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SEWER CONSTRUCTION GUIDELINE 

1.0 INTRODUCTION 

This publication outlines the methods and procedures 
for installing a gravity sanitary sewer, and its 
associated appurtenances such as manholes and house 
connections. 

The guideline is intended as a 'how to1 manual for use 
by Indian bands and it would also be useful to 
construction supervisors or anyone directly involved in 
sewer installation. 

The procedures are described step-by-step, and 
illustrations are provided where necessary. It is 
assumed that the reader has some basic construction 
experience. 

2.0 DEFINITIONS 

This section contains definitions of the most important 
technical terms used in this publication. These terms 
are also explained in the text. 

Alignment : The horizontal location of the 
sewer. 

Alignment stake: See offset stake. 

Batter board; A cross tee nailed to a post. The 
post could be 50 mm x 100 mm rough 
lumber driven solidly into the 
ground beside the grade stake. 
Other sizes of post can be used 
provided they are sturdy. 
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Boning rod: A measuring device constructed of a 
wooden shaft with one or more cross 
tees nailed near the top of the 
shaft (similar to cross tee on 
batter board) and a wooden cleat or 
toe nailed onto the bottom. When 
used to measure, the toe rests on 
the invert of the sewer or the 
bottom of the trench. 

(also known as a house connection 
or service lateral) The piped 
connection between a building such 
as a home or band office and the 
main sewer. A typical connection 
is shown in Figure 19. 

Cross tee: A piece of rough lumber (for 
example 25 mm x 50 mm x 450 mm) 
nailed to a post. Cross tees are 
used in constructing batter boards 
and boning rods. 

Cut ; The vertical distance from the top 
of the grade stake to the pipe 
invert. 

Grade : The vertical location (elevation) 
of the sewer. 

Grade stake: See offset stake. 

Laser beam system: A very precise method of 
controlling the line and grade of a 
sewer, without the use of batter 
boards and boning rods. 

Layout ; Placing survey stakes that indicate 
the alignment and grade of the 
sewer by the information marked on 
them. 

Building service 
connection : 
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Offset distance: 

Offset stake: 

Pipe bedding : 

Pipe invert: 

Setting grades: 

Station: 

The distance between the actual 
sewer centreline and the offset 
stake. Usually referred to as 
"offset". 

A stake placed at each station 
along the sewer route and used for 
determining both the horizontal 
location (alignment) and the 
elevation (grade) of the sewer. It 
can also be referred to as the 
alignment stake or grade stake. 

The material upon which the sewer 
pipe rests which provides a firm 
and uniform support under the 
entire length of pipe. The type of 
bedding provided affects the 
supporting strength of the pipe. 

The bottom of the inside of the 
pipe. 

The operation of transferring 
survey data to the grade stakes and 
procedures for using this data to 
construct the sewer at its correct 
elevation (grade). 

A location along the sewer route. 
This is usually given as the 
distance in metres (or feet) from 
the start point of the sewer 
expressed as the number of full 
hundreds of metres (or feet) plus 
the remaining metres (or feet). 
For example, a distance of 135 m 
from the start would be expressed 
as station 1 + 35. 
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3.0 ALIGNMENT AND GRADES 

3.1 General Remarks 

This section describes procedures to lay out the 
horizontal and vertical location of a proposed sanitary 
sewer, based on the design information on plans and 
drawings. 

3•2 Sewer Alignment Layout Procedures 

The usual method of marking the alignment is to drive 
stakes into the ground and to mark the necessary 
information on the stake. Usually, this is done by 
trained surveyors. 

