
Exploration ngfim Se/kirk Area Pre/iminary Draft, Edmonton, Alta

. Stanley, DR (1965). Water and Sewerage Problems in Discontinuous Permafrost Regions.
" Proc. of the Canadian Regional Permafrost Conf., 1, 2 Dacember, 1964, Technical
Memarandum Na 86 Ea R.J E Brawn _Associate Cammrﬁga on Soil and Snow

Stephensgn DG (1977). Preventing Exposed Water Pipes from Freezing Bui/ding
Research Note No. 120, National Raesearch Council of Canada, Ottawa, Ont, 7 pp.

\

Stewart, J (1981) Engineering condBitant Hydrotherm. Associated Engineering Sarvn:es
Limited. Edmonton, Alta. Pers. comm. !

THDH‘I%S LC. (19B0) Fundamentals of Heat Transfer, FFEﬁtIEEEH?“; Inc. Englewood
{ Cliffs, N.J, 702 pp

Tharntgn DG (1976) Steady Stata and quasu Etatu: therrnal results for bare and

Thornton. D.G (1977) Calculation of Heat Loss from Pipes Proc. Symp. on' Utilities
Delivery in Arctic Regions 16 - 18 March, Edmonton, Alta, Ed DW Smith,
Environmental Protection Service Report No. EPS 3-WP-77-1, Ottawa Ont, 131
- 150 :



137
P

Tracey. RW. (1980). The Application of Skin. Effect Current Tracing for Freeze
Protection of Water Systems Proc. Second Symp. on Utilities Delivery in
Northern Regions. 19 - 21 March, 1979, Edmonton. Alta. Ed DW Smith,
gﬁ\grgﬁmm Protection Service Report No. EPS 3-WP-80-5,0ttawa, Ont, 263 -
287

Underwood McLennan (1977) Ltd (1978a) Report om Subsurface Soil Conditions’
Proposed Sewer and Water E xtension Whitehorse Yukon, Edmonton, Alta

Underwood McLellan (1977) Ltd. (1978b). Report on Subsoil Conditions and Service
Bedding Recommendations for Proposed Takhini Sewer Outfal/, Edm@nton, Alta

Underwood Mclellan (1977) Ltd (1978c) Government of the Yukon Territory Department

of MHighways and Public Works Engimeering Pre-Design Report HMillcrest

Expansion City of Whitehorse Vol. 1 of 2, Edmonton, Alta

Vennard. JK. and Street, RL. (1975). E/ementary Fluid Mechanics, Sth ed. Jobn Wilsy &
Sons. Inc., New York, NY., 740 pp.

Wallace. JR and Westfall, HC. (1954) How a Water Supply was Designed for a

Permafrost Area Pub/Tc Works Magazine, BS. 1. 64 — 66, 133 - 134.

Waestburne Wholesale Distributers. (1981) Plumbing supply wholesaler Pressure tanks.
Edmonton, Alta Pers. comm. ‘

Westfall HC. (1956) Research and Design of a Single Main Recirculating System. Proc. -
Fourth Alaska Science Cont., Juneau, Ak, 28 September ~ 3 October, 1953, Alaska
Division, American Assqc. for the Advancement of Science, Coliege. Ak..48 - 52

Whitehorse Chamber of Commerce/City of Whitehorse (nd) Whitehorse Yukon City of
the Future with A Golden Past, Tourist brochure.

Whyman, AD. (1979) Shal//ow-Buried Pre-/nsulated Piping A Proven Utilities System,
Technical brochure, Dupont Canada. Inc.. Mississauga. Ont, 42 pp

Whyman, AD. (1980) Pre-insulated High Density Polyethylene Piping - The Evolution of a
Northern Achievement Proc. Second Symp. on Utilities Delivery in Northern
Regions, 19 - 21 March, 1979, Edmonton. Alta. Ed D W.Smith, Environmentai
Protection Service Report No. EPS 3-WP-80-5, Ottawa, Ont, 187 - 220

Wright. KR and Fricke OW (1963) Municipal Water System Freezing Problems in High
; Elevation Colorado Mountain Communities. Proc. Permaftrost /nternational/ Conf. 11
- 15 November. 1963. Purdue University, Lafayette. indianna, National Academy of
Science - National Research Council, Washington, DC.. 447 - 450

Yates. AB (1960) Report on Operating Costs of City of Whitehorse Water and Sewer
System, Engineering Division, Northern Administration Branch, Department of
Northern Aftairs and Naturai Resources Ottawa Ont. 9 pp

Yates, AB and Staniey DR (1963) Domestic Water Supply and Sewage Disposal in the



&
% 0]

Canadian North Proc. Permafrost [ mernational Conf., 11 = 15 November, 1963,
Purdue University. Lafayefte, Indianna, National Academy of Science - National
Research Council. Washington, D.C., 413 - 418.

Yee, A and Smith, DW. (198 1) Evaluation of Alternative Bleeder Controls. Proc. of the
Specialty Conf. on the Northern Community: A Search for a Quality Environment,
Saattie, Washington, 8 - 10 April, 1981, Ed TE. Vinson, American Society of Civil
Engineers, New York, NY, 555 - 568. :

Yukon Electrical Company Limited. (1979). Metropolitan Whitehorse electrical rate
schedule. Whitehorse, Y.T. Pers. comm.

Zarling, JP. (1979). Growth Rates of Ice. Proc. of the Conf. on Applied Techniques for
Cold Environments, Cold Regions Specialty Conf, Anchorage, Ak, 17 - 19 May,
1978. American Society of Civil Engineers, New York, NY., 100 - 111



APPENDIX 1

STEADY STATE HEAT TRANSFER EQUATIONS

APPLICABLE FOR FLUID FLOW [N PIPES

139



140
Appendix 1 ’ o
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Heat Conduction
The general equation for heat conduction is ) S i
. La LS S ,
AP AR (1.1)
at al i .
where T = temperature
t= time
a = thermal df ffusivity
= k/C, k = thermal conductivity
c = volumetric heat capacity. .
Under steady state conditions, % = 0 and the equation veduces to :
a times the Laplacian of T ’ . L
% AT : . (1.2)
In cylindrical coordinates (see Figure 1A)
ri(l *y)li v . o - . . .
Q'!FEHHL ' S o '
‘x = r cosd
y = r siné
I

and T = f(r,8,2) where r = f(x,y)
8= f(!i)'j



. FIGURE 1A
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by the chain rule,

and

ar _ 3 (xz*y2)5
- X ax L J
x
(x+y?)s
= ,i
B r
oo, (ar
. ZI i r‘-x(tﬁ
--777 §=T§
Ix r
L4 = ; ,'gz
.o



s dbe ay(-Z) ir e e e
- 22y .
A4

by substituting all of the above and assuming continuity of
first and second partial derivatives such that

3 (a1 . 3 faT
3‘5(3?) -E'F(?F)i

G- 2@ [ soHEE s )

e
>
L4
——
o

————

L]

—
ol

substituting into the Laplacian and reducing:

2 2T 2, 2
a [I ;g)*l 4Ty, a1,
@ R R e



In considering only 1 dimensional heat conduction (rad1a1) from a
cylindrical region (see Figure 1B),

21 L,
‘/2
a T .
= V, = 0
? .
and equation 1.3 reduces to ' LN
- 9 —
|3 T 1 3T ] . (4
Qa §§F’_ + F ar] = O (l-‘)
}E ,
':Lar_*rar]" P (1.5)
2+
solving %Fé + -% %;— = 0,
let p %%
* dp B .
A 0
——er(dp) + p(dr) =0
and d(p-r) = 0 by the chain rule
Jf;(p r) = ﬂ/g
daT .
- dr

l

A dnr+ A, - (1.6)
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s



In the case of a hollow cylinder like a pipe (see Figure 1c),

"@ r T=T,

and equition 1.6 becomes, .

T.1 = Al'lnr1+A2

T, = : L
T, ~A11nr2+A2
solving, '
A alz__.—-—rl
1 rs .
1n<r—-)
1
T, -7
A, = T - 2Ll mr
r

2 1 ' 1
@
' 177

and o e the distribution of heat,T(r),in the fégi‘en;
r1< r'(r2 becomes

T, - T T, - T.
T o= 2 _ _llwmer + 1, - 2_ fl Inr,-
. r 1 r 1
2 , 2
In -r— In F‘%
1 . - 1

By Fourier's Law of Conduction, the rate of heat a, trans ferred .
in a d'lrtection x through a finite area A is ' N
= - aT |
. ‘qx k Ax Ix
or, in cylindrical c®rdinates, .

aT

q = -kA
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FIGURE 1C

HOLLOW CYLINDER
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For a hollow cylinder of surface area 2mr, therefore,

[ry (:’2 | [Tz in (":_1)]

asfht(rz'rnr‘)Qa;f= EEE—

which eventually reduces to ' :

2nk | (T) - Tp) o | ~ o
@ - —[r - ST

. L2 _— 3 ’:,-(-1.5)

where )

sl
I =
|
[ 1[["‘-.!1

(1.9)

p.
]

In general, R may be defined as a thermal 7res*istan;e and is equal to the
difference in temperature between two surfaces divided by the rate of
heat flow between them. s .o o .

Equation 1.8 can therefore be taken as the radial conductive heat flow rate
for a bare or insulated pipe in air. In the former case,

~inside pipe radius

-
]

LT outside pipe radius
&
T, = intzriar pipe temperature

1

T2 = ambient temperature

For an insulated pipe where all thermal resistances other than the
insulation are ignored,

r, = outside radius of pipe insulation

inside radius of pipe insulation

-
[}

—
L]

temperature inside the pipe

-
']

2 ambient temperature
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Equation 1.8 can be rewritten as

q = k (5.F.) AT ‘ - (1.10)

where S.F. can be defined as a Shape Factor equal to the inverse of
‘the thermal resistance divided by the thermal conductivity, i.e.,

4

TheAshape factor is thus independent of -the material involved and is-
solely dependent on the geometric propemties of the body through which
heat is being conducted. . :

For a hollow cylinder,
2n

"
e
_ 1

and for a cylinder near an infinite plane (see Figuré 1),

S.F.

S.F. = 2m
n [ 2oy 3-1 |
r .
- 2n
. —
arc cosh (;)

and the rate of heat flow is .
T, - Tz

q = L S (1.11)
ra:ccosh(FP-)/ Z'rrk] .

