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FOREWORD

The concept for this manual emerged at the symposium on
'Utilities Delivery in Arctic Regions' organized by Environment Canada in
Edmonton, March 16-18, 1976. The several U.S. and Canadian agencies
responsible for environmental improvement in the north were requested to
assemble a team of experts which would pool its knowledge to create a
'state—of-the—-art' design manual on planning and servicing northern
communities. In the ensuing months efforts in both countries resulted in
the creation of a steering committee, and the commitment of staff and
funding to allow this undertaking. Meetings of the committee took place
in Anchorage, Seattle, Yellowknife, and Edmonton. Each member of the
committee was assigned lead responsibility for one or more sections.

The purpose of the manual is to provide guidance and criteria
for the design of utility systems in cold regions to an engineer
experienced in southern municipal engineering practice., He or she may be
working for government, consulting engineers or industry, and would be
involved in the planning, design, construction or operation of utility
services in a northern community or industrial establishment. It is
hoped that this manual will help to improve the level of services provided
and to avoid many of the mistakes made in the past by transferring
'southern engineering' to the North without proper modifications. Often,
a new approach utilizing basic environmental engineering principles
suitable to the north is required.

It is recognized that errors and omissions may have occurred
during the preparation of this manual. The authors would apppreciate
comments and supplemental information which could be incorporated into
revisions of the manual. It is the belief of the authors that this
manual must be updated periodically. Comments and recommendations should
be sent to the:

Northern Technology Unit
Environmental Protection Service
Environment Canada

8th Floor

9942-108 st,
Edmonton, Alberta T5K 2J5



AVANT-PROPOS

Ce manuel a &té congu & la suite du colloque sur la
"Distribution et 1'é&vacuation des eaux dans les régions arctiques”,
organisé d& Edmonton par Environnement Canada les 16, 17 et 18 mars 1976.
On avait invité, lors de cette réunion, les organismes canadiens et
américains responsables de 1'amélioration de 1'environnement dans le
Nord, 3 former une &quipe de spécialistes. Ceux—-ci devaient mettre leurs
connaissances en commun en vue de créer un manuel de conception & jour,
destiné 3 planifier 1l'installation des localit&s nordiques et les services
essentiels dont elles ont besoin. Par la suite, les deux pays se sont
concertés pour créer un comité directeur et ont affecté les fonds et le
personnel nécessaires au bon fonctionnement de 1'entreprise. Le comité
s'est réuni a Anchorage, Seattle, Yellowknife et Edmonton. Chaque membre
s'est vu confier la responsabilité& d'une ou de plusieurs sections.

Le manuel se propose de fournir, aux ingénieurs formés aux
techniques courantes dans les municipalité&s du Sud, des conseils et des (’M
critdres applicables 3 la conception de réseaux de services pour les
régions du Nord. Ces ingénieurs peuvent &tre au service du gouvernement,
d'une firme d'ing&nieurs conseil ou d'une industrie et participer i la
planification, 3 la conception, 3 la construction ou & 1l'exploitation du
réseau de services d'une localité ou d'une industrie situges dans le
Nord. 1I1 est 3 espérer que ce manuel aidera amé&liorer la qualité des
services et i éviter les erreurs commises dans le passé& ol les pratiques
de technogénie applicables aux communautés du Sud &taient mises en
oeuvre, sans modifications préalables, dans les localités du Nord. Ila
nouvelle fagon d'aborder ces questions repose sur les principes
fondamentaux de technogénie environnementale adaptés aux régions
nordiques.

Certaines erreurs ont pu se glisser dans ce manuel lors de sa
préparation. Les auteurs vous sauraient gré de leur faire parvenir vos
commentaires ou des renseignements qui pourraient s'ajouter au texte lors
des révisions périodiques. L'adresse est la suivante:

Sous-section de la technologie nordique
Service de la protection de 1l'environnement
Environment Canada

8¢ &tage

9942-108¢ rue

Edmonton (Alberta) T5K 2J5
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1 INTRODUCTION

"Cold climate” in this manual means the climate experienced in
the arctic and subarctic regions of the United States and Canada.* They
include Alaska, the Yukon and Northwest Territories, northern parts of
some of the Canadian provinces and some high altitude areas of the
northern contiguous United States. The special problems of providing
utility services in these regions are addressed in this manual, which may
also be helpful for other cold climate regions, such as the Antarctic,
Greenland, Scandinavia and the U.S.S.R.

A vast, frozen land inhabited by but a few people; that is the
impression most 'southerners' have of Alaska, the Yukon and the Northwest
Territories. Much of the evidence supports this impression. About
500,000 people live in Alaska, about 30,000 in the Yukon Territory and
about 45,000 in the Northwest Territories. Disregarding national
boundaries, this vast land stretches over 5,000 kilometres, from Davis
Strait in the east to the Bering Sea in the west. It extends 2,500
kilometres from the northern parts of the Canadian provinces to
uninhabited lands near the North Pole. The recent interest in the energy
and material reserves of the North have made people more aware of these
regions and of the modern communities of sizeable population, such as
Anchorage (200,000), Fairbanks (45,000) and Barrow (3,000) in Alaska, and
Whitehorse (16,000) in the Yukon Territory, and Yellowknife (12,000) and
Frobisher Bay (2,500) in the N.W.T., to name some of the larger ones. In
total there are about 250 communities with populations between 10Q and
1,000 people. Most settlements were established long before the
provision of municipal services was considered important. Their location
and haphazard layout were based on survival and personal preferences.
This has now resulted in high cost for services, which in turn delays the
extension of modern community services to these settlements.

Several factors cause special problems to the development of
services in northern communities. Among them are: permafrost, climate,
remoteness, lack of planning for services, inadequate housing, and often

lack of an economic base. The degree of influence of these factors

* Terms throughout this manual are defined in the glossary.



varies considerably over this huge land. Permafrost occurs where the
mean annual ground temperatures are below 0°C for several years. Its
thickness varies with location and can be up to 600 metres. Climatic
variations are great, Minimum and maximum temperatures may average as
low as -=50°C and as high as 30°C. Mean annual total precipitation
(rain and snow) varies from about 15 to 45 em, quite low compared to
southern areas.

The remoteness of most ¢communities results in high transporta-
tion costs. Most of the materials used for services must be imported.
The spread-out, low density layout of existing settlements results in
further high costs. Replanning of a settlement, including relocation of
roads and houses, is, or should be, a prerequisite to c¢onstruction of
piped water and sewer systems. In some cases, complete relocation of a
settlement may be the most economical solution for servicing the community.
Upgrading existing housing and construction of low and high density
housing for permanent and transient populations are required. Central
commercial, educational and recreational facilities must be incorporated
in the c¢ommunity plan. Any useful and practical plan, be it for housing,
schooling or servicing, must be both technically and economically sound,
and most important, socially acceptable to all groups of the community,

both natives and newcomers.

1.1 Water Supply

All traditional sources of water are present in most parts of
the cold regions but conditions peculiar to these regions require special
consideration of these sources prior to selection of a community water
supply. For example, although there are many lakes, they are generally
quite shallow and many freeze to the bottom, or their effective storage
capacity is severely reduced by thick ice that forms each winter. This
also tends to concentrate minerals in the unfrozen water, which may
render it unsuitable for consumption. Surface water is often highly
coloured from the organic¢c material washed into lakes by runoff. Because
of low precipitation, water contained in lakes may be the result of many
years' accumulation. Attempts to utilize large amounts of this water may

drain the lake and cause loss of supply. During the winter, clean water
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can be obtained from beneath the ice of rivers, but during breakup,
floating ice and other debris carried by the flood waters are a hazard to
any permanent installation, such as a water intake. Following breakup,
the silt content of the river is extremely high, possibly rendering the
water unusable for several weeks. Small rivers and creeks often freeze
to the bottom, and so their use as a water source may be limited to cer-
tain times of the year. They may also be polluted from waste discharges.
Reservoirs are difficult to construct where the underlying soil has a
high ice content; any attempt to pond water will cause melting of the
underlying permafrost and possible settlement of the dykes.

Groundwater is an excellent source of supply in remote northern
locations. However, in continuous and discontinuous permafrost regions a
reliable groundwater source normally must be obtained from beneath the
frozen zone. This often means expensive wells due to thermal protection
requirements. In addition, the well water may be highly mineralized. In
some locations, ice and snow are melted for water, but the high cost of
fuel or electricity makes this source of water uneconomical if adequate
quantities are to be provided. Water consumption rates show large
variation depending on the method of distribution and the plumbing
facilities. A water supply objective of 50 litres per person per day is
generally considered minimum for adequate drinking, cooking, bathing and
laundering purposes. Only piped systems or a well-equipped trucked
water system can meet this objective. In many communities, houses without
plumbing that are currently served by a trucked water system, only 10 litres

per person per day is supplied and used.

1.2 Water Distribution and Sewage Collection

The dominant characteristic of cold regions utility systems is
the need to prevent both the water and sewage lines from freezing. Heat
may be added to the water or to the mains, and continuous circulation
maintained to prevent freezing. The degree of freeze protection required
depends on whether the pipes are buried or built above ground. Buried
water and sewer lines are preferred for community planning, aesthetic and
engineering reasons. In areas with subarctic climate (arbitrarily
defined as one in which one to three calendar months have mean monthly

temperatures above 10°C), such as Anchorage, Fairbanks, Whitehorse and
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Yellowknife, underground systems are used. They differ from southern
systems in that various methods of freeze protection are provided, such
as insulation, heating, recirculation and water wasting. Insulation
around pipes also prevents thawing of ice-rich permafrost and consequent
settling of pipes. 1In the past, underground services were considered to
be not feasible, technically and economically, in ice-rich permafrost
areas. Therefore, above-ground utility systems were constructed in such
areas. They are generally more expensive, cause difficulties with roads
and drainage, are subject to vandalism, and are not desirable from
community planning and aesthetic points of view. Recent engineering
developments may allow underground construction in areas where this was
thought not possible in the past. This will reduce future use of above-
ground utilidors. However, above-ground utility systems will still be
necessary in thermally-sensitive, ice-rich, permafrost areas, or where
excavation equipment is not available for installation and maintenance
or for temporary facilities.

Trucked delivery of water and pickup of sewage is an alternate
means of providing services. Water storage tanks used for homes vary from
an open reused oil drum (180 L) to proper tanks of 1200-litre or more
capacity. In some settlements, water is delivered only to some homes.
Others must pick up water in pails from a number of water points within
the settlement. When the house is equipped with complete indoor plumb-
ing, all wastes are generally discharged to a holding tank, which must
be pumped out several times per week. When indoor plumbing is not avail-
able, toilet facilities may consist of pit privies or chemical toilets
of various designs; however, they usually consist of "honey bags'", plas-
tic bags in a container under the toilet. '"Honey bags'" are picked up
daily or several times per week on a community-wide basis. Wash water
wastes, kitchen sink wastes, and laundry water are usually disposed of
to the ground surface in the immediate vicinity of the home, often contri-

buting to localized drainage and health problems.

1.3 Waste Disposal

Very few communities have sewage treatment plants, although
there are now many package-type plants at industrial facilities in Alaska

which were built as a consequence of the o0il discovery and pipeline



construction. Sewage lagoons are the most common method for the treat-
ment of wastewater. Few of these meet recommended design and operating
criteria. In the past, they were often constructed by utilizing existing
lakes or low areas with suitable addition of dykes. For most of the year
they provide long—term storage of wastewater, with some anaerobic decom—
position taking place. It is during the summer that extensive biological
activity occurs, with resulting reduction in organic matter. The rela-
tively lower effectiveness of lagoons for wastewater treatment is offset
by their lack of need for skilled and costly operation and maintenance.
In certain subarctic locations, septic tanks and tile fields are used. In
communities near the ocean, disposal of wastewater is often to the sea.
This practice may not be permitted without a special study of local

conditions or some degree of treatment in the future.

1.4 Solid Waste Management

Human feces in "honey bags”™ are often disposed of without any
treatment in a dump, together with solid waste. In some cases, pits have
been constructed. In other cases, the contents are emptied into a lagoon
which also receives wastewater. Solid waste disposal has, until recent
years, been the most neglected area of sanitation. Where a community
collection system exists, disposal is generally at a dump. Because of
lack of proper cover material, sanitary landfill cannot be practised in
most places. Few dumps are fenced, contributing to widespread and
uncontrolled dumping. In some cases, ill-chosen dump sites contribute to
water pollution. Other forms of refuse disposal, such as incineration,
shredding, baling, etc., have found limited application due to high

maintenance and operational costs.

1.5 Fire Protection

One of the most serious hazards to life and property in remote
northern locations is fire. The seriousness of fire is aggravated by the
problems of providing adequate quantities of water to fight fires during
the extremely cold periods of the year, the extreme dryness of wood and
organic materials, and the dependence on heating systems for survival.
Fire protection techniques must be approached at all levels: the use of

fire retardant materials, development and use of early warning devices,
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the provision of fire control equipment and personnel, and educational

efforts towards fire prevention.

1.6 Energy Management

Conservation of energy becomes especially important in cold
climate areas. The costs of heating buildings, lighting, hot water, and
operation of appliances are generally much higher than in southern areas.
Heating expenses can be reduced by heavy insulation of buildings and
increased use of waste heat from generating stations. Oil, gas, coal,
wood and hydro-generated electricity are now most commonly used as energy
sources. These may be supplemented by geothermal, solar, and wind energy

where and when feasible.

1.7 Summary and Future Needs

An evaluation of the present level of sanitation in most of the
smaller northern communities shows that the overall situation is more
primitive than in comparably-sized southern communities, but that the
situation is steadily improving. Goals have been set out broadly, for
instance, in the "Proposed Water and Sanitation Policy for Communities in
the N.W.T., 1973", TImplementation of these goals will, to a large
extent, depend on available funds.

Development of the northern areas of Canada and of Alaska will
undoubtedly increase in the next few decades, but the scale and pace of
development is still somewhat uncertain. Resource development, including
0il, natural gas, mining, hydro-electric works and transportation
facilities, such as pipelines, roads, railroads, bridges, harbours and
airports, will be built. Several different types of communities will
have to be developed, such as construction and permanent camps, the
expansion and improvement of existing communities, and the building of
new towns. The engineering community must be ready to plan, design,
construct and operate facilities appropriate for the conditions

encountered.




2.1
2.1.1
2.1.2
2,2
2.2.1
2,2.2
2.2.3
2.2.4
2.2.5
2,2.6
2.2.7
2.2.8
2.2.9
2.2.10
2.3
2.4
2.4.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.6
2.4,7
2.5
2.5.1
2.5.2
2.5.3
2.5.4
2.5.5

SECTION 2
PLANNING AND PRELIMINARY CONSIDERATIONS

Index

PLANNING AND PRELIMINARY CONSIDERATIONS
Objectives

Health

Social/economic

Regulations and legislation

Water rights

Waste discharge permits
Archaeological clearances
Environmental assessments or impact statements
Rights-of-way and easements

Land use permits

Safety standards during construction
Structures in navigable waters

Safe drinking water regulations
Clearing houses

Type of Installation or Site

Site Considerations

Permafrost

Location

Layout

Energy

Utilities

Building design

Revegetation

Projeet Management

Construction season

Transportation

Equipment

Labour and inspection

Type of construetion

2-12
2-20
2-25
2-25
2-28
2-32
2-33
2-33
2-36
2-42
2-43
2-44



Index (Cont'd)

Page
2.6 Water Delivery and Waste Collection Systems 2-47
2.6.1 Types of systems including construction, operation and
maintenance costs 2-47
2.6.2 Design life 2-52
2.7 Operation and Maintenance 2-53
2.7.1 Community and operator training 2-53
2.7.2 Operation and maintenance manuals 2-55
2.7.3 Reliability 2-56
2.7.4 Management backup 2-56
2.8 References 2-57

2.9 Bibliography 2-59



Figure
2-1

2-2

2-3
2-4
2-5
2-6

2-7
2-8

2-9

2-10

2-11
2-12

2-13
2-14
2-15
2-16
2-17
2-18

2-19
2-20

2-21
2-22

2-23
2-24

List of Figures

Unalakleet, Alaska

Ice Stacked to be Melted for Drinking Water
Kotzebue, Alaska

""Beaded" Stream
Frost Polygon on Alaska's North Slope
Ice Wedge

Areal Distribution of Permafrost in the Northern
Hemisphere

Permafrost in Alaska

Distribution of Permafrost and Ground Temperature
Observation Sites in Canada

Ice Deposited by Ocean Waves, Unalakleet, Alaska
and Ice Deposited by River, Napaskiak, Alaska

Building Damaged Because Ice Around the Piling was
Lifted by Flood Waters, Unalakleet, Alaska

Erosion at Bethel, Alaska, Caused by Flooding of River

Deteriorated Roads in Bethel, Alaska, Caused by Poor
Drainage

Medium Density Apartment Buildings in Godthaab, Greenland
Example of Proper Planning

Self-refrigerating Thermo-piles in Galena, Alaska

Sports Complex in Godthaab, Greenland

Open Area Building Construction in the USSR

Aerodynamic Building Design to Reduce Snow Drifting
Problems, Prudhoe Bay, Alaska

Example of Ice-falling Problems on Building in
Wainwright, Alaska

Problems of Summer Construction on Muskeg, St. Mary's,
Alaska

Temperature Effects on Worker Productivity

Typical Winter Construction Problem, Kotzebue, Alaska
Cat Fell Through Lake Ice

Temporary Runway Constructed on Lake Ice, Nondalton, Ak

Unloading C-82 Aircraft after Landing on Temporary Ice
Runway

Page

2-2

2-10
2-11
2-11

2-13
2-14

2-15
2-18

2-19
2-19

2-21
2-23
2-26
2-27
2-27
2-29

2-30
2-31

2-34
2-34

2-35
2-38

2-38



List of Figures (con't)

Figure Page
2-25 Cost of Living Comparison for Northern Canada 2-40

List of Tables

Table Page
2-1 Example of Savings with Proper Planning 2-26
2-2 Construction Cost Factors for Alaska 2-41
2-3 Costs of Water Distribution and Sewage Collection

Facilities in Cold Regions (1977) 2-49



2 PLANNING AND PRELIMINARY CONSIDERATIONS

It is advisable to apply the principals of good planning to
new developments and to extensions of existing communities. Moving to a
new location or rearranging the present layout according to good planning
practices must be considered because the addition of utilities will
"anchor"” a community to a specific location.

Utilities are required and are being installed in many existing
communities whose locations and layouts originated from a subsistence
economy. They were located close to hunting grounds, and near the ocean
or rivers for transportation and fishing. Many of these locations were
also influenced by the RCMP, missionaries, Hudson Bay Company outposts,
and government. Requirements beyond the immediate needs were not consi-
dered; population growth, utilities, housing, and other modern “"essentials”
were usually neglected in the community location and layout. Many of the
present villages slowly evolved from a temporary fishing or hunting camp.
For example, nearly all the Eskimo communities along the west coast of
Alaska are located on sand spits projecting into the ocean (see Figure
2-1). These cites suffer from erosion, flooding, lack of room for
expansion, and long distances to a freshwater source. The "old timers”
say that they located there to be near the seal hunting and salmon
fishing, as well as to be where they could see and prepare for the

raiding Indians from the interior of Alaska.

2.1 Objectives
The objectives of planning are to reduce the cost of construc-

tion, and operation and maintenance (O&M) of utility systems, while at
the same time, providing a healthy, functionmal, convenient, usable,

attractive community or site.

2.1.1 Health

The primary purpose of providing safe drinking water and
sanitary waste disposal is to improve public health (see Figure 2-2).
Protection against water—carried diseases such as intestinal disorders,
hepatitis, typhoid, polio and cysts, to name a few is provided. Also,
the provision sufficient water for personal hygiene, laundry, and

cleaning of the home reduces the occurrence of impetigo and other skin



FIGURE 2-1. UNALAKEET, ALASKA.

The bottom of the picture is Norton sound and the
water body in the centre is a salt water tidal slough.
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FIGURE 2-2, ICE STACKED TO BE MELTED FOR DRINKING WATER
- KOTZEBUE, ALASKA




diseases. A third health consideration is drainage in and near communi-
ties. Swampy or low areas become contaminated, stagnant ponds, which
support mosquitos and other insects which can carry diseases and be a
general nuisance.

Different degrees of overall health improvement are accomplished
with various types of sanitation facilities {1,2,3]. The provision of a
safe source of water within a community, but outside the home, will
facilitate health improvement. The improvement is limited, however,

because:

1) It is impractical to have the source near all homes and many
people will continue using the original unsafe source,
particularly if it is closer.

2) Since all water must be hauled, it is used sparingly and
seldom used for personal hygiene, house cleaning, laundry
or other uses than cooking and drinking.

3) Even though safe water is supplied at a watering point, it
often becomes contaminated during transport or storage in

the home.

A considerably greater health improvement can be accomplished
by safely distributing the water to the individual users. Individual
wells are not common in permafrost areas; therefore, the two most common
ways of distributing water are through pipelines and water—hauling
vehicles. Greater quantities of water are made available and the risk of
contamination during delivery is reduced, although the possibility is
greater for hauled delivery than for piped delivery.

In many cold regions, conditions such as deep frost, permafrost,
poor soils and rock may preclude the use of individual outhouses or
septic tank systems. Therefore "organized” community systems are
necessary. In communities where "organized” sewage collection is not
provided, toilet wastes and grey water tend to be disposed of in an
unsanitary and unhealthy manner. Several recent hepatitis outbreaks have
been traced to this problem. A sanitation facility feasibility study
conducted for the towns of Wabasca and Desmarais near Lesser Slave Lake
in northern Alberta, Canada, showed that a completely subsidized hauled

water system would provide the government a return on their investment
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of at least 62% in one year from health cost savings alone [3,4]. The
discomfort and work time missed because of intestinal disorders, etc.,
that would not be reported to the government-operated hospitals and
¢linics were not considered.

Cold region communities are usually isolated; therefore, health
problems are usually caused by self-contamination rather than inter-
community c¢ontamination. The health risks from discharges of domestic
wastes to the ocean or large rivers can be greatly reduced if outfalls

are designed and constructed to protect shellfish beds and the water

source for the individual site or community. Discharge standards or guide-

lines established for heavily populated areas should not be applied
without considering local conditions. This will avoid the installation

of costly treatment schemes which are designed to provide greater protec-
tion of water uses than necessary, and which are usually far beyond the
ability of small communities to operate and maintain. Pathogens have
longer survival times in cold waters and can be preserved for thousands

of years in the frozen state. Therefore, the potential public health risk
is greater in c¢old regions. However, the low population density renders

this somewhat irrelevant for some locations, espec¢ially coastal areas.

2.1.2 Social/economic¢

The World Health Organization (WHO) has stressed the importance
of adequate water, sewer, and garbage services to the economi¢ and social
development of a ¢community. There will be poor health in a community
without basic sanitation and there is little prospect of socio—economic
development without good health. Sick or incapacitated people cannot
contribute or participate in the labour market. Moreover, a healthy
person can relocate to a place of employment more readily than a sick or
unhealthy person,

Watering points and central facilities provide a safe community
water supply. However, commercial or industrial buildings, such as
hotels, schools or fish processing plants must be directly connected to
the water source by a pipeline. A sufficient quantity of water cannot be
practically or economically distributed by truck to large industrial or
commercial users. Water and sewer services act as a catalyst to indus-

trial development. The location of government c¢entres, canneries or
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cold storage plants is often determined by the availability of the
municipal services.

The provision of sanitary conditions is probably the largest
single factor in improving the "standard of living"” of a rural area. The
indigenous societies in rural northern Alaska and Canada are changing
from subsistance to cash—oriented economies. The stresses of this
transition are major cause of the high suicide and alcoholism rates in
northern areas. Safe water, adequate sanitary facilities and a healthy
environment will improve productivity and assist in this transition.

The introduction of sanitary facilities in a rural community
often provides the initial contact with such matters as bookkeeping, bill
collection, tax withholding, workmen's compensation and, usually,
unemployment insurance. These along with management and technical
experience, provide a basis for social growth. Proper planning requires
local meetings and decisions, which promote community involvement.

Participation in the development and implementation phases of
the facilities encourages a feeling of community ownership and responsi-
bility. The participation promotes responsible operation and maintenance,
thus increasing the life of the facility. If outside assistance,
especially funding, is needed in a community to provide for the O&M of
the facilities, care should be taken to preserve the community's sense of
self-reliance and avoid further dependance on government assistance. It
is important that outside technical assistance be made available to the
local operators. There are several different philosophies as to what
degree, if any, of the O&M costs of facilities should be subsidized by

the government:

a) A facility should not be constructed unless it is competely
within the community's financial ability to operate, main-—
tain, and manage.

b) The entire 0&M and management costs should be subsidized by,
or the facilities operated by, the government.

c¢) The facility O&M costs should be subsidized to the extent of
the savings in health servites which are realized by instal-
lation of the facility. In almost all instances involving
indigenous people, 100% of the health services are presently

government-subsidized.,
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There have been instances where well-intended assistance
programs actually contributed to community disorganization. Thorough
examination of the social and economic implications of a project are
necessary to select the type and sophistication of facility that is best
suited for a given community. Legislative, administration, and local
constraints can increase the chance of project failures because they may

limit the types of projects which can be considered.

2.2 Regulations and Legislation

There are many permits or clearances which must be obtained
before construction can proceed. This can be time-consuming, and thus
expensive, and must be budgeted into a project in the beginning. The
major regulations to be followed and clearances to be obtained are listed
below. Requirements differ in individual Canadian provinces and
territories, and the U.S. in several instances. Regulations and
procedures change frequently, and it must be emphasized that one should

check with the applicable agencies before proceeding with a project.

2.2.1 Water rights

In Alaska, the Alaska Department of Natural Resources¥*
determines water rights and issues water use permits. They also issue
and administer permits for rights—-of-way or easements, use of tidelands,
and special land use on State lands. In the Yukon and Northwest
Territories, the Territorial Water Boards conduct public hearings related
to applications for water licenses to ensure that a license applicant
submits sufficient information and studies for the Board to evaluate the
quantitative and qualitative effects of a proposed water use, and sets
water quality standards. Provincial authorities must be consulted for

their regulations and procedures.

2.2.2 Water discharge permits

Waste discharge permits are required for any discharge (solid or
liquid) to surface or groundwaters. Permits are issued by the Alaska

Department of Environmental Conservation**, Further information is

* Division of Land and Water Management, 323 East 4th Avenue, Anchorage,
Alaska 99501.

**Pouch O, Juneau, Alaska 99811,
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available from the U. S. Environmental Protection Agency®, which also
administers oil spill prevention and control plans.

Any stream supporting anadromous fish in Alaska must receive
clearance from the Alaska Department of Fish and Game**. Waste dis-
charges in the Territories are regulated by the respective Territorial
Water Boards. Within the provinces, each authority must be consulted.

2.2.3 Archaeological clearances

Archaeological clearances must be obtained if excavation or
construction will take place at any possible archaeological sites. The
Alaska Department of Natural Resources*** administers these clearances
and permits if federal funds are involved. In the Canadian Territories,
archaeological clearances are dealt with under land use permits.

2.2.4 Environmental assessments or impact statements

An environmental assessment or impact statement is necessary in
the U. S. for any federally funded or "major" state or private project
changing the environment, for the better or worse. Which one of the two
is required is usually governed by the degree of the change.

In the U.S., requirements can be obtained from the U.S. Environ-
mental Protection Agency. There were requirements for environmental
assessments or impact statements in the Yukon or N.W.T. at the writing of
this manual.

2.2.5 Rights-of-way and easements

Rights-of-way for construction and O&M must be obtained where
lines will cross private property or other parcels of land not owned by
the constructing agency. They must include a legal description of the
crossing and be obtained from the property owner. They must state
exactly what is allowed, and be legally recorded. 1In Alaska the U. S.
Department of Interior****, issues rights-of-way across Bureau of Land

Management (BLM) managed lands. In Canada, these are covered under land

use permits.

~ Alaska Operations Office, 701 C Street, Anchorage, Ak 99513
AN Habitat Protection Section, Subport Bldg., Juneau, Ak 99810
#*% Division of Parks, 619 Warehouse Avenue, No. 210, Anchorage Ak 99501

Lok,
iy

#%% Bureau of Land Management,555 Cordova, Anchorage, Ak 99501



2,2,6 Land use permits

Land use permits are issued by the Department of Indian and
Northern Affairs. The regulations are not applicable within the

individual communities.

2.2.7 Safety standards during c¢onstruction

There are many different safety standards. In the United
States, Occupational Health and Safety Authority (0.S.H.A.) standards
usually must be followed. However, there are some government agencies,
such as the U.,S. Army Corps of Engineers, which have their own safety
standards and enforce them. Within the State of Alaska, the Department
of Labor* administers safety standards. In Canada these are covered in

the land use permit.

2,2.8 Structures in navigable waters

Permits must be obtained before structures c¢an be placed near or
in navigable waters. 1In the U.S., two different agencies issue permits
depending on the conditions. They are the U.S. Army Corps of Engineers
and the U.S. Coast Guard. The Corps of Engineers** issues permits for
any activity in navigable waters and wetlands. This is mainly for dredge
and fill operations and for the placement of any structures in navigable
waters. The U.S. Coast Guard*** issues permits for any bridge construc-—

tion over navigable waters.

2.2.9 Safe drinking water regulations

In the U.S. the Safe Drinking Water Act stipulates the allowable
concentrations of impurities in drinking water. The act is administered
by the individual state or the U.S. Environmmental Protection Agency. It
is discussed in more detail in Section 4 of this manual. 1In Alaska, the
Alaska Department of Environmental Conservation should be contacted. The
Canadian Drinking Water Standards and Objectives, 1968, are similar to
U.S,., regulations, Further information can be obtained from the Federal
Department of National Health and Welfare, Ottawa, and from the

Territorial Govermments in Yellowknife and Whitehorse.

* Division of Occupational Safety and Health, P.0. Box 1149, Juneau,
Alaska 99811.

*% P_.0. Box 7002, Anchorage, Alaska 99501.

**% P,0, Box 3-5000, Juneau, Alaska 99802,



2.2,10 Clearing houses

The Alaska State Clearing House* clears projects for compliance
with federal regulations, while the Department of Environmental Conserva-
tion clears projects for compliance with state regulations. The Alaska
Department of Environmental Conservation must review and approve plans
and specifications of all privately and state—funded water supply and
sewerage projects. It also reviews and comments on all federally-funded

projects.,

2,3 Type of Installation or Site

Temporary constructions or military camps, resource development
camps, semi—permanent military installations, and new and existing cities
or communities are the types of installations present in cold regions.
The economic base, stability, growth potential and physical permanence of
an installation or community will have very strong influence on the type
of utility system which would best serve that community or site.

Examples of delivery and collection systems are discussed later.

2.4 Site Considerations

2.4.1 Permafrost

Permafrost is not a material; it is the state of any material
which stays below 0°C for two or more years. Solid rock in this
state would not usually create an unusual construction problem. “Beaded"
streams (Figure 2-3) and "frost polygons" (Figure 2-4) are two indicators
of ice-rich permafrost. The frost polygon "lines"” are actually ice
wedges, as shown in Figure 2-5, Marginal or "warm" permafrost is much
harder to work with than cold (less than -49C) permafrost because
small physical disturbances at the surface have a greater thermal effect
on the depth of the active layer. The construction method used in
permafrost will depend on the structure or facility being designed and
the ground stability upon thawing. The ground's stability is determined
by its moisture (ice) content and soil gradation.

Active or passive construction methods have been defined for

application in permafrost areas. Active construction is essentially the

* Office of the Governor, Pouch O, Juneau, Alaska 99811.
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FIGURE 2-3, "BEADED"
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FIGURE 2-4. TFROST POLYGON ON ALASKA'S NORTH SLOPE

FIGURE 2-5. ICE WEDGE
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prethawing and/or removal of the permafrost or frost-susceptible materials
and their replacement with gravel or some non frost-susceptible material.
Passive construction usually maintains the frozen state of the permafrost
by construction above the ground on piles, use of refrigeration (such as
thermopiles), or insulating the ground surface.

The distribution of permafrost in the Northern Hemisphere is
shown in Figures 2-6, 2-7 and 2-8. Definitions of the extent of the
permafrost at a given location (discontinuous or continuous) are covered

in the glossary.,.
2.4.2 Location

2.4.2,1 Access. Access is of prime importance when selecting a
location for a new community, camp, or installation. The method, and
thus the cost, of access to a site or community can vary greatly with
remoteness and the faectors discussed below.

Because of the importance of air transportation, the site should
provide a suitable location for a runway, considering prevailing winds,
natural obstacles (mountains, ete¢.) and the availability of construction
materials. Ships or barges are also a major transportation system in the
North, especially for heavy and bulky items. Consideration should be
given to whether a deep, protected harbor is available. If not, could
one be dredged and, if so, would continuous dredging be necessary?
Natural beaches suitable for beaching materials must be available.
Highway and railroad systems are also access considerations in some parts
of the North. Access roads to main highways and main rail lines and
availability of construction materials for them are items which should be
considered if a road system is present or planned.

In most rural or remote locations, snowmachine and dogsled
trails should be considered since they are still important means of
transportation.

New developments such as low pressure tire, off-road vehicles
and air-c¢ushioned vehicles are being tested and may be access considera-
tions in the future. In northern Canada and Asia "cat trains” are used
to deliver materials in the winter. These often travel on frozen river

and lake surfaces. They may be especially useful in delivering



2-13
120 90

60
7

Continuous permafrost

Discontinuous
permafrost

Sporadic permatrost

150

180

150

120 90

60

FIGURE 2-6. AREAL DISTRIBUTION OF PERMAFROST IN THE NORTHERN HEMISPHERE




2-14

0 kilometres 400

= — smasmm |

| “X
0o

& BARROW
Oy <120
" PRUDHOE BAY
Y
|
i
\700
I “&o
!
. |
FAIRBANKS | 6o
gls
8i3
2|3
|
2 ~4°
> i
2 ANCHORAGE I

g SA) \Iﬂ

s |
2ol <R

Southern limit of
continuous permafrost

Southern fimit of
discontinuous permafrost

Mean annual air isotherm (°C)

FIGURE 2-7, PERMAFROST IN ALASKA

gy



Ch

LECE~NOD

ammn SOUthern lirwt of

Meean annual
ait isotherm (*C)

kilometres

==

s

conti rost

. rn it of
discontinuous permairest

1000
{

FIGURE 2-8.

DISTRIBUTION OF PERMAFROST AND GROUND TEMPERATURE OBSERVATION SITES IN CANADA

¢1-¢



2-16

materials or equipment for initial construction before permanent access
routes can be developed. Information concerning construction and main-
tenance of ice roads is available from the State of Alaska, Department of
Highways, and the U.S. Army, Cold Regions Research and Engineering
Laboratory (CRREL) {7,8,9].

2.4,2,2 Soil conditions. Another very important consideration in

locating and assessing a site, camp, or community is the local soil
conditions. A complete soils analysis of the site is important and must

include:

1) percent of soil passing and retained on various sieves;

2) accurate in-place moisture or ice contents;

3) penetration rates;

4) shear valves ("vane” shear tests on organic soils, etc.);

5) chloride content and freezing point at different depths;
and,

6) organic content.

Surface vegetation can be helpful in predicting subsurface conditions
[6]. Also, soil conditions can vary considerably over a short distance.

Temperature profiles are extremely important; however, few sites
have instrumentation and temperature records. These should be obtained
as soon as possible. Thermo—-couple or thermister strings are usually
used [10]. Information has been published on their installation and
monitoring. Temperature information will indicate presence or absence of
permafrost, ground temperatures, and the depth and temperature variation
of the active layer. The changes expected in active layer and ground
temperatures due to disturbances of the surface vegetation cover must be
taken into consideration.