Suggested procedures are: 

a. Determine the starting point of the sewer 
construction. This is generally the low point or 
"outlet" of the proposed sewer. 

b. Define the sewer centreline alignment using wooden 
stakes constructed from rough lumber. These 
stakes are usually 50 x 25 mm x 450 mm 
(1" x 2" x 20") in size. These alignment stakes 
should not be disturbed during construction and so 
should be driven into the ground on the opposite 
side of the trench from where material excavated 
from the trench is to be placed (see Figure 1). 
The distance between the actual sewer centreline 
and the alignment stake is called the “offset 
distance". For the offset distance allow enough 
space for the expected trench width at ground 
level plus about 3 m (10 ft.) to permit the 
movement of workers and equipment between the 
trench and the grade stake. For most sewers the 
offset distance (usually referred to as simply 
"offset") is about 5 to 8 m (15 to 25 ft.). 

c. Place offset stakes (alignment stakes) at the 
following locations (called stations) along the 
sewer route: 

(1) start point of the sewer; 
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(2) at regular even intervals of every 10 or 20 m 
(50 or 100 ft.) from the start point of the 
sewer ; 

(3) location of manholes; and 

(4) where the sewer changes direction either 
vertically or horizontally. 

Typical offset stake locations are shown in 
Figure 1. 

d. Place the following information on each offset 
stake. 

(1) Station: the distance in metres from the 
start point. The usual method of expressing 
the station is to take the total distance and 
express it as the number of full hundreds of 
metres plus the remaining number of metres. 
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figure l 

allow enough 
space for 
movement of * ,taking 

workers and equipment distance 

may vary 
TYPICAL OFFSET STAKE LOCATIONS 
PLAN: 
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Example : 

Stakes required at: Station 

Start point - zero (0) m 0 + 00 
0 + 10 
0 + 20 
0 + 30 
0 + 40 

Every 10 m from start point 

Change in vertical direction 
(grade) at 48 m - manhole 0+48 

0+60 
0 + 70 
0+80 
0 + 90 
1+00 

Change in horizontal direction 
(grade) at 110 m - manhole 1 + 10 

etc . 

The same principles would apply using imperial 
stations. 

(2) Offset distance and direction to the sewer 
centreline. This is shown on a different 
stake face than that used to mark the 
station. (See Figure 2) 

Definitions ; 

Setting grades: the operation of transferring survey 
data to the grade stakes and procedures for using this 
data to construct the sewer at its correct elevation 
(grade). 

3.3 Sewer Pipe Grades 

3.3.1 Grade Setting Method 
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Figure 2 

PLACING SEWER USING BATTER BOARDS AND BONING ROD 
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The steps required to set and use grades are as 
follows: An example, shown in Table 1 and Figure 2 
will illustrate the method. 

Note that "grade stake" and "offset stake" are used 
interchangeably since the same stake is used for two 
purposes^ the "offset" determines the horizontal 
location and the "grade" determines the elevation. 

TABLE 1 

(1) 

Station 

0+00 
0 + 10 
0+20 

Example of Grade Setting 

(2) (3) (4) (5) 

Top of 
Stake 
(m) 

(step a) 

Invert 
(m) 

(step b) 

Stake to 
Cut Batter Board 
(m) (m) 

(step c) (step e) 

281.861 278.260 3.601 
282.216 278.473 3.743 
281.746 278.686 3.060 

1.039 
0.897 
1.580 

Boning rod = 4.64 m (from step d) 

Steps : 

a. Determine elevation of tops of grade stakes 

As the sewer grade will be constructed using the 
top of stake elevations, these elevations must be 
determined very accurately by qualified 
surveyors. These elevations are entered in 
Table 1 Column 2. 

b. Enter sewer design invert for each station in Column 3 

This information would be determined from the 
engineering drawings. 
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c. Determine "cut" for each station 

The "cut" is the vertical distance from the top of 
the stake to the pipe invert. It is determined by 
subtracting Column 3 from Column 2 at each station. 

Enter the "cut" in Column 4 as well as onto the 
grade stake (see Figure 2). 

"Batter boards" and a "boning rod" must now be 
constructed (steps d and e). 

Definitions : (refer to Figure 2) 

Batter board; A "cross tee" (see below) nailed to 
a post. The post could be 50 x 100 mm rough 
lumber driven solidly into the ground beside the 
grade stake. (Other sizes of posts can be used 
provided they are sturdy). 

"Cross tee"; A piece of rough lumber (for example 
25 mm X 50 mm X 450 mm) nailed to the post. 