This can therefore be taken as the equation for the radial conductive
heat flow for a bare pipe buried H distance below the ground in a
one phase soil, where

T1 = jnterior pipe temperature

Izl = ground surface temperature

Where the dgpth of burial is greater than one pipe diameter, the ground
surface temperature mdy be replaced by the undisturbed soil temperature
at the depth of bury. :

A1l thermal resistances other than the soil are ignored in Equation 1.11.
For insulated pipes, a net thermal resistance is obtained through the
addition of Equation 1.9.
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FIGURE 1D

_--_,-,_-.,,jL .

CYLINDER NEAR A PLANE



INTERIOR PIPE TEMPERATURES

In general, the convective heat f
A is given by

A

"

For a pipe flowin

therefore,

hdA (T -7

aT
m

g full, at any given. pipe section dA (see Figure 1E)

low q from an object of surface area

(1.12)

a convection conductive/convective coefficient
temperature difference in terms of average values

Al

the average temperature of the fluid at dA
exterior pipe temperature

The'hent transfer rate is also equal to the time rate of change of
the fluid energy content when passing over dA -

i.e.,

where

e oh dA (T -T

— f
0
——

dq

m
Cp
dT

o

[=%

>

3

= g
o

©

>

3

>
p-g

O
h=)

3
o

m Cp dT

fluid mass flow rate
specific heat of the fluid R ,
change in average fluid temperature across dA

d (T -

A)

TA)

= mCpd (T -'TA)

d(T—TA)
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Since the total heat transfer rate q across A is also equal to
the rate of fluid energy loss,

h A ATm'ﬁ mCp (T, - T

1 2)

[ h A N i
-— [ﬁm Cp] at, 1 -T2

It therefore follows that

I
—_

T

-T
" 1 2 L 1.14
éTﬂ'I . : : {1.13)

and q

In electrical analog terms, h can be thought of as - : -

. 1
h = mw
thermal resistance
an area dimension

where R
' W

For a pipe of length L therefore, equation 1.14 can be mﬁritten’a,s '

A AT
_m

RW | S .
L at_ : o o
R ' 5
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In a pipe, the heat loss rate q can also be related to the fluid flow
rate and the temperature drop between inlet and outlet (see Figure 1F)

TSV C(TT (1.16)

,)

L
1]

interior pipe radius

where

fluid velocity
volumetric heat capacity of the fluid

»
[}

:Equatﬁﬁgééquatiﬁhs 1.15 and 1.16,

12' 7_77=
., vCe (T1 TE)

T,-T
[ e
27 A mr, v o
from which
L
(o
T, o= Tat (1T e YR (1.17)
)
T, = Ty o+ (T=Ty) e ™ YR/ (1.18)
Further, if we set
= 2urn ‘
D = TTH VCR|
then
. -L |
' (g
q = g [(Tl-TA) (1-e E)] | (1.19)

For uninsulated buried pipes, the thermal resistance R will be that of -
the soil plus the pipe material. Where the latter is insignificant,
the soil resistance alone may be used.

¢ _
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FREEZE PROTECTIVE FLOWS

From equation 1.16, , -
- q = wr, VC(Tl—TE) | |
= mCp (T,-T,) o (ng)i:

" where m=1rrH2VP - R \

P = spécifir; weight of the fluid

- Equating equations 1,15 and 1.20 - S
: L aT o |
mCp (T,-T,) = —
From which
m = ‘:Tl'liq R ' (1.21)
In{+——)R Cp S ~
(’2'A) | ,

For a buried service line of length L, the fluid mass flow rate necessary
to keep the interior temperatures from dropping to 09C (see Figure 1 G)
at the fluid exiting énd of_the pipe becomes

3

L]
I
>~

, (1.22)

T L (T
=| arc cuh(?E) Cp

where T = 320F (0°C|
T < T,

As before, T. may be replaced by the undisturbed soil temperature

at the pipe axis. Jquation 1.22 will overestimate m since steady

state T tenperatujés are assumed; the exiting end of the service
\r«ry&,wm, in al11"11k1ihood, be within the thaw bulb of the building.
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STAGNANT FREEZE-UP TIMES

Ignoring latent head effects, the rate of heat loss in a stagnant
pipe multiplied by the time taken for the fluid temperature to drop
to the freezing point will equal the total fluid heat content (see
Figure 1H)

i.e.,
aty - wrw? L C(T,-T,) (1.23)
where tD = time takeq for the fluid to drop to
the freezing point
Ti = initial fluid temperature

T, = exterior pipe wall temperature for pipes in air
or undistyrbed soil temperature for buried pipes

As the interior pipe temperature drops, the tore temperature T1
drops towards To. Using equation 1.15, ,

L(T,-T,) . N 2
177 ty = S L (1T
n | rr| ®
o A
from which
~ T.-T
o2 17Ta |
tp = ™, RCIn [T;TT;] (1.24) .

For pipes in air, R will be the resistance of the pipe material. for
buried pipes, the thermal resistance of the soil will be included in a
composite R term. Where the buried pipe is unigsulated, the thermal
resistance of the pipe material can usually ighqred. ‘
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SAMPLE CALCULATIONS

1. Freeze preventive flows. Ass_ the following:
a. an minsulaudi 1.d. service line (5/8" 0.d.), 100 ft. long
buried 6 ft. below the ground surflce in froun. saturated sand
r_ = 0.0208 ft.
= 0.0260 ft.
. 6 ft.
= 2.4 BTU/ft.h. ¢

uuot

b. TG = mgpan ground surface temperature
» -20%C (-4%)

T, = mean undisturbed soi] temperatyre at burial depth
= -1% (30.2%F)

T. = water temperature at the service to main connection
e 3°C (37.4%)

C =62.42 8TU/fe.3 OF

Cp = 1.0 BTU/1E

e ZWLk

o o . = T -T -
oY R0 PR R
L,

2 n (100) (2.4)

w 8] o (o) V(o)

: .—\_\\ & 177.3 1o/hr

\: 0.30 igpom
N

2. Freeze-up time for the same conditions.

. T,-T
0 - tr'z RCIn [‘I’L-TA']
o A

v (0.0208)2 |~ [(5'823'2):7/2(2';%?5)2 1 | (62.42)

= -0.048 hrs,

29 min.

37.4-30. ]

2.0-30.2
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3. Freeze-up time. Assume the following: -

a.

3 ft. of " i.d. copper pipe (5/8" 0.d.) insulated with

a 3/8" thick layer of pipe insulation and placed inside :

a cold roon.

| |

]
L < T}

K

Cold room temperature T, -25%¢  (-13°F)

»
~
»
el
1]

tb =

i T.-T.
2 oc 1n | 1127A
Ty RCn [%”T‘]

0.0208 ft.
0.0260 ft.
0.0573 ft.

0.021 BTU/h-ft. OF

F

"1
()
I
ZﬁkI
1y 0.0573

2n (Q.Dgl)i
6.00 hft °F/BTU

L'o” A

n(0.0208)2 (6.00) (62.42) 1n [37:4

0.057 hr

= 3.5Amin.
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Fariﬁsahtﬂd pipes in air, from equations 1.8 and 1.9, the radial rates

of heat loss at a cross section will vary as l:l/m(',—z while for

buried bare pipes, from equation 1.11, these rates will vary as

1/:r; cosh ;FE . An indication of the predicted increases in heat

[y

Toss with increases in pipe size is given in Tables 1A and 1B.

(inches) (inches) . (pipe + insylation) 1n

TABLE 1A
RELATIVE HEAT LOSS RATES - INSULATED PIPE IN AIR
Pipe ID Pipe 0D Radius _ 1 Ratio of Ratio of

'(rz) Heat Loss Outside Radii

(inches) 1
2 5/8 11/16 1.26 1.00 1.00
3/4 7/8 13/16 1.62 1.27 1.18
1-1/8 15/16 1.96 1.54 1.3

Assumptions: 1. 3/8 " thick pipe insulation
2. copper pipe
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THE_ORIFICE EQUATION
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 Appendix 2
References: 1. Handbook for Monitoring Industrial Wastes (1973)
2. Vennard, J.K. and Street, R.L. (1975)
3. Flow Meter Engineering Handbook (1977) v

The liquid flow in a straight section of undisturbed pipe can be obstructed by
the placement of a plate with a limited orifice. The resulting discharge can be
determined by using the following form of the orifice. equation:

' b
@ = CA (2.1)
where Q = dischargerin cfs
C = dimensionless orifice coeffigient L.
A = orifice area in ft2 . )
g = acceleration of gravity

= 32.2 ft/sec2

H = pressure differential between both sides
of the orifice in ft '

d, = orifice diameter in ft

- d1 = inside pipe diameter in ft~

The quantity af the pipe discharge can be controlled by controlling the
differential pressure, the orifice size, or the pipe size. The size of the -
orifice coefficient is dependent upon the geometry of the orifice., For a
freely discharging pipe, H simply becomes the line pressure upstream of the
orifice. : -

For a desired free discharge rate through a given pipe, trial values of d2 and
H must be assumed. The resultant discharges for various orifice sizes

and line pressures are given in Table 2A. In calculating this table, the
following have been assumed: ’ . -

l. a5/8" o.d. pipe with i.d. of 1/2" (0.0417 ft)
2. a sharp edged orifice giving a C value of 0.61
3. water at 40°F with a mass density of 62.42 1b/ft3



&
\ 2

(IGPM)

RATES OF FREE DISCHARGE

d

60

[y ]

0.125
(1.8

Nt

0.094
(3/32)

0.063
(1/16) -
0.047
(3/64)

0.031
(1/32)

0.09

1.60

- 0.90

0.22

0.10

1.68

0.94

0.42

0.99

0.44

(o]
—
—

1.84

1.03

0.46

0.26

0.11

For a sharp éégeé orifice plate set in a 1/2" i.d. pipe with a line pressuré
of 40 psi, an orifice size of 0.060" will result in a free discharge of

0.35 igpm

1/2

(60) (6.242)
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APPENDIX 3

BLEEDER SURVEY RESULTS
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WATER BLEEDER MONITORING
DATA SHEET

TEST HO. 1 7
DATE ?_2 Hgyf 79
Tr4e of pay 0905 hourrﬁ;j

:oprec:. 2030 Quartz Road o
City Works Department Warehouse

i _City of Whitehorse

_JCATIO OF BLEEDER: ~ above sink _

inside city warehouse

:.cz0es vee household gate valve

sescrietion. _1/8" i.d. bleeder from

1/2" i.d. service line draining

to sink o ,

a. main pressure approximately
A 7 8 9¢ : 78 psi (estimated)
6. TEMPERATURE:  WATER: 5Tt b. bleeder already on at time
ROOM AIR: 22 - of inspection
OUTSIDE AIR: g °c c. copper service line exposed
: for 3 ft beneath trailer
7. FLOW DATA: '
. I W

VOLUME - TIME FLOW RATZ, . "

I

| ]
o
L9y
-
=
=

a. 1.0 1 - 52 sec M = 0.25 igpm

n
L |
L
m
oy
p—
ol
N
-~
T
b
|
[ ]
Moy
o
—ta
3‘

b 101"
¢c. 1.0 1 52 sec 1.15 L/M =

-
"
|=]
™
un
3

-

|
It

15 L/M
€SS IONDUCTEZ 5v Bryan Armstrong/Allan Yee s - 0.0



WATER BLEEDER MONITORING
DATA SuEET

TES™ 40.