It is usually best to avoid permafrost where possible, by
selecting south slopes in discontinuous permafrost areas, or by selecting
locations near large rivers or lakes which have thawed the permafrost
over time. To lessen the resulting settlement and instability when
permafrost thaws, sites having soils with low or no ice content should be
selected. These are usually well-drained, coarse—-grained soils, rather

than fine-grained marshy soils.
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Frost heaving and jacking must be considered in both permafrost
and non—-permafrost areas. A frost—susceptible soil has been defined as a
soil having more than 3 percent passing a no. 200 sieve. However,
moisture content also has much to do with frost heaving. Piling must be
imbedded in the ground to a depth sufficient to resist the upward pull
created by the freezing of the active layer. Considerations for frost
jacking and heaving will not be covered in detail in this manual [11,12].

The prevention of seasonal freezing under a structure in a
non—-permafrost area would be one method of solving frost heave problems.
The subsurface soil analysis and depth to bedrock, if present, will help
determine the types of foundations possible for a given structure. In
permafrost areas, the possibilities are essentially piling or gravel pads
with the final choice depending on the availability of materials (gravel
and/or piling) and the permafrost temperature. Several studies [13] have
demonstrated reductions in gravel depth are possible with the addition of

layers of plastic foam insulation.

2.4.2.3 Topography. Topography should also be considered when
selecting the best site for an installation, building, camp or community.
The site should be sloping so it will drain (about 1 percent). Natural
obstacles which would promote snow drifting should be avoided. Most
communities in the North are located along rivers, lakes, or the ocean
and flooding is often a problem. Serious consideration must be given to
its frequency and extent, its cause (ice jam, precipitation, etc.) or
whether or not there is current and ice chunks which would cause damage
to surface structures. (See Figures 2-9 and 2-10.) Erosion by rivers or
wave action and/or thermal erosion are sometimes significant (Figure
2-11) and should be considered when selecting a site. South facing
slopes receive more incident sunlight and solar energy, in addition to

providing better protection from colder north winds.

2.4.2.4 Resources. An important item in selecting a location is the
availability of potable water. This will be discussed in detail in
Section 3 (Water Sources). The quality and quantity of water source must
be evaluated, realizing that both will change with the seasons of the

year. Late winter or early spring is the critical time for any surface
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ICE CHUNKS DEPOSITED BY OCEAN
WAVES, UNALAKLEET, ALASKA

ICE DEPOSITED BY RIVER, NAPASKIAK, ALASKA
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FIGURE 2-10. BUILDING DAMAGED BECAUSE ICE AROUND THE PILING
WAS LIFTED BY FLOOD WATERS, UNALAKLEET, ALASKA

FIGURE 2-11. EROSION AT BETHEL, ALASKA, CAUSED BY
FLOODING OF RIVER
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or shallow groundwater source. Recharge from precipitation through the
surface is essentially non-existent. When ice thickness on lakes and
rivers is at a maximum, most of the impurities that were in the water are
concentrated in the remaining water under the ice. In many cases, it
becomes unfit for domestiec use, Water absorbs tannins or lignins from
the mosses and lichens as it seeps through the tundra surface in the
summer [14], Thus, the best quality water is usually obtained in spring
when the melting snow flows over the still frozen ground surface,

Energy sources available locally, such as hydropower, wood,
coal, oil and natural gas, should be considered in selecting a site, as
well as the logistics and cost of importing fuel.

A very important consideration in site selection is the
availability of local construction materials. Probably the most
important materials are sand and gravel,

Almost any structure or facility will need gravel and sand for
foundation pads, backfilling around pipes, making concrete and building
paths, and airstrips. In many communities along Alaska's west and north
coast, gravel is non—existent. In Bethel, for example, barges must go
over a hundred miles upriver to obtain coarse sand, and farther for
gravel, It is sometimes less expensive to barge gravel from Seattle at a
cost of about $26/cubic metre. If bedrock or hardrock outcroppings are
present, they can be blasted for "shot rock” and crushed for fill, Trees
suitable for building logs, lumber and piling can be an important construc-

tion material, and reduce dependence on importing.

2.4.3 Layout

The topography must be considered when laying out facilities.
The slope of the site should be utilized to prevent ponding of water.
Stagnant water becomes polluted and provides mosquito breeding grounds, both
of which can create health problems. Ponding also causes thermal degrada-
tion of permafrost. Snow drifting problems should be avoided in the
location and design of structures. Airports should be located to allow
for future expansion. Most will start with a single strip and develop a
cross—runway as needed. The runway should be oriented with the prevail-

ing winds and above the surrounding terrain to reduce snow drifting.
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Tank farms should be located away from the community, and water
sources protected from possible o0il contamination by diking or some other
means.

Like runways, if the roads are built above the surrounding
terrain they will usually blow free of snow, thus reducing snow removal
efforts and costs. Therefore, cuts should be avoided where possible.
Roads should be constructed up and down the slope where possible. Roads
constructed across the slope inhibit drainage and act as dams. The
backed up water will cause ponding, and saturate and destroy the roadway
subbase and even building foundations uphill from the roads (see Figure
2-12). Culverts placed through roads to prevent ponding will usually
fill with ice at breakup time when they are needed the most. They can be
steam thawed just before breakup but this is expensive and time consuming.
The most satisfactory solution is to eliminate the problem by orienting

the roads up and down the slopes.

FIGURE 2-12., DETERIORATED ROADS IN BETHEL, ALASKA,
CAUSED BY POOR DRAINAGE
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It is not advisable to design layouts with dead end roads.
Because of the need to circulate water mains in cold regions, dead ends
are difficult and expensive to service., Snow removal is also more
difficult. Roads should be designed so there is ample area to place snow
plowed from the road. Docks provided for loading and unloading barges or
ships should be designed to withstand tides, ice movement, spring floods,
and erosion.

The importance of thorough soils analysis was discussed earlier,
but additional borings should be taken throughout the site. The size and
complexity of the utilities or structures to be built and the variations
in the ground conditions will determine the number of soil borings
necessary and the years of record desirable to determine groundtempera-
tures. More structures have failed because of inappropriate foundation
design, probably due to inadequate soils testing, than for any other
reason. Additional borings should be taken to better define the soils
underlying each building at the site.

Several factors should be considered in locating buildings.
Consideration should be given to moving existing structures to provide
more functional and useful layout. Taller buildings should be located so
they do not "shade” smaller ones from either sun or wind. Where snow
drifting is a potential problem, placement of small structures on the
windward or leeward sides of larger ones must be avoided. One storm
could completely bury a conventional size house located leeward of a
large building or storage tank. The size of snow drifts can also be
reduced by orienting buildings so the long axis is with the wind.

The community layout should be as compact as practicable to
reduce utility construction and O&M costs (see Figure 2-13). Utilidors
with central heating lines can cost $2000 per metre, and buried water and
sewer lines $1000 per metre. Placing unserviced areas and large open
spaces such as parks, school playgrounds, and industrial yards on the
outskirts of a camp or community is recommended.

A typical cost breakdown for a northern utility project
(utilidor extensions in Inuvik, N.W.T.) is 50 percent for construction,
33 percent for materials (on site), and 17 percent for engineering (7

percent for design and 10 percent for inspection).
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FIGURE 2-13. MEDIUM DENSITY APARTMENT BUILDINGS IN
GODTHAAB, GREENLAND

An evaluation of existing communities in the Northwest
Territories provided the following approximate figures for the length of

water and sewer lines required:

Length of water line plus sewer

Community Population line per capita* (metres)
Less than 300 8

300 to 600 7

600 to 1000 6

1000 to 2500 4,5

Greater than 2500 3.5

* These figures are based on five persons per residence and do not
include serviee lines. They are also based on utilidor systems or
systems with the water and sewer lines in the same trenech.

Alaskan experience differs somewhat. The systems installed
are usually buried pipes with water and sewer lines in separate trenches.
The figures above should be increased 1.5 times for Alaskan communities.
Seventy—five percent of the above pipe lengths was water and
sewer together, 15 percent was sewer line only and 10 perecent was water

line only. These figures should be used for rough estimates only. Actual
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conditions will make adjustments necessary, for instance, for a community
that is spread out along a river. A community of 200 persons could be
estimated to have 1600 m of water and sewer lines. One thousand
two—hundred metres would be water and sewer together (600 m of water and
600 m of sewer), 160 m would be water line only and 240 m would be sewer
line only.

For a well laid out site, the following lengths of pipe per

capita are provided as a guide:

Single family subdivision 3 to 4 m/capita
Multi~family area 0.2 to 2 m/capita
Apartment area 0.02 to 1 m/capita

A compact layout may make a central heating plant practical,
and this can reduce heating costs by reducing energy consumption. The
risk of fire, which is a major cause of accidental deaths in cold
regions, is also reduced. Most home fires are caused, directly or
indirectly, by heating stoves and a central plant will eliminate the need
for these. The main disadvantage of central heating is the difficulty
of expanding the core system when the community or camp unexpectedly
expands. Heat is also lost during transmission. Heat loss is much
higher with above-ground distribution.

Service lines are the source of most water distribution and
sewage collection line freezing problems. Buildings should be located
as close to the utility lines as possible to minimize service line
lengths. If the water and sewer lines are to be placed in the street or
alley rights—of-way, the buildings should be placed on the lot within
18 m of the lines, if possible.

There are advantages to placing the main lines along rear lot
lines in a right-of-way. The snow is usually not removed, as it would be
in the street, providing warmer ground temperatures. In non-permafrost
areas the frost penetration is usually significantly greater under snow
cleared or packed areas. They are also not as likely to be damaged by
vehicles. Service lines to both rows of houses are shorter because the
rights—-of-way for alleys or utilities do not need to be as wide as the
streets in front of the lots, and houses can be placed close to service

lines since "back yards" are not used very much in northern communities,

[T
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especially in the winter. Manholes, 1lift stations and valve—~boxes can be

terminated above—grade, making maintenance easier. Also, with above-

ground utilities the service connection will not require a road crossing.
Figure 2-14 and Table 2-1 show an example of the savings

possible when the layout of a community is properly planned.

2.4.4 Energy

Energy is expensive and requirements are high; therefore,
facilities must be designed to conserve energy. One example is to install
heat exchangers on the cooling water jacket and exhaust stack of power
plants, which can more than double the total energy extracted from fuel
0il, Usually only 30% of the fuel energy is used. The cold temperatures
can also be used as a resource. Examples of this are self-refrigerating
thermo-piles (Figure 2-15), desalinization using the freezing processes,

and ice roads.

2.4.5 Utilities

Utility systems must serve the "total"” community. For example,
it is not economical to have several small generators serving separate
buildings or complexes when one larger unit could serve the entire
community.

In planning communities or camps, it is important to provide
recreation facilities which can be used during the long, dark, cold winters
(Figure 2-16). These facilities reduce the social and psychological
problems ("cabin fever") prevalent in isolated, cold regions. Communities
or camps should have large buildings such as gymnasiums and arenas that
can be used for basketball, volleyball, curling, hockey, and other popu-
lar indoor games. Swimming pools can also be a very worthwhile addition.
Very few of the indigenous people have learned to swim, even though they
continuously use the ocean and rivers for transportation, because of the
low water temperatures, even during the summer., Swimming pools eould
remedy this in addition to providing exercise and recreation during the
winter. A useful side benefit to having a swimming pool in a school or
recreation complex is that it can double as a fire protection reservoir,
which is usually an important but expensive addition to buildings in cold

regions.,
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Buffer strip I I
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Road crossing ';‘
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Utilidor

Original development proposal Improved development proposal

FIGURE 2-14, EXAMPLE OF PROPER PLANNING

TABLE 2-1, EXAMPLE OF SAVINGS WITH PROPER PLANNING

NET SAVINGS

ITEM ORIGINAL IMPROVED DIFFERENCE (1973 DOLLARS)
Length of

000
New Roads (m) 1936 1887 49 3,00
Utilidor

0

Length (m) 1917 1646 271 109,00
Road 10 6 4 40,000
Crossings
Water System 4 9 9 2,000
Loops
Approximate 140 152 12 84,000
Lots
Junctions
& Bends 12 11 1 2,000

TOTAL $240, 000

B
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FIGURE 2-15. SELF-REFRIGERATING THERMO-PILES IN
GALENA, ALASKA

FIGURE 2-16. SPORTS COMPLEX IN GODTHAAB, GREENLAND
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Most c¢ommunities and camps in cold regions are remote with only
intermittent service, even by air, from larger population centres.
Therefore, it is very important to provide complete standby for all
essential components of any utility. Alarms and safeguards, such as low
water temperature alarms, low flow alarms, and low or high voltage
alarms must be provided to warn operators of any pending problems. The
importance of a reliable, knowledgeable operator will be discussed later.

Longer lead times must be allowed when requesting utility
services. Requests for electrical service to a project site must be made
to the local electric utility. In most remote Alaskan communities this
is the Alaska Village Electric Corporation. In the Northwest and Yukon
Territories, it is usually the Northern Canada Power Commission.

When constructing a building or facility requiring water and
sewer service, notice should be given well ahead of when the service is
needed. It may be necessary to expand the source or storage, which could

mean bringing materials in on the one and only barge per year.

2.4.6 Building design

Buildings should be designed for multiple use wherever possible.
It is expensive to heat and maintain a building continuously when it is
only used a few days each week (such as a church) or part of the day
(such as a school). Medium height cubical buildings should be used
rather than low and spread out types. They are more efficient from a
heat loss standpoint and provide a more compact arrangement for utility
service., There is somewhat more danger in case of fire, but fire
protection must be designed into any building. Open areas with plants
are important from an exercise and psychological point of view, and have
been provided in large buildings in the USSR (Figure 2-17) and Prudhoe
Bay, Alaska.

Windows are necessary but they are a high heat loss and main-
tenance item and should be designed to provide the most benefit with the
smallest area. Window orientation toward the south, multiple glazing,
and wood casings maximize insulation and energy savings. Windows extend-
ing above or below eye level should be avoided but it is important to be

able to see out sitting or standing. Windows are of no value during

[P
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FIGURE 2-17. OPEN AREA BUILDING CONSTRUCTION IN THE USSR

darkness, therefore, insulated shutters should be provided to reduce heat
loss.

Buildings should be well-insulated to minimize the total annual
cost of heat and amortization of the insulation costs. (See Section 14).
Vapor barriers are also a very important part of any building in cold
regions. Information is available concerning vapor barriers and types of
insulation suitable for different applications {15,18]. Insulation must
be kept dry. Absorption of 8 percent moisture (by volume) will reduce
the insulating value by one-half. An impermeable or low water absorption
insulation should be used in damp or wet locations. The reduction of air
exchange is as important as insulation in reducing building heat losses.
Some air exchange in a room or building is necessary. Quantities vary
with use and are usually stipulated in building codes, but anything over
these minimums should be avoided.

In areas where snow drifting is a problem, aerodynamic design of
the building exterior can reduce drift size, and also move the drifts

which do build up further from the building [16] (Figure 2-18).
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Building entrances should not be placed in the windward or
leeward sides of buildings. If possible, all doors should be double
doors with a space between them large enough so one is closed before the
second one is opened. This will greatly reduce the air exchange when
going in or out of the building. All doors and entrances must be
protected from snow and ice falling from the roof (see Figure 2-19).
Serious accidents have been caused by ice falling on someone leaving a
building when a door is slammed.

Roofs probably cause more problems than all other building
components combined in cold regions. Hip roofs should be used if
possible, with flat roofs being the last choice. It is very important
that all roofs be well insulated and provided with a very tight vapor
barrier [17].

Building heating systems must be as fool-proof as possible with
standby pumps and boilers provided for emergencies. Hot water circulat-

ing systems in remote, cold region areas should be charged with a glycol

FIGURE 2-19. EXAMPLE OF ICE-FALLING PROBLEMS ON
BUILDING IN WAINWRIGHT, ALASKA
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solution, but this must be taken into account in the sizing of boilers,
pumps, expansion tanks and other system components [18].

Humidity is an important consideration in cold regions, especially
inland. Humidity drops extremely low with cold winter weather. For
comfort, as well as to prevent damage to furniture, the humidity should
be kept at about 30 percent by using humidifiers. High humidity (above
50 percent, depending on temperature) can cause equally as numerous and
serious problems due to condensation on windows, walls and in insulation.
During warm spells or in the spring this frozen condensate can ruin
paint, insulation, and even destroy the building by inducing wood rot.

In very humid areas, such as pumphouses or sewage 1lift stations, moisture
control or dehumidifiers are necessary.

Building foundations will not be covered in this manual but
information is available elsewhere to help the designer with this most

crucial component of building design in cold regions [19,20,21].

2.4,7 Revegetation

Revegetation will usually be required where the natural
vegetation has been damaged or removed by construction. It is necessary
to prevent erosion and make the site more aesthetically pleasing. The
purpose of seeded plants is primarily to provide some growth to protect
the soil until the natural vegetation returns. The U.S. Soil Conserva-
tion Service and the Alaska State Division of Aviation have developed the
following recommendations for seeding tundra areas [22]. The best time
for seeding is before mid-summer and after break-up. However, scattered
seeding has been successful even when the seeds were broadcast on the
snow in the spring. The grasses will probably die out in four to five
years but the natural vegetation should be well on its way to recovery by
then.

Recommended seed rates are:

1) Meadow Foxtail (common) = 22.4 kg/ha

2) Hard Fescue (Durar) = 22.4 kg/ha

3) Red Fescue (Arctared) = 33.6 kg/ha

4) Annual Ryegrass (Loliun Multiflorum) = 33.6 kg/ha
TOTAL = 112 kg/ha

5 e it b s+
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The mixture should be seeded, and fertilized immediately and at

the beginning of the second year with the following fertilizers and

rates:
1) 10-20-10 - 448 kg/ha,
2) 33-0-0 - 112 kg/ha.
2.5 Project Management

Project management is an extremely important part of planning

for remote, cold regions installations.

2.5.1 Construction season

The length of the construction season varies with factors such
as soil conditions, length of daylight, and climate. However, construc-
tion cannot start in any location until the materials and equipment are
on—-site. Barges normally arrive in Barrow, Alaska and the Eastern Arctic
around the first of September, which is near the end of the construction
season. This means that materials must be shipped one year in advance
for construction to start the following summer. The length of the normal
construction season varies from two to three months along the Arctic
coast, to six or eight months in more southern areas.

Some soils, such as low moisture contents sandy-gravelly soils,
can usually be excavated more easily when frozen. When they are thawed,
shoring is necessary to prevent the trenches from caving in. Some muskeg
or highly organic soils are also easier to excavate in the frozen
condition (see Figure 2-20). When thawed, such soils often will not
support equipment or even people. On the other hand, saturated gravelly
silts are nearly impossible to dig when frozen and must usually be either
thawed or blasted.

The weather (temperature, wind, snow, rain, ete.) greatly
affects the amount of work accomplished during a constrution period.
Studies have indicated that temperature affects workers and equipment as
shown in Figure 2-21 when other environmental factors are considered
ideal. Darkness, wind and rain will reduce productivity further. The
effects of cold temperatures on oils, diesels, antifreeze solutions,

steels, woods, and plastics are shown in Appendix A. It is important

that these be understood before cold temperature construction is attempted.
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FIGURE 2-20. PROBLEMS OF SUMMER CONSTRUCTION ON
MUSKEG, ST. MARY'S, ALASKA.
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The lack of light can be partially corrected by using artificial
light. A echart showing the hours of daylight at various latitudes is
included in Appendix H., Daylight values will be shortened, of course, in
a location having mountains or other local terrain variations.

More and more contractors in cold regions are attempting winter
construction of buildings to stretch out the construction season and take
advantage of lower transportation and equipment costs with cheaper and
more available labour. Concrete work must be kept warm and aggregates
must be kept from freezing or thawed before use. Excavation should

usually be done before the ground freezes., (See Figure 2-22).

FIGURE 2~22, TYPICAL WINTER CONSTRUCTION PROBLEM,
KOTZEBUE, ALASKA

Winter construction can create severe moisture problems in
buildings. Portable heaters used to keep the interior warm produce
considerable amounts of water in the combustion process and, unless they
are vented to the outside, this water accumulates in the building
interior where it ean cause problems for years to come.

The deeision must be made as to whether to work longer hours and

pay overtime, or extend construction into the winter and/or another
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construction season. This is an economic consideration which may depend
on weather, overhead costs, and other local conditions. Also, studies
have shown that working overtime for an extended period of time is not

cost effective.

2.5.2 Transportation

2.5.2.1 Methods of shipping. Construction materials and equipment are

delivered to many construction sites by barge or ship. It is very

important to investigate the following items to avoid delays in project

construction.

1) The number of sailings per year and the chances of
nondelivery due to shore ice not moving out, rivers being

too low, or other natural factors should be known.

2) Delivery schedules should be determined so that materials
and equipment can be at dockside at the point of disembark-
ment. There is usually a specific and limited period of

time during which materials will be accepted.

3) The rates charged and the eriterion that they are based on
(volume or weight) should be checked. There often are
demurrage charges on shipping company containers. Rates for
barge transportation have steadily increased over the past
few years. There is also a daily charge for non—scheduled

stops (communities not normally on the route).

4) On many scheduled barges space must be reserved in
advance. It is important to check the capacity of barges
serving the area and the capacity of off-loading docks and

equipment before ordering materials and equipment.

5) Chartering barges should also be considered. The
economics of chartering will depend on the amount of
materials to be shipped and whether the location is a

scheduled stop on an established route.

6) The facilities available for off-loading at the site

should be determined. If there are no docks, are there
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suitable beaches for beaching the barge? What equipment
(such as cranes, trucks, cats, etc.) is available? Can the
barge or ship be brought into shore or must landing barges
be used to shuttle materials between the ship and shore?
Ship or barge landings or docking must usually be

coordinated with the tide.

Air transportation is becoming more and more competitive in

cold regions and is the only transportation method to some sites in the

Arctic and Antarctic. The following should be investigated:

1)

2)

The landing strip capabilities should be determined. Is

the strip useful year-round or just in the winter? Even
year—-round strips usually have seasonal limitations, such as
soft spots in the spring and cross—-wind limitations, depend-
ing on the aircraft. Temporary strips can be constructed on
lakes or river ice or on compacted snow during the winter
[9] (Figures 2-23 and 2-24). Lake ice is usually smoother
than river ice and is thus suited for a wider range of
aircraft and heavier loads. Equipment must be available
locally or brought in to construct ice or snow landing
strips. Some other items which must be considered are:
runway length, approaches, type of surface, navigational

aids, runway lights, and elevation.

A check should be made into the available aircraft and

their capabilities., Size limitationms, which are usually
defined by the size of the loading door and cargo space, and
weight limitations must be determined for the different
sizes and kinds of planes. The costs (both flying time and
standby time) are needed, along with the performance
limitations for each plane. Some planes require special
fittings for use on gravel strips. What type of facilities
for loading and unloading are available at the site? The
available facilities should be compared with the

requirements of the aircraft,
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FIGURE 2-23, TEMPORARY RUNWAY CONSTRUCTED ON LAKE ICE,
NONDALTON, ALASKA

FIGURE 2-23. UNLOADING C-119 AIRCRAFT AFTER
LANDING ON TEMPORARY ICE RUNWAY
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Similar considerations are necessary in areas served by roads
and/or railroads. Are the roads useful year-round or are they seasonal,
and do they carry load restrictions during the spring? Rates by the
weight or volume and the size and weight restrictions must be considered.

A check on demurrage charges on railcars or containers should be made.

2.5.2,2 Transportation costs. When comparing the benefits and costs

of the different methods of transportation available, consider:

1) the gain in construction time achieved by using air
transportation;

2) the number of times the materials and equipment must be
handled (the amount of shipping damage is directly related
to the number of loadings or off-loadings needed);

3) the true shipping costs (i.e., including demurrage cost,
lighterage costs and long-shoring);

4) the difference in costs for chartering vs. using scheduled

carriers for any alternative.

Cost adjustment indexes have been developed for the cold
regions of North America. Figure 2-25 shows a Canadian cost of living
index with an index of 1.0 based on construction in the Great Lakes area
[23]. Table 2-2 indicates construction cost factors for Alaska for the
construction of repetitive type facilities, such as buildings, with an
index of 1.0 assigned to Washington, D.C.

The Alaskan and Canadian cost indexes cannot be directly
compared because the Alaskan index is for straight construction costs
while the Canadian index is only a "cost of living" comparison between

different points in northern Canada.

2,5.2.3 Shipping considerations. Because of harsh environment, the

shipper's or carrier's liability for loss and damage of the shipment must
be investigated. Loss or damage of one important component could delay
completion of the project for one year or more. Materials and equipment
must be packed to prevent damage during shipment. Crating and protection
needed during transit must be specified. Items usually must be handled

several times. Also, they may be vulnerable to salt water while on barges.
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TABLE 2-2, CONSTRUCTION COST FACTORS FOR ALASKA

NOTE: The following location factors are applicable to the construction
of repetitive type facilities, such as dormitories, dining halls, BOQ's,
administrative buildings, fire stations, warehouses etc., which make
maximum use of local skills, materials, methods and equipment. They are
not applicable to more complex facilities.

The location factors are multiples of the basiec value of 1.0
assigned to Washington, D.C,.

Taken from U.S. Air Force Publication 83-008-1, Dated 3/1/62

LOCATION FACTOR

Aleutian Islands

Adak

Attu

Cold Bay

Dutch Harbor

Shemya

Anchorage

Barter Is., North Coastal Area
Bethel

Clear

Coastal Area, North of Aleutians
Eielson AFB

Elmendorf AFB

Fairbanks

Fort Greely (Big Delta)

Fort Yukon

Inland Area, North of Aleutians
Juneau

Kanakanak

Kenai Peninsula

Kodiak

Kotzebue

Naknek

Nome

Northway, Highway Area

Point Barrow

Tanana

Whittier

Seattle

Galena*

e & & @ & & ¢ & ¢ o & o »
COWDNIOTWWHOUFEFFEF OMOOONOVYNYUVNONSNFEWULMWOOOO

WHEKFHWPEAENNNWNNNHEBENNRFERFRERFRWREWUEREWNDWWWW
L]

* Building cost (heated) ~ $150/ft2 with 3 stories and
50 000 ft2,
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Items such as foam insulation components, paints, polyelectrolytes,

adhesives and other materials must not be allowed to freeze.

2.5.3 Equipment

The type of equipment purchased and the careful preparation of
equipment for cold weather work are very important time and money savers.

Equipment must be in top shape before it is sent to a remote
location. Equipment and tools for repair are usually limited in remote
areas, and importing mechanics and parts is expensive in addition to the
cost of "down time". A large inventory of critical spare parts is
recommended and standardization of equipment to reduce the parts
inventory will prove economical. Standby units should be provided for
critical equipment so the job is not stopped completely.

Equi pment should be planned carefully before the initial ship-
ments to the job site, especially large pieces that cannot be flown in at
a later date. For mobility, select equipment that can be flown from one
location to another in the available aircraft. Equipment selection for
the conditions that will be encountered, such as heavy-duty rock buckets
for digging frozen ground, and grousers on backhoes, is important.
However, equipment selected should not be too highly specialized 1in order
to reduce the number of pieces needed. Preventative maintenance is
extremely important. Schedules should be established and adhered to.

Good maintenance records are important as they will:

1) provide back-up data when the time comes to decide which
brand of equipment to seleet for future projects,

2) help pinpoint weaknesses and reduce the spare parts
inventory,

3) provide checks to ensure that preventative maintenance is

being performed on schedule.

The initial cost of a piece of equipment is usually not as

important as its reliability. Equipment should be selected for which

there are reliable dealers with adequate parts inventories, service

facilities and staff nearby.
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2.5.4 Labour and inspection

Labour costs are presently escalating at a higher rate than

material costs and now attribute to 50% of a project's total expenses.

Studies and experience indicate that it is better to use local labour

whenever practical.

There are several reasons for this:

1)

2)

3)

4)

5)

Local people are more familiar with, and adapted to,

local conditions, including weather,

If they live near the project site, camp facilities will not
be required.

If they live in the community receiving the facilities they
have more at stake because they have to live with the final
facilities. Knowledge gained during the installation will
also facilitate repairs.

Local hiring provides an economic boost to the area in
addition to the benefits provided by the project.

Local people can be trained as equipment operators,
carpenters, and plumbers, which will help them obtain jobs
in the future. Productivity of these trainees is usually

lower than experienced labour.

There are some special problems which must be kept in mind:

1)

2)
3

4)

In some locations there are not enough skilled and

reliable workers.

Local customs and politics must be recognized and honoured.
Supervisors and specialists will probably still have to be
imported. They must be selected carefully, and they must be
able to work and communicate with the local people. They
must also be willing to tolerate the remote conditions.

This hardship is usually offset by high wages.

Union contracts may preclude using non-union local labour.

Safety precautions are very important in cold, remote locations

because of the distance to hospital facilities and the harshness of the

weather conditions. 1In cold weather, workers should use the "buddy
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system” whether working or traveling. This way there is always someone
to help in case of an accident. Inspection methods and frequency are
extremely important. A small mistake, or a case of poor workmanship can
cause an entire faeility to fail. Once equipment is removed it is very
expensive to return it to repair mistakes. Thorough inspection is even
more critical when the contractor is from the south and not familiar with
the problems of cold regions. Inspectors should keep in mind the

following items:

1) All irregularities or possible problem areas in the field
should be documented immediately. Polaroid (or equal)
photographs will enable the inspector to mark diserepancies
immediately on the photograph, and he can see that he has a
good picture at the time he takes it. Also, thorough daily
written reports and verbal communications with the

supervisor and/or contract officer are extremely important.

2) Changes from the original design must be recorded accurately,

and as-built drawings of the project prepared.

3) The contract documents must be thoroughly understood, and
who has authority to make changes. It is important that the
inspector does not permit changes in the field that he is

not authorized to make.

4) Regular contact with the project engineer and contracting
officer must be maintained. They should be well-informed as
to problems and progress of the project.

5) Accurate measurements of actual quantities of material used
must usually be made for payment purposes. Most of the
above duties must also be performed by the on—-site supervisor
of force account jobs who, in addition, must keep equipment
maintenance records and coordinate all labour on the

project.

2.5.5 Type of construction

The two most frequent methods of construction are contract and
force account. There can also be a combination of the two on the same

project.
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2.5.5.1 Force account. Force account construction is where the funding

source hires its own crews, purchases its own materials and equipment,
and accomplishes the construction.

The following are some of the advantages of force account

construction:

1) It tends to utilize local labour or contractors to a
greater extent.

2) It is usually lower in cost.

3) Training of the operators and users can take place during
construction,

4) Equipment used during construction can more easily be left
at the site for operation and maintenance of the completed
facility.

5) It is easier (and less expensive) to phase a project or make
major changes during construction should unforeseen
difficulties arise.

6) Shorter lead times are usually possible for materials and
equipment ordering. (Contracts have to be advertised,
awarded, etc., and the successful bidder still must purchase
his materials.)

7) There is more flexibility to fit into the local environment

and social conditions.

2.5.5.2 Contract construction. Contract construction is where the

funding ageney supplies plans and specifications and contracts with a
private firm to accomplish the construction. Advantages of this

contracting method are as follows:

1) There is usually more control on the job, and inspection
is usually more thorough.

2) Completion times are sometimes shorter because they are
specified in the contract,

3) The owner or funding agency does not take as high a risk and
also does not need as large a work force on-site (inspectors

only).
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Some jobs will combined force account and contract. For
instance, there are usually parts of a job for which the owner does not
have qualified crews to perform and he must contract those portions.
Large welded (on-site) steel storage tanks, erection of prefab metal
buildings, construction of sewage treatment plants, electrical work,
control and alarm systems and installation of piling are examples of

these specialities.

2.5.5.3 Construction teehniques. There are three main construction

techniques: “stick built”, "prefab”, and "modular”. 1In stiek built
construction the materials are shipped to the site, and all cutting and
fabricating is done on-site. Prefab construction is where parts of a
structure, etc., are prefabricated at the point of manufaeture and
assembled at the site. Modular construction means large components are
constructed at the point of manufacture and shipped to the site already
constructed.

Each technique can be useful under different circumstances.
Modular construction has a definite advantage when there is a short
construction season, a labour shortage, or labour is expensive at the
site. Shipping limitations may dictate stick built or possibly prefab
rather than modular construction. Modular construction may allow the
facility to be placed in operation with most of the defects worked out at
the point of manufacture, but field changes to fit varying site

conditions are more difficult and expensive to make.

2.5.5.4 Above or below—-ground. The decision whether to place utilities

above or below-ground must be made. The major engineering consideration
is the soil conditions at the site. Poor soil conditions (see Section
2.,4,1) and lack of non-frost susceptible backfill will usually force
construction above-ground. Otherwise below-ground installation is

preferable. Important considerations are:

1) Above-ground lines are subject to vandalism and traffic
damage.
2) The allowable heat losses and the cost of energy (heat)

required for above-ground lines must be assessed.
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3) The necessity of holding grades with above-ground gravity
flow pipelines will greatly increase the cost,

4) Below-ground systems are less expensive to install because
they eliminate the need for piles and road and sidewalk
crossings.,

5) Below-ground systems allow for more normal town planning and
do not artificially dissect the community.

6) More expensive equipment is necessary to maintain

below—ground lines.

Heat loss is directly proportional to the difference between
the inside and outside temperatures. An above—ground utilidor or
pipeline will have about three times the heat loss of a similiar line
buried just below the surface.

If lines are buried, the depth of bury should be carefully
determined. This will be covered in detail in Section l4. Heat losses
from buried lines are considerably less but exeavating frozen ground to
find and repair a leak, etc., can be difficult. Also, a pipeline leak
can travel under the frozen surface layer and surface through a ground

tension erack several feet away.

2.6 Water Delivery and Waste Collection Systems

2.6.1 Types of systems including construction, operation, and

maintenance costs

The major types of water delivery and waste collection systems
used in cold regions are discussed in the following paragraphs. There are
many variations and alterations which can be made to the basic types
presented here. Detailed descriptions and design information will be
presented in later sections of this manual.

Consideration should be given to phasing facilities. The first
phase could be a central watering point, with a piped or hauled system
following a few years later. This would lessen the economic and cultural
shock to the community of the immediate installation of a complete
system.

Initial construction or installation costs are presented for the

different types of systems. They are based on 1977 construction costs
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and should be considered rough estimates only. Actual costs can vary
considerably, depending on the sophistication of the facility, the degree
of water and sewage treatment necessary, foundation problems and other
factors.

Operation and maintenance (0&M) costs are also presented for the
different types of sanitation facilities. For most facilities, labour
costs are by far the most significant part of the O&M budget. A military
site could be an exception because labour is covered under "general
overhead”.

Two other large O&M costs are oil and electricity., Both of
these items are largely dependent on the delivered ceost of oil. If no
surface transportation is available it is necessary to fly in oil. A
complicated water or sewer treatment process will make the cost of
chemicals and their transportation a major O&M item. The approximate O0&M
costs presented for each type of facility do not include amortization of
the initial construetion costs. They do include funds to replace
short—1ived components such as boilers, pumps, and vehicles (items with
less than 10 years design life). Construction and O&M estimates are

summarized in Table 2-3.

2.6.1.1 Central watering point with individual haul of water, sewage,

and refuse. This involves the development of a safe water source from
which individuals will haul their own water. More than one source may be
needed in a larger community. In some instances it may be feasible to
develop a source at each dwelling. A self-haul system seldom results in
enough water at the homes for adequate personal and household sanitation.

In some instances it is feasible to provide septie tanks, waste
bunkers, or privies at each dwelling. In other cases users must be
responsible for delivering wastes to a central treatment and disposal
facility. Treatment and disposal of the wastewater could consist of a
lagoon or treatment plant. Refuse would usually be hauled (by indivi-
duals to a landfill or fenced disposal site.

Central watering points with individual hauling are lower in
initial cost but provide the least health improvement and convenience

compared to other types of facilities, Costs run from $250 000 to



TABLE 2-3.

TYPE OF SERVICE

CONSTRUCTION COST

OPERATION AND
MAINTENANCE COSTS1!

REMARKS

COST OF WATER DISTRIBUTION AND SEWAGE COLLECTION FACILITIES IN COLD REGIONS (1977).