Boning rod: A measuring device constructed of a 
wooden shaft (length to be determined in step d) 
with two cross tees nailed near the top of the 
shaft (similar to cross tee on batter board) and a 
wooden "cleat" or "toe" nailed onto the bottom. 
When used to measure, the "toe" rests on the 
invert of the sewer or the bottom of the trench. 

Referring again to Figure 2, the next steps 
describe the procedure for setting the cross tees 
on the batter board posts in such a way that the 
tops of the cross tees form an imaginary straight 
line parallel to the proposed sewer (referred to 
as the batter board line in Figure 2). In other 
words, if the design calls for the sewer to have a 
slope of 5%, the batter board line would also have 
a slope of 5%. 

In order to use the batter board line, it must be 
set a convenient distance above the ground so that 
a person can sight along it. This is further 
explained in step d. 
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d. Set cross tees on boning rod 

As illustrated in Figure 2, the boning rod has two 
cross tees. The tops of these cross tees are set 
the following distances from the bottom of the 
"toe": 

(1) Lower cross tee: vertical distance from 
batter board line to the invert of sewer. 

(2) Upper cross tee: vertical distance from 
batter board line to proposed bottom of trench. 

Note from the above, that the distance between the 
tops of the two cross tees = thickness of pipe 
plus bedding thickness. 

Lower cross tee 

Using the data in Table 1 at sta 0+00: 

Ground elevation at 0 + 00 = 281.4 (determined by 
survey). For convenience of sighting we would 
like the top of the batter board cross tee to be 
approximately 1.0 m to 1.75 m above the ground 
(1.5 m will be used in this example). 

.*. Set elevation of top cross tee (at 0 +00) 
= 281 .4 + 1.5 
= 282.9 

Invert at 0 + 00 (from Column 2) 
= 278.260 

From top of batter board cross tee to invert 
= 282.90 - 278.26 
= 4.64 m 

Set top of boning rod cross tee 4.64 m from bottom 
of toe. 

Upper cross tee 

As noted at the beginning of this section, the 
distance between the tops of the 2 cross tees = 
bedding thickness plus pipe thickness. 
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Say for our example, a 300 mm pipe is being placed 
with a wall thickness of 4 cm (0.04 m) and the 
bedding thickness is 150 mm (0.150 m). 

Distance between cross tees = 0.04 + 0.150 
= 0.154 m 

.*. set top of upper cross tee 
4.64 + 0.154 = 4.794 m from bottom of toe 

e. Set batter board cross tees 

Recall from section (d), the boning rod cross tees 
are set according to the distance between the 
batter boards and the invert. We began by 
approximating a height above ground level for the 
batter boards and setting the boning rod cross 
tees accordingly. Now we will set the batter 
board cross tees more precisely. 

Elev. top of batter board: 
= elev. sewer invert + lower boning rod 
cross tee distance (4.64 m - from step d) 

Example ; 

At sta 0 + 00 = 278.260 + 4.64 
= 282.90 

Elev. top of stake = 281.861 (from Column 2) 

Therefore, distance from top of stake to top of 
batter board 

= 282.90 - 281.861 = 1.039 m 

This figure goes in Table 1, Column 5 under the 
heading "Stake to Batter Board". 

With this column completed, the batter boards can 
be placed by measuring from the top of the stake 
with a hand tape and nailing the cross tees to the 
post. 
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It is very important that the batter board cross 
tees are placed level (using a carpenter's level) 
when they are nailed onto the posts. The reason 
for this will become clear later. 

3.3.2 Sewer Placement Using Grades 

a. Excavate the trench 

When batter boards have been placed on a minimum 
of 3 stations, the trench can be excavated. 

Before starting, ensure that the 3 batter boards 
line up. As you recall from section (c), (refer 
to Figure 2) we are attempting to produce an 
imaginary straight line parallel to the sewer. 

The first check on our calculations is that the 
tops of the batter board cross tees form a 
straight line. If a mistake has been made, 
usually the batter boards will not line up. It is 
for this reason that a minimum of 3 batter boards 
are used since there would be no check with only 2. 

Steps : 

(1) Excavate the trench to approximate depth. 