DATE
TIME OJF DAY

169

2
22 Nov 79
_1000 hours

~00ReCs:  Rosewood Crescent

_City of Whitehorse

Z TWhES

JOCATISH OF BLefzee:  manhole

control valves with

4. BLEZZER TYpPE:

vacuum breaker

%" reduced bleeders

o a. bleeder set in winter @ 5 igpm
46 C by watch and bucket. Valve
turned on full for flow test.
estimated pressure = 65 psig

WATER:
ROOM AiR: =
OUTSIDE AlR:

6. TEMPERAT .OF

7. FLOW DATA: ' -
VOLUME TIME FLJw RE™E

11 o 4 sec 1.!

11 ’ 4 sec 1.5

) 7. 3.30 igpm
Tes”s conouetes 5o Bryan Armstrong/Allan Yee . 4
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g
ATER BLEEDER MOHITORING
DATA SHEET
>
TEST H0. 3 o
DATE 22 Nov 79
TiMe oF DAy 1045
accaiz: 2246 2nd Avenue

City Works Dept. Traﬂer
~City of Whitehorse

jcxmion 3 sogeogr. on k%' heat -
traced service line in washroom

hDuSEhEﬂ d gate val ve

L ’hne mth 1/8" 1ntema1

a. copper service line exposed

TEMPERAT JRE : WATER: 149 ° for 3 ft underneath trailer
ROOM A[R: § 5 BC ) )
QUTSIOE AIR: appmx 1.0 9C b. bleeder already on at time
of inspection
FLOW DATA:
VOLUME TIME 7 FLOW RATE, . 7
a. 0.5 1 1.3 min 0.31 L/M = 0.07 igpm
b. 0.25 1 0.46 min 0.33 L/M =0.07 igpm
¢. 0.25 1 0.46 min 0.33 L/M = 0.07 igpm
) :. 0.32 L/M

TESTS [ONDUCTEZ B¢

Bryan Armstrong/Allan Yee .. g 01 L/M
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WATER BLEEDER MONITORING
DATA SHEET

TEST . 4
027 22 Nagv 79
-rag 2f oae 1119

=l Bell Crescent .

- City of Whitehorse

_CATION OF 8_£ZeR: manhole

2 rT3E% TPt control valve with

—_— vacuum-breaker —
LRI K" bleeders from

2 mains draining to sewer main

in manhole

_ , .r )
6. TEMPERATURE:  WATER: ;4/5__C a. bleeders set at 1-2 igpm in
ROOM AiR: ﬁ"—g_cc the winter. Valve turned on
QUTSIDE AIR: . full for flow test. :
7. FLOW DATA:
vOLUME * TIME FLO\.‘I RATE, _
) . j )
a. 1.0 2 sec 30 L/M = 6.60 igpm
b. 1.0 1 2 sec 30 L/M‘ =

6.60 igpm

30 L/M
0.0

|

Q

TEsTs ¢ ,QW‘{: 8 Bryan Armstrang/Allan Yee
2




WATER BLEEDER MONITORING
N : DATA SHEET

TEST HO. 5
DATE 22 Nov 79
TIME OF &F 30 hours

aopress. 1eslin Avenue

OWNER

LOCATION OF BLEEDER: _manhgle _ -

BLEEDER TYPE

control valve and vacuup breaker

sescriemion: 5" bleeder from hydrants

draining to sewer main in manhole

£. TEMPLRATuUKL wh iR 4.8 C a. estimated line pressure
ROOM AIR: n/a = 62 psi -
OUTSIOE ALR: s_l L C b. bleeder flow set at 1 1/2
' -igpm in winter
7. FLOW DATA:

. VOLUME - . T . Fliw RATZ,

a. at full flow, rate
4 : ] approx.-40 L/M (8.8

1]
L]

7EsTs cowoutes g Bryan Armstrong/Allan Yee ’l
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WATER BLEEDER MOMITORING
DATA SHEET

TEST 0. § .
DATE 22 November 79
TIME OF DAY _ 1150 B

ADDRESS: 40§ Hage Srrest

JWHER. Al Dibha 0

petcock control

e O

JEscri2Tion: 1/4" line with 1/8"

line to laundry drain,

_Air gap

between bleeder line

a. preasure = 58 psig
i b. bleeder set by owner of
R00M A[R: 18,3°C normal flow for teat
JUTSIOE AfR. _1.6°C
7. FLOW DATA:
VOLUME TIME FLOW RATZ

1.81 L/M = 0.40 igpu

1.81 L/M = 0.40 igpm

TEETS CONDUCTELD &v

el

* 1,81 L/M
© 0.0

o
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WATER BLEEDER MONITORING
DATA SHEET

TEST 140. 7 _ .
DATE 22 Noy 79
TiMe OF DAY 1555 hours

LOCATION OF BLEEDER:

4. BLEEDER "YPE: hgusglc*lg’gitgfvﬂ\{ew'

¢ oescareTion. %" _bleeder from k" A
service line to pipe drain. Air
gap between bleeder line and
drain, -

€. TEMEIAT RL wATEE 912770(;
ROOM AiR: 20.0 OC

a. estimated pressure # 45-50 psig

-3
.
n
Ew
o
b o
-
»

VOLUME TIME FLOW RATE,

a. 1 litre ° 42 sec ' 1.43 L/M

]
O
L]
-

[Te]
a2
3

b. 1 litre ‘ 42 sec 1.30 L/M

]
(=]
L]
[T ]
s

=]
2
E |

1.37 L/M
0.09

|
M

L1

"£575 ConoucTEC §v Bryan Armstrong/Allan Yee |



.
6. TEMPERATURE:

. ,
" WATER BLEEDER MONITORING
DATA SHEET

TEST 0. 8 f
22 Nov 79

DATE
TIME OF DAY

175

1420 hours

ADDRESS: B2 Alsak Road I
IWHER Fred Blaker -
LOCATION OF BLEEDER: Basement -

BLEEDJER Tveg:

household gate valve

1/8" b]eeder Frﬂm k"

%" b’leeder‘ reduc:ed tn

to 1 aundry drain.

serv1§e 11ne

A1 r gapt be tween

WATER- 8.8 DCZ a. pressure = 51 psi 7
ROOM AIR:
rethe Avm. o-b. bleeder alrady on at time of
OUTSIDE AIR: jﬂm ¢ fnspection
7. FLOW DATA:
VOLUME TIME FLOW 2571, _
a. 1.0 ‘Ht{-g 1.13 min 0.82 L/M = 0.18 igpm
b. 1.0 Titre 1.13 min 0.82 L/M = 0.18 igpm
. _
, T 0.82 L/M
TES™S CONDUCTED BvYRry s 0.0
o
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WATER BLEEDER MONITORING
DATA SHEET

TEsTno. - 9 )
DATE 22 Nov 79
TiM OF oy 1640 hours,

e
AppReSS: 40 Alsak Road .

owner: _Doug Row -

LOCATION OF BLEEDER: Dasement laundry

- room

aLEoer e, household gate valve

ccrission 1/8" id bleeder from k"
id service line to laundry drain.

Afiirrgap be tween bleeder line and

drain.

WATER: 7.3 °C a. pressure = 50 psig

ROOM AlR: 21.0 % , ,
0uTSIOE AIR: abprox. 00C - bleeder set at normal flow
© ARIOX, by owner for flow test

6. TEMPERAT 2t

7. FLOM DATA:

VOL UME TIME FL)w RATD, LM

a. 1.0 Titre 19 sec 3.15 L/M = 0.70 igpm

b. 1.0 1itre 19 sec 3.15 L/M = 0.70 igpm

T 3015 LM
_YEE g = O;D




7 | WATER BLEEDER MONITORING
- DATA SHEET

TEST HO.
DATE
TIME OF DAY

LOCATION OF BLEEDER: uyndernes;

BLEE0ER TveE: petcock and household

___gate valve
sescription:  1/8" id bleeder from

S

_Air gap between bleeder line and .

lg"jgjﬁseffﬁgg line to sink drain.

drain.

6. TEMPERATURE:  wA“IR 24.0 °C a. pressure = 68 psig

ROGM AIR: 19.8 °C

7. FLOW DATA: Q

VOLUME TIME COFLOw RATE, _ ¢

a. 0.5 litre 1.11 min trial results
discarded due to
b. 0.5 litre 0.18 sec leaking service
. line .