Individual-Haul
Vehicle-haul

Pipe Facilities
(with minimimal fire

protection)

Central Facility with
Individual-Haul

Central Facility with
Vehicle-Haul

$300 000

$500 000

$35 000/house

$900 000

$1 300 000

$600/month
$70/month/house
$50/month/house

2

$140/month/house

2
$180/month/house

Per facility

30 homes

30 to 40 homes

60 homes

3

3

3
60 homes

1

Amortization of initial construction costs is not included.

critical components-such as pumps, boilers, vehicles, etc., is included.

2

Approximately $30/family/month can be recovered by using coin-operated showers, saunas, washers,

However, cost for replacing

and dryers. Additional costs can be recovered if nearby facilities such as schools can be

serviced directly.

3
Five to six people/house.

3

6%7~¢
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$350 000 per facility. The number of watering points needed in a given
community will depend on how scattered the houses are, ground conditions
throughout the community, possible water sources, and other factors.
Individual-haul facilities also have the lowest O&M costs but
provide the least service. Costs of $500 to $950 per month per facility
are known. The variance is primarily due to the sophistication of the

water and sewage treatment facilities needed.

2.6.1.2 Central watering point with vehicle delivery of water and

collection of sewage and refuse. This involves the development of a safe

water source from which a community or contractor will deliver water to
storage containers in the users' buildings. Sewage is collected from
holding tanks or in "honeybuckets"”, and delivered to a treatment/disposal
facility. Refuse is also collected by vehicle and transported to a
disposal point. The sophistication of the plumbing within the individual
buildings can vary considerably, from individual pressure systems with a
full complement of plumbing fixtures to an open container.

Vehicle—haul facility costs will vary with the facilities
installed in the individual buildings, distance to the source/disposal
point, storage, and the truck fill point facility. Initial installation
costs vary from $450 000 to $550 000.

Operation and maintenance costs for vehicle-haul systems will
depend on the above items plus the sizing of the building and vehicle
storage and holding tanks. The O0&M costs run between $60 and $80 per
house per month. In northern Canadian communities, total costs for
vehicle delivery and collection run between 1 and 2¢ per litre, but the
cost to the consumer is subsidized by the government. Wheeled vehicles
seem to have a useful life of about four years in remote cold regions and
tracked vehicles even less. Vehicle-delivery systems are extremely
labour intensive (50 percent of total delivery cost), although this
usually provides several jobs in the community.

A typical cost breakdown for a vehicle—-delivery system in the
Northwest Territories is: vehicle capital = 15 percent (four-year life),
vehicle O&M = 21 percent, garage capital = 9 percent (10~year life), garage

0&M = 5 percent, and labour = 50 percent (@ $13 per hour for two persons).
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2.6.1.3 Central facility watering point with laundry and shower

facilities. A central facility would provide water, laundering, bathing,
and toilet facilities. The fixtures and facilities are usually coin-
operated. "Honeybucket"” wastes can also be deposited at the facility and
handled with the wastewater from the facility. More sophisticated
central facilities include incinerators for refuse disposal and treatment
of grey water for reuse.

The initial costs for a central facility with laundry, showers,
and water provided will depend primarily on the degree of water treatment
necessary and the type of sewage treatment and refuse disposal selected.
Either individual or vehicle-haul can be used in conjunction with a
central facility. A facility with individual-haul will cost from
$700 000 to $1 100 000 and serve about 60 dwellings. One providing
vehicle~haul would cost between $1 000 000 and $1 600 000 depending,
again, on the degree of fixture sophistication within the houses (type of
tanks, flush toilets, etc.). Central facilities which provide bathing
and laundry facilities would have to be financed and maintained by the
homeowners who would have the other fixtures in their homes.

The O&M costs of a central facility would be $65 to $80 per
family per month with individual-haul and $90 to $120 per family per
month with vehicle-haul. A part (approximately $30/family/month) of the
O&M costs for central facilities can be recovered by using coin-operated
saunas, showers, washers, and dryers. The remainder would have to be
collected by billing the users and/or coin dispensing of water. Some
costs can be offset by providing water and sewer service to nearby

facilities such as schools and health clinics.

2.6.1.4 Complete piped water delivery and sewage collection. Safe

water is distributed from the source to each building and sewage is
collected and transported to a treatment facility using above or below-
ground piped systems. Refuse is still collected by vehicle. Piped water
systems may provide fire protection or domestic consumption only. The
sewage collection system could be gravity, vacuum, or pressure operated.
Initial construction costs for complete piped facilities vary

greatly with the community layout and building density, soil conditions,
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whether an above or below-ground system is used and other factors.
Initial costs are higher than with the other alternatives but the
greatest health improvement and convenience is offered.

Costs usually run between $30 000 and $40 000 per house, includ-
ing the cost of service lines but not house plumbing. It would cost
another $2000 to add a sink, toilet and lavatory with the proper plumbing
accessories to an existing house. Piped facilities have lower O&M costs
than vehicle-distribution and collection systems. O&M costs range from
$40 to $65/family/month depending on the type of system used (i.e., above
or below—ground, pipe or utilidor, gravity, or pressure or vacuum),
labour costs, compactness of area to be served, and degree of treatment
needed. These costs do not include heating water or the electricity used

in the individual buildings for laundry and bathing.

2.6.2 Design life

For the most part, the design life for facilities and equipment
in cold regions is shorter than for the same units operated in more
temperate climates. This is especially true of equipment which must
operate outside in the winter. The following list presents some commonly

used design lives for cold regions:

Component : Design Life (years)
Wells 30
Pumps and controls 5
Boilers 5
Storage tanks 40
Water distribution lines 40
Meters 10
Valves 10
Septic tanks 5 to 10
Drainfields 5
Sewage collection lines 30
Lift stations (not pumps) 30
Trucks 4
Tracked Vehicles 2 to 3

Buildings 30
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Paint (outdoor) 10
Service connections 10 to 15
Backhoes (occasional use) 6 to 10
Compressors 5

Operation and Maintenance

Community and operator training

Where the community operates its own system, successful opera-

tion is very dependent upon the training and dedication of people in the

community, especially the operator. The operator's dedication and

acceptance of responsibility is a direct indication of how successful and

how long the facility will operate well. It is usually easier to ensure

proper operation for government-operated systems. Training must be

geared to the operator's education level., In remote areas, experience

has shown that training earried out with the individual operator at his

own plant is more successful (also, more expensive) than bringing several

operators to a central location or educational institution for training.

Probably a combination of individual and group training is desirable. At

least two operators should be trained for each facility to allow for

back-up when the main operator is not available. Operator training

should be provided in progressive levels, such as:

Level 1 would provide basic emergency measures to minimize
facility damage (e.g. to drain the system or start standby pumps
or boilers in case of a failure of an important part). It would
be desirable to have several people in the community trained to

this level.

Level 2 would provide training for minor repairs to boilers,
pumps, chlorinators, etc., to get them back on line, in addition
to the Level 1 responsibilities. This level would not include
much preventative maintenance, but would provide primarily day
to day operation. Both the main and standby operator should

have this level of training.

Level 3 would ineclude Level 1 and 2 training, and preventative
maintenance, such as keeping the boilers in adjustment, ete. The

main operator should be trained to this level at least.
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Level 4 would provide capable and interested Level 3 operators
with training to a level where they would be able to qualify for
formal certification as water and sewage treatment plant

operators.,

First priority would be Level 1 training and then on up to
Level 4. Most operators in remote native villages would not need Level 4
training. However, local laws or requirements may now, or in the future,
specify Level 4 training of all operators. At construction camps or
government installations it is probably desirable to train operators to
standards higher than those above because facilities are usually more
sophisticated.

Ideally, the operator and alternate operator should be selected
at the beginning of construction so they can receive on—the-job training
throughout construction. The selection should be made by the community,
with techniecal help from the constructing or training agency, because the
community must accept and support the operators after they assume O&M
responsibilities for the faeilities. The operator should be selected for
dedication and abilities, not because of political connections within the
community. Operator training is not a one—time responsibility; it is
on—-going. Operators move on to better jobs, community administration
changes and new operators are appointed, etc., making it necessary to
carry on a continuous training program. The operators must be paid
enough to keep them on the job and to provide a comfortable living.

Community education is also an important part of the training
process. The community must realize the importance of the operators and
support them morally as well as financially. A community appreciation of
the health and convenience benefits the facilities bring will promote
this support.

In a small community the operator may be responsible for
collection of the user fees. In large communities an administrative
staff handles collections, and this should be considered for any
community. It will be more difficult for an operator to hold the
community's support if he is also shutting off their water for

non—-payment of bills,
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The community administration or the operator must be trained in
bookkeeping, billing, employment forms (tax withholding, workmen's
compensation, etc.), and the other functions needed to operate a utility.
The community must also pass and administer ordinances to regulate the
utilities. Homeowners must often be trained in the correct use and care
of the new facilities installed in their homes.

Whether or not O&M subsidies are provided, technical and
management help must always be available to the operator and community.,

Occasional trips should be made to the community to meet with
the operator and discuss any problems he may be having with his facili-
ties. In cold regions it is important that one of these visits be made
in the fall so any problems or repairs that need to be made can be
done before winter, especially those that would jeopardize the integrity
of the system. On these visits, all critical components should be
inspected to make sure they (and their standby units) are operating
properly. Another visit should be during the summer when all lines can

be flushed and fire hydrants operated and cleaned.

2.7.2 Operation and maintenance manuals

Operation and maintenance manuals are extremely important if the
operator is to correctly care for his facilities [25]. They should be
written during construction so that they are available for system start—
up. They should include many pictures of all components discussed.
Arrows can indicate exactly what part is being discussed. They must also

be written for the individual operator's education level and include:

1) accurate and complete as-built drawings (layout of system,
piping, diagrams, etc.);

2) complete parts list and suppliers' names and addresses for
all equipment, chemicals, etc., that must be maintained;

3) step-by-step troubleshooting lists of all possible problems;

4) step-by-step repair and maintenance lists for all equipment
and parts;

5) a good index so the operator can quickly find the items he

needs;
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6) the names and phone numbers of people the operator can call
day or night in case of an emergency that he is unable to
handle without help;

7) a definition of each part of the facility, what its function

is, and why it is important.

2.7.3 Reliability
The reliability of utility systems depends mainly on the quality

and quantity of the preventative maintenance performed by the operator.
Reliability is important because of the expense involved in replacement

or repair in remote areas in cold regions, and because of the consequences
of catastrophic failure of the entire faeility because of the failure of
an inexpensive control. Reliability must be a major consideration in
selecting components and equipment. This includes the availability of
repair parts and service.

Because of the unreliability of power in cold regions, standby
generation capability must be provided for all critical components of a
facility.

A facility that is less automated and, therefore, needs more
operator attention will be very reliable if the operator is competent.
However, if he is not, a facility which is automated to a high degree
will prove more useful, in spite of the tendency for sophisticated

equipment to malfunction.

2.7.4 Management baekup

In addition to training operators and making occasional visits,
a responsive backup system to help operators solve problems is essential.
This support involves helping the operator get parts he needs, helping
the bookkeeper work out problems, being readily available to help the
operators with technical advice and working out complex problems on-site,
responding with qualified people and materials during emergencies, and
making regularly scheduled visits several times a year to help the

operators maintain a sound preventive maintenance program.
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3 WATER SOURCE DEVELOPMENT

3.1 General

Cold climate conditions require special attention when selecting
and developing water sources. Hydrologic conditions in northern latitudes
differ from those in sourthern regions in several important respects.

This is true of both groundwater and surface water in areas of continuous
permafrost. Throughout much of the cold region of North America, precipi-
tation is light, terrain in populated regions is relatively flat, and
yearly runoff is concentrated in the short period during ice breakup.
There are many small, shallow lakes and ponds and numerous rivers and
creeks. Ice cover varies according to local conditions, but generally
lasts from six to 10 months. Hydrologic data on northern lakes, streams
and groundwater are scarce and typically cover periods of short duration.
This makes it difficult to predict reliable yields for water supply
purposes.

Permafrost is impermeable for all practical purposes. Runoff
from melting and precipitation tends to occur in a shorter period and is
more complete than in areas without permafrost. This phenomenon also
greatly reduces the recharge of aquifers. Any construction in permafrost
regions requires special consideration and unique engineering, particularly
in regard to cost and the technical problems of maintaining water flow.
Often, permafrost conditions prevent the application of standard techni-
ques and preclude the development of available groundwater sources. The
costs of developing, maintaining, and operating a water source in cold
climates are greater in all respects than in temperate regions. Costs
will vary with each location; however, they generally increase with
decreasing mean annual temperature and remoteness of the site.

Regardless of the apparent merits of a source under consideration,
there is no substitute for detailed preliminary engineering studies and
direct observation of local conditions prior to final selection. Some
type of water source may be developed in virtually any part of the cold
region of North America, but the physical difficulty of operation and

maintenance or the associated costs may be highly unattractive.
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The governments of both the United States and Canada support the
collection and publication of basic data of value in planning water
supply systems.

The Canadian Department of Environment publishes an annual
report entitled "Surface Water Data — Yukon and Northwest Territories”,
which lists stream flows at selected stations in the Northwest
Territories. This publication is prepared by:

Inland Waters Directorate

Water Survey of Canada

Environment Canada

Ottawa, Ontario K1A OE7
The annual U.S. Government publication, "Water Resources Data for
Alaska”, includes information on stream flows and water quality for
selected streams. This publication is available from:

U.S. Geological Survey

District Chief, Water Resources Division

218 "E" Street

Anchorage, Alaska 99501

In addition to these publications, special reports may be
available from the U.S. Geological Survey agency on particular locations
dealing with short-term data, groundwater, or special water quality
studies. Both nations maintain agencies concerned with weather and other
climatological factors which regularly publish their data. One example
is "Ice Thickness Data for Canadian Selected Stations”. Precipitation is
also recorded and published. For this information the following offices
should be contacted:

Atmospheric Environment Service

Environment Canada
Ottawa, Ontario KLA OH3

National Weather Service Forecast Office

632 6th Avenue
Anchorage, Alaska 99501

b St A b -
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3.2 Water Sources

Water in cold regions comes from the same basic sources as in
temperate areas, but there are some peculiarities to arctic and subarctic

surface and groundwater hydrology which merit comment.

3.2.1 Surface water

Surface water results from precipitation and snowmelt and is
replenished through the hydrologic cycle. In northern latitudes surface
waters in shallow lakes and small streams may be effectively eliminated
in the winter because of complete freezing. Larger streams and deep
lakes may remain liquid beneath an ice cover but flows and volumes are
reduced since there is no contribution from precipitation until warm
weather returns., In some cases, pressure between the stream bed and
downward-growing ice cover forces flows to the surface through cracks and
along the shores where it then freezes. Frozen water of this type is
called "aufeis™ and is essentially not available until breakup and thaw
occur. This has a smoothing effect on the runoff hydrograph by reducing
the peak and increasing the flow during the melt. Large snow drifts also
contribute to runoff in this manner. Thus, it becomes apparent that
because of the cold climate and quantity of ice, not all surface sources
are available for continuous water supply. Sources which are suitable
for continuous supply are large rivers and large lakes. Figure 3-1 shows

a hydrograph for a typical medium-sized arctic river.

3.2.1.1 Rivers. Rivers are an excellent water source in winter
because sediment transport is minimal and overland flows, which tend to
lower water quality, do not occur. The disadvantages of rivers as a
supply source include low water temperatures and flowing ice during
freeze—up and break-up periods, which may damage or destroy water intake
structures. Also, in alluvial streams it is difficult to locate a
permanent channel beneath the winter ice.

Summer river flows, which tend to be much higher, frequently
contain sediments or glacial flour from overland runoff or melting

glaciers which cause difficult treatment problems.

3.2.1.2 Lakes. Lakes may be a good continuous source of water,

depending upon the size (area and depth) and the severity of the climate.
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Shallow lakes may freeze to the bottom in arctie regions or may
freeze-concentrate impurities below the ice to the extent that the water
is no longer of acceptable quality. Ice formation is proportional to the
air temperature. A general expression of this phenomenon is called

Steffan's equation:

2k I¢ (3-1)

in which: X ice thickness,

I¢ = freezing index,

volumetric heat of fusion of water,

thermal conductivity of ice (see Section 15).

Impurities, such as most salts, are rejected from the freezing
water, making the ice relatively pure. The more slowly ice is formed,
the more efficient this process becomes. The net effect of this pheno-
menon is that impurities become concentrated in the water beneath the
ice. It may be generalized that if the liquid content of a lake or pond
is reduced 50 percent by ice formation, dissolved salt concentrations
will double. Careful thermal and chemical analyses are required to
identify a lake or pond which may freeze deep enough to create this

condition. (For details see Section 15.)

3.2.1.3 Watershed yield and quality improvement. The amount of water

yielded by a given watershed is related to the precipitation received by
the watershed. Other factors which influence yield are evaporation to
the atmosphere and transpiration by vegetation.

To estimate runoff or yield, records of the precipitation,
evaporation and temperature are needed. The agencies listed in Section
3.1 maintain current data for many locations. Some agencies, such as the
U.S. Geological Survey, calculate and publish watershed yields for
specific stream locations. When no other information is available these
data should be used as a guide. For large projects where accurate
information is critical, data should be collected for several years prior
to final design to assure that the required yield will, in fact, be

available.
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ety

In cold regions, particularly in the Arctic, most precipitation
is in the form of snow. However, due to winds it does not necessarily
remain where it fell initially. This fact has been used to increase the
annual water yield of small watersheds by inducing the occurrence and
growth of snow drifts. Near Barrow, Alaska the U.S. Army augmented the
fresh water supply by using snow fences. This work provided valuable
information for evaluating the technique. Accumulation of at least 10.1

m3

of water for every metre of 1l.5-metre high snow fence is possible.
The cost of this water (in 1975) indicated that over a 10-year amortiza-
tion period for snow fences, 0.2 m3 of water could be produced annually
for about one penny [1].

In some areas it may be more economical to develop only an
intermittant source and depend upon artificial storage for periods when

the natural supply is low, e.g., when all surface water freezes during

the winter, or during periods of highly turbid river water.

3.2.2 Groundwater e
Groundwater may be considered the most desirable source of water

in cold regions for several reasons. Normally, groundwater temperature

in the winter is warmer than surface water and is nearly constant

year-round. Mineral quality of groundwater is more constant than surface

water. Also, subpermafrost groundwater is almost always a year-round

source of supply, so that alternate or dual source systems need not be

developed.
The cost of exploring, drilling, developing and maintaining

wells in cold remote areas can be high,

3.2.2.1 Groundwater in permafrost. Groundwater in areas of continuous

permafrost may be found in three general locations: 1) above permafrost,
within the active layer (suprapermafrost); 2) within permafrost in thawed
areas (intrapermafrost); and 3) beneath permafrost (subpermafrost).
Waters found in the active layer above the permafrost are
generally unsuited for potable water supplies without extensive treat—
ment., Such water is usually found within three to eight metres of the
surface and frequently has a high mineral content. Because they are

shallow, such aquifers are also subject to contamination from privies and
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septic tanks. The quantity of this water source is often low and
unreliable. A system for use of suprapermafrost water was developed for
Port Hope, Alaska [2].

Intrapermafrost water is quite rare and usually very highly
mineralized. Such water must contain high concentrations of impurities
which depress the freezing point below that of the surrounding perma-
frost. There is no reliable method to locate pockets of intrapermafrost
water with present state—of-the~art techniques. For these reasons it is
not normally a suitable water source.

Subpermafrost groundwater is the most reliable and satisfactory
groundwater source in permafrost regions. Recharge of subpermafrost
aquifers occurs beneath large rivers and lakes where there is no
permafrost. In general, when fine-grained soils are frozen the movement
of groundwater is effectively prevented. Satisfactory wells have been
located near rivers or large lakes since the ground in these areas may
not freeze.

Subpermafrost groundwater is generally deficient in dissolved
oxygen. As a result, high concentrations of some salts, such as those of
iron and manganese which may readily dissolve under these conditions, are
present. Hardness is also common in subpermafrost groundwater.
Occasionally groundwater will contain dissolved organic materials in
addition to hardness, iron and other minerals.

Costs for drilling and well maintenance are higher in permafrost
areas. The water must be protected from the cold permafrost and the
permafrost needs to be shielded from the heat of the water. This often
requires special well castings, grouting methods and heat-tracing water
lines, all contributing to increased cost.

A computer simulation of the effect of a meandering river on
permafrost has been developed [3]. Figure 3-2 shows a typical example of
this type of calculation. The application of this information is greater
for groundwater development than for surface water. A well night
conceivably be located where it would penetrate an aquifer being

continuously recharged by a river,

3.2.2.2 Estimation of groundwater yield. The predictable yield of

groundwater from a watershed may be estimated in a manner similar to that
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for estimating surface runoff. The concept involves balancing all inputs
with the withdrawals. In practice, however, measuring the inputs and
withdrawals may be quite complex.

The safe groundwater yield (Yg) is equal to the watershed
precipitation (P), less surface flow out of the watershed (QS), less
evapotranspiration (E) plus the net groundwater inflow (Qg), less the
net change in surface storage (AS), less the net change in groundwater
storage (AG).

Thus,

Yg =P - QS -E + Qg - AS - AG (3-2)
Only two terms in the above equation can be measured with reasonable
accuracy, P and QS; the others must be estimated. Recharge of
aquifiers in permafrost regions is much more limited than in other areas
because permafrost may be an impermeable barrier. Hydrologists experienced
in cold region work should be consulted when estimates must be accurate.

3.2.3 Other water sources

Snow, ice, and direct catchment of rainfall are potential water
sources which may be considered for small or temporary establishments.

3.2.3.1 Snow and ice. In general, the natural quality of these

sources is high but contamination of the ice or snow stockpile is a real
hazard. Also, the cost of melting is significant and there are added
costs for harvesting and storing equipment and melters. If significant
quantities of waste heat are available (e.g. from a nearby power plant),
this method may be more attractive.
Induced snow drifting may improve the feasibility of using snow
as a source of water. However, unless the need is temporary and the
population to be served is small, direct melting will not be practical.
Large volumes of snow are required to obtain even small quantities of
water and the cost of snow melting is high. It has been estimated that
approximately one litre of "Arctic" diesel is required to produce 70
litres of water from snow [4]. In addition to fuel cost, labour for
operating snow melters and snow harvest equipment must be considered.
Slaughter et al. [1] concluded that parallel snow fences spaced
50 to 100 meters apart would trap a maximum amount of snow. Fences

should be erected so that they concentrate drifts near stream channels to
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assure a better runoff and easier collection. Fences between 1.5 and
3.6 metres high have been used in various configurations. Each installa-

tion should be designed to fit the local situation.

3.2.3.2 Seawater and brackish water. Desalinated seawater has been

used for domestic supply but the associated problems are considerable,
Intakes in the ocean or on the beach are subject to ice forces of pheno-
menal magnitude. Ice scour of beaches at all times during the year must
be considered because of combinations of wind and sea ice. During the
winter months, shore-fast ice and frozen beaches pose special problems.
The largest drawback is that there are no economical (from an operating
and management standpoint) methods to desalinate seawater on the scale
necessary for a small community or camp.

Brackish water with total dissolved solids (TDS) of < 10 000
mg/L is occasionally the only source available. Such waters may be
treated by reverse osmosis or distillation but significant problems must

be anticipated at small installations.

3.2.3.3 Water reuse. In the absence of ample supplies of fresh water,
water reuse may be considered. In Alaska, bath and laundry water are
reclaimed and reused at several locations for toilet flushing and other
non-potable purposes (see Section 1l for more details). Regeneration of
potable waters is not vet state—of-the-art technology but it is logical
to work toward that end in areas of extreme water shortage. Seawater
contains approximately 35 times more dissolved solids than domestic
sewage., The effluent from existing secondary or tertiary sewage treat-—
ment plants is basically free from suspended materials and should be more

economical to treat than seawater [5].

3.3 Water Requirements

3.3.1 Water usage

The amount of water used by inhabitants of northern communities
depends on several factors. Cultural background is particularly impor-
tant since many cold climate communities are populated by Indians and
Eskimos. Traditionally, native people have not had access to large quan-
tities of water and as a result they tend to use water conservatively,

However, as water becomes available, it is used more freely. In construc-
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tion camps, workers may use large quantities of water but this, too,
depends on the nature of the camp. Residents of temporary camps use less
water than in base camp situations. Availability (or installation) of
plumbing fixtures is another factor which influences use, perhaps more
than any other factor.

The minimum amount of water considered adequate for drinking,
cooking, bathing and laundry is 60 L per person per day. Even this may
be difficult to achieve where piped delivery is not practical or possible.
Current experience indicates that in communities without residential
pressure systems which have "honeybag"” waste systems water consumption is
approximately 4 to 12 L/person/d.

Analysis of three years of data collected at Wainwright, Alaska,
indicated that water use in homes rose from about 2 L/person/d in January
1974, to about 5.5 L/person/d in December of 1976 and the upward trend
appears to be continuing. Wainwright, however, has a central facility
which provides for bathing and laundry away from the home which was not
included in these figures. In spite of these apparently low quantities
for household use, significant health benefits have been observed in the
village from improved water quality and sanitation facilities.

Table 3-1 presents water use factors for various types of
communities in eold regions.

Water conservation. Even though these recommended quantities

are recognized as adequate, many communities in Alaska and Canada consume
large quantities of water which are essentially wasted. Table 3-2 gives
examples of water use showing excessive quantities in many cases.

System designers must be alert to the possibilities for conserv-
ing water and potential reasons why systems sometimes encourage waste.
Water and its treatment costs money, as do sewers and sewage treatment
which must handle the hydraulic loads. Appendix B summarizes the various
household water conservation fixtures, including toilet systems.

Bleeding. Users must be discouraged from allowing water to run
to prevent freeze-up of service lines. This type of wastage is most
common in the spring when frost penetration is greatest. To compound the
problem, water sources are lowest in early spring. Subarctic cities seem

to be more prone to this situation, probably because service lines in the
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TABLE 3-1, RECOMMENDED WATER USAGE

Litres/person/day
Households Average Normal Range
1. Self-haul from watering point <10 5 - 25
2. Truck System
a) non-pressure water tank, bucket toilet and 10 5-25
central facilities
b) non-pressure water tank, bucket toilets, and 25 10 - 50
no central facilities
c) non-pressure water tank, waste holding tank 40 20 - 70
d) pressure water system, waste holding tank and 90 40 - 250
normal flush toilet*
3. Piped System** (gravity sewers) 225 100 - 400
4. Piped System (vacuum or pressure sewers) 145 60 - 250
5. Well and Septic Tank and Tilefield 160 80 - 250
Institutions (piped system)
School: day student 10 2 - 18
boarder 200 100 - 400
Nursing Station or Hospital: per bed 100
Hotels: per bed 100
Restaurants, Bars: per customer 5
Offices: 10
Central Facilities:
Showers (2 per person/week) 10
Laundry (2 loads/family/week) 7
Work Camps
Base Camp 200
Drilling pad 130
Temporary, short duration camps 100

oL

~ Conventional flush toilets not to be permitted with truck system in future.

*% The figures for piped systems do not make allowances for the practice of
letting fixtures remain open in cold weather to provide continuous flow
in watermains to prevent freezing. Water use under that practice used
only in older systems may be as high as several thousand litres per
person per day.
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3-2, EXAMPLES OF ACTUAL WATER USE

Litres/ Approx.
person/ number of

City day people Type of System

Minto, Ak. 190 180 Circulating water - gravity
sewers

Anchorage, Ak. 890* 120 000 Conventional water and
gravity sewers

Unalakleet, Ak. 300 400 same as Minto

Dot Lake, Ak. 190 50 Central heat — conventional
water, individual sewer

Homer, Ak. 1630%* Conventional water and
gravity sewers

Seward, Ak, 4500%* Conventional water and
gravity sewers (winter)

2300%* (summer)

Bethel, Ak. 270 1 200 Circulating water and gravity
pressure sewer

Dillingham, Ak. 2300% Conventional water and gravity
sewer

Seldovia, Ak. 680% same as Dillingham, Ak.

Kenai, Ak. 380 same as Dillingham, Ak,

Palmer, Ak. 760% same as Dillingham, Ak.

Fairbanks, Ak. 650%* 25 000 Circulating water and gravity
sewer

Clinton Creek, Y.T. 1140% 381 Circulating water and gravity
sewer

Dawson City, Y.T. 6400%% 745 Circulating water and gravity
sewer

Mayo, Y.T. 1700%* 462 Circulating water and gravity
sewer

Whitehorse, Y.T. 1680%* 11 217 Circulating water and gravity
sewer

Faro, Y.T. 1140% - Circulating water and gravity
sewer

Inuvik, NWT (1976) 485-550 3 500 Circulating water and gravity
sewer

Inuvik, NWT (1970) 20 1 300 Trucked water, honeybags

Resolute Bay, NWT 163 Circulating water

Resolute Bay, NWT (1970) 23 160 Trucked water, honeybags

Yellowknife, NWT 485 10 000 Piped water, gravity sewer

Yellowknife, NWT 90 Trucked water, sewage pumpout

Aklavik, NWT 63 600 Summer piped system

Fort McPherson, NWT 250 850 Piped portion of community

Edmonton, Alberta 236 500 000 Conventional, residential
only

* some water wasting

*% indicates leakage in old water pipes
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Arctic are better designed for low temperatures and are usually heated or

recirculated.
iy
2)
3)

4)

Four remedies for this problem are to:
educate water users,
meter all customers (services),
provide inexpensive and quick methods of thawing
frozen service lines,

construct service lines that are less apt to freeze.

Item 4) is the most important; keys to its accomplishment are:

a)

b)

c)

d)
e)

bury lines below frost line until within the thaw bulb of
the house,

insulate lines if there is a possibility of the surrounding
ground freezing,

recirculate the water in service lines,

provide heat tapes on lines in frost zone,

add heat to water in distribution system.

Leakage. A lot of water is wasted because of leakage from old

or broken service lines and mains and because of poorly maintained plumb-

ing within buildings. Possible methods of minimizing losses of this kind

are to:
1) maintain pressure in mains at the lowest pressure
necessary (about 25 psi, 172.5 k Pa),
2) promptly repair all leaks in mains and service lines,
3) check system for leaks frequently by isolating sections and
pressure testing,
4) educate users on the causes of each and train them to repair
leaking fixtures such as faucets and toilets.
3.3.2 Demand factors

Factors used for computation of peak demand in small systems in

cold regions will be somewhat higher than in temperate regions and for

larger communities.

Maximum daily demand should be computed at 230% of the average

daily demand.

Maximum hourly demand should be computed at 450% of the

annual average daily demand.
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Figure 3-3 is presented for estimating hourly peak water demand

in small cold climate communities.
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FIGURE 3-3. HOURLY PEAK WATER DEMAND IN SMALL COLD CLIMATE COMMUNITIES

3.3.3 Fire flows

In larger towns and cities water available for the fire flows
should meet requirements of the National Board of Fire Underwriters (see
Table 3-3). In smaller northern communities this is not feasible because
of the distribution system such flows require. Because of the overall
demand where only marginal sources of potable water exist, separate systems
may be considered which would use untreated water such as seawater or river

water in a normally dry fire system. This subject is covered in Section 12,

3.3.4 Water quality

Water quality is equal in importance to any aspect of public
utility concern. Where the water source is concerned, however, quality
need not be given highest priority since raw water can be treated to make

it potable.
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TABLE 3-3. FIRE FLOW, FIRE RESERVE AND HYDRANT SPACING RECOMMENDED
BY THE NATIONAL BOARD OF FIRE UNDERWRITERS

Area per Hydrant,

sq ft*
Fire Flow Fire
Reserve Engine Hydrant
Population gpm* mgd* MG* Streams Streams
1 000 1 000 1.4 0.2 120 000 100 000
2 000 1 500 2.2 0.5 ——m=——- 90 000
4 000 2 000 2.9 1.0 110 000 85 000
6 000 2 500 3.6 1.5 = 78 000
10 000 3 000 4,3 1.8 100 000 70 000
13 000 3 500 5.0 2,1 = mmm———— e
17 000 4 000 5.8 2.4 90 000 55 000
22 000 4 500 6.5 2,7 == e
27 000 5 000 7.2 3.0 85 000 40 00Q%**
40 000 6 000 8.6 3.6 80 000  emm———-—
55 000 7 000 10.1 4,2 70 000 -
75 000 8 000 11.5 4,8 60 000  —e—————
95 000 9 000 13.0 5.4 55 000 = —em—————
120 000 10 000 14.4 6.0 48 000  —mmm——e
150 000 11 000 15.8 6.6 43 000 @ —e—m————
200 000 12 000 17.3 7.2 40 000 @ e

* Conversion factors: gpm x 5,450 = m3/d
mgd x 4.381 x 1072 = m3/s
MG x 3785 = m3
sq ft x 0.0929 = m?

%% For populations over 200,000 and local concentration of streams, see
cutline of National Board requirements,

*%% For fire flows of 5000 gpm and over.

The concern for quality of a water source is based primarily
on the ease with which the water may eventually be treated and the cost
for the treatment required. Reliability in quality is of equal
importance to reliability in quantity.

Groundwater quality. Water taken from above permafrost (supraper-—

mafrost water) must be considered of questionable quality since contamina-
tion by pit privies and septic systems can easily occur. Subpermafrost
waters are generally unpolluted but may contain high concentrations of

iron (as high as 175 mg/L), magnesium and calcium as well as organics.
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Iron and hardness below 7 mg/L and 100 mg/L, respectively, are reasonably
easy to remove during treatment and do not detract from the value of the
source. In the highly mineralized areas of Alaska, some groundwaters
have been found to contain unacceptably high quantities of arsenic.
Extremely high concentrations of nitrates have been observed in other
groundwaters near Fairbanks, Alaska, and Nunivak Island.

Surfaee water quality Surface waters are more readily polluted

by man; thus emphasis should be placed on bacteriologieal and biologiecal
quality of the water and watershed. It has been demonstrated that
bacteria live for long periods in cold waters and pose a potential health
problem for significant distances downstream from their entry point.

Water sources should be selected and the watershed protected in
a manner acceptable in any climate. The U.S. Public Health Service [6]
divides water sources into three categories: Group I water may be used
as public water supplies without treatment; Group II water may be used
after disinfection only; and Group III waters require complete conven—
tional treatment including coagulation, sedimentation, filtration and
disinfection. Because of the high probability of contamination of
surface waters by wild and domestic animals harboring various tapeworms
which cause hydatid disease in man, it is recommended that all surface
waters be filtered prior to use in the public water supply.

Surface water sampled for quality during warm weather may
indicate misleading values. Freeze-rejection of minerals and other
impurities during ice formation causes the remaining liquid to be of
significantly poorer quality.

Lake water quality improvement. It may be possible to improve

the quality of water in a small saline pond or lake by pumping out the
concentrated brines which remain under the ice near the end of the winter
and allowing fresh spring runoff to replace it. Repeated one or more
times, this method may permit the use of an initially unacceptable water
body as a source of supply. The U.S. Public Health Service, in develop—
ing an improved water source for Barrow, Alaska, used this method with
good results. Total dissolved solids concentration in the lagoon was

about 7000 mg/L when ice cover was fully developed. The range of total
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dissolved solids in the lake is shown in Figure 3-4. 1In April 1976, 326
million litres of brine was pumped from beneath the ice, resulting in

water of much higher quality.

3.4 Structures

Structures relating to water supplies range from a simple
temporary intake on river ice to a complex dam on permafrost with a year-
round intake and pumping station. Wells and their appurtenances are
also considered as supply structures.

It is not the intent of this discussion to provide a guide for
structural design of any facility but rather to point out features which
may require special attention in cold climates. Designs should be

prepared by engineers qualified to work in cold regions.

3.4.1 River intakes

Intake structures may be either temporary or permanent.
Permanent structures are more desirable because they permit a certain
freedom from attention at critical times such as during freeze—up and
breakup. On the other hand, temporary structures may be less expensive
and permit a degree of latitude of operation not afforded by permanent
structures. Also, because temporary facilities may require attention
during critical times of the year, they force the operator to become
aware of existing or potential problems.