(2) Place the boning rod in the trench. Referring 
to Figure 2, the foreman/woman stands behind 
the batter board at sta 0+00 and sights 
along the top edges of the cross tees. If the 
tops of the batter board cross tees are level, 
they will form a plane and by shifting his or 
her head slightly back and forth, the 
foreman/woman is able to see the batter boards 
and the boning rod superimposed on each other 
and verify that the trench has been excavated 
to the proper grade. If not, then adjustments 
must be made to raise or lower the trench 
until it is at the correct grade. 
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Make several cheeks to ensure that the entire 
trench bottom is at the correct grade. 

(3) Place and compact bedding. (Refer also to 
4.0) . 

b. Place sewer pipe in trench 

When the first sewer pipe is placed in the trench, 
place toe of boning rod on sewer invert, (see 
Figure 2) and check that boning rod and batter 
boards line up. This procedure is similar to 
checking the trench bottom. 

When checking the trench excavation and the sewer 
placement, be careful to use the correct cross tee 
on the boning rod. As you recall, the upper cross 
tee is for the trench excavation and the lower 
cross tee for sewer placement. 

Adjust pipe elevation if required by adding or 
removing bedding material and repeat process for 
next pipe. 

Although this method for placing sewers might 
appear somewhat crude, it is a very simple 
procedure that is extremely accurate. A skilled 
construction crew, working from accurate survey 
data can place the sewer pipe to within 6 mm (1/4 
inch) with this method, which is quite adequate 
for sewer placement. 

We should note that in rolling terrain, the method 
requires a little more ingenuity to apply since 
the batter boards will be up and down in relation 
to the ground. Ability to handle such conditions 
normally comes with experience and is outside the 
scope of this manual. 

3.4 Alternative Grade Setting Methods 

3.4.1 Grade and Alignment Using Laser Beam 

A more precise method of controlling line and grade is 
to use a laser beam. This system uses a thin 
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continuous visible beam of light which is directed 
along the proposed sewer line to a target to control 
the alignment and grade of the sewer. 

The method works as follows. The first manhole in the 
system is placed by conventional means by batter boards 
as described earlier. The laser unit is then placed in 
the manhole, and the laser beam aimed in the correct 
direction horizontally. The design slope of the sewer 
is then set on the laser unit by means of an adjustable 
dial. 

The sections of sewer are placed and checked by means 
of a special target placed on the invert of the pipe 
being placed. The pipe can be adjusted to the desired 
grade by adding or removing bedding material. 

Using a laser, pipes can be placed as accurately as 
with conventional means but far more quickly. The 
method does not rely on the skill of the foreman/woman 
to use the batter boards and is a much simpler method 
of controlling sewer placement. 

When a sewer is placed using a laser beam, it is very 
important to check the sewer pipe periodically for line 
and grade using conventional survey methods. This is 
because the laser system does not have the built in 
self-checking features that conventional surveying has, 
therefore it is wise to double check the placement. 

4.0 SEWER EXCAVATION, INSTALLATION AND MATERIALS 

4.1 General Remarks 

This section provides information on: 

a. trench excavation; 

b. placement of pipe bedding and backfill materials; 

c. pipe laying and jointing; and 

d. backfilling of sewer pipe. 
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It is assumed the reader has some basic knowledge of 
excavation practices, pipe handling etc. Since it is 
not possible to present detailed instructions for each 
and every type of sewer construction material, it is 
recommended that the manufacturer's installation 
instructions for the particular material be followed 
during construction. Most manufacturers have 
representatives available for assistance and 
instruction on their products. 

Adequate records should be kept of all work done. See 
7.0. 

4.2 Excavation 

4.2.1 Trenching 

4.2.1.1 Trench Width 

The required trench width depends upon the pipe 
diameter, soil type, and excavating equipment used. 

The trench width should not exceed that specified by 
the designer. When the trench width is not specified, 
refer to standard sewer bedding details in Figures 3, 
4, 5 and 6 as a guide. 