™

"eevs conpucTes :- Bryan Arﬂstr@ng/AT’lgﬁ Yee
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WATER BLEEDER MONITORING

DATA SHELT

TesTwo. 11
DATE 22 Nov 79
TIME OF DAY 17° :

ADDRESS:  Trailer #22 Northland

Trailer Park

ower: __Vicki Blaker

kitchen sink

BLEEDER TYPE: pgtcock coatral

between service 1ina and sink drain

&, Tiurizat st wATER 7.0 °C a. pressure approx. 40 psig
s oA Of
BOOM a7 approx 2“ ”
R ol
OUTSIDE AlR: approx 0 ~C

7. FLOwW DATA:

[ T

. 1.0 litre 35 sec 1.71 L/M =
c. 1.0 litre 36 sec 1

]
o
L%y
-
—m

fre
=
3

-
a. 1.0 litre 26 sec
b

;
S
E

.67 L/M
initial trial result discarded

1|
o
L
~J

-

3

7 1.69 L/M
EoTT IoNDucTEC 8 Bryan Armstrong/Allan Yee .. 0.03 L/M
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WATER BLEEDER MONITORING
DATA SHEE

-
N

- TEST u0. 122
DATE 22 Nov 79
T4 ofF oar 1945 hours

a0oRess- 115 Alsek Road

wngx Al Castequar

LJCATION OF BLEEDER: basement
7 ___ Tlawndry room ,
LEEDER “VPE. hcusehn’ld _gate vawe

SE3CRIETION 1/8" id b’lee’der fr-crm
service 11ne to Taundr‘y drain.
Air gap between b1eeder 11ne

* and dr‘ain R
B
& TEveian o AATER 6.8 °C a. pressure = 50 psig
toon aiz; PBPOX T d ' 1A
. bleeder set at normal flow
prox 0 ©
OUTSIDE AiR:ap ¢ , -by owner for test
7. FLOW DATA
= "’f T B - - = 77"" - P TS =
VOL UME ) TIME FLOW.RETE, L.
56 sec 1.07 L/M = 0.24 igpm.
55 sec 1.09 L/M = 0.24 igpm

-, 1.08 L/M

71” YEE/E: O.(j]. L/M

TEETS I3N2UCTEC BY



TEST NQ. 13 L
DATE 22 Nov 79
“1Me OF DAy 2010 hours

ix

AODRECD 21 H{’?and CT?SE:Eint

67 Daye Hodgesan
CaCATION

F BLEEDER: basement laundry
room

i

s EEDEF TYPE | household gate valve

izt i bleede™ from "
service line to Tau;dry drain.
Air gap between bleeder line

and drain.

6. TEMPERATURE:

I 1. pressure = 46 psig
WATER:
ROOM A[R: , bleeder set by owner for test
outsioe AlR: approx 0.0
7. ﬁ‘_fgzam;
I 1

VOLUME TIME . , FLOW RATE, L/M
— i - , o
1.0 1itre

1.15 L/M = 0.25 igpm
1.0 Titre

. 1.15 L/M = 0.25 igpm

i o 7. L.15 L/M
TEsTs conpucTEd gv  Bryan Armstrong/Allan Yee . 4




.y

- N, Y

23 Nov 79

w3 i 1030 hours

s-ip 76711778 - Sth_iAi\!Ei -

-7 Crossroads A]cc‘g1ici,f:n

SlATIon I seEfzER basement
furnace room *

c.iizis mei household gate  valve
. e

service line to floor drain,

[

Air gap between b?egdgfii{aéﬂ

and drain. °

a. pressure = 45 psig - »
b. valve turned on full for test

%

TIME Fodm R"2o 00

- -

4.41 igpm

3 sec 20 L/M
4.41 igpm

M
L)
~
=
1]
"

3 sec
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WATER BLEEDER MON I TORING , ' ®
D TA SY‘EET T
.TEST NO . 15 ) .
o DATE &2 Nov 73
i TiME OF o4+ 1100 hours
.t

WATER. 6.3 °c

\/ . P
aoofess. 2098 - 2nd Avenue

IWNER: Diary Queen

L9CATION OF BLEtDER: Dasment adjacent
* ~to furnace

BLEESER TYPE household Gate valve
. Y = -

dEscRIPTIlw 3/4" bleeder from 1"
service line to pipe drain. Air_

gap between bleeder line and drain.
Bleeder reduced to %" line.

»

a. pressure = 56 psig

TEMPERAT JRE -
: ROOM AIR:  approx 20 OC b. bleeder set at normal
OUTSIDE AIR: apprax 0 OC flow for test
. 1}
FLOW DATA: \ .
VOLUME STIME FLOW RzTD, o
— : —
a. 1.0 Titre 1.01 min : 1 0.98 L/M = 0.22 igpm
1.0 Titre 1.02 min 0.97 L/M = 0.21 igpm

b.

0.98 L/M

x|

TESTS CONOUCTEZ Bv Bryan Armstrong/Allan Yee o  0.01
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A SHEET
i

C T MSCRIPT RS

y EATE—
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ECER MCNITORING

resrowe. 16

23 No Nt:lv 79

. 302 Steele Street

LaNcE Hh1teharse thamer c:)f'
Commerce )

L

-

LWATION OF PLELER - Separate room

in basement

gt mpg.  household gate ;ya*iv

S S

5" bleeder from 1"

serwce 11ne tﬂ pipe dram A
Air gap between bleeder 11ne

and drailni Pinched end.

T TIMPERATURE  wATEP 210.2 °C ’ . e = :
P Fm 41k approX ZDQC & a. pressure = 58 psig |
T\ - LUTSIDE AR approx ( DC’C b. bleeder already on at time
' ‘of inspection
.. FLOW DATA
e Smw = F x r i e Se ke e — S = —_ ‘ —=_— R —— — — — [RpeE——
et P TiN: Fiom RM'E L/H
a. 0.25 litre 1.00 min 0,25 L/M = 0.G6 igpm
b. 0.25 litre 1.00 min 0.25 L/M = 0.06 fgpm

TEeT o Dicted gj _,__E__E,n_

S L/M



5 Y
WATER BLESLIR MwiTOP NG
DATE SHEST |

\ 4 s
" TEST NO 17 T

DATE 23 Nav 79

allEIE S 402 - 4th Avenue

. N
ST Yukon Auto Rentals

. ) » basement
BLEIIfY “vor petcock Cantrcﬂ
Beiziov), s g b1eed§¥ from 1"
service line to tape sealed

pipe drain. - -, RO
‘. TEMBE RATURE aimr S.D QC
aona.:R aBDEQLSED_,g a. pressure = 56 psig

,“"5\', 2. approx 0.°C

Flew RATF LM

1.0 igpm
reading taken off from

water meter when. b1eeder
turﬂed on




*TEET 4D 18 -
R7E 23 Nov 79
“ciMe e o6 1150 hours

4th Avenue

ADDRESS

JwhES :A;.&H DFT ve Inn —

COCATIONCF BLEZJES. basement -
to washroo:

BLeeoer ~vee petcock control

gscastioye 1/8% DTEEdEj‘ 7Ff_(3m "

service line to pipe drain: Air

gap between bleeder Mne and
drain. ”Pi*hched end,
¢ _, .
a. pressuwe* = 54 psig

a. 0.5 litre 1.00 min 0.5 L/M = 0.11 1gpm
b. 0.5 Titre 1.00 min 0.5 L/M = 0.11 igpm

_ i} — _ — B -
- . Lm £
ite inoocttr 5. Bryan Armstrong/Allan Yee | 0.0
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WATER BLEEDER MONITORING .
ATA SHEE

B0l 4Q4 Jackell Street —_
(Fourplex walk-up apartment)
Ttz B, Pratt

-fCaTiin 7 s.eser: bhasement taundary

e.1ids ter gate valve —

sEorrirtiie Nig" copper tubing from

__service line into pipe drain

_@n‘f gap. _ \

v L
< wrtitozl wATIc s O ‘ ‘
ROOM AjR- 18 oc estimated pressure = 55-60 psi
0uUTSIOE A;R: =38  OC |
S / — '
Slm JETA s

VOLUME 7 AL S o SO RATE, Ly

1L . Bsec 7.5 L/min = 1.65 igpm

1L - 8 sec . 7.5 L/min = 1.65 igpm

[ .

B e |
w
S~
m [
—
~ .
=]
—h
=

ETELTer ey Allan Yee / Rom Ki rschner
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N

WATER BLEEDER MONITGRING .
DATA SHEET

(502 E&wé*si:réet)'

ﬁﬁzmumgh&mug_ﬁg@?

~iraee gate valve

T LRI g" Eapper‘ tubmg:take

off me the serv1ce 11ne 1ntc:

the sink.

¢ CrMpIiaT e: WATER 5.6 QC

ROOM A1R- _
awteioe aie-38.0 OC

1L . 18 sec 3.3 L/min = 0.73 fgpm
1L - 18sec 3.3 L/min = 0.73 igpm.

ootttz ey Allan Yee / Ron Kirschner
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WwATER BLEEDER MOMITORING
DATA SHEET

“IM 3F DAY 1005

acorgss: 2157 Zﬁc? gvenue

cwngr. Bus terminal

_ScATIon OF Buispex.  main floor

furnace room
TMLIEDE? YPE gate yalve

i, TEwpzzit o WATED - 4.2 ocC
ROOM A;R: 23.0 Oc
0uTsioE 2R _-38.0 OC
B Foldw DATA:
VOLUME TIME FLOw BE7I, |
1L o 23 sec. 2.61 L/min. = 0.57 fgpm
1L | 23 sec 2.61 L/min = 0.57 igpm
7. 2.61 L/min
TIITE IAL.CTilse Allan Yee / Ron Kirschner ..