Depending upon the overall system design and source capabili-
ties, intakes may only be required for a short period each year. If
demands are such that they cannot be met by providing storage, then more
elaborate intake works will be required.

Under some conditions a protected pump on the river shore or on
the ice may suffice. This requires little design attention or continuing
operator attention (see Figures 3-5, 3-6 and 3-7). The reverse is true
of permanent intakes.

Numerous arrangements and configurations of river intakes have
been designed with varying degrees of success. Figure 3-8 shows the
piping schematic for a matched pair of intakes in the Great Bear River at
Ft. Norman in the Northwest Territories. Such designs are continually

evolving to make use of more sophisticated concepts and materials.
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FIGURE 3-5. WATER TRUCK FILLING AT WATER
LAKE IN CAMBRIDGE BAY, NWT

FIGURE 3-6. WATER INTAKE AT FORT McPHERSON,
NWT

FIGURE 3-7. INTAKE HOUSE IN PEEL CHANNEL
AT AKLAVIK, NWT
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Open water intakes in cold regions are jeopardized by flowing
ice during freeze-up and breakup and must be given special attention.

Figures 3~9 and 3-10 show a water intake at Cambridge Bay in the
Northwest Territories of Canada. Note that the intake line is installed
to allow water to flow to the wet well by gravity so that even if the
intake itself were damaged, water would remain available at the pump.
Note also the construction details, such as insulation, wet well heater,
heat trace for intake line and recirculation line from townsite.

Use of multiple intakes is a recommended approach which may
enhance system reliability. An intake normally submerged in the summer
may be high-and-dry late in the fall when streamflow has been reduced by
freezeup., Further reason for multiple intakes is the option that
provides for continuously circulating water to minimize ice cover and
prevent freezing of the intake system.

Frazil ice is a phenomenon which occurs during freeze—up and
creates problems for operation of river intakes in open water. Frazil
ice occurs as ice forms in flowing water which is slightly colder than
00C (supercooled) and from which heat is continually being lost.

Frazil ice adheres to and builds up on any submerged object it contacts,
including itself. Thus intake screens, trash racks and the like may
become choked by frazil ice in a matter of hours. Frazil formation can
be prevented by locating the intake in a reach of river where surface ice
forms before the water is supercooled, such as in a long, calm reach.
Surface ice cover prevents rapid heat loss from the water and thus
precludes frazil formation. Heating the intake works bar screens and the
like to 0.1°C will remove supercooling properties and prevent frazil

ice accumulation.

3.,4.,2 Infiltration galleries

Infiltration galleries offer some advantages over conventional
river or lake intakes. The most obvious is to remove the structure from
the river and the hazards imposed by ice during freeze—up and breakup.
Infiltration galleries may be placed in the thaw bulb of streams in
permafrost areas and collect water even when the streams appear solidly
frozen. Usually some flow of water will occur within the streambed

itself, particularly when the bed material is relatively coarse.
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FIGURE 3-10, WATER SUPPLY UTILIDOR AT
COPPERMINE, NWT

A second benefit offered by the infiltration gallery is the
filtration of the water by the materials surrounding the collectors.

This may be a very significant advantage in streams which carry a load of
suspended material such as silt or glacial rock flour.

Infiltration galleries may be constructed parallel to the water
course, across the water course, vertically, or radially. Schematics of
such systems are shown in Figure 3-11.

Galleries must be protected against freezing, especially in perma-
frost areas. Some sort of heating system is usually installed during con-—
struetion. Both electrie and steam heating systems have been
successfully used. Usually steam lines are placed on the upper surface
of the lateral and a second steam line is installed 0.4 to 0.6 metres
above the lateral.

Insulation with snow is another way to reduce frost penetration
However, to be effective, the area should receive no traffic in order to
preserve the uncompacted snow cover [7].

Periodic gallery cleaning may be necessary to remove silt and
other sediments which enter the laterals and sumps. The use of modern
filter fabrics may reduece this requirement and improve overall system

performance.
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Springs can be developed by installing horizontal infiltration
galleries in the aquifer. This is a generally approved method since it
reduces the possibility of water contamination at the point of collec-

tion.

3.4.3 Wells

A producing well is most successfully located through detailed
examination of geologic conditons: kinds and permeabilities of soils and
rocks; position of layers; character of cracks, fissures and other large
openings; and a study of performance records of other wells in the area
[8]. Especially in arctic regions, professional hydrogeologists familiar
with permafrost should be consulted during the preliminary stages when
considering groundwater as water supply source.

In all cases, wells must be located a safe distance from
potential sources of pollution. Local health departments usually have
specific requirements but in the absence of other guides, wells should be

at least 60 m from the nearest source of pollution.

3.4.3.1 Well drilling. There are several opinions on the best method

for drilling water wells. Locations, accessibility, size of well required
and other such factors will influence the methods used. The U.S. Public
Health Service, Indian Health Service, Office of Environmental Health
believes that because of equipment transportability, cable tool drilling
is superior in remote areas. "Jetting” of smaller wells has the advantage
of relatively low cost and the machinery is easier to move into remote
areas. Cable tool systems require less water for the drilling operation
than the jetting method, although most water used in drilling can be
reused.

Jetting combines hydraulic action and thawing, relying upon the
volume of water rather than high pressure to "drill” the well. A stream
of water is directed down into the ground, gradually thawing the soil
which is washed away in the water. Water may be reused repeatedly by
recirculating through a settling basin to remove cuttings. Jetting is
best suited to frozen soils which are primarily sand, silt, clay, or a
combination of these. The system is not effective in regions where there

are large rocks or layers of rock to be penetrated.
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Cable tool drilling uses the weight of a "string” of drilling

tools to penetrate through all varieties of soil and rock. Progress may
be from 1.5 m to more than 30 m per day, depending upon geologic condi-
tions. Tools are lifted, dropped and turned regularly; this pulverizes
the soil or rock and allows it to be suspended and carried away by a
minimal amount of water and a bailer. In hard formations, no casing is
required until the well is completed. However, in sand, silt or clay (or
organic) soils the string of tools is operated inside the well casing.
The casing is usually driven into the ground and then the well drilled
inside. This procedure is repeated in a leap—frog manner until a water-
bearing stratum is penetrated.

Rotary drilling machinery may also be used in all types of

geological formations, but involves considerable expense for equipment,
and reasonable degree of operational experience and skill. Whereas
jetting and cable tool drilling equipment may be "broken down” for
transport in light aircraft, rotary drills are not as small nor as easily
moved to remote locations. Rotary drills are, in general, much faster
than other means of drilling. As with cable tool drilling, a small
amount of water is used with the rotary drill. A special Bentonite
"drilling mud” pumped down through the drill stem and out through ports
in the drill bit and subsequently to the surface carries away the
cuttings. The drilling mud coats the sides of the hole and protects it
from scouring action of the water., Drilling mud is used over and over
during the drilling operation after the cuttings have been removed.

In some instances it may be necessary to heat the drilling fluid
during the operation, such as when drilling through frozen soil under
winter conditions. The heated fluid prevents the mud from freezing in
the permafrost and aids in thawing as the drill penetrates.

Air rotary drilling is a variation of rotary drilling which

employs pneumatic rather than hydraulic action to carry cuttings away

from the drill.

3.4.3.2 Well seals. Sanitary well seals on top of well casings will
prevent contamination by surface sources and still permit easy removal of

the pump when necessary. 1If pumps and pipes to the building can be
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installed below the seasonal frost line, a single pipe from the well will
suffice. However, if the well is installed in permafrost or pipes cannot
be installed below seasonal frost, some method will be required to prevent
freezing of the well. One such system is illustrated in Figure 3-12,

The use of Bentonite grout instead of cement provides an adequate seal

and reduces the possibility of frost heave damage to the well casing.

3.4.4 Pumping stations

Pumphouses can provide shelter for pumping equipment controls,
boilers, treatment equipment and maintenance persomnel who must operate
and service the facility. Structural design will depend on the require-
ments of each location and must be considered individually. Equipment
housed within the shelter will also depend on the individual system and
may vary from a simple pump to a complex system with boilers for heat
addition, standby power, alarm systems to alert operators of malfunction
and the like. Any system must provide the degree of redundancy and
safeguards required by the nature of the operation and location. Figure
3-13 shows the pumphouse at Rankin Inlet, Northwest Territories.

More elaborate pumphouses will include redundant pumps, standby
power sources and alarm systems to alert the operator in the event of
failure. Voltage control devices are recommended to protect electrical
equipment where power is of questionable consistency or dependability
(see Figure 3-14).

All pumphouses should be designed with moisture-proof floors since
water will be on the floors frequently. Pumphouses in cold regions must be
large enough to accommodate additional equipment such as heaters and their
controls. Oversizing the original pumphouse at an installation should be
considered carefully in relation to design life and the accuracy of
demand predictions.

Heat addition at the source is usually desirable since the water

will be very cold, often approaching 0°C. Protection from freezing,

then, is the overriding reason for heating water at the source, although
there are also difficulties associated with treatment of very cold waters.
Enough heat must be added to at least compensate for heat lost in trans-

mission. It is generally accepted that water in transmission lines should
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FIGURE 3-1
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be at least 4°C to provide an adequate margin for heat loss in the event

of a pump failure.

3.4.5 Transmission lines

Pipelines carrying water from the intake and pumphouse to the
storage reservoir may be either buried or laid above-ground, depending
upon local conditions. In general, buried lines are preferred to reduce
maintenance and heat loss. Surface or elevated lines must have additional
insulation and should be protected from climatic and physical abuse which
is 1likely to occur. All pipelines should be provided with some form of
heat tracing or thawing method. More detailed design information is
covered in Sections 6 and 15.

Pumps and transmission lines should be provided with drains,
preferably automatic, to evacuate the water in case of power loss or
other long—term failure, and thus prevent rupture due to freezing. These
essential provisions may be as simple as the elimination of check valves

and providing positive gradient.
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4 WATER TREATMENT

4.1 General

The objectives of water treatment in cold regions are identical
to those in other areas — to provide high quality potable water to
improve and sustain health and eliminate the spread of waterborne
disease.

Under most conditions the treatment methods used in cold regions
are the same as those in temperate climates. However, temperature has a
significant effect on many processes in water and wastewater treatment,
sometimes requiring adjustment in design and operation.

Water is susceptible to a change of state at temperatures of
0°C or less unless properly protected. When means of replenishing
lost heat fail, freezing may occur even when pipes and tanks have been
insulated. For this reason and because treatment is simplified when
water is relatively warm (> 59C), it is common practice in cold
regions to add heat to water prior to or as a part of the treatment
process.

Cold climate conditions require that special attention be given
to certain aspects of treatment plants and processes. Although these
considerations sometimes seem trivial, failure to attend to them may
cause serious diffieculty in achieving desired objectives.

Quality standards have been established for drinking water in
the United States and Canada. These standards are presented only as a

guide since provincial or state standards may be more restrictive.

4,2 Process Design

Standard water treatment processes may need to be modified when
they are applied to cold waters. An alternative to process modification
is the option of adding heat as a pretreatment operation; sometimes both
methods are used together.,

Water treatment involves chemical, physical and biological pro-
cesses which are, to a greater or lesser extent, temperature sensitive.
"Cold water"” is the term used to describe water in the temperature range
of 00C to about 50C. Exact definition of the range is not intended

nor is it required since ehanges are continuous with temperature.
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4,2.1 Heat addition

Heat addition is often practiced to protect the distribution
system. When heat is added prior to treatment, other benefits accrue.
Also, as an alternative to modifying unit process designs to compensate
for low temperature, the designer may choose to add heat to the water as
a preliminary treatment step. The annual temperature variation for
surface waters in cold regions varies from 0°C to about 20°C. By
adding heat during the period when the water is cold, other treatment
processes may be used essentially unmodified., Higher sedimentation and
filtration rates and reduced mixing times result, and overall plant
requirements for space and energy are reduced. Moreover, pumping

requirements for warm water are lower than for cold water.

4,2,1.1 Corrosion control. Cold water can absorb more oxygen than

warm water. Figure 4-1 shows the variation of oxygen saturation with

temperature. As water is warmed, oxygen is released. This oxygen causes
iron and steel pipes, pumps and tanks to rust. By controlling the region
in which oxygen is released, corrosion within the treatment plant and the

distribution system may be reduced.
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FIGURE 4-1. DISSOLVED OXYGEN SATURATION VARIATION WITH TEMPERATURE,
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4,2,1.2 Standardization. Virtually all "package" type treatment systems

are designed for use with water warmer than about 5°C., If incoming
water is expected to be colder, heat must be added for the system to
perform properly at design rates. This allows the use of standard design

in areas of varying water temperature.

4.2,1.3 Method of heating. Several methods of heating water may be

used for equally satisfactory results. It should be remembered that
purity of drinking water is extremely important and any possibility of
contamination must be avoided.

Direct fired boiler. This system uses a direct-fired oil, gas

or coal furnace operated so that the water is maintained below boiling,
usually at about 90°C. Three basic types of boilers are 1) water

tube, 2) fire tube, and 3) cast iron water jacket. The boiler must be
operated in a manner which prevents cooling exhaust gases below the dew
point. Cold water may reduce exhaust gas temperature significantly and
if condensation occurs corrosion will reduce boiler and chimney life.
Thermal efficiency is optimized when the boiler is operated at the lowest
temperature possible without causing condensation of exhaust gases.

Liquid—-liquid heat exchangers. This system employs a closed

vessel containing a series of tubes. An inlet and an outlet manifold are
provided for both the jacket and the tube bundle. Usually the hot liquid
is circulated through the jacket and the liquid to be heated is
circulated through the tubes.

The source of heat for this system may be a building or city
central heating system or the cooling water from an engine, or any other
suitable source. Antifreeze may be used in the hot fluid but caution
must be exercised because of the possibility of tube leak and cross-—
connection.

Blending. Occasionally a source of hot water is available which
can be blended with cold water to achieve the desired temperature. Such
a source may be condenser water from a steam system. Fairbanks, Alaska,
successfully employed this system of warming cold well water. 1In
Whitehorse, Yukon Territory, geothermal water is added to raw water and

provides a very substantial saving.
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4,2,2 Coagulation and flocculation

Coagulation is a chemical process involving the destablization
of colloids. It is slightly temperature-sensitive in the range from
0°C to 30°C. Flocculation is the aggregation of destabilized
colloidal particles to a size adequate for subsequent settling by gentle
mixing of the fluid in which the colloids are contained. The inter-
particle contacts necessary for flocculation are influenced by fluid
viscosity. Figure 4-2 shows viscosity is inversely related to

temperature.

4.2.2,1 Mixing. Mixing is an important function in water treatment

since it is required for flocculation and the dissolving of solids in
liquids. Mixing is strongly dependent on temperature because of changes
in the viscosity of the liquid. Figure 4-3 can be used to make the
necessary adjustments in design criteria for temperature—induced viscosity
changes. It is plotted with 20°C as the base level. The power input

for mechanical flocculation is directly dependent on fluid viscosity, as

defined by:

P = G2y (4-1)
where: P = power input (kW),
G2 = velocity gradient (m/s/m),
V = tank volume (m3),
4 = absolute fluid viscosity (Pa/s).

To maintain the same velocity gradient in the tank as the
liquid temperature decreases, it is necessary to adjust the 20°C
power requirement by the multiplier from Figure 4-3. This relationship
will be valid for any type of mechanical mixing.

Detention time required for mixing is determined separately. It
is influenced by the time required for desired reactions to occur and is
often arbitrarily based on successful performance of similar units.
Recommended detention times for flocculation of water range from 15 to 30
minutes. Increasing this detention time will compensate for lower water
temperatures. The multipliers from Figure 4-3 can also be used for this
purpose. Multiple basins in series are the most effective way to increase

detention time, provided some basins can be bypassed during warm weather.
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One alternative to extended mixing time is the use of higher
chemical dosage. Another is to adjust pH to the optimum for the
temperature of the water being treated. Optimum pH varies inversely with
water temperature. It is advisable to evaluate each alternative since

one may be more economical.

4.2.3 Sedimentation

Settling of particulate materials is retarded by increased
viscosity in cold waters. The settling velocity of particles is
proportional to the temperature as shown in Figure 4-4. Increased
clarifier size is recommended where cold water is to be treated.

Upflow clarifiers. Upflow and sludge blanket clarifiers are not

as sensitive to low temperature as conventional clarifiers. However,
temperature variations may cause thermal currents which can easily break
through the sludge blanket and ruin efficiency. Sludge blanket and
upflow clarifiers should be operated at nearly constant temperatures.
Table 4-1 presents some recommended loading rates for upflow clarifiers

which employ tube modules.

4.2.4 Filtration

Filtration is affected by low water temperature to the extent
that head losses through the filter are proportional to viscosity. The
relative head loss changes about 3.5% per degree Celsius temperature
change. Normal sand filter loading rates are about 5 m3/m2.h
and mixed media filter loadings are about 12 m3/m2-h. Therefore,
multi-media filter beds would provide more efficient use of space in cold
climate facilities. The multiplier values from Figure 4-3 should be used
to reduce filtration efficiency. For example, if the initial design head
loss is 1 m at 20°C it will be about 1.5 m at 5°C.

Backwashing of filters is also affected. Power for pumping will
vary as shown on Figure 4-2., Adjustments for filtration and backwashing
are based on viscosity changes. However, the minimum upflow velocities
or wash rates to fluidize and clean filter media will be reduced because
of increased fluid density. For example, if it takes a velocity of 0.09
cm/s to fluidize a sand bed at 20°C it will only require 0.06 cm/s at
50c¢.
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TABLE 4-1.

Temperature (°C)
SETTLING DETENTION TIME VERSUS TEMPERATURE

UPFLOW CLARIFIER LOADING RATES

Overflow rate based on total
clarifier area and temp. less
than 4°C.

Overflow rate based on total
clarifier area and temp.
greater than 10°C.

m3/m2 h gpm/ft2 m3/m2 h gpm/ft2
3.7 1.5 4.9 2.0
4.9 2.0 6.1 2.5

Overflow rate based on area of
clarifier covered with tubes.
Temperature less than 4°C,

Overflow rate based on area of
clarifier covered with tubes.
Temperature greater than 10°C,

3 2 2 3,2 2
m /m h gpm/ ft m /m h gpm/ ft
6.1 2.5 4.9 2.0
8.6 2,5 7.3 3.0
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4.2.5 Adsorption

Adsorption is an exothermic process and in the range of 0°C

to 209C is essentially unaffected by temperature change [1,2].

4.2,6 Disinfection

Disinfection is the process of destroying or inactivating
disease—causing organisms in the water. Traditionally, disinfection has
been directed toward reduction of bacteria and is probably not as

effective in destroying either viruses or cysts.

4,2.6.1 Chlorine. Chlorine has been almost universally used as a
disinfectant for potable waters throughout this century. The greatest
advantages are the ability to maintain and measure residuals, low cost
and economy of use. Also, the availability of chlorine as Cl; gas,
calcium hypochlorite Ca(OCl) and sodium hypochlorite (NaOCl) make it
possible to safely handle the disinfectant under a variety of conditions.
Logistics and operator qualifications should guide the designer in
selecting the chlorine source.

Solubility of chlorine is theoretically a factor in cold water.
However, chlorine is virtually never dosed at rates which are insoluble
in water in the normal range of temperatures.

In recent years there has been significant concern over the
byproducts created by using chlorine as a disinfectant in waters contain-—
ing organic compounds. It has been discovered that some organic
compounds form carcinogenic substances when exposed to chlorine in water.
As a result there is a growing trend away from pre—chlorination in the
production of potable water.

Chlorine disinfection is hindered by cold water. Exposure time
must be increased as water temperature decreases. Contact time of at
least one hour is recommended and residuals must be maintained throughout

the contact period to achieve the desired bacteriacidal effects.

4.2.6.2 Halogens. Aside from chlorine, two other members of the
halogen group have been used as potable water disinfectants. These
elements are iodine and bromine. Both substances have been tentatively
approved but their use has been primarily supplemental to chlorine in

swimming pools with only occasional use as potable water disinfectants.



Costs for iodine and bromine cannot compete with gaseous chlorine (about
25 to 1); however, iodine may be competitive with some forms of hypochlo—
rite.

Iodine has the advantage over chlorine of producing minimal
tastes and odours in the presence of phenols. Also, iodine can be stored
in non-metallic containers for extended periods without appreciable loss

or deterioration.

4,2.6.3 0Ozone. Next to elemental fluorine, ozone is the strongest
oxidizer known and as such it is an excellent disinfectant. Ozone also
has other possible uses which are discussed in Section 4.2.13.

Ozone is only slightly temperature sensitive so no appreciable
modification of standard technique is required. However, ozonation
equipment is expensive to install and operate. Where cost is less
important than logistic consideration, ozone has the advantage of being
generated from air using electricity and is unaffected by resupply

problems in remote areas.

4,2.7 Fluoridation

Fluoridation of potable water in cold climates requires a higher
dosage because per capita consumption of drinking water tends to be
somewhat less than in temperate regions. Normally, fluoride concentra-
tion should be about 1.4 mg/L in cold regions. Table 4-2 lists the
recommended ranges of fluoride in drinking water at various annual

average air temperatures.

TABLE 4-2, FLUORIDATION REQUIREMENTS

Recommended control limits
Annual average of maximum Fluoride concentrations in mg/L

daily air temperature¥*
ocC Lower Optimum Upper

12 and below 0
12.1 to 14.6 0
14.7 to 17.6 0
17.7 to 21.4 0.
21.5 to 26.6 0
26.7 to 32.5 0

* Based on temperature data for at least five years.
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4,2.8 Water softening

Water softening is often required in cold climates where
groundwater frequently contains high concentrations of calcium and/or
magnesium hardness. Two methods of softening are well developed: ion

exchange and chemical precipitation.

4,2,8.1 Ion exchange. Ion exchange water softening is affected by low

water temperature to the extent that it is essentially a filter-type
system and flow is viscosity dependent.
Waters derived from subpermafrost aquifers tend to be slightly
deficient in oxygen and as a result may contain relatively large amounts
of soluble forms of iron. Iron can foul zeolite and greensand ion exchange

resins and must be removed prior to softening. (See Section 4.2.9).

4,2.8.2 Chemical precipitation. Lime-soda softening is frequently

used where water to be treated is turbid and requires clarification.
This process is affected by low water temperature since it involves

mixing, flocculation, sedimentation, filtration and sludge handling.

4,2,9 Iron removal

Iron is of considerable concern in waters in cold climate areas.
Iron is one of the most abundant elements in nature and its presence in
varying amounts is to be expected. It may exist in any of nine valence
states but Felt?2 and Fe+3 are most important in water. In addition
to elemental iron, organic iron complexes present problems.

Limiting iron in water supplies is more for aesthetic purposes
than for health reasons. Canadian Drinking Water Standards and
Objectives and the U.S. National Secondary Standards for drinking water
limit iron to 0.3 mg/L.

High iron concentrations in cold climate waters may be explained
as follows. Groundwaters and waters beneath the ice in ponds and shallow
lakes are deficient in dissolved oxygen. As the water dissolves iron it
is oxidized to FeOH+, which is a highly soluble form. In surface
waters where there is sufficient dissolved oxygen, much less soluble
Fe(OH)3 and Fe)y03 are formed.

Treatment of waters containing iron requires oxidation, which may
be accomplished by aeration or by chemical oxidation with chlorine or ozone.

Simple aeration is not effective for removing iron/organic complexes.
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Low temperatures restrict the aeration process. Although oxygen
is more soluble at low temperatures, overall gas transfer is lower. This
is explained on the basis of viscosity, gas/liquid contact etc.
Furthermore, the type of aeration system influences gas transfer rates.
Compressed air systems are more efficient than mechanical surface-type
aerators. Oxygen transfer coefficients have been evaluated over the

temperature range from 3°C to 35°C with the following results:

1.024 (Tg ™ T2)
(TO"' To)

- for compressed air system =

- for mechanical aerators = 1.016

Coarse bubble diffusers tend to be more maintenance-free than
other types of aerators. Aeration can be accomplished by cascade or
"waterfall" systems, but these tend to be associated with humidity
problems in the treatment plant.

Aeration tanks should have a width to depth ratio of 2 to 1 or
greater to promote good mixing. Detention time will be on the order of
10 to 30 minutes and the air volume range required will be 0.05 to 1.25

3

m3 per m°® water treated.

4.2.10 Colour removal

Objectionable colour concentrations are frequently found in
water originating in tundra regions where organics are leached from
decaying vegetable matter. Colour may be reduced or removed by chemical
oxidation with chlorine or ozone and with carbon adsorption.

4.2.11 Organics removal

Organic materials in water, much like colour, are removed to a
limited extent by coagulation and sedimentation. More complete removal
requires carbon adsorption or ozone treatment.

Activated carbon is effective for removal of organics but when
granular carbon is used, there is a strong potential for enhancing
bacterial growth in the carbon bed. Organics removed from the water
become food for micororganisms which may eventually be washed through the
carbon bed and into the product water. Post disinfection is required in
this situation.

Joint use of ozone and carbon adsorption has been found extremely

effective in organics removal and for treating iron-organic complexes.
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Ozone destroys microorganisms and breaks down many organics. The remain-

ing organics are absorbed on the carbon beds.

4,2,.12 Desalination

In coastal areas of the Arctic and in some areas where ground-
water sources are highly mineralized, desalination may be required.
Several desalination methods are available including distillation,

reverse osmosis (RO) and freeze treatment.

4,2,12.1 Distillation. Distillation is the best known, most highly

developed means of removing dissolved materials concentrations from
water. Cold water increases the operational costs of distillation
slightly. The relatively high skill requirement for operators makes this
an undesirable process in remote areas. Small stills (about 20 m3/h)

require about 1 kg of diesel fuel for 175 kg product.

4,2.12.2 Reverse osmosis. Reverse osmosis (RO) uses mechanical energy
to drive water through a semipermeable membrane. By proper membrane
selection water may be produced which is quite acceptable for potable
purposes. RO is temperature sensitive with the best results obtained
when water temperatures are in the range of 20°C to 30°C.

The cost of RO is relatively high due to equipment operation and
maintenance requirements. Small RO units are available in sizes from 3.5
m3/day to 3500 m3/day. These units require about 2,4 kWh of power
for each cubic metre of water treated. The cost/benefit ratio for RO

desalination is improved by the following factors:

1) higher water temperatures,
2) industrial/commercial water users,

3) sewers for brine disposal.
Reduction of the cost/benefit ratio is caused by the following:

1) high land fosts,
2) high electrical power costs,
3) high population density per dwelling unit,

4) high interest costs.
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Actual costs for RO in the United States ranged from 11 cents
per cubic metre of water for a town of 63,000 people to 55 cents per
cubic metre for a town of 1250 people.

RO treatment systems must be protected from freezing at all
times. Membranes which have been frozen are unreliable even if freezing

has occurred during shipping prior to installation.

4.2,12.3 Freezing. Treatment by freezing is a system which may be
practical in cold regions where the cold may be used as a resource. This
method is based upon the fact that as water freezes, impurities are
slowly "refined” or "salted out” and the ice contains only pure water.
Three types of freezing processes have been used successfully in pilot
projects.,

The reservoir process involves freezing a large volume of water.
When ice containing the desired volume of water has been formed, the
brine below the ice is withdrawn. When the ice is melted, purified water
is the product.

Layer freezing involves a more complex system of freezing
brackish water in successive sheets. The first water melted off in warm
weather is wasted because it contains most of the impurities.

Spray freezing involves spraying brackish water through a modified
lawn sprinkler to form a cone of ice. Pure water is frozen most quickly
and brine drains away continuously throughout the winter. 1In a pilot
scale test in Saskatchewan, chloride content was reduced from 2000 mg/L
to 500 mg/L for 75% of the brackish water sprayed [3]. Estimated total

costs for the process were about 22 cents per cubic metre of product.

4.2.13 Ozonation

Ozone as a disinfectant was briefly covered in Section 4.2.6.3.
However, European experience with ozone in water treatment for many years
has shown numerous benefits in addition to disinfection.

Iron and manganese are effectively removed by oxidation with
ozone followed by separation. Applied early in the treatment chain,

ozone rapidly oxidizes iron and manganese and aids in flocculation.

* 1977 U,S. dollars.
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Organics oxidation by ozone is accomplished by ozone addition in
the middle of the overall process. Followed by granular activated
carbon, this is very effective in removing organics and has none of the
side effects of taste and odour associated with chlorination.

Ozone systems are expensive to build. Costs for a system produc—
ing less than 450 kg/d (03) are approximately $2200 per kg of daily
ozone production. Operational cost, including amortization over 20
years, ranges from 1/2 cent per cubic metre to 1 cent per cubic metre of

water treated,

4.3 Plant Design

There are several aspects of water treatment plant design in
cold regions which are important. Nearly all functions of water treat-—
ment must be housed for process protection as well as for ease of
maintenance and operation of equipment. Certain unit processes require
heated shelter, while others require shelter only. Generally, processes
which include equipment such as pumps and exposed piping must be housed
and heated to prevent damage from freezing. Water temperature, not air

temperature, determines process efficiency.

4,3.1 Buildings

Combining different functions under one roof rather than in a
group of smaller buildings reduces surface area and heating requirements.
Piping and electrical runs may be shorter and less expensive initially
and possibly easier to maintain. Possible expansion in the future should
be considered in selecting the single building concept. The floor plan
of cold region systems can be critical to building efficiency. Designers
should place areas which require stable heat in the building interior,
and store rooms and other less vital functions against outer walls. In
this manner, heat lost from the interior is used to heat other space
before escaping outdoors. Building shape can be optimized to reduce
surface area and oriented to take advantage of sunshine,

Placement of some functions below ground and banking buildings

with earth on outside walls will reduce energy requirements (See Figure
4-5).
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Fan forced ventilation
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Storage Process area
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FIGURE 4-5, BUILDING PARTIALLY INSULATED WITH EARTH BANKS

Vapour barriers are very important in cold climates and more
so in buildings where moist air is prevalent such as in treatment plants.
Poor vapour barriers will permit moisture to penetrate into wall and roof

insulation and reduce its effectiveness.

4,3,2 Ventilation

Ventilation is important both for human health and comfort and
building economy. Moist indoor air in process areas must be expelled to
prevent condensation and related problems. Air may be reused from one
type of space to another to economize on the amount of warm—up required.
For example, air may be moved from office space to lab space before
exhaust, or from office to process areas. If dehumidification equipment
is installed, process space air might be reused in either office or lab
space.

An alternative to this direct reuse of air is to extract heat
from warm, moist exhaust air to preheat incoming fresh air. Several
fairly efficient devices are available to perform this function.

Continuous ventilation may not be necessary in all spaces. When
offices and labs are not occupied it is unnecessary to force ventilate

them and waste heat.

4.3,3 Lighting

Adequate lighting is important both inside and outside treatment
plants; in cold northern climates it is particularly essential because of
reduced wintertime daylight. Controls for lighting circuits should be

designed so that minimum light is provided in unoccupied areas with
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supplementary lights available as needed. Unless relatively small light-
ing circuits are provided, appreciable power may be lost to a function

not actually needed.

4.,3.4 Controls

Process controls are sensitive devices which may be adversely
affected by low temperature or high humidity. Plant design should
provide controls on interior walls or in special cabinets away from the
influence of moisture and temperature. Ventilation should be provided to

reduce the possibility of damage by atmospheric changes.

4,3,5 Standby equipment

In cold regions equipment is subjected to rigorous conditions.
As a result, equipment failure may be more frequent. Providing redundant
equipment may increase system reliability.

It is recommended that the designer not place total reliance on
one item if that reliance could as easily be placed on twoismaller items.
For example, rather than one large pump, two or three smaller ones will
generally be more desirable. This also permits periodic maintenance

without suspending operation entirely.

4.3,6 Miscellaneous considerations

4,3.6.1 Drainage. Whenever possible, plants should be designed and
built so that they can be drained by gravity if necessary. This is

particularly true in remote areas and at smaller installations.

4,3.6.2 Auxiliary power. Auxiliary power supply should be provided to

support minimum operation of the treatment plant and distribution system.

4.3,6.3 Space/process trade-offs. Under some circumstances the designer

may wish to evaluate the overall benefits of energy—intensive processes
which are space-efficient. For example, pressure filters or pre-coat
filters which require pumping may have overall advantages compared to
standard or mixed media gravity filters. Or in another case a centrifuge
may be preferable to a standard clarifier,

In cold climates these trade-offs must be evaluated carefully
because heating requirements are significant. Where plant expansion is
contemplated, these considerations may be particularly valuable by

allowing addition of capacity within existing space.
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4,3.6.4 Replacement parts. Plant management should maintain a stock of

replacement parts for equipment subject to failure or wear., This is
particularly important in remote areas where much time may be lost in

shipment of parts from sources of supply.
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5. WATER STORAGE

5.1 Purposes and Capacity Requirements

The total water storage requirement is the sum of flow equali-
zation, emergency and fire requirements. The reliability of the water
source and the community size, i.e., equipment and expertise available, will
influence the storage requirements. Typically, these will be two days total
water demand plus the fire requirements and any seasonal requirements,

Most piped and trucked water delivery systems will require some
storage capacity to meet daily and hourly water demand fluetuations.

This storage is called "buffer” or "equalization” capacity. Piped
systems in small communities typically have a peak hourly consumption of
4,5 times the average daily consumption (see Section 4)., The storage
requirement for buffer capacity is generally one day's consumption.

Also, emergency storage of at least one day's water requirement should be
provided. Several days' supply may be necessary when the community is
served by a long pipeline. For trucked systems, storage of two days'
consumption within the community is desirable to breach any supply
interruptions, and to act as buffer eapacity where a piped supply line
from the source is used.

Storage capacity is also required to aet as a buffer and
to breach temporary supply failures where limited-yield wells or
constant—flow treatment plants are used.

Fire protection requirements for both piped and trucked systems
are outlined in Section 12, These requirements should be used to
ealculate the storage capacity needed.

Water supply systems in some remote northern communities are
operational only on a seasonal basis. Where a continuous water supply
eannot be obtained, is too expensive, or is impractical to maintain,
enough water must be stored to supply the demand during periods of supply
failure. For example, where a temporary water intake system is utilized,
short-term storage is required to supply the demand when the intake is
inoperative during river or lake freeze—up and break-up. Complete winter
storage has been utilized at locations where all water sources cease,
freezeup, or are inaccessible during the winter. A water supply pipeline

from an inaecessible or distant water source may be used in the summer to



fill a winter storage reservoir or tank. In these instances, the
duration of the expected source interruption and the design rate of
consumption will determine the storage capacity required. Local records

must be consulted.
5.2 Tanks

5.2.1 General

Special cold regions design considerations and problem areas
include: icing conditions; insulation; heat requirements; foundation design
(partieularly in frost-susceptible soil); the diffieulty and high cost of
carrying out maintenance in remote areas; and other eold climate construc-
tion and operation and maintenance (O&M) considerations sueh as transporta-—
tion, labour, logistics, and weather (see Section 2). Tanks in cold regions
must be insulated and heat added to prevent ice formation in the tank.

Common storage tank construction materials are wood, steel and
concrete. Small individual tanks of aluminum, plastic and fibreglass
have also been used.

Wood tanks are particularly useful because they do not have to
be insulated. They are relatively light and the small pieces can be
easily shipped into remote areas. They can be erected by local people
without expensive, special equipment. Wood tanks can leak by sweating.
With very careful erection and regular maintenance, such as tightening of
bands, leakage can be reduced; however, this is not always easily
accomplished in northern utility systems. Any leakage during the winter
will result in ieing on the outer surface. This ice buildup is a
nuisance and can result in damage to the tank and foundation. Unlined
tanks should be operated with as little water level fluctuation as
practical since the wood shrinks when it drys out, producing ecracks.
Unlined wood tanks must be allowed to sweat; therefore, they must not be
painted or coated. Leakage problems can be overcome by installing a
flexible waterproof liner inside the tank. The liner material must be
rugged enough to withstand shipping and installation handling, and may
require low temperature specifications (see section 5.3.5). Wherever
possible, the liner should be prefabricated, with the necessary openings

reinforced, and in one pieece, to reduce the amount of field work and

P
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allow complete replacement. It is imperative to prevent ice formation
within the tank because this will damage the liner and punctures are
difficult to locate. This is often impractical and is a major
disadvantag of membrane liners. Where greater thermal resistance than
the wood itself is required, near-hydrophobic insulation may be placed
on the inside wall of the tank and covered with a liner (Figure 5-1).