' WATER BLEEDER MONITORING ¢ & .
DATA SHEET

P . | s TEST 1C. 2
A - b | . SATE ‘18 EE @ )

TiME of oA« 1030

1. ACDRESS:

- o 2. owier: M,A, Thempson I
« . co : (leased from DPW)

3. LOCATION CF BLEEDER: bagement

T o ‘ 8. BLEEDER Tveg: petcock caﬁtmﬁ’lg _

the service bine to the ?159;

s ofscaotion. X" copper takeoff from

dvfaj‘m B -
, — a —

5. TIMPERNTSD.  WATER: __1.89
' " ROOM AIR: 18.2 9C line pressure = 55 psi
ovTsiog afr: __-38.0 OC | i

L flle DATA:

~ - - —
g — —— = — - = S i . e %

VOL UME ’ TIME . FLOW RATE, ™

1L 18 sec 3.33 L/min = 0.73 igpm
1L o 18 sec . 3.33 L/min = 0.73 igpm

y , . 3.33 L/min
stime ingocmizzv Allan Yee / Ron Kirschner . 0
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wmfg BLEEDER MONITORING -
DATA SHEET :

TEST hD. 23 _
DATE - T8 Decar—
TIME OF DAY 1100

acores:: 35 Tdtshi

/-

—————

E:*‘;ﬁ:_ﬁ,gsg"‘ ] Mhdrew Balla :

JJCATION 1T BLEEZE®  hasement )
furnace room

1

___pipe drain

6. TEMPEIATRI wRTEE. 5 0%
R0oM A13. 9 oc a. bleeder set by owner to normal.

i ﬁ rate during time of inspection

vooVOLME TIM FLaw aas, Ae

1L : 8 sec 7.5 L/min = 1.65 igpm
14 8 sec 7.5 L/min = 1.65 igpm

o |
»
e
L
—
Py
3
=

=ive snaetzz s Allan Yee / Ron Kirschmer |

== O owd titew o
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WATER SLEEDER MONITORING ]
DAL SHEET >

TEST HO. - 24 _
DATE 12 Dec 8C
TIME OF Dar 111

_)CATION LF BLEZDER: basement —

Dbaseme —

) e = _
- c.ersgs oge gate valve ,J

ceecezmion X' copper takeaffif;ﬁii{m

service line soldered directly

into main house drain e
4

7. €0 ORTA: N/A . e

VoLuME TIME : FLOW RATE, L

I, — ; I ¥ — -
A
- R S ’f

W wel
L]

£e7 1iovez oo Allan Yep~y Ron Kirschner
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WATER BLEEDER MONITORING
DATA SHEET

TEST 40. 25

: DATE 19 Jan @)
- ~ TIME OF DAY D§2§

ADDRES

- Elliot Street

“WHNER _Nelson's Hardware )
-OCATION OF BLEEDER: Storage room -
sLEEoER Tvge. Gate valve L

ssczeeion. 3" copper reduced to
X' copper draining openly into sink

' ROOM AlR:* iZU oC 62 psi
QJTSIDE AIR: 5'7i3E ’

VOLUME \TIME S ROweATE, | -
1L 17 sec " 3.53 L/min = 0.78 igpm
1L -.17 sec 3.53 L/min = 0.78 igpm

— e




WATER

DATA SHEET

TEMPERAT 3

WATER:

ROOM AjR:

193

LEEDER MCNITORING

3

26

TEST NO.
DATE ’39 lan_ 81
TIME OF DAY (955

seIlEipTI

3/8"_
3" copper sarjj tary drain pipe

copper soldered &jferct’ly into

QuTsIoE alz: __ B OC -
7. FLON DATA: N/A
VOLUME TIME FLOW RATE, L/M
N ; =
TESTS CONDUCTES &y -_Dave Parfitt _ o .
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A

WATER BLEEDER MONITORING
DATA SHEET

st w0, 27 -
e 19 Jan 81—
TIME oF pay 1005

1. AODRESS:

_502 Hoge St. _

"~

omner: __ Detox Center (YTG)

3. LocaTicn OF BLEEDER: furnace room

......

seicer=micn. ' copper reduced to

1‘_“_ copper rrgrnningi iﬁtq 73/4'1

copper drain. No aﬁ*ifr gap.

6. TEMPERATURE:  WATER 6 _OC
ROOM AlK: 26 9C
OUTSIOE AIR: 5 0

FLOW DATA:

" YOLUME ‘ TIME R © FLOW RATE, L/%
1L . 17 sec :3.53 L/min = 0.78 igpm
1L 18 sec © 3.33 L/min = 0,73 igpm
TEsTS conouctez 3v Dave Parfitt ’
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WATE® BLEEDER MONITORING
DATA SHEET

TEST N0,
DATE 19 Ji
“1Me OF pay 1045 .

L. ADDREZLI:

Z. 0WnER. Budget Rent-A-Car

3.0 LOCATION :?&E:‘ER; basement

__ storage room
: guieoes ~vor  saddle-petcock W

¢ ogscareticn. 3/4"¢ reduced to 17/5"‘5
running into 1 1/4"¢ waste drain.

No air gap, petcock not aperat*igﬁ'alé

6. TEMPERATURE: WATER: _§ 0C
ROOM AIR: 18 Of
OUTSIDE aix: 9 OC

7. FLOW DATA: N/A -

VoL o : TIME , FLOW RATE, L/

“T3TS COMOUCTED Be Dave Parfitt
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DATA SHEET

WATER BLEEDER MONITGRING

' =
— I
L
et
-

N

! L

Land

|

‘wm ]
]

_Neil Groves

“ioofccezxs. furnace  room

: petcock

,;-f=;:.' a it [ i) 74;_,

copper _running into waste drain.

No air gap, petcock non-operational.

[ ’
ey
g

6. TEMPERATLRE:  WATER: )
22 0C 60 psi

ROOM AlR:
OUTSIDE AIR:

7. FiLOw DATA: - - :

" 2.86 L/min = 0.63 igpm
. 3.0 L/min = 0.66 igmp

. 'Qaye Parfitt . il

%



TEMPERAT.RZ RATEE 59C :
ROOM AIR: ;§ 6C 60 psi
ouTsIOE AIR: __ 5 OC
| 7. FLOW DATA:
. voLume 14 FLOW RATE, L/
1L o 25 sec 2.4 L/min = 0.53 igpm
1L 24 sec 2.5 L/min = 0.55 igpm

L B

WATER BLEEDER MOKIY
-DATA SHEET

197

DRIHG

aprez:. 104 Parklane j:”

A

ot sdua furnace room

primremte 3/4" ga1vanized reduced

to 1/4" copper runn1ng into 1 1/2"
ga1van1zgd waste drain no ajr gap.

petcack nct Qperat1cna1

TESTS IONDLETEL

T
<

Dave Parfitt
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WATER BLEEDER MONITORING
DATA SHEET

TEST uC. 31
DA™E

azoress. 199 Valley View 7;

= o,
&%

= amr oy

LTt " ar _reduced
3/8" copper welded to waste drain,
(main stock); gate valve non
operational. )
6. TEMPLRAT &t WATER: 5 90C
ROOM AjR: 14 oC
OUTSIOE AlR: __ 9 "L ’
7.7 FLow DATA:  N/A
. __ . _ [ — ) _ . e
VOLUME ' . oTiME Fidw RATE, LW

TESTS IONSLCTIC 2y Davg Pjif,ﬁ tt _

e L
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- : WATER BLEEDER MD!ITORING
) DATA SHEET

w22 Anglican Church

#

_SCATICn OF BlEEcgR  laundry room

6. TEMPERATURE:  WATER. 7 °oC

ROOM AIR: 723 oC
- OUTSIOE AIR: ___§ OC

7. FLOW DATA: N/A

el

TEsTS conpucTEs 5y _Dave Parfitt

y
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200

WATER BLEEDER MONITORING
DATA SHEET

ADDRESS: 503Q Hugh St .

OWNER:  _ Walter Tchig

BLEESER ~°¢  petcock

riaie 1/2" reduced to 1/4"
running into 1 1/4". PVC waste
S drain. Petcock non operational.

5. TEMPERATURE:  WATER: _1°%
ROOM Alk: 12 oC
ouTSIOE A1R: __ 6 OC

7. FLOW DATA:

- ‘ } ™ y FedwRATI, LM

1L 12 sec 5 L/min = 11 1gpm
1L 12 sec S L/min = 1.1 fgpm
' X

2 e |
L]

TESTS COMOUCTEC 8 Dave Parﬁ‘t:i

ndN
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WATER BLEEDER MONITORING
r DATA SHEET

wﬂw
[

Al
&

wO. 34
pate - 19 Jan 81
cimf or pn. 16

1. ADDRESS:

owngr- _ Elks Hall
3. .0cATion OF stiezex: furmace room

4 3iezoes vog. gate valve-hose J,ﬁb

%]
(el

] b
T

i L4

drain. No air gap.

running at time of inspection.

6. TEMPERATURE:  WATER: g °C
ROOM AIR: 247 ocC
outsioe alr: 6 0C

7. FLOW DATA: N/A

VOLUME TIME ’ Fulw RA7TZ, L7

TESTS CONDUCTES Q Dave Parfitt ..
1]

)



WATER BLEEDER MONITORING
DATA SHEET

‘h\

. L TEST 40, 35
_ DATE 19 Jan 81
TIME OF DAY 1500

ADDRESS: 18 |ewes Blud.

<JCATION CF BLEEDER: ) ,prp o L

: s.tzoge vwpg.  Jate valve

rynning into 1 " PVC drain. HNo
arr gap. Valve nop opérational.

6. TEMPERATURE WATER: _ 59
ROOM A[R: 26 °C
OUTSIDE AIR: 6 oC

FLOW RATE, Lt

, { o ,
1L T 45 sec " 1.33 L/min = 0.29 igpm

44 sec 1.% L/min = 0.30 ipm

LI 7]
"

TEs™s ConoucTeo 8v Dave Parfitt
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WATER BLEEDER MONITORING
~ DATA SHEET

12557 HO. 36 -
0ATE 19 Jan 81
“\_~ Ti of oar 1600 -

whgs  DPW

3G Ion OF BLEEDER: _basement

+ zozzzgs tveg, petcock

sescriemioy. ‘s reduced to &

running into 1 %" PVC waste drain.’

Ho air gap.

6. TEMPERATURE:  WATER: 6 ¢
: ROOM AIR: 15 9C
outstog AtR: __6 9C ‘!’-’FC
7. FLOW DATA:
VOLUME - . TIME FLOW RATE, L/M
14 12 sec 5 L/min = 1.1 igpm
1L o 11 sec - 5.45 L/min = 1.2 igpm

o |
n

TESTS CONOUCTED 5v _Dave Parfitt = ¢ -
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WATER BLEEDER MOMNITORING
DATA SHEET

. TEST 1O. 37
DATE
TIME of DAY 1610

ADDRESS 37 Takhini

WNE R Bev Combs

OCATION CF BLEEDER:

basement laundry room

SLEEDER Tvog.  petcock

XKSCRIPTION: 4" redyced to 4" .
running Pnto 1 %" waste drain.

o air qap.
6. TEMRERATURE:  WATER: 6 O¢C
‘ ROOM AIR:  _ 18 OC
OUTSIOE AIR: __ 6 OC
7. FLOW DATA:
VOLUME TIME  FLOW RATE, L/M
1L 19 sec 3.16 L/min = 0.69 igpm
1L ; . 19 sec 13.16 L/min = 0.69 fgpn
.- A
/q ; » P

TESTS ZONDUCTED 8Y Dave Parfitt s
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Dates

9.
10.
11.

12

13.
14.
15.
.22/4-28/4
.29/4- 5/5
. 6/5-12/5
.13/5-19/5
.20/5-26/5
1.27/5- 2/6
. 3/6- 9/6
23.10/6-16/6
.17/6-23/6
.24/6-30/6
. 1/7- 777
. 8/7-1477
.15/7-21/7

4/3-10/3
11/3-17/3

18/3-24/3
.25/3-31/3

1/4- 7/4
8/4-14/4
15/4-21/4

29.22/7-28/7

.29/7- 4/8
. 5/8-11/8
.12/8-18/8
.19/8-25/8
.26/8- 1/9
. 2/9- 8/9
. 9/9-15/9
.16/9-22/9

Total

(x103 ig)

3,784
3,765
3,661
3,705
3,556
3,707
2,665
3,346
3,189
3,166
3,3%
2,931
3,249
3,020
3,020
2,779
2,819
2,666
2,304
2,594
2,701
2,418
2,355
2,347
2,262
2,343
2,463
2,281
2,312

1973

Average Daily Water Pumping Rates*

wells

(x103 ig)

1,809

1,311

2,159

2,214

2,131

2,050

2,155

2,135

2,154

2,184

1,472

1,204
759

-no pumping

-no pumping
586(22,23 June)

2,322 -

1,808

2,248

2,314 »
5§57(22,23 July) .

1,075(31 July,1-4 Aug)
335(5.6 Aug)

-no pumping

=no pumping

-no pumping
-no pumping
-no pumping
-no pumping

Lake

214

(x103 1g)

1,975
2,454
1,502
1:491
1,425
1,657

510
1,211
1,035

982
1,924

(ijff;27
2,490

3,020
3,029
2,193
497

858

56
. 280
2,144
1,343
2,020
2,347
2,262
2,343
2,463
2,281
2,312



1973

Average Daily Water Pumping*Rates (cont'd)

Dates Total Wells

*multiply imperial gallon values by 4.546 to get litres

(%203 ig)  (x103 ig)

38.23/9-29/9 2,360 -no pumping
39.30/9-6/10 2,350 -no pumping
40.7/10-13/10 2,396 =no pumping
41.14/10-20/10 2,457 779(18, 19, 20 Oct)
42.21/10-27/10 2,250 1,611
43.28/10-3/11 2,151 1,491
44.4/11-10/11 1,875 . 1,70
45.11/11-17/11 2,026 1,543
46.18/11-24/11 2,321 1,488
47.25/11-1/12 2,270 1,845
48.2/12-8/12 2,591 1,821
49.9/12-15/12 faulty meter 2,120
50.16/12-22/12 " 2,172 ¢
-51.23/12-29/12 " 2,156
52.30/12-5/1 2,238

L3

215

Lake
(x103 ig)

2,360
2,350
2,396
1,678
639
660
145

833
425
770 -



Dates

1. 6/1-12/1 -

2.13/1-19/1
3.20/1-26/1
4.27/1- 2/2
5. 3/2-9/2
6.10/2-16/2
7.17/2-23/2

8.24/2- 2/3

9. 3/3- 9/3
10.10/3-16/3
11.17/3-23/3
12.24/3-30/3
13.31/3- 6/4
14. 7/4-13/4
15.14/4-20/4
16.21/4-27/4
17.28/4- 4/5
18. 5/5-11/5
19.12/5-18/5
20.19/5-25/5
21.26/5- 1/6
22. 2/6- 8/6
23. 9/6-15/6
24.16/6-22/6
25.23/6-29/6
26.30/6- 6/7
27. 7/7-13/7

Average Daily Water Pumping Rates

Total
(x103 ig)

(faulty
me ter,
no
record)

3,322
3,703
3,664
3,406
3,248

(faulty meter, no

3,176
3,175
3,074
3,176
2,777
2,840
2,643

1974

Wells

(x103 ig)

2,2%
2,327
2,214
2,226
2,157
2,121
2,231
2,124
2,176
2,108
2,197

(faulty meter)

- 2,180

2,181
2,171
2,177
2,171

2,191
2,214

2,179
"~ 716 (16,17,18 June)

-no pumping
-no pumping
-no pumping

record)

-~



Average Daily Water Pumping Rates (cont'd)

Dates

28.14/7-20/7
29.21/7-27/7
30.28/7- 3/8
31. 4/8-10/8
32.11/8-17/8
33.18/8-24/8
34.25/8-31/8
35. 1/9- 7/9
%. 8/9-14/9
137.15/9-21/9
38.22/9-28/9
39.29/9- 5/10
40. 6/10-12/10
41.13/10-19/10
42.20/10-26/10
43.27/10- /11
4. 3/11- 9/11
45.10/11-16/11
46.17/11-23/11
47.24/11-30/11
48. 1/12- 7/12
49. 8/12-14/12
50.15/12-21/12
51.22/12-28/12
52.29/12- 4/1

.Total Wells

(x103 ig) (x103 ig)
2,294 -no pumping
2,39 -no pumping
2,301 228 (30 July)
2,748 -no pumping
2,384 -no pumping
2,245 -no pumping
2,375 -no pumping
2,334 -no pumping
2,342 -no pumping
2,433 -no pumping
2.256 -no pumping
(faulty meter) no pumping
2,768 -no pumping
2,577 -no pumping
2,591 1,794
2,580 1,837
2,775 742 (7, 8, 9 Nov)
2,554 2,085
2,898 2,090
3,305 2,067
3,291 2,036

3,220 2,114
(faulty meter, no record)
3,348 2,148 '
3,510 2,110

1974

217



Dates

1
-2
3
4

10.
11.
12.
13.
14,
15.
16.

17

18.
19.
20.

21

22.
23.
24,
25.

26

27.
28.
29.

5
6
7.
8
9

. 5/1-11/1

-19/1-25/1

.26/1- 1/2
. 2/2- 8/2
. 9/2-15/2
16/2-22/2
.23/2- 1/3
. 2/3- 8/3
9/3-15/3
16/3-22/3
23/3-29/3
30/3- 5/4
6/4-12/4
13/4-19/4
20/4-26/4
.27/4- 3/5

11/5-17/5
18/5-24/5
.25/5-31/5
1/6- 7/6
8/6-14/6
15/6-21/6
22/6-28/6
.29/6- 5/7
6/7-12/7
13/7-19/7
20/7-26/7

4/5-10/5

Total

(faulty
meter
no record)
3,480
3,384
3.468
3,484
3,751
3,585
3,541
3,629

1975

‘Average Daily Water Pumping Rates

Wells

(x10% 1g) (x103 ig)

1,900
(faulty meter record)
2,137
2,148
2,179
2,147
2,172
2,153
2,124
2,122
2,104

(faulty meter, no record)

3,318
3,329
3,463
3,908
3,427
3,812
3,650
3,378
3,435
3,154
3,309
3,275
2,936
2,804
3,173
2,913
2,817

2,219

1,615

2,221

1,649

1,376

1,385

1,366

1,347

1,369
1,335

857 (8-12 June)

-no pumping

-no punping

-No pumping

-p0 pumping

-no pumping

-N0 pumping



Average Daily Water Pumping Rates (Céﬂt{d)

' Dates .

30.27/7- 2/8
31. 3/8- 9/8
32.10/8-16/8
33.17/8-23/8
34,24/8-30/8
35.31/8- 6/9
36. 7/9-13/9
\%;114/9'2°/9
38.21/9-27/9

39.28/9- 4/10
40. 5/10-11/10
41.12/10-18/10
42.19/10-25/10
43.26/10- 1/11
44, 2/11- 8/11
45. 9/11-15/11
46.16/11-22/11
47.23/11-29/11
48.30/11- 6/11
49. 7/12-13/12
50.14/12-20/12
51.21/12-27/12
52.28/12- 3/1

-

Total

(x10° 1g)

. 2,841
2,929
3,018
2,89
2,026

(Fau]ty meter)

2, 552
(fau’l ty Wetev-f
2,539

2,778
2,817
3,004
2,915
3,153
3,316
3,314
3,408
3,383

1975

Wells
(xlOa

ig)

~=no pumping

. -no pumping

=no pumping
-no pumping
-no- pumping

1,117(3-6 Sept)
811(7-9 Sept)
1,598(15-10 Sept)

1,750

1,834(28,30 Sept, 14 Oct

2,257
1,979

1,025(19-23 Oct)
2,538 .» #1,197(29 Oct, 1 Nov)

2,213
2,238
2,134
2,118
2,062
2,066
2,027
2,069
2,082

¥

295

1,514
1,341

565 -

579
870
798
1,091
1,250
1,287
1,339

1,301

3 ig)



Dates

1. 4/1-10/1

2.11/1-17/1
3.18/1-24/1
4.25/1-31/1
5. 1/2-7/2

6. 8/2-14/2
7.15/2-21/2
8.22/2-28/2
9.29/2- 6/3
10. 7/3-13/3
11.14/3-20/3
12.21/3-27/3
13.28/3- 3/4
14. 4/4-10/4
15.11/4-17/4
16.18/4-24/4
17.25/4- 1/5
18. 2/5- 8/5

19. 9/5-15/5

20.16/5-22/5
21.23/5-29/5
22.30/5- 5/6
23. 6/6-12/6
24.13/6-19/6
25.20/6-26/6
26.27/6- 3/7
.27. 4/7-10/7
28.11/7-17/7
29.18/7-24/7

1976

B 2N

Averagé Daily Water Pumping Rates

Total Wells
(x103 ig) (x103 ig)

3,838 - 1,783
3,690 2,059
3,656 . 1,980~
4,218 1,993
3,757 - 1,989

(faulty meter) 2,006
(faulty meter) 1,991

3,669 1,985

3,635 1,983
3,543 2,001

3,617 1,986

3,570 - 2,011

3,484 2,021
3,529 2,055

3,706 2,081

3,499 . 2,033

3,531 477 (25,26 May)
3,473 -n¢ pumping
3,367 -n0 pumping
3,573 -no pumping
3,332 -no pumping
3,084 A -no pumping
2,600 . ~N0 pumping

(faulty meter) -no pumping
(faulty meter) -no pumping
(faulty meter) -no pumping
(faulty meter) -no pumping
(faulty meter) -no pumping
(faulty meter) -no pumping

220



Average Daily Water Pumping Rates (cont'd)

Dates

.25/7-31/7
. 1/8-7/8
. 8/8-14/8
.15/8-21/8
4.22/8-28/8
.29/8- 4/9
. 5/9-11/9
.12/9-18/9
.19/9-25/9
.26/9-2/10
.3/10-9/10
1.10/10-16/10
.17/10-23/10
3.24/10-30/10
.31/10-6/11
.7/11-13/11
.14/11-20/11
.21/11-27/11
.28/11-4/12
9.5/12-11/12
.12/12-18/12
.19/12-25/12
2.26/12- 1/1

Total
(x10° ig)

(faulty meter)
(faulty meter)
2,813
2,772
(faulty meter)
2,700
2,760
2,506
2,435

1976

Wells

(xlD3 ig)

-no pumping
-no pumping
=no pumping
-no pumping
-no pumping
-no pumping
-no pumping
-no pumping
279 (25 Sept)

(faulty meter, no record) .