Steel tanks can be either bolted or welded. Small tanks of
less than 200 m3 could be barged complete but larger ones must be
constructed on-site. Bolted tanks ar quickly erected; however, any
damage to the plates during shipping will make alignment difficult and
leaks may occur. Leakage at the joints may occuur due to misalignment,
poor erection or foundation movement. The insulation and coating must
consider such movements and leakage. Welding is the preferred method of
construction, particularly for large tanks (i.e., greater than 2000 m3).
However, qualified welders and vacuum and radiographic equipment to check
the welds are necessary.

Special low-temperature, high-impact steels, such as ASTM A-516
or CSA G40.8, are advisable where the tank may remain empty during the
winter and reach the lowest ambient temperature. The designer must
assess the risk of this situation. Because of the high cost of special
steels, conventional steel has been generally used for insulated water
storage tanks. Welded steel tanks have been insulated with polystyrene
or polyurethane boards and with sprayed-on polyurethane. Figure 5-2
illustrates a welded steel tank with board insulation and metal
cladding.

Steel tanks must have an anti-corrosion lining such as an epoxy
paint system. The minimum temperature conditions required during the
installation and curing are significant to construction scheduling.
Failure to achieve this and follow manufacturer's instructions are major
causes of premature lining failures. The cost of sandblasting and liner
installation is very high in remote locations; therefore, the liner system
should be selected for the best ovaerall economics, not just the initial
cost. Alternatives such as membrane liners or electrical corrosion pro-

tection systems such as anodes or impressed current may be considered.
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Concrete tanks have been used where adequate aggregate is
available and the foundation is rock or where soils permit slab
construction. They should be covered with earth where practical to
reduce heat loss and insulated if necessary (Figure 5-3).

5.2.2 Insulation

Insulation may be earth cover, wood, fibreglass batt,
polyurethane or extruded polystyrene boards. The typical 75-mm walls of
wood tanks provide some insulation value, but the thermal resistance of
concrete and steel is negligible. The thermal inertia of soil dampens
out the extreme air and ground surface termperatures, while fibreglass,
polyurethane and polystyrene provide thermal resistance to reduce heat
loss. Only moisture resistant insulation should be installed in contact
with storage tanks which are inaccessible or below ground, since moisture
from leaks, condensation, rain or groundwater can drastically reduce the
insulating value.

Tanks of any material can be enclosed within a building shell.
Such an exterior frame and shell may be constructed against the tank or a
walkway may be provided between the tank and the exterior wall (Figure
5-4). The wind protection and air gap will reduce heat losses and
this can be further reduced by insulating the enclosure. Where access to
the insulation is provided, such as by a walkway, fibreglass batt
insulation can be used (Figure 5-4).

Near-hydrophobic plastic foam insulations are readily available
and commonly used. Polyurethane may be foamed on-site, reducing the
shipping costs; however, field costs may be higher. Polyurethane boards
may be made up, but the foam is more commonly sprayed directly onto the
storage tank surface (Figure 5-5). To ensure a good bond to a metal
surface loose scale and paint flakes should be removed, the surface should
be solvent-cleaned if it is oily and a compatible primer applied. Foamed-
in-place insulations are particularly useful for insulating curved sur-
faces or places that are difficult to reach. Spraying must not be carried
out in the presence of water, rain, fog, condensation, wind velocities
greater than 5 km/h, when the tank surface temperature is below 10°C, or

when the air temperature is below 2°C without special techniques and heating
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FIGURE 5-5. STEEL TANK WITH 75-mm SPRAYED

ON POLYURETHANE INSULATION,

BARROW, ALASKA
equipment. Quality must be controlled during and after foaming. A high
degree of skill is required in application to ensure a smooth surface.
Polyurethane foam must be protected from vandalism, weather and from
ultraviolet 1light (sunlight). This can be done with low-temperature
elastomers or other coatings compatible with polyurethane which are
sprayed onto the insulation, usually in two or three coats, with the
first coat applied within one day of foam application. The walls can be
further protected by sheet metal cladding.

Extruded expanded polystyrene or polyurethane boards can be
glued and strapped (typically with 40 mm x 0.5 mm stainless steel
banding 450 mm on centre) to the outside of tank. Large tanks will
require clips. The boards should generally be less than 75 mm thick to
allow installation on the curved tank surfaces. Two layers are
preferable so that by staggering these, the joints can be covered. The
insulation must be protected from weather, and vandalism. This is
commonly done with metal cladding. Embossed, corrugated or ribbed
(i.e., not smooth) surfaces will not show bends or deformities inecurred

during construction or operation.



Near—hydrophobie insulation boards can also be used to insulate
the walls of below ground level concrete tanks. High density foams with
compressive strengths up to 700 kPa can be placed under a tank, if
desired (Figure 5-3). These higher density foams also absorb less
moisture.

Ice is a relatively poor insulator, 1/60th that of polystyrene;
therefore, an ice growth on an insulated tank wall does not appreciably
reduce heat losses. However, ice is 20 times a better insulator than
steel and an ice layer will reduce heat loss better than an exposed
surface.

5.2.3 Design

Ice in water storage tanks can cause serious damage. A
floating ice sheet may destroy ladders, structural supports, pipes and
similar interior appurtenances as it rides up and down in the tank due
to fluctuations in water level, If these are attached to the tank wall,
failure can result. Ice formed on the tank walls can suddenly collapse,
e.g., when the walls warm up during warm weather, and cause failure or
puncture holes in the bottom of the tank. Therefore, water storage
tanks must be designed to prevent the growth of ice in the tank under
all foreseeable circumstances, including unusual operating conditions,
and they should be completely drainable. Because of their vulnerability
to ice damage, interior appurtenances should be installed with caution.

While it is usually easy to keep the stored water warm, parti-
cular attention must be paid to the air space above the free water
surface. The air in one Alaskan tank was 2.59C below the water
temperature, but this will vary with the geometry, insulation and
outside temperatures [l].

Since water is most dense at 40C, surface icing can be
prevented by operating the tank at a temperature greater than 4°C.
Continuous or intermittent circulation within the tank will also help to
prevent density stratification and surface or wall icing. The return
line of a recireculating water distribution system is often discharged
into the storage tank. This provides circulation and temperature

control within the tank, and a large heat reservoir for the system.
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Where practical, breather vents should be located on the
interior of the tank, venting into an attached pumphouse or building
rather than to the outside where ambient temperatures are low. This
will prevent the vent from icing up due to condensation and will reduce
heat loss. The vacuum created by a blocked vent when the water level is
lowered can cause the tank to collapse.

Overflow piping should be designed so that a trickle flow does
not iee up and eventually block the pipe. It should be insulated and
heat traced if located outside the tank or perhaps run inside the tank
(Figure 5-1).

Instrumentation should include a non—-contact water level
elevation (head) indicator, sueh as a pressure transducer, since ice
would damage floats. Temperature monitoring at various levels for
control and alarms should be installed.

Seasonal storage, e.g., where complete winter storage is
required, can cause water quality changes, such as redueed oxygen.
Chlorine residuals will also decrease with time, though less with colder
waters [2]. Because of the effects of long-term storage on water
quality, treatment should occur after storage.

Elevated tanks can provide the necessary pressures in the
distribution system; however, they can be a maintenance problem in cold
weather. The large surface area and high winds increase heat loss, and
the standpipes must be freeze-protected. The foundation must be
carefully designed. In small communities a pneumatic system or constant
pressure pumps fed from a surface storage tank are generally more
practical.

Freezing of a storage tank will not usually occur all at once.
Layers of ice are formed over several hours or days. Periodic drawdowns
cause such layers or plugs to become hung up and separated by air gaps.
If this occurs, precautions must be taken to prevent the piston action
of a falling ice layer. Thawing of an ice layer should be carried out
from the top. The method and sequence of thawing a particular tank must
be designed into it and specified in operational procedure manuals.

Extra equipment required must be supplied at the time of construction.
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5.2.4 Thermal considerations

The thermal characteristics of alternative designs should be
considered, although in many cases the size, shape and location are
specified by other constraints. Elevated tanks expose the greatest
surface area and must contend with low air temperatures and high winds.
Tanks at the ground surface will lose less heat and the common vertical
cylinder shape is very near optimum, since heat loss to the ground is
less than to the air. Whenever practical, tanks should be buried or
covered with soil to reduce the effect of low air temperatures.

All exposed surfaces should be insulated. This is particularly
important for steel tanks since the heat loss through exposed steel,
where the only resistance is air film, will be at least 50 times that of
a tank surface insulated with 50 mm of polystyrene. Thermal breaks or
penetrations such as a ladder attached to the tank exterior must be
avoided or reduced. The risers for elevated tanks must also be
insulated.

Exposu}e of inflow, outflow and circulation piping should be
minimized, perhaps by using a common carrier (e.g., pipe in a pipe). A
common carrier also reduces the number of connections into the tank,
which is of importance for lined tanks.

The exterior surface could be painted a dark colour to absorb
as much incident radiant heat as possible during the long dark winters.

The economic thickness of insulation can be determined by
comparing the initial capital cost for increased insulation thickness
to the accompanying reduced heat loss, and lower annual energy cost and
heating capacity requirements (see Section 15). Other considerations
such as a required maximum rate of heat loss or temperature drop over a
specified period may require greater than this minimum thickness.
Thermal calculations are also necessary to size heating systems to heat
water and to replace heat losses. For storage tanks, piping and other
utility system components, the required capacity is based on supplying
the maximum rate of heat loss, whereas the total energy consumption is
based on the annual heat loss. The heating of water in storage tanks by

the practical application of alternative energy sources, such as wind

.
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and low temperature waste heat from electrical generation, should be
considered (see Section 14).

Heat loss can be reduced only slightly by operating the tank
near freezing since it is the temperature difference that determines
heat loss. For example, if the ambient temperature is -20°C then there
will be a 12% reduction in heat loss for a tank operated at 2°C compared
to at 5°C. The lower the ambient temperature, the less are the savings
by reducing the tank temperature. There are, however, energy benefits
to operating near freezing where the mean air temperatures are not much
below freezing, and where this eliminates or reduces the need to preheat
raw water supplies.

Operation at over 4°C will prevent density stratification
and surface freezing, but operating at over 109C is usually unneces—
sary and can result in vent icing problems. The large mass of water
reduces the potential for freezing and damage from failures, such as
prolonged stopages of heat input. In any case, the tank should be
completely drainable.

Small storage tanks may be located within a building. Some
innovative examples of this are the Kemi, Finland, multi-story city hall
which incorporates an elevated storage tank, and the British Petroleum
camp near Prudhoe Bay and several new schools in Alaska where the

swimming pool doubles as water storage for fire proteetion.

5.2.5 Foundation

Foundation considerations are similar to those for other
northern buildings, with the added concern of the high weight of
water—filled storage tanks. In non—-permafrost areas, normal foundation
precautions should be considered, ineluding those for frost heaving. In
permafrost areas, active or passive design measures can be used. Active
measures include pre-thawing, excavation and replacement, and designing
for settlement. Passive measures include those that separate the tank
from the ground and those that maintain the permafrost. An example of
the former is the use of piles. The heavy loads require close spaecing
of piles and a design analysis which considers the creep of frozen

ground, particularly in "warm” permafrost areas. Examples of the latter
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are artificial refrigeration, thermal piles, and air ducts (with or

without fans).

5.2.6 Costs
Table 5-1 shows typical costs for water storage tanks in cold

regions.

5.3 Earth Reservoirs

5.3.1 General

Water impoundments for domestic [3] and industrial water supply
[4] and dams for hydro power generation {5] have been successfully
constructed in the North. Special design considerations are required in
permafrost areas, particularly in high ice content soils [6].
Construction problems may include lack of specific soils required for
embankment construction, excavation and placement of frozen soils, and
other northern construction problems such as logistios and weather (see
Section 2),

The effective reservoir volume can be reduced substantially by
ice cover which ean at times be 2 m thick. The most critical years will
be those with low snowfall., Ice thickness can be reduced to a limited
extent by using snow fences to create snow drifts, thereby insulating
the surface. Deep reservoirs can be used to minimize surface area and

thus reduce the volume of frozen water.

5.3.2 Water quality

The quality of the water is influenced by the soils and vegeta-
tion that it comes into contact with. Leaching from bog soils and
oxygen depletion during long periods of ice cover will necessitate water
treatment for colour, pH, taste and odour prior to use. These effects
should be considered in preparing the bottom of the reservoir before
flooding [7]. Water quality is also affected by ice growth. Thermal
stratification may influence the location of intakes. It is normally
desirable to dyke the edges to prevent unwanted runoff from entering the
reservoir. Signs, in appropriate languages, and fences are necessary to

deter access to reservoirs by animals and unauthorized personnel.



TABLE 5-1.

WATER STORAGE TANK COSTS

LOCATION SIZE DESCRIPTION COST (YEAR)
Tank Foundation Insulation
Ft. McPherson, NWT 450 m Wood Piles cm polystyrene $166 000 (1975)
Resolute Bay, NWT 450 m Bolted Steel Insulated Pad cm polystyrene $190 000 (1976)
Inuvik, NWT 2250 m Welded Steel Piles 2 cm polystyrene $750 000 (1976)
(estimated)
Savoonga, AK. 380 m Welded Steel Pad 5 cm polyurethane $106 000* (1977)
Shismaref, Ak. 1140 m Welded Steel Pad .5 cm polyurethane $176 000* (1977)
Unalakleet, Ak. 3780 m Welded Steel Pad .5 cm polyurethane $308 000% (1977)
Twin Hill, Ak. 230 m Welded Steel Pad .5 cm polyurethane $ 78 000* (1977)
Stebbins, Ak. 1900 m Welded Steel Pad 5 cm polyurethane $212 000* (1977)
Grayling, Ak. 230 m Welded Steel Pad 5 cm polyurethane $ 80 000% (1977)
* Does not include foundation. Foundation costs in Alaska were $65 000 for a gravel pad or $170 000 for

piling with a floor system.

€1-¢
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5.3.3 Dams

Dams may be constructed to raise the level of an existing lake
or create a reservoir on a stream or river. Overtopping is not
permissible; therefore, overflow structures must be provided. Runoff at
spring breakup from northern watersheds tends to be very short and
violent, thereby increasing the size and complexity of the spillway.
Floating ice and wave action must be considered in large reservoirs. The
force of ice bonded to dam structures can be significant when it is

raised or lowered with the fluctuating water level.

5.3.4 Diked impoundments

Dugout type, generally cut and fill, earth reservoirs may be
periodically filled by pumping or by siphoning water from a nearby
source. This eliminates expensive overflow structures and simplifies
inflow and intake requirements. The low head reduces seepage and
embankment stability design problems; however, the effective reservoir
volume is reduced by ice growth. Groundwater seepage into a reservoir
can be a problem, and must be considered in the geotechnical investiga-
tion, even in permafrost areas, since sub—permafrost or intra-permafrost
groundwater may be encountered. Impervious membranes have been used
successfully in the central and eastern Arctic where the native soils
are generally permeable sands and gravels with some silt [3].

To reduce or eliminate excavation of frozen soils, a reservoir
may be constructed by impounding embankments. The higher head will
increase the importance of seepage control and embankment stability.

The design of a dugout and diked impoundment for a wastewater

lagoon is similar to a water supply reservoir.

5.3.5 Impervious liners

Many techniques and types of natural and synthetic linings have
been used to reduce or prevent seepage from water reservoirs and
wastewater ponds [8]. In cold regions where impervious soils are not
readily available, the thin film synthetic liners have been popular,
although spray-on liners, including polyurethane, have been used to seal

petroleum product storage tank areas [9].



Impervious liners may be used within the embankment only, or to
seal the entire reservoir (Figure 5-6). Folds may be left in the liner
to allow for settlement; however, large differential settlements such as
in high ice-content soils should be avoided or designed with caution.
Groundwater or the thawing of permafrost under the reservoir may create
hydrostatic uplift pressures or icing conditions. These can be relieved
by underdrains, well points or pressure relief valves. The liner must
be adequately protected from ice action to prevent punctures during
installation and operation (Figure 5-7).

The liner material must be approved for the application, for
example, potable water, must be suitable for low temperatures and
freeze-thaw conditions, and durable enough for shipping and installation
[3,10]. The ease of field seaming and repairing punctures is also
important in selecting a liner system., There are numerous liner
materials available but few are suitable for the rigorous installation
and operating conditions associated with cold regions. Thin plastic
films (4, 8 and 10 mil polyethylene and PVC) have failed at heat-sealed
joints, Exposed portions were punctured by the gravel base and ripped
by falling ice as the water level lowered. If adequately bedded and
covered, weak films as thin as 10 mil can perform satisfactorily but
even the most suitable material must be installed properly and with
care. Membranes of high puncture strength and elasticity will require
less intensive bedding preparation and installation restrictions than
more fragile ones. Successfully used liner materials ineclude hypalon
synthetic rubber, chlorinated polyethylene (CPE), and Dupont 3110
elasticized polyolefin.

Manufacturers and suppliers must be made aware of the
anticipated installation and operating conditions. New materials or
requirements should be laboratory tested under extreme conditions such

as those outlined by Foster et al [3].

5.3.6 Foundations and thermal considerations in permafrost areas

Impounded bodies of water disturb the natural ground thermal
regime. In permafrost areas, a permanent thaw bulb is created beneath
water bodies that do not freeze to the bottom. In ice-rich soils this

thawing may cause structural and seepage problems for the reservoir and
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FIGURE 5-6., INSTALLATION OF AN IMPERVIOUS LINER 1IN
A WATEK RESERVOIR, ESKIMO POINT, NWT

150 mm Gravel fill

150 mm Earth cover
MaXiLn_l_J_r_\‘l_w_ater ievi_a_l__ _\m ;

cAEB TN Earth backfill
-Impervious liner
3:1 Maximum slope

—————— o - o~ o -

FIGURE 5~7, LINER INSTALLATION AND ANCHORAGE EMBANKMENTS
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the containing embankments or dam. The structural problems are essen-—
tially two—fold. Firstly, the thaw-consolidation of underlying ice-rich
soils creates differential settlement, and secondly, excess pore-water
pressure generated in fine-grained soils as the thaw front advances can
cause failure.

Foundations and thermal consideration provide the main design
problems. The main eonstruction problems are availability of soils and
excavation and placement of frozen soils.

The thermal regime and, in particular, the thaw boundaries can
be estimated by two and three-dimensional analysis and the settlement
calculated from the soil and temperature conditions [6]. The most
sensitive area with regard to stability is under or adjacent to the toe
of the upstream slope. Some differential movement may be tolerated in
low head dams as long as the overall stability and seepage control are
adequate.

Seepage reduction or elimination is important in the thermal
design as well as the functional design. 1In the former case, sensible
heat transport by seepage will result in embankment temperatures only
slightly lower than that of the reservoir water [5]. This will promote
deep thawing under the embankment with its associated problems. Icing
will occur at the toe of seeping embankments.

Passive foundation designs are based on preventing the embank-
ment from thawing. Thawing under the reservoir is inevitable and would
be impractical to arrest. In very cold regions with a shallow active
layer, the permafrost may rise in the embankment resulting in a natural
impervious frozen core [1l]. In warmer regions, hydrophobic insulation
and/or cooling may be necessary to maintain a frozen core and
foundation. Vertical air ducts with natural draft or blowers to induce
winter air circulation and refrigeration have been used in dam
construction. These measures have high capital and operating costs, but
may be necessary for high embankments on thawing ice-rich soils.

Active designs allow thawing but any resulting settlement or
instability is considered. Such "thawed” designs are necessary in the
disecontinuous permafrost zone. Measures to decrease the total thaw or

rate of thawing may be required. Settlement can be reduced by natural
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or artificial pre-thawing or excavation of the high ice content
near-surface organic and soil layers. These expensive measures may be
limited to the embankment foundation and selected areas. Where
differential settlement is expected, self-healing semi-impervious
embankment material, such as sand, should be used, although this allows
seepage which will promote thawing. Maintenance approaching rebuilding

may be required in the first few years [12],
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6 WATER DISTRIBUTION

6.1 Introduction

Throughout this section the various methods of distributing
water from source to user will be discussed in the following categories:
General: a general discussion on why or when the particular system

is applicable and suitable to a given northern situation.
Objectives: the objectives that should be achieved when designing the
particular system for northern conditions.
Existing Systems: descriptions of systems that have or have not worked.

Water distribution is carried out in three main ways. These
are self-haul, community-wide haul (trucked water or ice) and piped
systems. The system which should be used in any given situation depends
on a number of factors:

- governmental policy,

- population,

- geographic and physical site location conditionms,

- economic base of community,

- health standards,

- available technical skills,

- ability and willingness of community to operate and maintain

the facilities.

Given the factors involved for a particular northern community,
a detailed economic analysis must be carried out to determine which is
the most appropriate system for that community.

In the Northwest Territories, general terms of refrence [1]
have been prepared for use in carrying out the economic analysis.

6.2 General Assumptions and Design Considerations

Average residential consumption of water in areas serviced by a
trucked water delivery and sewage collection systems is generally 95 1/
person/day for a four person household with conventional plumbing.
Water conservation fixtures (e.g., low water use toilets) can reduce
consumption and should be a necessary part of future building design for

most northern communities.



Present consumption in houses without plumbing is less than
20 L/person/day. However, concurrent with the gradual improvement of
housing in the North will be a gradual increase in per person consumption
of water. Residential areas serviced by a piped water delivery system and
trucked sewage collection system will have an average water demand of 140
L/person/day immediately. Communities totally serviced by a piped water
distribution and sewage collection system will have an average water demand
of 450 L/person/day, including industrial uses. The average residential
water demand will be 270 L/person/day.

For communities with a poor road system it is not practical to
design water and sewage trucks to carry greater than 4550 litres per load.

Building water and sewage tanks should be sized for a minimum of
five and seven days capacity, respectively.,

Community population projections are available from the
appropriate government departments: in the Northwest Territories and the
Yukon, the Department of Local Government; and in Alaska, the Department
of Community and Regional Affairs. These projections should be utilized
in planning community systems.

Fire protection requirements for system designs incorporating

full fire protection capability or otherwise are noted in Section 12.

6.3 Self-Haul Systems

The self-haul system has limited application and a number of
drawbacks which often make it undesirable for water distribution.

In northern Canada this mode is practiced mainly in small unin-
corporated settlements of 50 people or less where no mechanization yet
exists, e.g., the people obtain their water from a nearby lake or river
and haul it to their house.

As the community grows, the increased population density often
results in sewage contamination of the drinking water source and the need
to provide central water points where people can pick up safe chlorinated
water. These watering points are usually only installed when the community
doesn't have the necessary infrastructure, i.e., roads, holding tanks for
water in houses with exterior fill points, sewage pump—out tanks, etc.,

to accept a trucked water and sewage system.,
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The trucked water system is preferred where possible over a

eentral piek-up watering point. The reasons for this are:

- more positive means of supplying housing units on regular
basis with clean safe water,

~ allows increased water usage and thus better hygiene,

- housing units with pressure systems can eventually be hooked
onto piped systems with minimum problems,

- unsupervised watering points tend to be vandalized and become

both unsanitary and quickly nonoperational.

6.3.1 Watering point design

Watering points (see Figure 6-1) are usually operated in
conjunction with some other form of water distribution or supply
system. They are often located in older parts of a community where the
houses are not equipped for a trucked or piped system. In Alaska they
are constructed as an interim solution to provide safe drinking water

until distribution of some sort is feasible.

FIGURE 6-1, SELF-HAUL WATERING POINT (Greenland)
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The failure rate of the self-haul watering point is very great.
Almost six out of 10 are nonoperational after one year. This is mainly
due to vandalism, freeze—ups, poor design, and lack of supervision and
management. Because of these problems the water points are usually
abandoned and not repaired.

Objectives of the ideal self-haul watering point are:

— maximum cleanliness and sanitation in getting water to the
container,
— minimum maintenance,

- material design to minimize vandalism.

6.3.2 Types of systems

6.3.3.1 Exterior unsupervised. This is a small heated building con-—

taining a water tank, water piping and valves. The user either pulls a
chain from outside the building or pushes an electrical button activating
a solenoid valve which releases water through a spout into his container.
When he releases the button the valve closes and the remaining water in -
the line drains out the spout. A similar mechanical spring-loaded lever
can also be used. A suitable splash base of gravel and rocks or slotted
boards is required below the spout. A hanger for the water container is
also normally provided. The exterior of the building must be made as
vandal-proof as possible, Native logs or heavy duty siding is preferable
to normal "metal type” siding. Concrete block would also be ideal if
feasible for the location. The entrance door is kept locked and only the
maintenance man should have access.

The tank could be filled by truck from the outside, and again
access to the inside would be prohibited. A light outside would indicate
that the tank is full, Failure to stop filling when the light comes on
would result in the tank overflowing outside through a vent pipe.

Usually two lights are used in case one burns out, which is also an
indication for the maintenance man to replace it. Similar on-line

systems in conjunction with water distribution mains are also used.

6.3.3.2 Interior watering points must be supervised. Otherwise, the

door to building will be left open, and the system will either freeze up

or be vandalized.
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6.3.3.3 Central facilities are discussed in detail in Section 11.

6.3.4.4 Containers. The type of container recommeded is a 20 L
enclosed plastic “"camper” type water container to minimize contamination.
What is used in practise is anything that will hold water, usually an

open water pail.

6.4 Community~Wide Haul Systems

Community-wide haul systems are those systems which transport
water from a water or ice source or watering point to a fill point at the
individual houses. This is usually accomplished using a tracked, towed
or wheeled vehicle.

The "truck” or vehicle-delivery system is used in all or
portions of most communities in northern Canada where the population
ranges from 50 to 1500, Generally, it becomes more economic to pipe
water when the population reaches a range between 600 and 1,000 people,
depending on the location and conditions. At this point a dual system of
both trucked and piped water continues until the existing areas are put
on piped service. In Alaska the truck-haul system has been found
expensive to operate and maintain. Piped delivery systems and/or central
pick-up is preferred in most cases. However; circumstances in each
community must be considered on an individual basis. No subsidy is
offered for operation of water delivery systems in Alaska.

In a nonpiped community, the water loading point for the veh-
icles is usually a prefabricated building on the shore of a lake or river,
or beside a well. Vehicle system costs can be reduced at some communities

by construction of a water supply pipeline from a distant water source.

6.4.1 Water loading point design

Objectives for the design of the water loading point are:

- maximum cleanliness and sanitation,

- minimum spillage and subsequent freezing and ice buildup
around the water point,

- efficient truek entry and exit routes taking into considera-
tion prevailing winds and snow drifting,

- minimum maintenance requirements.
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There are four types of systems used:

overhead pipe loading,

- hose nozzle fill,

bottom loading,

— interior building fill point.

6.4.1.1 Overhead pipe filling system. Figures 6-2 and 6-3 show

typical overhead systems. Included in such a system would be an exterior
key start switch for the water pump. Often the water delivery is done by
a private contractor, and only the contractor is given the key. All
water pumped out is registered on a meter inside the building. Access to
the inside of the building is limited to maintenance personnel.

The loading arm drains in two directions after each filling.
From the high point it drains back to the heated building and from the
spout into the truck. Thus freezing is prevented when the fill point is
not in use.

A swivel type elbow allows the loading arm to swing away if hit
by a vehicle. This often happens in the winter when the snow and ice
builds up so that the top of the truck is close to touching the fill pipe

A major problem with this type of fill design is that,
invariably, the key gets turned off when the truck tank is overflowing.
This leads to ice buildup on the ground which makes it hard for the truck
to park and often is the cause of the building siding being damaged by
the vehicle. Guard rails should be used to protect the building, and the
water fill pipe should be located such that the downspout is far enough
away from the building and high enough off the ground to compensate for
seasonal snow and ice buildup. To prevent splashing during filling and
to compensate for the seasonal variation in height, flexible low
temperature rubber hose should be connected to the bottom of the

downspout, as shown in Figure 6-3.

6.4.1.2 Hose nozzle filling system (Figure 6-4), In an effort to

prevent spillage and ice buildup, a fill point using a gas tank fill
hose nozzle has been used. The truck drives by a wooden platform, a

small door in the loading point building is opened, and a hose nozzle is
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"kamlock’ quick coupler

Low temperature
rubber hose

/— 75 Swivel elbow

Water delivery truck

Water distribution pumphouse

SRS FIGURE 6-2. OVERHEAD TRUCK FILL POINT

FIGURE 6~3. WATER TRUCK FILL POINT (Greenland)
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FIGURE 6-4. WATER TRUCK FILL POINT WITH HOSE NOZZLE FILL

pulled out through roller guides. A platform is provided such that the
driver can take out the hose nozzle, put it in the top of the truck, and
then turn on the key start. The nozzle is designed to turn off under
back pressure. However, more often than not it is thrown in the open top
hatch of the truck locked in the open position. When the driver sees the
tank is full he turns the key off and puts the hose back in the cabinet.
The hose is such that it is long enough to reach the truck but not long
enough that it could touch the ground.

While this design does not totally eliminate water spillage
because of misuse, it has greatly reduced the amount of spillage compared
to the overhead fill pipe. There is some spillage when the driver pulls

the hose out of the tank and puts it back in the building.

6.4.1.3 Bottom filling system (Figure 6-5). The third type of system

utilizes an aircraft refueling technique. A bottom liquid loading device
as shown in Figure 6-5 is provided and the truck is filled through the

water source suction inlet at the back of the tank.
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Again, the filling point is separately housed with access for
maintenance.

To prevent overfilling the truck a batch meter is provided that
can be set by the truck driver for the tank capacity of the truck. The
bottom loader is swung out, connected to the back of the truck via a
quick connect coupling, the volume desired punched in on the batch meter,
and the pump turned on using key start. The meter shuts off the pump
when the preset amount is reached, the loader arm is disconnected and
swung back into the compartment, and the door is shut. The quick connect
coupling between the loading arm and the truck is spring loaded so that
it closes on disconnection and only a small amount of water is

spilled.

6.4.1.4 Interior fill points. These consist of watering points

similar to the overhead type except that the fill point is inside the
water truck garage. This is usually only used when the community size is
small, 200 - 300 population, and the loading frequency is only once or
twice per day.

All new truck filling points in northern Canada are designed to
provide a minimum loading rate of 450 L per minute with a desireable rate
of 700 L per minute. The basis for the minimum filling rate is two—fold.
Firstly and most important fire trucks in an emergency must be refilled
as quickly as possible. The Fire Marshal has set a minimum rate of 450 L
per minute or 10 minutes to fill a 4500 L tank. The second reason is
economic, i.e., the quicker the fill rate, the less chance the operator
will sit in the cab and forget about the truek filling, and the shorter
the turn around time.

The truck filling points should be well-lighted because in many
areas there is total darkmess in the winter and the truck's parking
position is critical no matter what the filling system.

The truck should be able to drive past the loading point where
at all possible. Backing up requires more time and often results in
minor accidents which damage a building or support structure. Snow
removal is also easier. The road should be built up higher than the
surrounding tundra and in line with the prevailing winds, to keep snow

from building up in front of the loading point.
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Where piped systems are available in a community the water truck
usually obtains water from the firehall or other suitable building that
has piped water service and appropriate connections for filling the
truck. Often the water truck and the fire truck are stored in the same

building and the filling point is inside the garage.

6.4.2 Vehicle sizing and design

Water and sewage pump~out truecks are designed so that the holding
tanks and filling or suction mechanism can be housed on a standard truck
chassis. This is also true of sewage pump—out vehicles.

The costs for wheeled and tracked water delivery vehicles in

1976 dollars are:

4450 L insulated tank unit $16 000
Cab and chassis, wheeled vehiele 10 000
Total Capital Cost $26 000
Tracked vehiele $26 000
2225 L tank unit 16 000
Total Capital Cost $42 000

Use of tracked vehicles is discouraged as much as possible

because of their:

- high initial cost,

- high annual maintenance costs and difficulty in obtaining
parts,

- short life expectancy,

~ lower payload,

- slower speed and longer travel time from water

source to houses and back to water source,

Tracked vehicles are only recommended for those communities where there

are no roads or where it is impossible to get to the water source in
anything other than a tracked vehicle. An example of this would be a source
of water close to the community with road access only in the summer. In
this situation a pipeline from the source becomes very attractive because of

the high cost of operating the slow tracked vehieles.



6-12

There are very few communities in northern Canada that still
use a tracked water vehicle. It has been found that in normal snow and
winter conditions a wheeled vehicle can adequately do the job. In areas
where very heavy snow and snow drifting conditions are experienced,
wheeled vehicles with four-wheel drive and large floatation tires are
being utilized with success (see Figure 6-6).

6.4.2.1 Truck and tank sizes. Larger tanks reduce the number of trips

to the water source. However, they are heavier and require larger
vehicles. Often, the condition of the roads in the community and to the
water source, access to buildings and other local conditions will dictate
the practical maximum size of tanks and vehicles. In very small
communities, truck tank units of 2225 L capacity are usually adequate.
However, 4550 L units are now being ordered even for these communities
since the cost difference between the two is small. Where roads and
community infrastructure are still rudimentary (no mechanics, etc.), 2225
L water trailer units are being purchased rather than wheeled or tracked
vehicles with the tank assembly mounted on the chassis. These units are
in all aspects the same as those mounted on truck chassis, except that o
they are towed by a farm tractor or other suitable vehicle (see Figure
6-7).

The number of vehicles required depends primarily upon the total
community consumption, distance to the water source, the vehicle
characteristics and the efficiency of operation. Equations to estimate
the requirements and costs are presented in Appendix D. For typical
operations with little or no distance to the source and a water
consumption rate of 90 L/person/day, one 4550-L water truck can service a
population of approximately 250. If consumption was only 10 L/person/day,
it could service 1000 persons. If the source was 3.25 km away, the
number of persons served would be 160 and 850, respectively.

In the Northwest Territories, the truck tank capacities to date
have largely been sized and directly influenced by the low water
consumption due to a lack of plumbing. Public housing provided only
rudimentary domestic plumbing systems: a small water holding tank
(approximately 450 L), a sink and direct drain pipe to the outside, and a

honey bucket. With this arrangement water consumption is usually about
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FIGURE 6-6. TRUCK WITH FLOTATION TIRES FOR TRACTION IN SNOW

FIGURE 6~7, 2225-LITRE WATER TRAILER
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10 - 20 L/person/day. The public housing in the NWT now provides full
plumbing, pressurized systems with 1140 L water holding tanks, and 1140 L
sewage pump-out tanks. In these houses it is expected that water
consumption will reach 95 L/person/day, as is experienced in four-person
homes with full conventional plumbing on trucked systems in Yellowknife,
NWI. Water conservation measures can reduce this demand.

Since truck system costs are directly proportional to the
consumption, they will become more expensive to operate as the residential
and non-residential water demand increases with higher populations and/or
higher standards of housing and plumbing. At some point, it will become
more economical to install a piped supply line and/or distribution system
since these costs are less sensitive to the capacity requirements. A
complete evaluation of any given system can be made using the rationale and
equations given in Appendix F.

6.4.2.2 Vehicle design. Over the years water delivery vehicles and

sewage pump-out vehicles have continually been modified and improved to
meet the needs of northern conditions.

Truck tanks for northern use must be insulated and all working
systems protected from freezing (see Figure 6-8).

Vehicle specifications which reflect the state of trucked delivery
design at this time can be obtained form the Department of Public Works,
Government of the N.W.T., Yellowknife, N.W.T., Canada, and the U.S. Indian
Helath Service, OEH, Box 7-741, Anchorage, Alaska 99510.

The sewage pump-out vehicle uses a pressure vessel and vacuum
pump system to evacuate holding tanks. The inherent maintenance problems
associated with fluid passing through a pump are thus eliminated.