2,415
2,491
2,654
2,585
2,500
2,443
2,574
2,645
2,801
2,800
(faulty meter)
(faulty meter)
3,000

1,930
1,926
1,951
1,927
1,929
1,945
1,874
1,746
1,930

- 1,834

1,922
1,911
1,915

o
—



\ 8

1977
Average Daily Water -Pumping Rates

Dates Total Wells Lake
(x10% 1g)  (x10° ig) : (x103
1. 2/1- 8/1 3,555 2,009 1,546
2. 9/1-15/1 3,077 1,916 . . 1,161
3.16/1-22/1 3,088 1,917 - 1an.
4.23/1-29/1 3,254 1,927 \ 1,327
5.30/1- 5/2 3,040 1,943 o 1,097
6. 6/2-12/2 3,141 1,940 | © 1,201
7.13/2-19/2 3,231 1,830 ' 3 1,401
8.20/2-26/2 3,154 1,941 S 1,213
9.27/2- 5/3 3,124 1,848 | 1,276
10. 6/3-12/3 3,076 1,715 ; T 1,361
11.13/3-19/3 3,141 1,886 , 1,255
12.20/3-26/3 3,094 1,837 | 1,257
13.27/3- 2/4 3,202 1,721 1,481
14. 3/4- 9/4 3,277 1,675 1,602
15.10/4-16/4 3,102 1,598 1,504
16.17/4-23/4 3,021 1,656 : 1,365
17.24/4-30/4 2,812 1,608 1,204
18. 1/5- 7/5 3,005 . 1,516 : | . 1,489
19. 8/5-14/5 3,178 1,589 1,589
20.15/5-21/5 3,435 1,345 (15-20 May) ’ 2,090
21.22/5-28/5 3,007 -no pumping 3,007
22.29/5- 4/6 2,827 1,450 (30 May - 2 June) 1,377
23. 5/6-11/6 3,018 1,337 (7-11 June) 1,681
24.12/6-18/6 3,471 1,606 1,865
25.19/6-25/6 3,435 1,593 V. 1,842
26.26/6-2/7 2,964 1,478 ; ' . 1,486
27. 3/7-9/7 3,907 790 (3-6 July) T 3,907
28.10/7-16/7 3,078. -no pumping | 3,078

29.17/7-23/7 fSSQ -no pumping ’ ' 2,559

o
N



. Average Daily Water Pumping Rates (cont'd)

Dates

30.24/7-30/7
31.31/7-6/8
32. 7/8-13/8
33.14/8-20/8
34.21/8-27/8
35.28/8-3/9
36. 4/9-10/9
37.11/9-17/9
38.18/9-24/9
39.25/9-1/10
40.2/10-8/10
41.9/10-15/10
42.16/10-22/10
43.23/10-29/10
44.30/10-5/11
45.6/11-12/11
46.13/11-19/11
47.20/11-26/11

48.27/11-3/12

49.4/11-10/12
50.11/12-17/12
51.18/12-24/12
52.25/12-31/12

! Total

(x10% 1q)

3,341
3,265

© 3,489
3,618
3,177
2,889 -
2,994
2,969 .
2,963
3,024
2,859
3,028
2,136
3,308
2,996
3,100
3,317
3,417
3,438
3,486
3,626
3,607
3,677

1977

Wells
(x10° ig)

-no pumping
-no pumping
-no pumping
-no pumping
=no pumping
-no pumping
-no pumping
-no pumping
-no pumping
-no pumping
-no pumping
-no pumping
~-no pumping
=no pu@ping
-no pumping
1,132 (9,11,12 Nov)
1,160

1,100

1,276

1,919

1,928

1,917

1,820

223

- Lake

(x10° ig)

3,341
3,265
3,489
3,618
3,177
2,889
2,994¢
2,969

£ 2,963

3,024
2,859
3,028
2,13
3,308
2,996
1,968
2,157
2,317 _
2,162
1,567
1,698
1,690
1,857



Dates .

1. 1/1- 7/1
2. 8/1-14/1
3.15/1-21/1
4.22/1-28/1
5.29/1-4/2
6. 5/2-11/2
7.12/2-18/2
8.19/2-25/2
9.26/2- 4/3
10. 5/3-11/3
11.12/3-13/3
12.19/3-25/3
13.26/3- 1/4
14, 2/4- 8/4
15. 9/4-15/4
16.16/4-22/4
17.23/4-29/4
18.30/4- 6/5
19. 7/5-13/5
20.14/5-20/5
21.21/5-27/5
22.28/5- 3/6
23. 4/6-10/6
24.11/6-17/6
25.18/6-24/6
26.25/6- 1/7

27. 2/7- 8/7

28. 9/7-15/7
29.16/7-22/7

224

1978

Average Daily Water Pumping Rates

Lake
(x103 1g)

Total Wells

(3103 ig)

(x10° 1g)

3,647 1,973 1,724
3,619 1,803 1,816 .
3,574 1,801 1,773
3,680 1,849 1,831
3,814 1,826 1,988
3,987 1,984 2,003
faulty meter-no record ' \, -
3,964 2,159 1,805
3,811 2,139 1,672
3,960 2,150 1,810
3,989 2,068 1,921
3,907 2,216 1,691
4,349 2,122 2,227
4,055 2,116 N 1,939
3,998 2,112 v 1,886
3,928 2,482 : 1,446
3,924 2,164 1,763
4,002 2,117 1,885
4,002 2,125 1,877
4,106 2,116 o 1,990
4,021 2,137 - 884
%£;3.745 1,543 Jfg.zaz
" 4,332 1,756 2,576
4,074 2,472 1,602
5,972 2,151 1,821
3,416 2,151 1,265
3,850 2,117 1,733
4,039 409 (9, 10 July) 3,630
3,844 -no pumping 3,844



225

1978

- Average Daily Water Pumping Rates (cont'd)

Dates Total Wells Lake
(x103 ig)  (x10° ig) ' (x103 1g)
30.23/7-29/7 3,253 -no pumping ' 3,253
31.30/7- 5/8 4,087 832 (3.4,5 Aug) 3,255
32. 6/8-12/8 3,457 12,150 " | | 1,307
33.13/8-19/8 . 3,172 1,323 (13-17 Aug) 1,849
34.20/8-26/8 3,065 -no pumping ‘ 3,065
. 35.27/ -.2/9 3,072 -no pumping : : - 3,072
36. 3/9- 9/9 3,029 -no pumping 3,029
37.10/9-16/9 2,944 -no pumping 2,944
38.17/9-23/9 2,854 -no pumping 2,854
39.24/9-30/9 2,813 -no pumping . 2,813
40.1/10-7/10 2,856 -no pumping ' : 2,856
41.8/10-14/10 2,848 -no pumping 2,848
42.15/10-21/10 2,630 -no pumping ' 2,60
43.22/10-28/10 3,112 -no pumping 3,112
44.29/10-4/11 2,782 -no pumping | | 2,782
45.5/11-11/11 2,965 330 (7-11 Nov) 2,635
46.12/11-18/11 3,375 Y | 2,948
47.19/11-25/11 3,486 388 | 3,088
48.26/11-1/12 3,385 450 . a 2,935
49.3/12-9/12 3,596 " 449 | ‘ 3,147
50.10/12-16/12 3,532 392 R 3,140
§1.17/12-23/12 3,569 512 . - 3,057

52.24/12-30/12 3,716 516 _ 3,200



Dates

©1.31/12- 6/1
2. 7/1-13/1
3.14/1-20/1
4.21/1-27/1
5.28/1- 3/2
6. 4/2-10/2
7.11/2-17/2
8.18/2-24/2
9.25/2-3/3

10.4/3-10/3

11.11/3-17/3
12.18/3-24/3
13.25/3-31/3
14.1/4-7/4
15.8/4-14/4.
16.15/4-21/4
17.22/4-28/4
18.20/4-5/5
19.6/5-12/5
20.13/5-19/5
21.20/5-26/5
22.27/5-2/6
23.3/6-9/5
24.10/6-16/6
25.17/6-23/6
26.24/6-30/6
27.1/7-1/1
28.8/7-14/7
29.15/7-21/7

Average Daily Water Pumping Rates =

Tatal

1979

Wells

(3103 ig) (3193 ig)

3,667
3,825
3,315
3,857

3,883 .

4,065
3,908
4,134
- 4,000
4,035

3,839

3,908
3,956
3,808
3,853
3,812
3,943
3,878
3,777
3,970
4,043
4,064
4,033
4,035
3,537
3,308
2,928
3,128
3,049

514
566 .
605
558
555
557
561
558
570
559
564
1,133 ,
1,692 . -
1,424 '
1,195
1,092
1,027
1,032
1,000
970
958
963
943
333 (10,11,12 June)
-no pumping
-no pumping
-no pumping
-no pumping
-no pumping

226

" Lake
(1103 ig)

. 3,153

3,259
2,710
3,299
3,328
3,508
3,347
3,576
3,430
3,476
3,275
2,775
2,264
2,384
2,658
2,720

2,916
2,846
2,777
3,000
3,085
3,101
3,090
3,702
3,537

3,308
2,928
3,128
3,049



Average Daily Water Pumping Rates (cont'd)

Dates

8288

.22/7-28/7
31.
32.
.12/8-18/8
34.
35.
.2/9-8/9
37.
.16/9-22/9
.23/9-29/9
.30/9-6/10
.7/10-13/10
.14/10-20/10
43.
.23/10-3/11
45.
.11/11-17/11
47.
48.
49.
50.
51.
52.