A prototype using this concept is being developed and tested by
private industry for water delivery. For water vehicles using the pressure
vacuum system the action is the reverse of a sewage vehicle, i.e., the tank
is pressurized to force the liquid out. Such a system has a high flow rate
and may have sufficient water flow and pressure to meet the unerwriter's
requirements for fire trucks as well as water delivery vehicles. Advantages
of this system include elimination of the problems of pump maintenance and
freezing. In addition, such a water delivery vehicle can be easily

converted to a sewage pump-out truck.
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6.4.3 Ice haul

Ice as a water source and community ice haul as a means of water
distribution is carried out only where no other normal water source is
available. For example, in arctic Canada only one community, Grise
Fiord, still uses ice as a winter water source via icebergs locked in the
sea. In Alaska there are still a few communities, such as Barrow, that
use ice to supplement the normal water supply.

In numerous other communities ice is used as a winter water
source because of individual choice and preference. That is, some local
people in certain communities prefer the taste of water obtained from ice
to that of the delivered chlorinated water which is obtained from usually
small lakes. The taste of water from such lakes is affected by laek of
oxygen after prolonged ice and snow cover in the winter and presence of
organies. Ice obtained in this case is usually on an individual basis
and not supported or organized by the community.

The inherent high degree of labour and handling involved in
harvesting ice increases the possibility of contamination. Any system of
ice harvesting should minimize labour involvement as well as possible
sources of contamination in all phases of the operation, including
harvesting, storage and distribution.

When ice is harvested from icebergs, as is the case in Grise
Fiord, Canada, the distance from the shore to the bergs could be as much
as 8 km. Tracked vehicles are required to traverse the sea ice and
pressure ridges (see Figure 6-9).

Tracked vehicles with flat bed open boxes are used to harvest
and distribute ice in winter. In the summer the box is removed and a
water tank with a pumping attachment is fitted to the tracked vehicle.

The ice is ecut with chain saws or axes. Electric chain saws
powered from the tracked vehicles are recommended to avoid contamination.
This operation is usually done by two men.

The ice is brought back and, if not distributed immediately, is
stored in an unheated parking garage to prevent contamination. The ice

delivered to each household is placed in the water holding tank to melt.
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FIGURE 6-9, TRACKED VEHICLE USED FOR ICE HAUL
(Grise Fiord, N.W.T)

Grise Fiord has a population of 94 and the annual operating
cost of harvesting ice is $36 000. Because of the high cost and severe
water restrictions in winter, plus the possible health hazard due to
contamination, such systems are replaced as soon as economie alternatives

are developed.

6.5 Piped Systems

As discussed earlier, piping systems are used because they are
the most efficient, safe and economical means of distributing potable
water given a population of usually greater than 1000 people. Alaska,
however, has piped systems in communities considerably smaller than 1000
population. The point at which piping systems become more economical
than trucked systems must be determined for each individual community
with its unique characteristics (see Reference [1]).

The systems outlined below describe the basic operation and
antifreeze mechanisms. Backup mechanisms will be discussed under a
separate heading.

Northern piping systems should be designed to:

- minimize energy input for operation,

— be simple to operate and maintain,
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- be protected against mechanical damage, vandalism and severe
climatic conditionms,

~ have a prime antifreeze mechanism with at least one backup
mechanism, if not two,

- be drainable,

- have a minimum 40-year design life,

- provide easy isolation of sections and service lines at any
time of the year,

- minimize on—-site labour and,

- allow maximum use of the short construction season.

6.5.1 Above or below-ground

Whether the piping system is placed above or below—ground will
depend on the particular site conditions of a given location. Generally,
below-ground systéms are preferred where at all possible. The criteria
for selection of above or below—ground systems are presented in Section 2.

Piping systems are described later in this section do not differ
in operation whether the system is above or below—ground. Only appur-
tenances of the system vary.

Above—ground systems have been used where ground conditions and
thaw do not permit the use of a buried system with any degree of success.
However, with the advent of more efficient insulating material, these
conditions are becoming less significant factors in choosing between
above and below-ground systems. Above-ground systems are becoming
economical only where ground conditions are very rocky.

In areas where there is no permafrost, pipes can be buried below
seasonal frost penetration. However, this may be impractical or very
expensive due to deep frost or excavation through rock. An analysis
should be carried out to determine whether a shallow buried, insulated
pipe would be more economical and less of a maintenance problem than a

deep buried pipe.

6.5.2 Types of systems

6.5.2.1 Single-pipe recirculation. The single—-pipe recirculation

system, whether above or below ground, is recommended as the best piping
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system for arctic conditions. This system consists of one or more
uninterrupted loops originating at a recirculating facility and returning
to that facility without any branch loops.

A well-planned recirculating system minimizes the length of
piping required which, in turn, minimizes energy losses. Recirculation
eliminates dead ends and any possibility of stagnant water or freezing.

The system also allows positive simple control of water distribu-
tion. Flow and temperature indicators on the return lines at the central
facility are all that is required. Under constant pumping the pretemper-
ing requirement is controlled by the supply and return temperatures.
Normally water is pumped out at between 4-7°C and returns at between
1-4°C, depending on local preference. In Greenland, temperatures are
held at 1°C, and down to 0.1°C return with electric heat tracing
and better sensing devices. However, this leaves a very low margin of
safety for repairs and is not recommended.

The obvious disadvantage is that, as the length of the loop
increases, the loss of service increases in case of a shutdown due to a
problem anywhere along the line. In practice this usually is not a
problem as the loop is extened annually to meet the normal growth rate
of the community, and at the completion of each phase, temporary short
loop links are installed to complete the loop that given year. The
following year these links are abandoned, valved off and the pipe left
empty. In the case of an emergency these abandoned links can be opened
up to reroute the flow of water and possible isolate the break. This
problem is also easily overcome on a short-term basis by bleeding at
appropriate points, especially when combined "mini service-centre
manholes" are used.

The single-pipe recirculation system is usually designed to

supply water in the normal "

return" line as well as the supply line under
fire conditions. For this reason the return line does not decrease
drastically in size. A typical pipe size would be 250 mm out and 200 mm

return for a design community population of 2000population.
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The recirculating faeility could be located at the point of
treatment or in a separate pretempering pumping facility, or a combinatio
of the two. Figure 6-10 illustrates an ideal town layout for this system.
The pretempering/recirculating and/or treatment facility is preferably
centrally located and the community is divided into a number of single-
looped sections. By planning community growth in a dense circular pattern
maximum efficiency can be made of this method of servicing. The worst
situation would be a long strung—out community with the facility at one end.
This usually ends up inereasing pumping requirements and duplication of lines.

As noted in Figure 6-10, back-of-lot mains are preferred if
possible. In arctic communities under 3000 in population there are very

few, if any, paved roads. Snow accumulation and drifting is often severe

From source

Loop links ‘

Recirculating
pumphouse

Water mains\\N

FIGURE 6-10, LAYOUT AND LOCATION OF MAINS FOR SINGLE~PIPE RECIRCULATION
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and roads are cleared with a dozer. If the mains are placed in the
street (unpaved gravel roads), the manholes are subject to physical
damage. If the lines are shallow buried they are also subject to colder
ambient temperatures because snow clearing reduces insulation.

Plaaing the mains at the rear lot line not only avoids these
problems but reduces service line connections and permits serviee lines
of equal length on both sides of the main., With mains in the road
allowance, usually to one side, plus the normal 8 m requirement between
the front of the house and the road right-of-way, average service line
length would be 15 m on one side and 23 m on the other. The cost per
hook-up would be between $5000 to $7500 for the lot owner. With the
mains at the rear lot line, where houses can be placed as close as 3 m
from the lot line, an average service line length would be 6 m in either
direction at a ceost per hook-up of approximately $2000. There is a
significant saving to the lot owner in this method of servicing which
encourages development of piped services.

"Back yards" are not used to a great extent in northern
communities. If houses are placed in a planned fashion similar to
southern temperate communities, the large area between the rear of the
houses eould become wasted space. Depending on community attitudes,
this may be one more reason for placing mains at the rear lot line and
the houses as close to it as possible according to fire regulations.
(For more information see Secotion 2.)

A further advantage of mains located along the rear lot line is
that the manholes containing water line valves and hydrants, freeze
protection controls, etc., can be elevated in cylindrical shape
approximately 3 feet above grade. This results in easier access during
the winter as the immediate area around the elevated manhole is blown

clear of snow by local winds.

6.5.2,2 Water wasting - conventional systems. In this type of system

the water line network is layed out conventionally. To ensure flow at
dead ends, loops, and service lines water is bled off to sewers at a

number of areas.
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Disadvantages of this system are the inevitably high water
consumption and possibly high energy input. Consumption could go as high
as 4500 L/person/day (see Section 3).

This system should not be used where there is a limited water
source, where water requires expensive treatment, or where pretempering
of water is necessary as well as wasting. Possible use would be where a
relatively warm inexhaustible water source exists, allowing low initial
capital system cost through minimum pipe line lengths and pipe
insulation.

A further drawback of the system is that sewage with highly
diluted characteristics and large volumes becomes expensive to treat.

The City of Whitehorse, Yukon Territory, has such a water wasting system
with its incumbent sewage treatment problem. Whitehorse has the
advantage of being able to tap relatively warm groundwater, which reduces

operational costs.

6.5.2.3 Single pipe — no recirculation. This system is employed to a

great extent in Greenland and requires for its success complete coordina-
tion with town planning. High volume users, such as large apartment
blocks or fish processing plants are strategiocally located at the ends of
main lines to ensure a continual flow in the line without requiring a

return loop (see Figure 6-11).

High density users Low density users

I [ |

Watermain
/

Multi- family Pumphouse

housing

Apartment blocks

FIGURE 6-11. SINGLE-PIPE SYSTEM WITHOUT RECIRCULATION
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In Greenland, apartment blocks accommodating up to 1500 people
in one building are used for this purpose. In Canada, small community

sizes and the standard of housing make it impossible to implement this

type of system.

6.5.2.4 Dual pipe system. In this type of system a large supply line

and a small return line are placed side by side either in a utilidor or

in a packaged preinsulated pipe sysem (see Figure 6-12).

Utilidor

Foam insulation

Heat line supply
Heat line return

Main water supply
Return water line

Sewer

Corrugated metal pipe

Packaged pre-insulated pipe

Return line
Main water supply line

FIGURE 6-12. TYPICAL UTILIDOR AND PACKAGED PREINSULATED PIPE
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This system permits lines to be laid out in the normal manner.
T'he main is connected to the return line at the end of the line to ensure
circulation.

Service lines are taken off the main and return via the return
line to ensure circulation through the service connection by the pressure
differential between the two mains.

Heating of the mains can be provided either by pretempering the
main supply water or by utilizing separate heating lines.

Control mechanisms for this type of system tend to be elaborate
because varying consumption in different locations results in stationary
water in certain areas at certain times. Thermostatically controlled
solenoid valves are required on "short circuit” branches between two

lines at regular intervals to overcome this problem (see Figure 6-13).

To building

Z 72

Thermostatically operated valve opens

/" on demand to add heat to return line
-

Return line

Watermain <=

A g4 24

FIGURE 6-13. DUAL PIPE SYSTEM

Even with these or similar control devices it is difficult to
ensure 1007 movement of water at all times.

Other disadvantages of this system include:

- The greater number of lines used increases initial capital
cost and energy consumption is high due to the greater surface
area.

- The greater number of lines also increases the risk of line
breaks. However, ultimate flexibility is allowed in isolating

line breaks and keeping everything serviced.
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While this system is not recommended as a main system it does
have application as a sub-system to the single-pipe recirculation system
or in long pipelines where there are no take off branches, such as supply
lines from source to community, etc. The dual pipe system is often used
as a sub-system of a single-pipe recirculation system to service existing
houses in small areas that are difficult to service from the main loop or

where it is impractical to extend the main loop (see Figure 6-14),

From recirculating pumphouse

Circulating pump

_ |
- \— Dual main Sub-system

Small diameter
water pipe

Single main loop

Pumphouse

Circulating pump-

Electric heat traced
service line alternative

<
To recirculating pumphouse

FIGURE 6-14. DUAL MAIN SUB-SYSTEM

The sub—system in effect becomes an elongated service line
servicing a number of houses. The unit at the end of the line will have
a circulation pump between the two lines to ensure that pretempering

water from the main loop is circulated through the line.
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6.5.3 Other methods

Other methods either still in the development stages or less

frequently used are as follows:

6.5.3.1 Small-diameter water distribution lines can be a more cost~-

effective method of delivery for both small and large communities.
Small-diameter lines mean pipes of diameters from 50 mm to 152 mm.
If full fire flow and hydrants were used the lines would range from 152 mm
to 305 mm in diameter. The mode of circulation or main freeze protection
mechanism would be any one of the types previously described.
Small-diameter mains require more emphasis to be placed on fire
protection through building structure, building materials, etc. and the
use of sprinklers and hose cabinets in lieu of exterior hydrants.
One advantage of such a system is in the net energy savings.
Less surface area means less heat loss. There is also greater movement
of water in the pipes, making the system more reliable. The pipes can be
placed near or directly under houses due to lower capital cost,
nractically eliminating service line problems.
Small-diameter piping systems are used extensively in Greenland
{see Figure 6-15), including the capital Godthab with a population of
12 000, and in Alaska, where 50 mm to 102 mm have been used by the U.S.
Public Health Service. In Greenland, in lieu of factory insulated pipe,
small diameter water mains and sewer lines are insulated and wrapped

on—site.

5.5.3.2 Intermittent or batch water supply has been proposed for small

communities as the most cost—effective method of distributing water
[2,3]. Under this system, small diameter lines would go into and out of
each house in a series of continuous loops. Water would be distributed
at only certain times or on certain specified days. The lines would be
preheated, water distributed say for eight hours every Monday, Wednesday
and Friday, and then the lines would be blown out with air. The latter,
however, is not a very reliable method of dewatering lines.

In houses with existing 1136-L holding tanks, it would be the
homeowner's responsibility to open and close a valve on the water line to
fill his holding tank. Utilizing the existing storage capability in the

house in this manner is very attractive, especially for those communities



FIGURE 6-~15, SMALL-DIAMETER WATER MAINS

where water use is restricted by the lack of a continuous source, where
expensive storage reservoirs had to be built. In such communities it 1s
expensive to truck water; yet if fully-piped systems were used, increased
water consumption would either deplete the community's water source or

very large reservoirs would have to be constructed.

6.5.3.3 Summer line systems are useful in many communities where

permanent lines are not economically feasible. Local topography and
conditions, plus economics and convenience, may make uninsulated summer
lines desireable.

Such lines often take advantage of sources of water that allow
flow by gravity to the community. In other cases they are used in
conjunction with pumping systems. Eliminating the need for trucked water
for up to four months and using inexpensive above—-ground lines reduces
overall costs. The summer lines can also be used to fill reservoirs for
winter use.

There are many different forms of summer lines but since they
are not unique to cold regions no further detail on this topic will be

given in this manual.

6.5.3.4 Lines with "flushing hydrants" are used to prevent sewer lines

from freezing up where relatively few hook-ups are on the end of a long
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line. A small amount of water (5 to 10 L/min) is bled into an end-of-
line sewer manhole. The bled water is syphoned into the sewer line in
predetermined batches, as shown in Figure 6-16, at regular intervals
determined by the flow of water and volume held in the manhole before the

syphon action takes place.

6.6 Service Lines

Service lines are usually incorporated as part of a service
bundle or utilidette. The common service bundle package used in arctic
Canada is as shown in Figure 6-12,

Double recirculation lines are recommended in all cases.
However, single-~line systems with electric heat trace to prevent freezing
have been and are still being used by lot owners. The single-line system
uses a great deal of electric energy which, in isolated communities,
costs as much as $0.25/kWh. For this reason its use should be carefully
evaluated. Service lines entering the house must be isolated and/or
protected against movement.

Main elements of the service line are described below.

6.6.1 Method of circulation

The two most common methods are a pump inside the housing unit
and pitorifice circulation. Pitorifices must have a 0.6l m/s velocity in
the mains to operate properly. However, they cannot be used for service
line circulation if the lines are longer than 25 metres. Beyond this
length, a small circulation pump must be added in the house. Observed
head losses across pitorifices are given below. These measurements were
made in 1975 in the Kotzebue system to determine the head loss in the

main line loops due to the presence of the pitorifice fittings.

Loop Length Number of Head Loss/Service

(m) Services (pair of pitorifices)
KEA
loop 12 300 110 0.31 kPa/pair (3.3 cm/pair)
uptown
loop 11 055 80 0.32 kPa/pair (3.3 em/pair)
centre

loop 8 250 93 0.34 kPa/pair (3.6 cm/pair)

o by
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The measurement of head loss is valid for a 101.6 mm main line
flow of 6.75-7.5 L/s and 5 ecm—1.9 cm pitorifices. A conservative design
loss of 6 cm per pair could be used.

The head losses in the pumphouse plumbing on each system must
also be calculated. These losses are substantial on most systems.

The main back—-up freeze protection is an electric heat trace ther-
mostatically controlled from the housing unit, with high and low temperature
limits. 1f copper pipe is used as a carrier a metal band across the two
pipes at the mains can provide electric resistance thawing from within
the house as a second back-up system (see Figure 6-17 for details).

Another method is to insert a small-diameter probe into the

frozen pipe from the house and force hot water through it. (See Appendix F).

6.6.2 Materials

The standard service bundle includes a preinsulated 101.6 mm
diameter sewer line (65 mm water lines and a 18 mm conduit for pulling
in heat trace cable). The overall diameter is approximately 300 mm with
a 41 mil yellow jacket placed on the outside. If the service bundle is
exposed or used as an above-ground service, a metal outer jacket is also
recommended.

Details of above and below—-ground service box take—offs are
shown in Figures 6-18, 6-19 and 6-20. Note details concerning service
valves and operating stems. These are a must in order to isolate a
service without digging it up and damaging the insulated hook-up box.
Other special precautions are taken, such as packing the valve box
assembly with low-temperature nonhardening grease to prevent water from
freezing around the mechanism and making it inoperable in winter. The
top of the valve box assembly is terminated about 10 cm below grade to

prevent damage by playing children, snowmobiles, etc.

6.6.3 Dual servicing

When adjacent housing units have a common owner, such as in
publie housing, common services are often used as shown in Figure 6-21.
The water lines are so arranged that the supply goes into one house
through the cireulating pump, out the return line to the main. In other

words, a small water loop connects two houses using the same service bundle.

e
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This cuts the capital installation cost of the service line to
each house by approximately 1/3, and increases the reliability due to

greater consumption and dual circulation pumps on the one loop.

6.7 Materials of Construction

Described below are the most common materials used for piped
water distribution in northern regions. The materials are broken into
two categories. Category 1 materials are considered the best materials
for northern use., Category 2 materials should be used only if design

conditions allow their use in a safe dependable manner.

»\ To buildi
Foam insulated service bundle L
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6.7.1 Category 1 materials

6.7.1.1 Copper is mainly used in service lines because it can be

thawed using electric resistance. Type K only is recommended.

6.7.1.2 Ductile iron pipe can take shock loadings and has some

flexibility. Corrosion resistance is low and lining should be used as
with cast iron. It is very durable and fairly heavy. Its use is
recommended through rocky areas and/or where sand or gravel bedding
materials are not available., It is the best of the steel or cast iron
pipes but relatively expensive (about $11.50/m for 10 em). (C = 125).
Ductile iron with tyton or victaulic joints is also used where
bridge strength is required. This occurs when spanning piles above-—
ground or where there is a possibility of isolated settlement below—

ground. Ductile iron also can be thawed using electrical resistance.

6.7.1.3 Steel pipe. The description for ductile iron also applies to
steel, except it is less corrosion resistant, somewhat lighter and more
flexible. The flexibility is hard on linings. Flexible epoxy linings
are being developed which should be more durable. Continuously welded
steel pipe is also used (especially in above—ground systems) to obtain
maximum spans between piles. It can be thawed using electrical
resistance. Expansion and contraction, including necessary thrust anchors,
must be taken into consideration.

Steel pipe can be connected using a method called "zap lock”.
In this method two pipes of the same size with the ends bevelled to fit
into one another are hydraulically rammed one inside the other in the
field. A layer of epoxy cement is applied prior to the ramming process.
The resulting overlap of approximately 35 cm gives a joint that is stronger
than the pipe. This method is a good alternative to continuously-welded

steel pipe and can be carried out quickly in the field at cold temperatures.

6.7.1.4 Plastic pipe is just coming into its own. It is light (5.0 m

section of 10 cm diameter weighs about 12.8 kg), flexible, and has a
smooth interior (C = 150). Bedding is not as critical but still must be
done properly. It is easy to install but a little more expensive than

metal pipes. It has a higher coefficient of contraction and expansion
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than the other materials and this must be taken into account at joints.
The recommended type for northern regions is high molecular weight
polyethelene.

High density polyethelene (PE) is very flexible and impact
resistant. It cannot be threaded. PE is used widely for service lines
and main lines. Butt-fused PE pipe is used extensively in Canada for
water distribution and sewage collection lines. The pipe is insulated
with urethane and the outer pipe is also PE (the outer pipe joints are
heat shrink couplings). 1Tt is claimed that it can freeze solid and be
thawed using a heat trace line without rupturing or breaking [4].

Other materials are used where bridge strength is required.
Precautions must be taken if laid above—ground to account for large
expansion and contraction.

Pipe take-offs from fixed joints such as pumping stations must
be supported in case of ground settlement, which would cause unacceptable

stress on the pipe joint (see Figure 6-22),.
7
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FIGURE 6-22, SUPPORTED PIPE TAKE-OFF

6.7.2 Category 2 materials

6.7.2.1 Cast iron is probably the oldest (in use in Germany since 1455

It is relatively corrosion resistant if cement-lined and tar—coated, and ).
providing the lining is not damaged before or during installation (damage
occurs easily). Unlined pipe should not be used. It is heavy and hard

to handle, but durable (6.1 m section of 10 cm diameter weighs 225 kg).
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6.7.2.2 Asbestos—cement pipe is being used extensively in temperate

climates. It must be carefully bedded or uneven loading will break it.
It is extremely corrosion resistant. It is relatively light (a 4 m
section of 10 cm diameter weighs about 30 kg), easy to install and is
nonmetallic. It is not costly (about $6.00/m for 10 cm diameter). It
has a smooth interior (C = 140) and retains it longer than the metal
pipes.

Asbestos—cement pipe should never be used for northern work in

buried conditions in soil subject to settlement or frost heave.

6.7.2,3 Plastic pipe. Polyvinyl chloride (PVC) pipe is the most

common type used in water mains. Type I is stronger; Type II is more
impaet resistant but not rated for as high pressures. In cold climates a
Type I/Type II is used to gain part of the benefits of both. It can be
threaded and has the same cross—-section dimensions as steel.

PVC pipe is manufactured in two basic types. First are the SDR
classes which have constant pressure ratings for all sizes throughout
each class. SDR is an abbreviation for sidewall diameter ratio. SDR 26
pipe, which is rated for 1103 kPa, is widely used for water mains.
Second are Schedules 40, 80 and 120, which roughly correspond to iron
pipe sizes and have more uniform wall thicknesses for different sizes
within each schedule. This sizing procedure results in small-diameter
pipes having much higher pressure ratings than larger pipes in the same
class.

Both of these general types are designed for pressure applications
and are used mainly for water systems. PVC pipe, designed specifically
for sewer use, has, in the past, been thin-walled and breakable, For
this reason, considerable quantities of the SDR 26 pressure-rated pipe
have been used for sewer lines in recent years. Non—pressure rated pipe
with thicker walls is now being manufactured under the ASTM designation
shown below for PVC sewer pipe and has proven very satisfactory. PVC
pipe is covered by the latest revisions of the following ASTM standard

specifications:

PVC pipe and fittings (SDR classes) = D-2241
PVC pipe and fittings (Schedules 40, 80 and 120) - D-1785
PVC sewer pipe and fittings - D-3034
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The design and installation practices recommended by the PVC
pipe manufacturer should be complied with. Many manufacturers have
compiled very good booklets eovering PVC pipe and are quite willing to
provide these to actual or potential ocustomers.

PVC pipe 1is not recommended for single-pipe buried installations
in permafrost.

Acrylonite-butadiene-stryrene (ABS) has high impact strength and
flexibility but has low mechanical strength (half that of PVC). It does
not become brittle at cold temperatures. ABS is being used primarily for
non-pressure drainage, waste and vent (DWV) work.

ABS has also been used by the U.,S. Indian Health Service for
sewer mains, service lines and drain field installations. This pipe is
not as readily available as PVC in some sizes. In general, ABS pipe has
a higher impact strength than PVC in the more common types but it
requires a thicker wall to be equivalent to PVC in pressure rating.
Ratings and nomenclature for different types of ABS pipe are basically
the same as those for PVC, ASTM standard specifications covering ABS

pipe are as follows:
ABS pipe and fittings (SDR classes) — D-2282

ABS pipe and fittings (Schedules 40, 80 and 120) - D-1527
ABS sewer pipe and fittings - D ~ 2751

Design information is available from manufaeturers and should
be followed closely. Again, ABS is not recommended for single-pipe

buried installations in permafrost,

6.7.3 Other types of pipe used

Regular or prestressed, reinforced concrete pipe is used,
usually for larger transmission lines.

Wood stave piping is good in cold regions because of its
insulation value. It is expensive and corrosion-free (except for the
wire)., C = 140 and does not change with age. It is also able to
withstand freeze—thaw cycles without breaking.

6.7.4 Miscellaneous fittings

Joints — bell and spigot (rubber o-ring), mechanical joint,

dresser couplings, solvent welding, threaded, etc.
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Service lines are nearly all copper now but polyethelene is

being used more and more. The copper has the advantage of being
electrically thawable, but PE is considerably cheaper, easier to install,
and can withstand freeze-thaw.

Dresser or other type repair clamps should always be kept on

hand for all pipe sizes in the distribution system to repair leaks.

Valves should be AWWA approved types, rated for the pressure
under which they will have to work [5].

There are four basic groups of valves: globe, rotary (butterfly,
plug, ete.), slide (gate) and swing (check valves). Plug and ball type
valves are older; gate valves are most widely used now. All valves that
need frequent adjustment or operation should be furnished with a valve

box to the surface.

6.7.5 Insulation

Pipes of the materials noted above, when used in individual
piping systems, are normally insulated with high-density urethane foam
under factory conditions and covered with a 40-mil high—density polyethe-
lene jacket or steel, depending on the exposure of the material when
used. The factory-insulated pipes are shipped to the job site complete
with preformed half shells of urethane for the joints. Heat shrink
sleeves, or polyken tape is used to complete the joint in the field where
high-density polyethelene is used as an outer jacket. For pipes
insulated and covered with a steel jacket, a special metal jointing
section is used.

Except for appurtenances using urethane, insulation is not
normally done in situ because of the high cost and high labour

requirement, There is also a lack of end-product quality.

6.8 Appurtenances

6.8.1 Hydrants

6.8.1.1 Above—ground. Above-ground hydrant housings must be tailor

made to fit the particular design. They are generally of the siamese
building wall hydrant type.
Figure 6-23 shows a typical above-ground hydrant with its

individually-designed insulated housing. The distance from the main is

i,
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kept as short as possible so that heat conduction from the water flowing
through the main keeps the water in the hydrant from freezing. The

hydrant housing is painted fluorescent yellow.

6.8.1.2 Below-ground. A typical below—ground hydrant installation is

shown in Figure 6-24, The hydrant is normally on-line to minimize
possibility of freezing, with a frost—isolating gasket between the bottom
of the hydrant barrel and the tee into the main. The hydrant barrel is
insulated with 7.62 om preformed polyurethane and placed inside a 50 om
diameter polyethelene series 45 pipe sleeve. The cavity between the
sleeve and the insulated barrel is filled with an o0il and wax mixture to
prevent damage to the hydrant due to frost heave.

Isolating valves are normally put on either side of tee into the
main to allow for hydrant replacement or repair.

An appropriate mixture of propylene glycol and water of a grade
acceptable for potable water systems is pumped into the empty hydrant to
prevent the hydrant from freezing. After use, the hydrant must be pumped

out and recharged, since permafrost conditions may prevent self-draining.

6.8.2 Valves

Above and below-ground valves are basically the same, with the
exception of the valve box and operating stem details. Typiecal details
for such installations are shown in Figures 6-19 and 6-20.

Again, foamed-in—-place polyurethane insulation is used with a
series 45 polyethelene sleeve over the operating stem filler, similar to
hydrants. Valves generally used for buried Installations or where the
valve is completely insulated are nonrising stem—gate valves. In other

situations, sueh as in manholes, any appropriate valve can be used.

6.8.3 Metering

Standard meters are used to monitor flow in the distribution
system, including magnetic flow meters, in-line gear meters, and orifice
pressure differential recording graph meters.,

Both the supply and return lines must be metered in eirculating
systems with one or more loops. The difference gives the daily consump—
tion. Under fire conditions, a reverse flow meter or bypass is required

on the return line.
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Most northern communities are relatively small. This means the
fire flows are as much as 10 to 15 times greater than the average flow.
In this case an orifice plate meter which is satisfactory for fire flows
will give unsatisfactory results under normal conditions. If it gives a
satisfactory graph under normal conditions then the orifice plate is such
that it restricts flows during a fire situation. Both magnetic flow
meters and gear—driven meters are very expensive for large diameter pipes.
In most instances, the large diameter supply pipe flowlis diverted
through a small pipe through one of the latter two meters, and then back
to the larger supply size pipe. During fires the meters are completely

bypassed and flow is directed through the large supply lines.

6.8.4 Manholes
Manholes for both water and sewer requirements have been

constructed of a number of materials. Common types are:

- concrete,
- corrugated metal, and

- welded steel.

All of these have varying means of insulation,

The main problems in the past with manholes were that they were
too small, leaked excessively, or were subjeet to damage. One
alternative which evolved in the Northwest Territories is the manhole
shown in Figure 6-25, known as the "mini service-centre manhole”.

The manhole shown in Figure 6-25 is a comprehensive one showing
both water and sewer lines as well as a hydrant, but the same basic
design is used for any situation. The interior layout and size are
designed to fit the requirements.

The basic concept is that all necessary day—to-day maintenance
of the distribution mains can be carried out in a climate controlled
environment., This includes maintenance of water line valves, hydrants,
heat trace power point, and sewer cleanouts.,

Some of the features of such a manhole for northern work are:

Hydrants — Standard hydrants can be used and operated in

the normal manner.
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One isolating valve plus valve boxes and operating
stem extension are eliminated, reducing
installation cost.

Replacement is easier; no digging is required.
Relatively fool proof compared to glycol filled
hydrants.

These are placed in manholes giving easy access
for operation or replacement and eliminating

valve boxes.

The manholes are well insulated for energy
conservation

They are large: minimum size 1.2 m? depending
on interior fittings.

All exposed surfaces are metal or concrete:

relatively vandal-proof and maintenance-free.

Heat trace lines and control points are terminated
in the manholes. Replacement heat trace lines can
be pulled in from one manhole to the next.

A thermostatically controlled electric heater
keeps the temperature above freezing.,

There is an electric plug for lights and small

power tools.

The sump pump is located in a prefabricated steel
sump pit set in the conecrete base. The pump comes
on automatically if water from a used hydrant or
groundwater enters the hydrant and pumps through

a back flow preventor into the closed sewer line.

Closed sewer cleanouts are provided in the manhole;
covers have rubber gaskets so excess pressure gan

be detected.
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6.8.5 Alarms and safeguards

Alarms and safeguards are a very important part of any system.
Flow alarms are a necessity in any circulation line to warn of stopped
circulation.

Low heat alarms are needed to warn of impending freeze—ups.
Flow meters are especially important to adjust flow in the return
circulation loop.

The alarms should be wired to the operator's house and be loud
enough at the pumphouse to wake someone and get them there to check out
the trouble. Alarms must be tested at least weekly to be sure they are
operational. A central control panel should be provided either in the

operator's house or the pumphouse.

6.9 Backup Freeze Protection Mechanisms

The main backup freeze protection mechanisms are:

- heat trace systems,
- thaw wire electrical resistance systems,

- steam or hot water thawing.

6.9.1 Heat trace systems

This is the standard back-up system used in most piped water
distribution systems. While it is effective, both the initial capital
cost and operating cost for this type of insurance are substantial. The
cost of installing heat trace systems is approximately $30/m of line,
including material and labour for the overall system.

Constant monitoring must be carried out on such electrical
systems if they are to perform as intended. If the controlling thermo-
stats are not working properly or the sensing bulbs are in the wrong
location, either too much electric energy will be expended at great cost
or it will fail to do the job when required.

Easy replacement of heat trace lines should be a standard
feature of any system. The heat trace normally used is the constant watt
per foot type placed in a conduit or channel next to the pipe with or
without heat contact cement. Common wattages used are 2,5 watts per foot

for service lines and 4 watts per foot for main lines. This method of
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placement of heat trace lines is relatively less efficient on plastic
pipes. In Greenland and Northern Scandanavia the heat trace is placed
inside plastic pipes.

Care must be taken to ensure the conduits are sealed. Otherwise

they will allow groundwater to enter the electrical system and manholes.

6.9.2 Thaw wire electric resistance systems

This system ean only be incorporated on piping materials that
will pass an electrie current, such as copper and steel. A current is
induced into sections of the pipe through strategically-placed thaw wires
by a portable electric generating unit. The resistance and resulting
heat thaws out the pipe.

The initial capital cost for this backup thaw system is low. It
is only used if the pipe is already frozen, as opposed to heat trace

systems which add heat before freezing takes place.

6.9.3 Steam or hot water thawing

This system uses a source of steam, such as a portable steam
jenny, or hot water introduced under pressure into the frozen pipe via a
suitable hose or tube to thaw out the pipe. This system can be used on
many types of materials. It is not recommended for use on plastic pipes
which could melt or be damaged if the procedure used is improper.

An example of the difference in the cost of heat tracing systems
versus steam thawing was noted in Norman Wells, N.W.T., where a portable
steam jenny was purchased in lieu of an electric heat trace system for
the welded steel pipe system. The difference in initial capital cost for
approximately 1800 m of mains was $95 000, This difference will increase
as more mains are installed because the steam jenney can be used for
other purposes.

The great difference in cost encourages careful consideration of
the alternatives to a heat trace system.

While heat trace systems appear to be the trend in back-up
thawing for single-loop recirculation systems, better prefabricated
insulated pipe packages, and simple control and alarm systems warrant

re—evaluation of the justifications for a heat trace system.
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For thawing small service lines a power pump, a hot water
reservoir and small probe tube as described in Appendix F has proved most
successful and superior to other methods. Helpful tips, tables and
guidelines for thawing frozen water lines are also given in Appendix F.

6.9.4 Freeze damage prevention

The reduction of damage to water distribution pipes when
freezing occurs has been discussed by McFadden [6]. The use of a
diaphram at the last point to freeze in each section of pipe was
recommended as a good technique to reduce damage. The location of the
proper point can be selected and somewhat controlled by careful analysis

of the system and careful placement of additional insulation.
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7. WASTEWATER COLLECTION

Wastewater collection systems collect wastewater from users
and transport it to the sewage treatment facility or disposal point. The
sources of wastewater and types of collection systems and design para-
meters are presented in this section. As presented in Section 2, the
main types of collection systems are individual bucket haul, vehicle-haul
with house storage, and piped. Table 7-1 summarizes the characteristics

of wastewater collection systems.

7.1 Sources of Wastewater

The main sources of wastewater are domestic and industrial. In
the case of domestic waste, 100 percent of the water in northern areas
ends up as wastewater because there is very little lawn and garden
watering or car washing. This also applies for industrial or commercial
wastes unless local experience or actual measurements indicate otherwise.
An exception would be the case of a cold storage—fish processing opera-
tion or a cannery where a significant portion of the water may be used
for cleaning floors and equipment and is discharged directly to the ocean.
A contrary example would be the case where salt water was used for clean-
ing and discharged to the collection system., Infiltration and inflow
allowances must be made for buried lines in high groundwater situations
or where water wasting is practiced. These problems should be corrected
before sewers and sewage treatment plants are designed. Inflow and
infiltration studies should be performed so the decision can be made to

either correct the problems or design a plant to treat the dilute waste.

7.1.1 Domestic waste

Water use rates typical to cold regions were presented in
Section 3 and sewage design flows with peaking factors are presented in
Section 9. The values presented show that sewage flows can vary
considerably. They are lower in volume, and higher in strength, for
camps and facilities with low water use plumbing fixtures. Where water
is wasted during the winter to keep service lines from freezing, waste-
water volume can be extremely high and of very low strength. There is no
substitute for actually monitoring sewage flows, or at least water use

rates, before sewer or sewage treatment design is undertaken.



TABLE 7-1. CHARACTERISTICS OF WASTEWATER COLLECTION SYSTEMS
SOIL
TYPE CONDITIONS TOPOGRAPHY ECONOMICS OTHER
Gravity Non frost Gently sloping Initial construe- Low Maintenance.
susceptible or to prevent deep tion costs high High health and convenience
Slightly frost cuts and lift but operational improvements.
susceptible with station, costs low unless Must hold grades.
gravel backfill- must go above Flushing of low use lines may be
ing material. ground or use necessary.
lift stations. Large diameter pipes necessary.
Vacuum Most useful for Level or gently Initial construc- "Traps” every 100 metres.
frost susceptible sloping. tion cost Low water use.
or bedrock condi- moderately high High health and convenience
tions, but can be improvements,
used with any soil Must have central holding tank for
conditions. each 30 to 50 services with additional
pumps to pump waste to treatment
Operational costs facilities.
moderate Can separate gray and black water.
Uses small pipes.
No exfiltration.
Pressure Most useful for Level, gently Initial construc- Low water use if low water use fixtures

frost susceptible
or bedrock condi-
tions, but can be
used with any soil
conditions

sloping or
hilly

tion costs
moderate.
Operational costs
moderately high.

are installed. High health and con-
venience improvements.

No central facility necessary - units
are in individual buildings.

Number of services not limited.

No infiltration.

Uses small pipes.

Vehicle~Haul

Year—-round roads
must be available.

Level, gently
sloping or
hilly.

Initial construc—
tion costs low.
Operational

costs very high.

Low water use and moderate health and
convenience improvements.
Operational costs must be subsidized.

Individual—-Haul

Used with any
soil conditions
but boardwalks
are necessary in
extremely swampy
conditions,

Level, gently
sloping or
hilly.

Initial construc-
tion cost and
operational costs
very low.

Low usage by inhabitants and thus low
health and convenience improvements.,

~
|
N
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7.1.2 Industrial waste

Industrial waste output is usually seasonal in cold regions.
Canneries and cold storage wastes occur during the summer fishing season
only. Reindeer slaughtering and packing plant wastes have a high
strength and flow, but usually only last for a couple months during the
fall. The amount and strength of industrial wastes produced must be
estimated using information from temperate areas for similar facilities,
unless the facility can provide the information for their operation. The
kind and size of the solids present in an industrial waste may be a
factor in waste collection system design. Screening or comminuting may

be necessary before discharge to the sewer system.

7.1.3 Public uses

Nearly all communities will have schools and hospitals or health
clinics. Estimates of wastewater flows must be obtained for schools,
considering the number of students, the number of teachers living in
quarters, the type of facilities provided (i.e., swimming pool, flush
valve toilets or regular gravity flush toilets, urinals, shower facili-
ties), boarding student dorms, etc. With hospitals or clinics, the
number of beds and, again, the type of facilities provided should be
determined. It may also be necessary to consider incineration or other
special treatment of wastes that are dangerous to health. Another public
use waste would be that from laundromats. These wastes are not much
different from those from similar facilities in more temperate climates.
See Section 3 for estimating water use to be expected at public
facilities. The strength of the wastewater is a function of the type of

water distribution system.

7.1.4 Water treatment plant wastes

Wastes from water treatment plants must be estimated if they
cannot be measured. The highest flows, which would be from filter
backwashing, are usually known. They can be very sporadic (not usually
continuous) and may require a holding tank for flow equalization before
discharge to the collection system. Filter backwashing flows are low in
BOD but create a high chemical and hydraulic loading. Consider the

effect of the chemicals on the collection line materials. They can be of
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high pH and/or very corrosive. Consider electrolysis problems when
wastes are from a salt water distillation unit. This can usually be
reduced by correct grounding and non-conduction fittings in piping
systems. When plastic pipe is used corrosion and electrolysis are
usually not problems.

7.2 Individual Bucket Systems

With a collection system relying on the individual users to
bring their wastes to a disposal point, the important considerations are
the types of containers in which the waste is transported and the
facilities at the point of discharge.

7.2.1 Hauling containers

Containers used by individuals for transporting wastes will vary
from conventional oil drums to honeybucket pails. They should be
cleanable so they can be washed or steam-cleaned and disinfected for
reuse (see Section 13). The containers should be covered so the contents
don't splash out in the owner's house or throughcut the community as they
are transported. The containers should be sized for the way they will be
transported. In many communities with no roads the children or women
will empty the honeybuckets. Larger containers can usually be used in
the winter because they can be carried on sleds. The summer is the
critical time because the swampy conditions around many coastal
communities will mean hauling by hand. In this case, the pail or bucket
should probably not be larger than 10 litres, which would weigh about 10
kg when full. If roads are present and individual vehicles can be used
year-round, larger containers may be desirable. In many smaller
villages, 20-litre containers are readily available because gasoline and
white gas are purchased in them. They are used for everything from
hauling water to patching holes in the roof. 1In larger communities,
individuals use pickups or trucks to transport oil drums filled with
honeybucket wastes to a disposal site. Individual honeybuckets in the
house are emptied into the o0il drum which sits outside the house.
Sometimes the o0il drum is emptied and returned to be refilled but
usually, unless cleaning facilities are available at the disposal site,

the drum is discarded with the waste.



7.2.2 Disposal point

The disposal point must be designed to accommodate a wide
variety of container sizes and be convenient for people; otherwise the
wastes may not be deposited aecording to facility design. The disposal
point could be a landfill site, a faeultative lagoon or pond, a waste
disposal "bunker”, or a discharge point on the side of a building such as
a watering point or central facility (see Section 13) where the waste is
then transported to a treatment facility by pipes.

Where honeybucket wastes are dumped at a landfill site they
should be covered daily to prevent children, dogs, and birds from getting
into them.

If the wastes are deposited in a lagoon or pond the dumping
point should be designed to prevent erosion of the lagoon dykes and yet
allow for easy access so the waste doesn't end up all over the dykes
instead of in the lagoon. A platform with a hole out over the water is
satisfactory. A major problem with lagoon disposal is the plastic bags
which are often used as liners in honeybuckets. They are not bio-
degradable and should not be deposited in the lagoon. It will be
necessary to empty their contents into the lagoon and then deposit the
bags at a landfill or burn them.

Waste disposal pits are construeted by cribbing a hole in the
ground, similar to a cesspool and covering it with a platform eontaining
a disposal hole covered with a fly—-tight, hinged 1id (Figure 7-1). When
the old pit is full the platform is removed and the bunker is eovered
with the material exeavated from the new pit. Most of the liquid portion
of the honeybucket wastes will seep out when the surrounding ground is
thawed. As with privies, waste pits are not a desirable form of waste
disposal if the soil is frozen fine grained silts or when there is a high
groundwater table. More modern methods sueh as sewage treatment plants
or lagoons are desirable, but the pits at least reduee the serious health
problem of having the honeybucket wastes dumped over a river bank or
around the houses.

The most satisfactory disposal for honeybueket wastes would be

at a eentral faeility or watering point where the wastes are a small part
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FIGURE 7-1. WASTE DISPOSAL PIT

of the total waste load to the faeility. The treatment would be
acecomplished by one of the methods discussed in Section 9. A fly-tight
closeable box, which is copnvenient to use, should be provided on the
cutside of the building. It must be vandal proof and capable of being
thoroughly washed down and cleaned daily. Above all, it must be
aesthetically acceptable and easy to use; otherwise, it will not be used.

Disposal points must be centrally located to all dwellings or
their ehances of being used regularly are small. The distance that
individuals will haul wastes varies with many factors. Two of the more
important considerations are training and education of the users, and the
ground conditions over which the wastes must be hauled. Experience
indicates that the number of individuals that utilize a disposal point
starts dropping off considerably when the distance exceeds 200 metres.
Also, the people tend to haul longer distances in the winter because in
most communities, it is easier to get around and snowmobiles can be used.
An extensive education program is invaluable in promoting the use of a
disposal point with individuals hauling their own waste.

The type of waste dumped at a disposal point eould be an impor-

tant eonsideration in treatment plant design even though the quantity (by



comparison to the facility wastes) may be small. The waste quite often
contains a high concentration of deodorizers suech as formaldehyde and
phenols, which could affect biological treatment processes. It also may
contain plastic bags and other solid wastes and will be very high in BOD

(up to 1000 mg/L) and low in hydraulic loading.

7.3 Vehicle—-Haul with House Storage Tanks

Community—haul sewage collection deals with the collection of
wastewater from each dwelling and its transportation by a community or
contractor-operated tracked or wheeled vehicle to a treatment and/or

disposal facility.

7.3.1 Facilities at pick—up point

The faecilities at the individual user's dwelling or building can
vary from simply emptying a honeybucket (as discussed under individual-
haul above) into a tank on a truck (Figure 7-2), to a holding tank within
the building from which the wastes are pumped into the collection truck.

If the facilities in the building consist only of honeybuckets,
the same considerations listed under individual-haul would apply.
However, most modern vehicle-haul systems consist of a sewage holding
tank located on or beneath the floor of the house into which the
household wastes from sinks, lavatories, and toilets drain by gravity.
The tanks are then emptied into the collection vehicle (Figure 7-3) by
pumping.

The effieiency and operational costs of this type of collection
system are dependent partly on the sizing of the holding tanks. For most
eircumstanees, tanks should be around 1000 litres, but at least 400
litres larger than the water storage tank provided [1,4]. In Canada,
household tanks as large as 4500 litres have been used and it is eommon
practice to make the sewage holding tank up to twice as large as the
water storage tank. The size of the collection vehicle and reliability
of the service should be considered in sizing wastewater storage tanks.
It is also important to provide the structural support in the house
required to carry this additional load. The tank must be construected
with a large manhole with removable cover so it can be eleaned and

flushed out at least yearly. It must be well insulated, kept within the
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FIGURE 7-2. TRUCK FOR COLLECTING HONEYBUCKET WASTES
- BARROW, ALASKA

WATER
UXITRS 1
B

FIGURE 7-3. TRACKED SEWAGE PICK-UP VEHICLE
- ARCTIC VILLAGE, ALASKA
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heated portion of the building and/or heat must be added using heating
coils or circulating hot water to prevent any ice formation. In some
instances, the holding tanks have been buried in the ground beside or
beneath the houses (Figure 7-4). In permafrost areas this is not
satisfactory and it is even necessary to add heat in areas where the tank
is buried in the active layer. The tanks must be placed so they are
emptied from the outside of the house.

The hose connections should be of the quick-~disconnect type and
be a different size than that of the water delivery hose, to eliminate
the possibility of a cross-connection. The pumpout connection at the
building must be sloped to drain back into the tank after pumping so
sewage does not drain outside the house or stand in the line and freeze.
The tanks must be vented into the attic or outside to allow for air
escape or supply as the tank is filled and emptied. The same considera-
tions should apply to this vent as are discussed at the end of this
section under building plumbing.

With any haul system, low water use plumbing fixtures (Figure
7-5) are necessary to reduce water usage.

7.3.2 Hauling vehicles

The type of vehicle used depends upon the conditions at the
site. Tracked vehicles should be avoided if at all possible because of
the much higher capital, operating and maintenance costs, and slower
speed compared to rubber-tired vehicles. Typical costs of the vehicles
themselves are presented in Section 6 and Appendix D. Instead of tracked
vehicles, four-wheel drive trucks with floatation tires can be used where
snow drifting and poor roads are prevalent. Where there are no roads tracked
vehicles may be necessary.

Vehicle-haul sjstems have higher 0&M and replacement costs than
piped systems, and the vehicles have a short useful life (see Section
2.6.2).

The vehicle must be equipped with a tank, pump and hoses to
contain and extract the wastewater (sample specifications are shown
in the Appendix E). For collecting honeybucket wastes, the most prac-
tical tank is a half-round or round shape with a large manhole with a

hinged 1id on the back in the flat cover (see Figure 7-2). The flat top
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allows for a lower emptying point. Steps are provided on the side so the
honeybuckets can be carried up and emptied into the tank. The trucks should
be kept as small and maneuverable as practical to get around to the houses.
Presently, tanks of 1000 to 5000 litres are used in small communities. The
tank should be capable of being dumped at the disposal site unless the
contents are to be pumped into a sewage treatment plant. At the rear, a large
valved outlet pipe of at least 200 cm (8 inches) in diameter is provided which
can be opened to empty the tank. A small heater may be needed to keep the
short pipe and valve from freezing. The truck exhaust can also be routed to
keep this valve warm and eliminate the need for a heater. A full opening,
non-rising stem gate valve has proven best for this application as it must be
capable of passing solids such as lastic bags.

The tanks on vehicles to be used with a pumpout system may have to
be insulated or enclosed in heated junits on the backs of the vehicles (see
Figure 7-3). These units will include the tank, pump, piping, and connection
hose. The size of tank needed will depend primarily on the distance to the
disposal site and the sizes of the tanks in the houses [1]. Larger tanks will
reduce operating costs, particularly when the disposal site is distant. Size
and weight of the vehicle, and thus the tank will be limited to the layout of
the community and the condition of the roads. The truck must maneuver close
enough to the houses to pump out the tanks in a reasonably short time.

The number of trucks needed in a given community will depend mainly
on the number of buildings to be serviced and volume of wastewater to be
collected [1,4]. Two methods of emptying the house tanks are being used. With
one, a pressure tank is used on the vehicle. The tank is held under a vacuum
using a small compressor and a three-way valve. The contents of the house
tank are withdrawn into the truck tank under vacuum. At the disposal point
the valve is turned to pressurize the tank, forcing the wastewater out (see
schematic in Figure 7-6). The advantages to this method are that a compressor
is used instead of a pump, and there are no pipes containing sewage. which

could freeze. The other method is similar except that sewage pumps are
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FIGURE 7-6. FILLING AND EMPTYING PROCEDURE FOR HOLDING TANK PUMPOUT TRUCKS

Filling holding tank by air suction

used instead of a compressor and the vehiecle tank does not have to be
pressure rated. The suction hose must be long enough to extend from the
house to the most convenient parking place for the truck. It should be
at least 7.5 cm in diameter and kept on a reel so it can be rolled up
inside the heated compartment on the truck. It must also be rugged
enough that it can be dragged behind the trueck between houses, and be

flexible at low temperatures.

7.3.3 Disposal site

The disposal point should be in a heated building with a “drive
through” design to make the unloading time as short as possible. The
building should also provide heated storage for the vehicles while not in
use or when they're down for repairs. Where the disposal point is at a
landfill or lagoon, a ramp or splash pad or something similar should be
provided to prevent erosion and still allow the vehicle to deposit the
wastes well within the lagoon or landfill. The same problems with
plastic bags will be present as were discussed under individual-haul.

The building in which the vehicles are stored and/or emptied
should also be equipped with water for flushing and cleaning the tanks.

Extreme care should be taken to prevent any ceross—connections.

pressure port D
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7.4 Piped Collection Systems

There are several variations of piped sewage collection systems.
Normally, a conventional gravity system has the lowest life-cycle cost
and should be used whenever feasible. However, the layout of the site
and/or the soil conditions may make a vacuum or pressure sewage collec-
tion system necessary. An additional advantage of a gravity system is
that a freezeup seldom causes pipes to break. The freezeup is gradual
and in layers, in contrast to pressure lines which are full when freezing

takes place.

7.4.1 Design considerations

When soil conditions do not allow burying collection lines (as
discussed in Sections 2 and 8), they must be placed on or above the
surface of the ground., In most locations, the topography and building
layout would dictate above-ground lines on pilings (or gravel berms) to
hold the grades necessary for gravity sewage flow. Above-ground lines
are undesirable because of transportation hinderance (see Figure 7-7),
high heat losses, blocked drainage, vandalism, and the cluttered look
they create within the community (see Section 8). It may be preferable
to use a pressure or vacuum system so that the lines can be placed on the
ground surface (see Figure 7-8), to minimize the above problems.

Sewage collection lines may be placed in utilidors (see Section
8) with other utilities, depending on the local circumstanees. Utilidors
cost between $600 and $1700 per metre to construct, depending on the
utilities included and the roads to be crossed (see Seotion 8). Buried
pipelines cost (per pipe) between $100 and $300 per metre to install,
depending on the excavation conditions. Above-ground pipeline costs
depend on the foundation required. If they can be layed direetly on the
ground surface they cost $50 to $100 per metre, but if they have to be
placed on pilings the costs could run as high as $250 per metre.

Assuming the same design, heat losses, and thus 0&M costs, of above-
ground facilities are nearly three times as high as for the same line
placed below-ground because of the greater temperature differential
between the inside and outside of the line. Section 2 includes a more
in—-depth discussion of the advantages and disadvantages of above or below

ground facilities.
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FIGURE 7~7. SEWAGE COLLECTION LINES ON PILING
- BETHEL, ALASKA

FIGURE 7-8. SMALL (0.4 m x 0.5 m) UTILIDOR LAID DIRECTLY
ON THE TUNDRA SURFACE CARRYING WATER, SEWER
AND GLYCOL LINES - NOORVIK, ALASKA



Sewage temperatures are also an important design consideration.
In camps or communities where the individual buildings have hot water
heaters, sewage temperatures usually range between 10 and 15°C.
Where hot water heaters are not used and any hot water must be obtained
by heating water on a cook stove, sewage temperatures range from 4 to
10°c. A greater percentage of this heat will be lost between the
users and the point of treatment with a gravity system than with a
pressure or vacuum system., The sewage is longer in transit and there is
air circulation above the sewage in the pipes because they are not
flowing full. It is often necessary to dump warm water at the ends of
little~used laterals in a gravity system to eliminate freezing problems
caused by the lines slowly icing up. Also, a greater percentage of the
heat will be lost if the lines are above ground. Sewage heat losses will
not vary considerably from summer to winter with buried lines, but there
can be a considerable variance in above-ground lines. (This is discussed
in detail in Section 8.) Thus, the worst condition is to have gravity

sewage collection lines placed above—ground.

7.4,2 Conventional gravity collection lines

If lines can be buried and the layout of the site is sloping a
gravity sewage collection system will have lower O&M costs than other
types of systems. Initial construction costs will usually be lower
unless there is considerable rock to excavate. Costs for rock excavation
range between $50 and $75/m3 in the N.W.T. (1977).

The most important design consideration with gravity sewers is
the minimum grades necessary to ensure adequate velocities in the pipe-
lines. The following minimums should be used with stable ground condi-

tions (not frost—susceptible):

a) Main collection lines
Nominal
Pipe Size Minimum Slope
(inches) (percent)
6 0.6
8 0.5
10 0.4

12 0.3
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s ]
14 0.22
15 0.17
b) Building service lines
4 or 6 1.0
If soil stability is unsure (i.e., a small amount of settling or
heaving is likely), use a minimum slope of one percent for all collection
lines and backfill with non-frost susceptible sand or gravel at least 30
cm at the bottom and sides of the pipe (Figure 7-9). The 4-inch service
lines should be placed the same way with a two percent minimum slope.
Higher slopes than those above should be used if possible because the
longer the sewage is in the collection system, the more heat it will
lose. In small communities minimum sewage collection line sizes could be
6 inches instead of the normal 8 inches.
Lines should be placed deep enough to prevent damage from
surface loadings and the possibility of future expansion should be -~

considered. A minimum of 0.7 metres of bury is usually recommended but
less could be allowed in communities with no roads or vehicles. Other
depth of bury considerations are given in Section 15.

Storm water should not be included in sewers in cold regions.
It can be cold, lowering wastewater temperature, it overloads treatment
facilities hydraulically, and it usually contains sand and grit which
deposits in collection lines. Insulated pipe should always be used
unless lines can be buried well below the active layer and not in
permafrost.

In addition to the steeper slopes listed above, provisions
should be made to readjust the slope of a line if it traverses an area
where movement is likely. With lines on piling this has been done by
placing blocks between the piling and the pipeline, acting as shims.

They can be removed or added to readjust the slope. If the lines are in
a utilidor they can be suspended from the utilidor roof with adjustable
turnbuckles or placed on adjustable yokes or supports.

Manholes require protection from frost heaving or jacking forces
by use of plastic film to break the soils bond to the manhole (see Figure
7-10). They should also be insulated with a minimum of three inches of

styrofoam or urethane around the outside. The insulation reduces heat
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FIGURE 7-10.

SEWER SYSTEM MANHOLE



losses and provides an additional safety factor against soil bonding and
frost jacking. An insulated frost cover to further reduce heat losses
should be provided inside. Manholes must have a firm foundation to
prevent settlement. This could mean pilings under the manhole or, at
least, over excavation and backfill with gravel. The invert should be
poured over insulation to reduce heat loss downward which could thaw
unstable permafrost and cause settlement.

Conventional pre—cast concrete manholes are very expensive to
ship and install in remote northern areas. Bolted corrugated aluminum
manholes can be used in nontraffic situations. They can be nested during
shipment and air freighted in small planes. Manholes should be placed
every 90 m or at any changes in grade or aligmment. To reduce heat
losses, 107-cm diameter manholes are used as a minimum in aretic areas.
Also, solid manhole covers without holes should be used so that surfaee
water does not enter the manhole. The 1lids should be locked down to
prevent the deposit of rocks and garbage in the manholes. Gravity sewer )
lines should be thoroughly flushed out each summer, ideally when the fire -
hydrants are being cleaned and flushed.

Cleanouts, as they are known in temperate elimates, should be
used with caution. They are susceptible to frost jacking and hard to
protect (see an example in Figure 7-11). In place of a cleanout on a
sewage collection line it is better to use a conventional manhole.

A special manhole has been developed in the N.W.T. that contains
hydrants and valves for the water line and an air tight cleanout on the
inlet and outlet sewer lines for rodding and flushing. (See Section 6).
One must be sure not to create a cross—connection with a manhole
containing water line appurtenances.

As mentioned earlier self-flushing siphons may be required at
the end of long, little used laterals. They can be set to dump a given
quantity of warm water at different intervals., The slug of warm water
traveling down the sewer lines will eliminate any glaciering which may
have built up because of slow trickles of water from normal use. The
flushing also scours solids which may have been deposited because of low
flows. They should not be used unless absolutely necessary as they waste

water and create an additional 0&M cost. It is better to lay out the
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sewer system so there is at least one large user near the end of each
lateral to eliminate the need for flushing. They can be constructed in a
building or in a manhole as shown in Figure 7-12, Again, care must be
taken not to create a cross—connection between the water and sewer systems.

Figures 7-13 and 7-14 show typical serviee line connections to a
building for a cold region gravity sewage eollection system. They should
slope at least one to two percent to the colleetion main, depending on
soil stability. Of the two examples shown, the method of going through
wall is preferable to going through the floor. The former will allow for
more movement of the house without damage to the sewer service line and
also permits all house plumbing to be kept above the house floor (this
will be diseussed later).

The preferred method for thawing sewage collection lines is to
push a small diameter plastie line through the frozen line while
eirculating warm water. A complete diseussion of thawing lines is
contained in Appendix F.

Sewage lift stations will be discussed later in this section.

They can be an important part of a gravity system.
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7.4.3 Pressure sewage collection systems

If soil conditions and community layout make a gravity
collection system not practical a pressure or vacuum system may be
considered. Pressure sewage colleection systems usually have sections
that operate under gravity, and vice-versa. A small pump-grinder unit in
or near each building provides the motive force for the pressure system
(see Figures 7-15 and 7-16). The largest advantage is that it is not
necessary to maintain grades. Pipelines or utilidors do not have to be
on piling or up off the ground. They ean be at the surface or buried and
small movements due to frost heave or thawing will not affeot operation.
There can be no problems with infiltration of groundwater because the
lines are under pressure; however, a leak in the sewer line, if not
repaired, could contaminate other lines within a utilidor. Construection
costs would probably be lower than either a gravity or vacuum system, but
O&M costs would be greater than for a gravity system because of the pump-
grinder units in each building. Smaller collection lines can also be
used with a pressure system and normal elevation differences throughout a

community will not affect operation. Pressure collection lines can be
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sized to handle any number of connections. Another advantage, in a remote
community, is that, with the pump—grinder unit in each building, the 0&M
costs for the majority of the sewage collection system will be paid by

the building owners as they pay for the electricity and maintenance of
their pump. This essentially eliminates billing and collection of
operational costs from users and if a unit fails because of lack of O0&M,
only one user suffers.,

The collection lines must be sized to maintain a minimum of one
metre per second scour velocity., The minimum size collection line is
1-1/4 inch, which would be the size for one unit. If more houses are
added than were originally planned for, velocities will increase down the
line. The effect of this velocity increase is an increase in head loss
which, within reason, is not a problem because the individual pump-
grinder units have a very flat pumping rate vs head curve. Pressures
should be held below 275 kPa (40 psi) in the layout, and the lines should
be slightly undersized (higher velocity) rather than oversized if the
correct size (for one metre per second) is not available. In the design
of a pressure system, an assumption that 33 percent of the pumps will be
operating at once is recommended for sizing pipes. The collection lines
should be constructed to drain to low points if the system has to be shut
down during the winter. In low flow conditionms where heat losses may be
extreme (such as at night in the winter in an above-ground situation) or
where the minimum scouring velocity (one metre/second) cannot be met, the
pressure collection lines should be looped back to a water source so warm
water can occasionally be pumped through the lines. Air relief valves
should be installed at major high points in the line.

The pump-grinder units can be situated in each building or
several buildings could drain into one unit by gravity (like the system
in Bethel, Alaska [2]). The units should be designed to pump against the
design head in the main plus a 40 percent overload (with 33 percent of
them operating at once). Each unit should have complete duplication of
controls, sump pumps, and pumps or compressor, for standby. The extra
unit would take over if the primary unit is inoperable and, at the same

time, set off a warning device (audible and visual) to alert the operator
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oy

Standby power should be available in case of

several buildings. The pumping units

should be well insulated and installed on a stable foundation if they are

placed outside or in the ground.

from frost jacking forces.

inlet and outlet to prevent backflow.

pneumatic type pump stations, discussed later.

As with manholes they must be protected

Double check valves should be provided on

This is especially important for

Also, weighted check

valves have proven more satisfactory than spring loaded valves.

The pump-grinder units designed to serve individual buildings

are equipped with positive displacement pumps whieh have a nearly

constant pumping rate over a wide range of heads (Figure 7-17).

grinder unit reduces all foreign
into the pump. The unit must be
toilets such as rock, wash rags,
pumps also require a lower power

which could form.

be easily removed from the sump and repaired while the standby unit

continues to operate.

The

objects to 6.5 mm size before they go
able to handle items flushed down the
utensils, etc. Positive displacement

input to purge the system of air pockets

The units must be small and light enough that they ean
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With a 750-watt (1 hp) pump—grinder unit and a water use rate of
190 L per person/day (50 gpcd), the pump would operate only about three
times per person per day with each operating period lasting about one
minute., Thus, a five-person family would use about 0.5 kWh a day. At
25¢/kWh, this would only amount to about $3.75 per month per family for
electricity.

The sump or tank from which the pump draws must be designed so
that it is cleaned by scouring as the pump operates. The outlet check
valves should be located in a horizontal run to prevent solids from
settling out in them when the pump isn't running. Pressure sensors
should be used to control pumps and alarms because rags and grease tend
to foul float switches. The sump should be sized (450 to 570 litres) to
provide several houses with storage in case of a temporary power outage
or other problem. It is recommended that they be constructed of
fiberglass or plastic for protection from corrosion.

Low water use fixtures should be used with pressure systems
whenever possible (see Figure 7-5).

The pump-grinder units and any compressors, pumps, etc. in
larger 1lift stations should be supplied with low voltage protection and a
relay that will stop the motors in case of a major voltage fluctuation.
This device would also protect the motor under a locked rotor condition.

The pressure system ¢an also be modified by using conventional
submersible sewage pumps in holding tanks at each building. The tanks
are similar to septic tanks where the solids settle, biodegrade
anaerobically, and are pumped out by truck occasionally. The submersible
pump pumps the relatively clear effluent into the pressure sewer lines to
a treatment facility. Some of the advantages of this type of operation

are:

a) Problems with the grinder on the pump plugging up are
eliminated.

b) There are no solids to settle in the collection lines.

¢) The treatment facility dis not as complicated as for

conventional sewage.



7-26

7.4.4 Vacuum sewage collection systems

As with pressure systems, a vacuum sewage collection system is
sensible only if soil conditions and community layout make a gravity
collection system not feasible. The vacuum sewer system is detailed in
Figure 7-18. Toilet wastes, with a small amount of water, are trans—
ported in the pipes by the differential pressure between the atmosphere
(air admitted to the system with the flushing action) and a partial
vacuum in the pipe created by a central vaeuum pump. The flow conditions
are slug-type, but the friction in the pipe breaks down the water slug.

To reform the slug flow, transport pockets are required at intervals of
about 70 to 100 m [3,5]. Vacuum systems are not limited to holding grades,
but are limited to 4.5 to 6 metres in elevation differences because they
are operated at 56 to 70 kPa (8 to 10 psi) vacuum. The vacuum toilets
(Figure 7-19) only require 1.2 litres of water to flush and the collection
lines are small (2"). The requirement for transport pockets (traps) is a
disadvantage of the vacuum system. The traps will have liquid standing

in them for extended periods of time so they must be inside a heated
utilidor or be well insulated. They should also be provided with drains.
Vacuum systems are limited to 30 to 50 services on a given collection line.

Leakage out of the sewage collection lines is essentially
eliminated, and there is little possibility of sewage contaminating a
water line in a utilidor. The need for house vents and P-traps, with the
freezing problems that accompany them, is also eliminated.

Vacuum systems can also be used to collect sewage in large
apartment buildings.

The vacuum system was developed in Sweden. Manufacturers and/or
distributors [6,7] in the U.S. and Canada should be contacted to obtain
the latest design standards as improvements are being incorporated
continuously.

The collection line sizes will depend on the number of fixtures
on a line and the estimated number which will be operating simultaneously.
Usually 2 to 2-1/2 inch lines are used with the traps dipping at least
one and one-half pipe diameters. Tests have shown that head losses
increase about 3.37 kPa (one inch of mercury) for each 300 m of collec-

tion line velocities of 4.5 m/s or less. Because the lines carry a
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combination of air and water, head losses are nearly impossible to
compute. However, when going uphill, the increase in head loss is only
about 20 percent of the actual elevation increase. Most fixtures will
not flush if there is less than 41 to 48 kPa (6 to 7 psi) vacuum in the
collection lines. Thus, if several are flushing simultaneously and the
vacuum drops to 41 to 48 kPa, additional fixtures will not flush wuntil
the vacuum builds back up. Grey water (sink, shower and tub wastes) can
be separated from black water (toilet wastes) for treatment purposes or
water reuse, by having the toilets on a different collection line than
the grey water fixtures. In low use lines where it is not desirable to
have sewage stand in the traps for extended periods, an automatic or
timed valve can be installed to bleed air into the end of the line and
keep the wastewater moving. Full opening ball valves should be installed
approximately every 60 m so that sections of the lines can be isolated to
check for leaks or plugs.

A collection tank is located at the end of the collection lines.
The tank is held under a vacuum at all times by liquid-ring vacuum pumps
which must be sized to evacuate the air and liquid admitted to the system
by the users with a safety factor of two. In Noorvik, Alaska, the design
figures used were six flushes per person per day for the toilets and 115
litres per person per day for sinks and showers [3]. For 50 houses,
pumps were selected which were capable of evacuating 1.8 m3/ minute
at a vacuum of 53 kPa (16" of mercury). The collected wastes are then
pumped out of the tank to the treatment facility using conventional
centrifugal pumps. They must be designed to pump with a negative suction
head equal to the maximum vacuum under which the tank must operate. The
collection tank is sized similar to the pressure tank in a hydro—pneumati
system. One—half of the tank capacity is used for liquid storage and thee
other half is space (vacuum) serving as a buffer for the vacuum pumps.
Several alarms should be included in the tank to give warning of high
levels of sewage in the holding tanks, low incoming sewage temperature,
and low vacuum in the system.

The plumbing fixtures in the building are the third important
part of a vacuum system. Grey water valves (Figure 7-20) collect water

from the showers, tubs, sinks, and lavatories. These individual fixtures
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are conventional but the addition of water use restricting devices is
recommended. The grey water valve is activated by pressure from water
upstream in the fixture drain line through a small pressure—operated
diaphragm. This diaphragm is mounted in a tee just upstream from the
valve. As grey water drains from the fixture, it hits the closed valve
and backs up against the diaphragm, activating it and allowing the vacuum
in the eollection main line to open the valve. The length of time the
valve is open is controlled by a timer. The cyele will @ontinue until no
more grey water flows into the line and the fixture is empty. The grey
water valves allow equal parts of air and liquid to enter the system
(e.g., 115 litres of waste and 115 litres of air per person per day in
Noorvik).

Vacuum toilets resemble conventional flush valve toilets (see
Figure 7-19). They are activated by push buttons which expose the waste
in the bowl to the vaeuum in the main. The button activaces the
discharge valve and a water valve at the same time. The water valve
allows about 1.2 litres of water from the water system to enter the
toilet bowl for cleaning purposes. The discharge valve oloses shortly

before the water valve, allowing a small quantity of water to remain in
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the toilet. The toilet discharge valve allows 100 parts of air per one
part of liquid into the system or 120 litres of air per tlush. The
fixtures have been relatively trouble free at Noorvik, Alaska, for the

three years that system has been in operation [3].

7.4.5 Other collection systems

Other collection systems have been investigated, such as the
possibility of using oil or antifreeze solutions to transport the sewage.
However, none of them have proven feasible for a community or camp

collection system,

7.4.6 Piped collection system materials

(See Appendix A).

7.4.7 Pressure and alignment testing of sewer lines

Pressure sewer lines should be tested as any pressure water line
would be. If using water or liquid, use 1-1/2 times the working
pressures with an allowable loss of 10 litres in 24 hours. If using air,
use 1-1/2 times the working pressure with an allowable loss of 103 kPa
in 24 hours. Great care must be exercised when using compressed air
because of the possibility of explosion. Air testing must be used at
below freezing temperatures.

Standard tests are satisfactory for air testing gravity sewer
lines. An exfiltration test for water—tightness should be used where
gravity sewer lines are above the watertable. The test should be made
between manholes by blocking the lower manhole to a depth one metre over
the top of the valve. The leakage should be measured by checking the
drop over a period of two hours minimum. The maximum allowable
infiltration or exfiltration, ineluding manholes, should not exceed 190
litres per 24 hours per 300 metres of sewer per 25 mm of pipe diameter
for each isolated section tested.

The alignment and grade of the completed sewer main or one under
construction can best be checked by lamping the line. This operation is
performed by simply shining a light through the line from a manhole and
observing the alignment. Horizontal and vertical curves in sewer mains

are not recommended but are permitted under most codes.
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7.5 Lift Stations

Sewage lift stations are used mainly with gravity collection
systems but could be used with pressure sewage collection systems, and
even vacuum systems (to pump the waste from the collection tank to the

treatment facility).

7.5.1 Types

Table 7-2 presents the advantages and disadvantages of each type

of 1lift station.

7.5.2 Cold regions adaptations

The following modifications should be made to conventional lift
stations in cold regions.