29/7-4/8
5/8-11/8

19/8-25/8
26/8-1/9

9/9-15/9

21/10-22/10

4/11-10/11

18/11-24/11
25/11-1/12
2/12-8/12
9/12-15/12
16/12-22/12
23/12-29/12

1979

Total Wells
(x103 ig)  (x10° ig)
3,383 -no pumping
3.245 -no pumping
3,221 665 (8-11 Aug)
3,653 1,255
3,558 1,285
3,411 953 (26-31 Aug)
2,863 -no pumping
" 2,907 -no pumping
2,945 -no pumping
2,775 -no pumping o .
faulty meter, no record ‘
2,927 -no pumping
2,811 -no pumping
2,738 -no pumping
2,785 -no‘pumping
2,720 -no pumping
2,751 -no pumping
2,839 1,112(19-24)
3,074 1,375
3,340 1,396
3,722 1,367
faulty meter, no record
3,923 1,319

-

227

Lake
(xlO3 ig)

3,383
3,245
2,556
2,398
2,273
2,458
2,863
2,907
2,945
2,775

2,927
2,811
2,758
2,785
2,720
2,751
1,727
1,699
1,94

2,356
K 4

2,604
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1980 ‘
Average Daily Water Pumping Rates

Dates Total wells ' Lake

. (x107 1g)  (x10% 1) (x103 1g)
1.30/12-5/1 3,984 1,323 (records for 1-5 only) 2,661
2.6/1-12/1 3,940 . 1,272 ~ . 2,668
3.13/1-19/1 4,181 1,207 2,973
4.20/1-26/1 4,133 2,376 ' 2,817
5.27/1-2/2 no record
6.3/2-9/2 3,885 1,309 ’ o 2,576
7.10/2-16/2 - 4,108 1L, 2,805
8.17/2-23/2 4,125 1,285 2,839
9.24/2-1/3 4,108 1,324 - 2,708

10.2/3-8/3  (faulty meter) 2,972 - ' - v
11.9/3-15/3  (faulty meter) 2,892 : -
12.16/3-22/3 4,133 2,917 1,216
113.23/3-29/3 4,07 2,78 R 1,288
14.30/3-5/4 4,052 2,651 _ 1,401
15.6/4-12/4 4,061 2,813 1,248
16.13/4-19/4 4,053 3,027 B ’ 1,026
17.20/4-26/4 4,150 3,003 ‘ ' 1,147
18.27/4-3/5 3,998 2,887 _ 1,111
19.4/5-10/5 4,118 2,694 | . 1,424
20.11/5-17/5 4,289 1,849 4 2,440
21.18/5-24/5 " 3,911 3,022 o 889
22.25/5-31/5 4,274 3,008 1,266
23.1/6-7/6 4,252 2,269(wel1 mechanical breakdown)l1,983
24.8/6-14/6 4,296 2,677 . 1,619
25.15/6-21/6 3,878 2,993 885
26.22/6-28/6 4,196 1,225 (22, 23, 24) - - 2,97
27.29/6-5/7 3,943 - 3,943
28.6/7-12/7 3,779 - ' 3,779

29.13/7-19/7 3,178 - 3,178



Average Daily Water Pumping Rates (con't)

Dates

31
32.

28EB8EIERLY

42.

44.
45.

47.
48.

49.
.7/12-13/12

30.204-34/7

.27/7-2/8

3/8-9/8

.10/8-16/8
.17/8-23/8
.24/8-30/8
.31/8-6/9
.7/9-13/9
.14/9-20/9
.21/9-27/9
.28/9-4/10
.5/10-11/10

L]

12/10-18/10

.19/10-25/10

26/10-1/11
2/11-8/11

.9/11-15/11

16/11-22/11
23/11-29/11
30/11-6/12

Total
(x103 ig)

3,202

3,131
3,403
3,595
3,121
2,739
2,882
2,886
2,667
2,468
2,585
2,782
2,583
2,666
2,711
2,692
2,909
2,786
3,144
3,257
3,469

1980

Wells

(x103 ig)

667 (9,10,11)

1,999
1,401
1,989
2,019

293 (13 Dec)

A —————————

1,577 (9,10,11,12,13,14)

'
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"Each water service shall be equipped with a device, known as
a bleeder, which will permit a pr‘e-determned quant1ty of water
to be drained from the service pipe.

The size af each bleeder shall be, unless otherwise instructed
by the Inspector, of sufficient size to pass a maximum of 1/3
gallon of water per minute and shall not be connected directly

to the sanitary sewer.

Bleeders shall be installed on the consumer side of the main
shut-off valve and sufficient space shall be left between the
main valve and the point where the bleeder .is connected, to
permit: the fyture installation of the water meter."
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APPENDIX 7

THE_MODIFIED BERGGREN_EQUATION
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}
References: 1. Lotz, J. (1961) ‘
2. Nixon, J.F. and McRoberts, E.C. (1973)
3. Phukan, A. and Andersland, 0.B. (1978)
4. Smith, D.W. et.al., (1979) ,
5. Goodrich, L.E. ;nd Gold, L.W. (1981)

b
Ca‘lCulatmn of the depth of frost penetratmn is often based on the modified
Berggren equation. :

7200 k T, t) T
| —— | (7.1)

where x = depth of frost penetration in m
k = thermal conductivity DF the soil taken as the average.
for the frozen and unfrozen state in W/m K

T, = mean ground surface temperature during the freezing
period in OC
\‘\ t = length of freezing season in hours
T L = latent heat of fusion of soil in J/m3
A = dimensional correctional coefficient usually
determined from graphs of the thermal ratio a and
the fusion parameter u (Figure 7A)
To ,
a = 1 (7.2)
s ;
where -Ta = mean annual air temperature in GC
< Ts _ o
o= — (7.3)
L‘ . .
€ = ratio of sensible heat to latent heat,

the so-called Stephan number
. where ¢ = volumetric heat céﬁacity of the soil in J/m3-c

E
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- ’ —

e 'FIGURE 7A S

' Codrection coatficient, k

X THE CORRECTION COEFFICIENT IN
THE MODIFIED BERGGREN EQUATION
SOURCE: PHUKAN, A. AND ANDERSLAND, 0.B. [1978]



where Lw
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Yq (7.4)

Y4 (7.5)

i - w
Cms * Cmi (:m)

vc15metfic heat capacity of the unfrozen soil
in J/m3 oC

volymetric heat capacity of the frozen soil in
V/m oC

dry density of the soil in kg/m3

mass heat capacity of the dry soil matter
(mineral content)
837 J/kg °C

mass heat capacity of water

4184 J/kg °C

mass heat capacity of ice

2092 J/kg 9C g
moisture content of the soil in % or decimal
fraction :

volumetric_]atent heat of water
334.72 kJ/kg



The modified Berggren equation is one of a number of Neumann or Stefan
type solutions for determining a depth of thaw or freeze. The depth

of freeze calculations assume a uniform homogenous soil originally iso-
thermal at some temperature above freezing and suddenly subjected to a
step decrease in surface temperature. All the latent heat is assumed
lost at 00C. .

The modified Berggren equation is a simplification of the rigorous
solution formulized by Neumann around 1860. The simplifying assumptions '
are that the thermal conductivities, thermal diffusivities, and volumetric
heat capacities of frozen and unfrozen $o0il are all equal, i.e.,

k

]
-~

u-  f

X K | : | :

]
'n]

Eu - f

Assume the following Whitehorse conditions:
35 OF
= 1.67 °C

1. T

2. FI = 1index of freezing
4000 °F days

= 2222 °C days

3. t = 287 days
6888 hours

4. sand, saturated, 10% moisture content
dry density
© = 2000 kg/m

-~
=8
[[]

= 4 (3.2 +4.1) Wm %
= 3.65 W/m %k )

5. no snow cover
N -

e e n = ratio of ground surface temperature
to air temperature
= 0.9



e
]

since it is

C =

from Figure

2000 |837 + 4184
2.51 x 10° a/m3-c

—

2000 |837 + 2092 (

2.09 x 10% J/m3-c

~assumed Cu = CF’
W (C, ¢ C
2.31 x 105 y/m3-c

POOR COPY

COPIE DE QUALITEE INFERIEURE

)

10)]
100

334.72 (0.10) (2000)

66.94 x 10% o/m?

0.92

t

4.0 meters

13.1 ft

=¥

66.94 x 10°

7200 (3.65) %2%)0.9’ (287 x 28) | M
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INSTALLATICN OF RESISTANCE THERWSTFRS,

- |
. Read oyt bex, installed

on power poles, fences, . ..

buildings, etc.

Road or ground surftcé

K : T
_J

q 5
L4
Cable and nclytube

13" ABS nipe filled with Silica sand
A Thermometer installed o
W \ (’,'\-,%’4~‘\‘- b

ptrme l‘.?s-‘

nall]

106
oo,

- . Low

- l\atermain

(:be/ . _' 3 } - ” -," j ~fA. ' } .
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ISSTALLATION OF RESISTANCT THEK YY¥TERS

Road or ground surface

B
s

@ Y

1k ABS pipe filled with Silica sand
Thermometer installed

%

Cable and nolyvtube

hatermain

L l
| |
[ —

256

Read oui box, installel
o poxer noles, feaces,
buildings, etc.
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INSTALLATION OF RESI1STANCT THER r**TERS
. s :_
. Rasd out bex, installed

e e n s " on power poles, fences,
. buildings, etc.

T

s
!

5 ‘
) Cable and nolvtube

1 ABS pipe filled with Silica sand
Thermometer installed
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Read out box, installed

on power poles, fences,,

o - : ~ buildings, etc.

- 9" 1

2.5,

T el

[~ é:m e

éCIblE and polytube

14" ABS pipe filled with Silica sand
Thermometer installed
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