The outside of the station should be insulated with at least 8
cm of urethane or styrofoam with an outer protective covering to protect
the insulation from moisture. Insulation should be placed underneath the
station to prevent settling due to the thaw of frozen ground. Visqueen
(plastic) or some other bond breaker should always be used to reduce
frost jacking in the active layer. If thawing and settling under the
station is anticipated, pile foundations extending well into the perma-
frost are recommended. All stations must be attached to concrete slabs
to provide sufficient weight to overcome the buoyancy of the station
itself if it were completely submerged in water. Pressure coupling
(flexible) type connections are recommended at the inlet and outlet of
the stations to prevent differential movement from breaking the lines.

A 1ift station should never be installed in the ground without
immediately placing the heater and dehumidifier into operation.
Condensation from cold surrounding ground could corrode the controls and
electrical connections.,

Alarms are an absolute necessity in any lift station. All
critical components, such as pumps and compressors, should be duplicated
in each station. The controls should allow the operator to specify
operation of a pump or compressor, with the identical standby unit taking
over if one or the other does not start., An alarm (both visual from the
surface and audible) would then warn the operator that one unit is
malfunctioning. The alarms can also be set for the temperature and water

level in the station (to warn of a sump pump malfunction). These alarms



TYPE

TABLE 7-2.

7-32

ADVANTAGES

TYPES OF LIFT STATIONS

DISADVANTAGES

1. Submersible

2. Dry Well

3. Wet Well

4, Suction Lift
5. Pneumatic
Ejector

Low initial cost; low
maintenance requirements;
does not require installa-
tion of appurtenances

such as heaters, dehumidi-
fiers, sump pump, etc.;
station can easily be
expanded and increased in
capacity; available for
wide range of capacities.
Little of the structure

is above ground so

heat losses are greatly
reduced.

Pumping equipment located
away from wet well; low
cost per gallon capacity;
good reliability; high
efficiency; desirable

for large installations;
easily maintained.

Low initial cost; high
efficiency; wide range
of capacity available

Good reliability; avail-
able for wide range of
capacity.

For low capacity (40 gpm
or 150 L/minute) low

head, for short distances;
generally nonclogging,

380 L/minute (100 gpm)
maximum usually.

Difficult to make field
repair of pump, requires
specialized lifting
equipment to remove
pump.

High initial costs;
requires larger
construction site.

Requires explosion proof
electrical motors and
connections; difficult
to maintain pump.

Suction lift limited to
4.5 metres; decrease in
priming efficiency as
pump ages.

Somewhat more complex
than other types of
stations; high mainten-
ances; low efficiency.




should be tied back into a central alarm panel in the pumphouse or
operator's house, and can be connected to the operator's and/or the fire
or police department's phone. Standby electrical power should be
provided for each major lift station.

Inlet sereens must be provided to remove items that would clog
pumps or check valves. Each lift station should be checked by the
operator and the inlet screen cleaned daily. Submersible types or thoée
without a heated dry well in which to work should be housed in a heated
surface structure with the electrical controls and alarms. All entrance
manholes must extend above the ground surface sufficiently to be above
any flooding or snow drifts. Also, manhole entrances or building
entrances must be kept locked. All pumps or motors should be supplied
with running time meters for measuring flow rates; conventional water
meters do not work properly with sewage. Corrosion protection should be
provided for the metal shell in each station. Saerificial and corrosion
protection systems do not work well when the ground surrounding the anode

or lift station is frozen.

7.5.3 Force mains

Forece mains are pressure lines into whieh the pumps in the lift
station discharge. They should be designed to have scour velocities
during pumping (2-1/2 to 3 ft/sec or 7.5 to 9 m/s) and to drain between
pumping cyeles. If this is not possible the line must be placed in a
heated utilidor or heat traced in some way. Another option would be to
time the pumping cycle so the sewage stays in the line for a calculated
period, and to size the holding tank at the lift station to hold at least
the volume of the force main. The mains should be pressure tested and
they should meet all the criteria of pressure water transmission
pipelines (see Section 3). If they empty into a manhole, the entrance

should be at least 0,7 m above the exit line.

7.6 Building plumbing

Service lines and their connections to the buildings were
discussed earlier. The special plumbing needed with vacuum sewers was

covered in the section dealing with vacuum collection systems.
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The use of floor—mounted, rear—flushing toilets keeps all waste
plumbing lines in the walls of the building and out of the floors (10 cm
above the floors). These toilets are readily available. Wall-mounted,
rear-flushing units are not recommended unless the wall is reinforced
because the wall supports the entire weight of the toilet and the user.
The floor-mounted, rear—flushing units must be carefully installed; over
—torquing the flange bolts will crack the base. Examples of floor-
mounted, rear-flushing toilets are the "Yorkville" by American Standard
or the "Orlando” by Eljer. Tubs should be placed upon blocks so the
entire trap and drain is 10 cm above the floor. This allows the tub to
drain into the toilet discharge line in the wall. All fixtures should be
placed on inside walls which are warm on both sides. If possible, the
sink should be placed on the opposite side of the bathroom plumbing wall
to reduce the length of drain lines. All fixtures and lines should be
installed so that they can be drained or otherwise protected from
freezing. Drainable p—traps should be used and the user should be aware
that antifreeze solution should be added to his toilet if there is a
danger of freezing. Stop and waste valves should be provided at all low
points in house water supply lines. Home owners must be trained to
maintain the facilities after they are installed. They need to know how
to order parts, how to repair leaky faucets and toilets, and what not to
flush down toilets.

House vents frequently frost over in cold weather. They should
be constructed of low conductivity material and should increase in size
as they go into the unheated attic. One and one-half inch vents should

be increased to 3" and 3" to 4" and insulated in extreme circumstances.

7.7 Typical Construction Costs

Table 7-3 gives estimates of 1977 unit construction costs.

7.8 References
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Cost in Place¥®

UNIT CONSTRUCTION COSTS (1977)

Remarks

Buried Utilidors

On~-surface

Above-surface

Buried
Pipeline

Rock excavation

Permafrost
excavation

Normal Excavation

On-surface
Pipeline

Above-surface
Pipeline

Sewage grinder
pump and sump

Manholes

Lift stations

Tracked hauling

vehicle (2250 1)

Truck hauling

vehicle (4500 1)

Vacuum toilet
fixtures
(plumbing)

$400 to $1,200/m

$200 to $300/m
$600 to $1,700/m
$90 to $300/m

$50 to $75/m3

$40 to $80/m3

$20 to $30/m3

$60 to $100/m
$120 to $300/m
$3,200

$1,500 to $2,000

$18,000
$45,000
$25,000

$2,600

Does not include excavation.
Depends on how many lines
are included.

Depends on backfill material.
Depends on lines included
Costs depend on foundation
(piling, etc.).

Depend on lines included.

Does not include excavation
Depends on Backfill material.

Depends on water content and
time of year excavated.

Depends on foundation
(piling, etc.).

Two pumps in sump.

Does not include excavation
Depends on size, does not
include excavation

With tank, etc.

With tank, etc.

In existing house.
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Table 7-3. (CONT'D)

Item Cost in Place Remarks

Refuse packer $30 000
unit on 1-1/2
ton truck

Low water use $2200 In existing house.
toilet

Plumbing a $2100 Toilet, sink and lavatory.
house Includes fixtures,

Waste disposal $800 Includes excavation.
bunker (cribs) 5' deep x 6' x 6

House holding $3500 Water and waste
tanks

* All costs vary with transportation (see Section 2). Those costs given
are representative for mid—-arctic conditions.
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8 UTILIDORS

8.1 Introduction

Utilidors are conduits that enclose utility piping which,
in addition to water and sewer pipes, may include central heating, fuel
0il, natural gas, electrical and telephone conduits. Utilidors may be
located above, below, or at ground level and have been used in stable
and unstable seasonal frost and permafrost soils as well as in snow [l].
They may be large enough to provide access for maintenance purposes or
for use as a walkway, or they may be compact with no air spaces. Single
pipes or separate pipes on a common pile are not utilidors. The size,
shape, and materials used depend upon the number and types of pipes,
local conditions and requirements, and economics.

Utilidors have been constructed in many northern locations [1].
Perhaps the best—known examples of above—ground utilidors are in Inuvik,
MT {2,11,12]. Utilidors have also been extensively used below-ground
in high density areas and in permafrost areas in Russia [8,13].

Examples of various utilidors that have been constructed in cold regions
are illustrated in Figure 8-l.

Utilidors are not water distribution or sewage collection
systems in themselves. They are commonly used in cold regions to
consolidate piping, and perhaps other utilities, particularly where
central heating pipes are used and for above—ground systems. Also of
significance are physical protection of pipes and insulation, and
thermal considerations. As with other cold regions piping, they must
be insulated to reduce heat loss but often the insulation is located on
the utilidor exterior casing rather than on the individual pipes. Other
freeze—-protection measures, such as recirculation to maintain a flow in
water pipes, may also be necessary. Most utilidors have some mutually
beneficial heat transfer between the enclosed pipes. If central heating
pipes are included, heat loss from these can be sufficient to replace
utilidor heat losses and prevent freezing, but with this arrangement
temperature control within the utilidor is difficult. This can lead to
inefficiency and undesirably high temperatures in water pipes. Freeze-

protection alone is not sufficient justification for the use of



L.____ 975 (Varies) ———-—‘

1519 (16 Gauge})
Corrugated aluminum roof panel

f 75 mm Fiberglass insulation

Insulated high temperature water
supply and return, 200 @to 32

Removable panet 0 759 mm
(22 Gauge) aluminum sheeting

-

900 mm
(Varies)

Steel support frame

150 @or 200 @
Asbestos cement watermain

U Bolt

? Drift pin

[ : t’/ \\\\ i P Timber pile cap
i b
+ \% 250 @ Timber ple
UU; U& 4 5 m into permafrost

{a} Utildor with central heating ines, Inuvik, NW T {2]

Wood frame
150 @ Asbestos cement sewermain
Wood tie down clamp

38 mm Polystyrene insulation
/‘ boards sides and top (glued)

ﬂ 200 @ or 150 @
Asbestos cement watermain
u]/— Loose polystyrene insulation

II/_2O mm Plywood

g 25 @ Drain hole with screen
% ‘%—— Wood pipe support
1

i

Y

610

2~
’

o Né 150 x 150 mm Fir pile cap
\‘/‘ 75 x 200 mm Fir beam
Drift pin
200 @ Timber pile at 4 6 m spacing

{b) Plywood box utilidor, Inuvik, NW.T. [2]

200 @ Ashestos cement sewermain

P

760 & (Varies) v—o-l

Fiexible sealant at overlap points
150 @ Asbestos cement watermain

19 mm Galvanized banding at pipe saddles
\\\/-—Flberglass or polyurethane insulation

1897 mm (14 Gauge)
Corrugated metal pipe

Flexible sealant

200 or 150 &
Asbestos cement sewermain

Wood pipe saddle
200 @ Timber pile

(c) CMP Utiidor, Inuvik, NW T [2]

1519 mm (16 Gauge) Steel
TZ 657 mm (12 Gauge) Steel top

}_— 100 mm Polyurethane
-~ v

Q,J._ 65 & PVS Vacuum sewer

- I iy
x— 25 @ Copper heat trace pipe

52 PVC water
Wood beam and supports as required

(d) Utilidor with vacuum sewer, Noorvik, Alaska (3]

p—— 430 —

100 r%gng Polyurethane
1L 100 @ Sewer force mawmn

a30 1] - Q . ”/—13 mm Plywood

25 @ Copper heat trace

{(e) Single pipe with heat tracing, Noorvik, Alaska

FIGURE 8-1. VARIOUS UTILIDORS INSTALLED IN COLD REGIONS



i Power cables
ﬁ(/: Concrete
- Watermain
Sewermain

Polyurethane insulation
/, N 150 @ Carner pipe
O/—-\—- gg 2 Potable water

5 & Gray water ¢
co o\\)- Filter — 7o
U

L O/\_ 38 & Pipe heat trace-supply [ g?ndtfjg h
\_ 38 & Pipe heat trace-return v > ay 9
38 @ Treated effluent anes Non-heaving soll
300 & Corrugated metal pipe casing

A

-l 3200

(f) Utlidor with many small pipes,
Wainwright, Alaska [4] (i) Buried accessible utilidor, Mirryl, U.S.S.R [8]

Granular backfill
Filter fabric

Active layer VRSN
12t015m :,-Varles(06t012m)
300 mm Corrugated metal pipe - } - \§——50 mm Extruded polystyrene board insulation (1 2m x 1 8 m)

fl

Polyurethane insulation lce-nch 3
Electrtc heating cable permafrost -
18 mm Copper service lines

Adjustable chain pipe hanger

200 2 Wood stave sewer pipe

1 7 m Corrugated aluminum plate, 2 54 mm wall

1002, 150 @or 200 @ Steel, cement lined circulated watermain

300 mm ?:: ===l when depth of cover less than 0 9 m
40 mm Plastc isolation pipe Granular base \— Extruded polystyrene board insulaton (1 2m x 1.8 m)
100 mm Carner pipe {munimum) |—-—1 8 m-'-l
(g) Service connection 5] () Buned accessible utihdor, Nome, Alaska [9]

Fiberglass-reinforced
plastic filament wound pipes

Insulation surface treated

iy— with mastic or paint
R \/— Electric heating cable (optional)
\\ 50 P to 250 &

#7 Polyurethane foam insulation
Fiberglass-remforced
plastic extenor casing

Water recirculation pipe (optional)
Galvanized bolt

Alurmunum or galvanized
steel channel

Building Walkway

Electncal
Steam—\

Condensate return —;
(1A J

Water
I~ Pipe piles —~] Drain

- Sewer
(h) Prefabricated utilidor [6,7] oo L Bl e ST e PR

©

178 178

(k) Walkway utilidor, Cape Lisburne, Alaska [1]

FIGURE 8-1. (CONTINUED)



utilidors since individually insulated pipes could be used. Utilidors,
or utility tunnels designed for public passage are very expensive, and
are generally not justified for piping alone. However, where they are
required for passage or transportation, there can be overall economic
benefits by locating utility conduits within them.

In North America, utilidors are most commonly constructed
above—-ground in permafrost areas. Although below-ground utilities are
preferred, above—-ground construction may be necessary where there is
ice-rich permafrost, expensive excavation, or a lack of equipment for the
installation and maintenance of underground utilities. Temporary pipes
or piping that requires access may also be located above-ground.

Utilidors have disadvantages. Their applicability for a
particular location should be carefully assessed before implementation.
Individually insulated pipes, in a common trench or supported by a
common pile (see Figure 6-18) may be a more appropriate and economical

alternative [10].

8.2 Design Considerations

Inclusion of conduits such as electrical power, natural gas,
and telephone cables, along with water and sewer lines in utilidors can
be cost-effective and aesthetic. This practice is generally recommended
wherever practical. The addition of central heating lines may require
significant changes in utilidor design and operation. The use of central
heat generation and distribution is a more complex economic decision.
Walkways are sometimes constructed between buildings in construction
camps or military facilities or in high traffic and severe snow drifting
conditions. In these situations placing utility lines within them should
be considered. In some cases surface utilidors have been designed for
use as sidewalks.

These common functions of utilidors are often the primary
benefit and reason for their use. Some of the problems encountered when
other utilities besides water and sewer pipes are included in the

utilidor are:

a) jurisdiction problems in installation and maintenance;



b) coordination between various utility agencies during
planning and construction;

¢) differences in routing or other conflicting design criteria
for various utilities or utilidor uses;

d) difficulty or restrictions in expansion or changes to
utilities;

e) piping and utilidor design problems, particularly at
intersections and bends;

f) compatibility of materials; and

g) larger size, and perhaps special materials, which increase
the costs of utilidor construction and above-ground road

crossings.

In some situations, such as at industrial camps, military bases or in
planned communities, these problems may be overcome with overall cost

savings and aesthetic benefits.

8.2.1 Utilidors with central heating lines

The decision to use utilidors to carry central heating lines is
secondary to the benefits of central heating. These benefits include
the elimination of less efficient individual building furnaces and a
significant cause of fires, central fuel storage, and the possible use
of waste heat (see Section 14). These pipes often require access,
particularly for steam and condensate return lines. If they are buried,
utilidors are necessary for access. Separate pipes c¢an be used for
above-ground systems and may be more economical, but consolidating piping
within a utilidor may be more aesthetic.

When only central heating lines are considered, utilidors or
individually insulated pipes can be used (see Figures l4-8, 14-9 and
14-11), When central heating and water and sewer lines are installed in
a utilidor, the former can give off enough heat to prevent freezing
temperatures within the utilidor. This may eliminate or reduce the need
to loop and recirculate the water mains, although circulation is always
desirable in cold regions. Because the utilidor exterior is insulated,
conventional, uninsulated water and sewer piping and appurtenances are

usually used. For economical operation the central heating lines are
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usually insulated. In some cases it may be necessary to remove some
insulation from around the heating pipes to provide enough heat during
the coldest ambient temperatures. The utilidor in Figure 8-1(a)
commonly has 0.25 m of insulation removed every 10 m.

Problems occur because the heat source is constant and must
operate for all or most of the year. Therefore, when the ambient
temperature is warmer, the interior temperature of the utilidor will
increase and undesirably high water temperatures can occur when there is
little or no flow in the water pipes (see example 15-5). Users have
found it necessary to bleed considerable volumes of water to obtain cool
water [ll]. For this reason it is desirable to insulate the water pipes
[10}.

The heating of a large air space in the utilidor is less
efficient than the direct heating of water and its recirculation to
prevent freezing. This inefficiency is more significant for
above-ground and large utilidors. 1In some situations it will be more
efficient to design and operate the heating and the water and sewer
systems independently. If a utilidor is used the benefits will be
aesthetic for above-ground utilities, accessibility for below~-ground
utilities, and structural support for the pipes.

Thermal stratification can cause freezing of lower pipes in
large open utilidors when the average temperature is adequate. Vertical
air flow barriers may be necessary to prevent air currents along
inclined utilidors [11]}. Thermal shielding of pipes and poor
temperature distribution within a utilidor are shown in Figure 8-2 [l4].

Utilidors for central heat distribution pipes and other
utilities are expensive. Their large size increases the material and
construction costs, particularly for above-ground systems and
road-crossings. Central heating is only economical in relatively high
density developments, not single-family housing areas. With adequate
planning these utilidors can form the backbone of large community
systems, with non-heated utilidors servicing adjacent lower density areas.

Central heating systems must provide continuity of service and

they should be looped so that areas can be isolated for maintenance or
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FIGURE 8-2, TEMPERATURE VARIATION IN A UTILIDOR WITH CENTRAL
HOT WATER DISTRIBUTION, FAIRBANKS, ALASKA [14]

repairs. long-range planning is necessary to incorporate future
expansion and to allow efficient staging without the need for temporary

or unused lines to complete loops.

8.2.2 Utilidors with pipe heat tracing

Utilidors with the pipe heat tracing are designed specifically
to supply the amount of heat necessary to prevent freezing of the pipes
in the utilidor. Low temperature, 80°C to 98°C, glycol solutions or
other non—-freezing fluids, and small-diameter bare pipes are commonly used
(see Section 15.4.3). They can be used to heat utilidors or thaw out
frozen pipes. Many of the inefficiencies and problems with central

heating lines do not apply.

8.2.3 Above—ground utilidors

Below-ground utilities are usually preferred, but local
conditions, operating requirements and economics can make above-ground
utilities and utilidors attractive. Factors to be considered when

choosing between above or below-ground utilities are detailed in



8-8

Section 2. It should be noted that above-ground utilities were often
necessary in the past because the types of insulations in common use
required dry conditions and accessibility. For the same reason, buried
accessible utilidors were used. The development and availability of
near—hydrophobic rigid plastic foam insulations, such as polyurethane and
extruded polystyrene, has made buried systems feasible and more
attractive in many situations.

Above-ground utilidors should be as compact and as close to the
ground as practical to reduce the obstruction to traffic. Low utilidors
also reduce the elevation of buildings necessary for gravity sewer
drainage. Utilidors with central heating lines are often large and
require expensive wood or corrugated metal arch structures at road
crossings (Figure 8-3). Vacuum or pressure sewer systems may be
attractive in undulating areas since the utilidor can follow the ground
surface or can be buried at a constant depth. These systems use smaller-
diameter pipes than gravity systems. When small-diameter water and

sewer pipes are used, the utilidor size can be reduced (see Figure 7-8).

(a) Wood (b) Corrugated Metal Arch

FIGURE 8-3. ROAD CROSSINGS FOR A UTILIDOR WITH CENTRAL HEATING LINES
INUVIK, NWT
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Above-ground utilidors are located within rights—of-way behind
building lots where both physical and legal access are provided.
Buildings should be located near the utilidor to reduce the length of
service lines. A minimum of 3 m between building and utilidor is often
specified for fire protection. The street layout must consider the
looping of water mains for recirculation, the expense of road—-crossings
and vaults, and the high cost per metre, which are characteristics of
above-ground utilidors. An example of good planning is illustrated in
Figure 2-1l4.

Utilidors have been routed through the crawl space in buildings
to provide thermal and physical protection for the pipes, eliminate the
service connection utilidettes which are the most freeze-susceptible
portion of cold regions utility systems, and reduce the length of
utilidor and right-of-way required. Problems with this layout can
include the provision for access to piping and the danger of fires which
could jeopardize the community utility system. Fire and smoke can
travel along utilidors to other buildings. Fire resistant materials and
fire cutoff walls have been used to minimize this danger.

People often walk on utilidors, but because the travelled
surface and utilidor will require increased maintenance this is often
discouraged by design and legislation. In some locations, they have
been designed as sidewalks, but this is often impractical because of the

routing requirements for the utilidors and their elevation.

8.2.4 Below-ground utilidors

Although buried utilidors, usually of concrete, have been
constructed in unstable soils in many large communities in northern
Russia, they have had limited application in the cold regions of North
America and in Antarctica [l1]. Few buried utilidors have been con-
structed without the inclusion of central heating lines and perhaps other
conduits besides water and sewer pipes. A notable exception to all of
these generalities is the corrugated metal pipe utilidor for water and,
sewer lines in Nome Alaska (Figures 8-1(j) and 8-4). The primary
advantages of buried utilidors are access for maintenance and repairs,

the consolidation of utilities in a single structure and trench, and thermal
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FIGURE 8-4., BURIED UTILIDOR UNDER CONSTRUCTION,
NOME, ALASKA

considerations which may include freeze-protection and ventilation to
reduce the thawing of permafrost. In some cases, individual pipes or
utilidors without an air space (for example Figures 8-1(h) and 14-11)
may be appropriate and more economical.

Below—ground utilidors are subject to ground movements from
frost-heaving or thaw-settlement and groundwater infiltration, and this
has caused failures in ice-rich permafrost. To prevent progressive
thawing of permafrost, open utilidors with natural ventilation have been
used in Russia. Vents are opened during the winter to maintain
sub-freezing temperatures within the utilidor and refreeze the
foundation soils that were thawed the previous summer. Other foundation
designs that can be used in permafrost areas include the provision of
supports, refrigeration, insulation, and improving the foundation soils
within the expected thaw zone (see Section 15.6.1). Groundwater, melt-
water and water from pipe breaks must be considered in both unstable and

stable soils. 1In the spring, flooding can occur in buried utilidors
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which have an air space. Provisions to allow drainage of the utilidor
must be made; watertight utilidors are desirable and usually required.
Diversions or cutoff walls in the trench may be necessary in permafrost

areas to prevent detrimental groundwater flow along the trench.

8.3 Components and Materials

Utilidors that are well designed and constructed with high
quality materials have a longer useful life, cost less to operate and
provide more reliable service. Utilidors which have performed best were
constructed with metal exterior casing, used closed-cell insulation,
were structurally sound and had a solid foundation [2]. The basic

components of a utilidor are:

a) foundation,

b) frame,

¢) exterior casing,
d) insulation, and

e) piping.

8.3.1 Foundation

Foundation considerations and design will be different for
utilidors that are below-ground, at ground level or elevated. Each
requires site investigations and designs that will accommodate, reduce
or eliminate the effects of frost-heaving, settlement and surface and
subsurface drainage.

Above—-ground utilidors must be supported to provide grades for
gravity sewers and to allow the draining of pipes and the utilidor. Pipes
must be adequately anchored to resist hydraulic and thermal expansion stresses.

Where ground movements are within acceptable limits, utilidors
can be installed directly on the ground, or on a berm, earth mounds,
sleepers or posts.

In unstable areas utilidors are commonly supported on piles
which are adequately embedded into the permafrost (see Section 15.6.3).
The piles are dry augered if possible because thawing the permafrost
with steam or hot water increases the freeze-back period and
frost—-heaving. Because of the light weight of utilidors, the vertical

loads on the piles are relatively small and frost-heaving will usually



be the most significant design consideration for embedding piles.
lateral forces may be significant on some permafrost slopes, and lateral
thermal expansion and hydraulic stresses must be considered at bends.
Various types of piles have been used to support above-ground piping.
The selection depends upon the availability of local materials, the
length of pile required and economics. Piles used in Inuvik, NWT, are
usually rough timber poles and are embedded 4 to 6 m. At Norman Wells,
MWT, frost—heaving is severe and 100-mm diameter steel pipe is driven 12
m and grouted to the fractured shale bedrock. Piles may cost from $200
to over $750 each and may account for 10 to 207 of the total cost of
above—ground utilidors. Small utilidors are usually placed on a single
pile, but large utilidors may require double piling for stability. The
utilidor structure must be adequately anchored to the pile foundation.
Pile caps are often used to allow for poor alignment.

Buried utilidors in stable soils have conventional design
considerations which include surface loads. Frost—heave must be
considered for shallow-buried utilidors, and in ice-rich permafrost
soils, thawing must be prevented or considered in the design (see

Section 15.6,1).

8.3.2 Frame

The supporting frame must keep the above-ground utilidors rigid
in spanning piles or other supporting structures. The utilidor dead
loads, live loads including people, and stability must be considered in
the structural design. In some instances steel has been used, but
wooden beams are more common. Solid utilidors may utilize the pipe,
insulation and shell for beam strength (Figure 8-1(g,h)). An economic
analysis would indicate the best spacing of piles versus increasing the
beam strength of the utilidor frame. Utilidors supported by wooden
beams in Inuvik, NMWT, usually span 4.5 m. Steel beams or pipe can be
used to span up to 7.5 m, which is generally the practical limit without
special designs.

Buried utilidors must also have some beam strength to hold pipe
grades and span local poor bedding or foundation soils. Beam strength

is usually incorporated into the exterior casing.
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8.3.3 Exterior Casing

The primary function of the exterior c¢asing is usually to hold
the insulation in place and to protect the pipes from the weather and
physical damage. When the exterior c¢asing is an integral part of the
structural strength and rigidity it is usually metal or fibreglass with
polyurethane insulation bonded to it.

The outer shell of above-ground utilidors should be designed
for easy removal to provide access to piping. This is partieularly
important at appurtenanc¢es, but is desirable along the c¢omplete utilidor.
The joints in the sections must be designed to seal against rain, snow
or air infiltration. Drain holes located in the bottom should be prov-
ided periodiecally to allow drainage in ¢ase of a pipe break.

Materials that have been used for the exterior ¢asing inc¢lude
corrugated and sheet metal, plywood or wooden beams, and fiberglass
reinforced plastiec. Concrete has also been used for surface or buried
utilidors. Although wooden box utilidors have the lowest c¢apital cost,
they have a low life expectaney and the highest maintenance costs due to
painting requirements and physiecal damage. Wood is easy to work with
and the utilidor, vaults and servic¢e c¢onnections ¢an be easily constr-
ucted on—site even in c¢old weather. Wooden utilidors are sometimes
covered with a thin metal sheet or asphalt paper. Metal utilidors may
be diffieult to fabricate and install, particularly at bends, junetions
and appurtenances. They are rugged and have a longer life expectancy,
and require less maintenance than wooden exterior casing utilidors.

Below-ground utilidors require a rigid exterior c¢asing that
is watertight and provides the struetural strength required by the

utilidor.

8.3.4 Insulation

Insulation is probably the most ¢ritiecal c¢omponent in all e¢old
regions piping systems, including utilidors. Water ¢an enter the
utilidor at joints or from breaks in the pipes, and it is impracticeal to
keep the insulation dry. Insulations that absorb moisture lose their

insulating value, particularly when the moisture freezes; therefore,
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asbestos fibre, rock wool, glass fibre, wood, sawdust, peat moss and
similar materials are undesirable and must not be used in inaccessible
utilidors. Polyurethane, and expanded and extruded polystyrene are the
most common insulations used. Ground or bead polystyrene and foamed-in-
place polyurethane can be used to fill the voids in utilidors. The
former provides access to pipes for repair and removal. Fire resistant
insulations are preferred since they reduce the spread of fire along
utilidors.

Thermal characteristics of various insulations are given in

Appendix C and Section 15.7.2,

8.3.5 Piping

Leaks from pipes and joints in utilidors may cause water and
icing damage to the utilidor, and there is also a danger of contamina-
tion and cross—connections. Most public health codes do not allow the
proximity of water and sewer pipes. Wavers or adoption of new codes
will be necessary before utilidors can be used. In the Northwest
Territories, water and sewer pipes are allowed in a common trench or
utilidor if pressure-rated pipes and joints are used and all pipes are
tested for zero leakage. Open sewers are not allowed and sewer
cleanouts must be capped.

Most types of pipe materials have been used in utilidors. Each
has advantages and disadvantages. Rigid pipes with welded or equivalent
joints may not require as much support or hydraulic thrust blocking at
bends, hydrants and intersections, but the design must allow for thermal

expansion.

8.3.6 Cross—section design

The cross—section design and piping arrangement will depend
upon the access required and type, size and number of pipes to be
included in the utilidor. Other considerations may include standard
sizes of materials, for example 4 feet x 8 feet plywood sheets, and the
routing of piping. The utilidor size is often dictated by the maximum
dimensions of pipe appurtenances, repair clamps and joints, and the

spacing of pipes that is necessary at deflections and intersections.
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Pipes with smooth joints may be placed closer together and a smaller
cross—section may be used. Installation, repairs and maintenance

requirements must also be considered.

8.3.7 Prefabricated utilidors

Most utilidors are prefabricated to some extent, but all
require some field construction. The primary advantage of
prefabrication is the reduction in field-erection time. This reduces
labour costs and facilitates installation within the short construction
season, but prefabricated utilidors generally have high material costs.
High quality control and special designs are possible in shop
fabrication. Prefabricated utilidors commonly combine the functions of
the basic utilidor components. The pipes, rigid insulation and exterior
casing provide beam strength, rigidity, and thermal and physical
protection.

One type of prefabricated utilidor consists of a carrier pipe,
polyurethane foam insulation, and a bonded exterior casing of sheet or
corrugated metal, glass fiber reinforced plastic or plastic, depending
on the strength requirements (see Figures 8-1(f)(g), A-1 and A-2). This
system is commonly used for small-diameter pipes and service connections
to buildings. A completely prefabricated glass fibre reinforced plastic
two-pipe utilidor system is illustrated in Figure 8-1(h). It is
longitudinally segmented and has staggered joints to allow removal of
individual pipes.

Appurtenances such as hydrants, cleanouts, and bends are
prefabricated modules that are inserted into the system where required
[16].

8.4 Appurtenances

Some appurtenances for piping systems and utilidors must be
specially designed or adapted. This applies particularly for above-ground
utilidors, where special hydrants, valves, cleanouts and bends may be

necessary.

8.4.1 Above-ground hydrants

"In-line" hydrants located directly on a tee in the water main

are recommended. They may be installed without additional freeze prot-



8-16

ection if the barrel is short enough that heat from the water main will
prevent the valve from freezing. ILeakage through the valve must be
prevented since the freezing of water may damage the hydrant and make
thawing necessary before use. Building-type fire hydrant outlets and
butterfly valves have been used because of their small size and light

weight. One design is illustrated in Figure 8-5.

Flanged tee

Hydrant housing filled
with loose batt insulation

LI NN N 2-Way siamese connection
Utilidor ——_ ~\ = / /—Removable end cover

Butterfly valve with 50 x 50mm
square operating nut

Watermain —

|—-——————-75O mm ———*'l

Steel stub flange

FIGURE 8-5. ABOVE-GROUND UTILIDOR HYDRANT

The hydrant enclosure must be rugged, well insulated, and
appropriately marked and painted. Access to the hydrants must be quick

and easy but it must also discourage vandalism.

8.4.2 Sewer access

For above-ground sewers, and water and sewer pipes within a
utilidor, the sewer access cleanouts must be sealed to prevent
cross—-contamination. The flanged tees for pipes larger than 200 mm
diameter usually provide an adequate opening to insert cleaning or
thawing equipment. Standard fittings for smaller pipes do not provide
adequate access in both directions. Special fittings with larger slot
openings that can be sealed have been used (Figure 8-6). Special venting

may be necessary when the building vents are not adequate.

-~



Galvanized bolt
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o) o 9] ]

\— Fiberglass reinforced plastic

Cloth impregnated rubber gasket to
indicate when pipe is under pressure

l-—*————450mm —————1
. )
]

\—— Steel

T Brass nut

FIGURE 8-6. SEWER CLEANOUTS

8.4.3 Vaults

Vaults are the above-ground enclosures which contain the
hydrants, valves, thrust blocks, intersections, bends, and other piping
system appurtenances, including recirculation pumps, heaters and
controls. Access to these appurtenances is provided through the vaults,
which can be only slight enlargements of the utilidor, or small
buildings. Usually they are individually designed and fabricated.
Thrust blocking and vaults at bends may not be required where small-
diameter pipes or rigid pipes are used. The vaults contain the
expensive piping system appurtenances which can be a significant portion
of the total utilidor cost. Vaulted appurtenances accounted for 307 of

the cost for the two—-pipe wooden box utilidor shown in Figure 8-1(b).

8.4.4 Utilidor crossings

Pedestrian and vehicle crossings must be provided where
above-ground utilidors are used. The cost of these crossings is a
function of the utilidor size and its height above the ground. Large or
high utilidors require bridge-type structures for road overpasses

(Figure 8-3). Costs in 1977 were approximately $35 000 in Inuvik, MWT,
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Smaller utilidors can be protected by less expensive corrugated metal
pipe culverts (see Figure 7-8).

The utilidor and road layout should minimize the number of
crossings that are required. The roadway and drainage system must take
into consideration the locations of utilidor overpasses. Steep
approaches to the crossing can impair driver visibility. Long
approaches can disrupt the surface drainage system, and the overpasses
tend to become drainage paths that accumulate garbage.

Utilidors and piping can also be elevated above roadways or
buried at road crossings. These alternatives may require expensive lift
stations which can impede the complete drainage of the pipes and
utilidor. Underpasses can be excavated, however, this is difficult and
expensive in areas of ice-rich permafrost. In 1974, the roadway
excavation, permafrost protection and utilidor reinforcing for an
underpass in Inuvik, NWT, cost $70 000.

Pedestrian crossings can be a part of the roadway crossings

but separate wooden stairways may also be required at certain locations.

8.5 Thermal Considerations

The placement of pipes within a utilidor provides possible
thermal benefits in that the proximity of water mains to warm sewer
pipes, and heating pipes if they are included, reduces the risk of
freezing and partially compensates for heat loss. It is important to
minimize the surface area of the utilidor to reduce heat loss. The size
and shape of a utilidor may, however, be dictated by considerations
other than heat loss. Most utilidors are no more thermally efficient
than individual pipes with annular insulation, and utilidors containing
large air spaces will be less efficient. The effects of utilidor shape
and size on heat loss are illustrated in Figure 15-5. Information
required to estimate heat loss and freeze—up time for pipes and
utilidors is presented in Section 15.

All exposed utilidor surfaces should be insulated. Thermal
breaks or penetrations should be isolated from the pipes. Insulated

flanges and extra insulation at pipe anchors have been used. Additional
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insulation should be provided at appurtenances and vaults with larger
surface areas than the utilidor.

Freeze-protection provided for utilidor piping can be similar
to that for single pipes, and heat tracing can be used to maintain a
minimum temperature. Temperature control within the utilidor is
difficult when control heating or domestic hot water lines are included.

While soil cover and snow provide some natural insulation for
buried utilidors, shallow-buried, and above-ground piping and utilidors
are subject to extreme air temperatures. They must be designed for the
l