The trench width measured at the top of the pipe is the 
most critical dimension for determining the pipe 
loading. The trench width above the pipe can be 
increased without significantly affecting the earth 
load on a pipe. Although this requires additional 
excavation it may be cost effective, since it reduces 
the requirement for trench shoring. 
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Figure 3 

NOTES: 

1 4_OAD FACTOR OF 2.8. 
2. GRANULAR BACKFILL IN 150 mm LIFTS. MINIMUM 24 HOURS 

AFTER POURING CONCRETE. 
3. ALL MEASUREMENTS IN MILLIMETRES UNLESS OTHERWISE NOTED 
4. GRANULAR MATERIALS GRADATION AS DIRECTED. 
5. TRENCH BACKSLOPES TO CONFORM TO APPLICABLE SAFETY CODES. 

TITLE /TITRE 

SEWER BEDDING DETAIL CLASS "A" 

Indian and Northern 

Affairs Canada 

Affaires indiennes 

et du Nord Canada 

SOURCE 

MUN.SERV. 

Technical Services 
and Contracta 
Branch  

Direction générale 
de# Service# techniques 
et des marchés  

DRAWN BY/DESSME PAR 

R.N. LAIGHT 

CHECKED BY/ VERIFIE PAR 

C. TRITES o<7- 

SCALE /ECHELLE 

N.T.S, 

DATE/DATE 

28 10 81 

REFERENCE No./No DE REFERENCE 

U 0800 
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Figure 4 

UNDER ROADWAYS UNDER UNTRAVELLED PORTIONS 

TOPSOIL & SEED OR 
SOD AS DIRECTED 

UNDISTURBED 
MATERIAL 

OPTIONAL 
CONSTRUCTION 
JOINT WITH 
50 x 100 
BEVELLED KEY 

MAXIMUM 25 mm MORTAR FOR GRADE ADJUSTMEN 
IF SLAB IS CAST SEPARATELY 

NOTES: 

1 ALL MEASUREMENTS IN MILLIMETRES UNLESS OTHERWISE NOTED 
2 TRENCH BACKSLOPES TO CONFORM TO APPLICABLE SAFETY CODES 

TITLE / TITRE 

SEWER/WATERMAIN - CONCRETE ENCASEMENT 

Indian and Northern 
Affairs Canada 

Affaires indiennes 
et du Nord Canada 

SOURCE 

MUN.SERV. 

Technical Services Direction generale 
and Contracts des Services techniques 
Branch   et des marches 

DRAWN BY/DESSINE PAR 

R.N. LAIGHT 

CHECKED BY/ VERIFIE PAP 

C.TRITES C/fT 

SCALE/ECHELLE 

NTS. 

DATE/DATE 

28 10 81 

REFERENCE No / No DE REFERENCE 

U 0102 
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Figure 5 

UNDER ROADWAYS UNDER UNTRAVELLED PORTIONS 

TOPSOIL & SEED OR 
SOD AS DIRECTED 

UNDISTURBED 
MATERIAL 

NOTES: 

1 LOAD FACTOR OF 1.9. 
2 ALL MEASUREMENTS IN MILLIMETRES UNLESS OTHERWISE NOTED 
3. GRANULAR MATERIALS GRADATION AS DIRECTED. 
4. TRENCH BACKSLOPES TO CONFORM TO APPLICABLE SAFETY CODES 

TITLE/TITRE 

SEWER BEDDING DETAIL CLASS"B" 

Indian and Northern 
Affairs Canada 

Affaires indiennes 
et du Nord Canada 

SOURCE 

MUN.SERV. 

Technical Services Direction générale 
end Contracts des Services techniques 

DRAWN BY/DESSME PAR 

R.N. LAIGHT 

CHECKED BV/ VERIFE PAR 

C. TRITES 

SCALE/ ECHELLE 

NTS. 

DATE/DATE 

28 10 81 

REFERENCE No./No.DE REFERENCE 

U 0801 
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Figure 6 

UNDER ROADWAYS UNDER UNTRAVELLED PORTIONS 

TOPSOIL ft SEED OR 
SOD AS DIRECTED 

UNDISTURBED 
MATERIAL 

NOTES: 

1 ALL MEASUREMENTS IN MILLIMETRES UNLESS OTHERWISE NOTED 
2. GRANULAR MATERIALS GRADATION AS DIRECTED 
3 TRENCH BACKSLOPES TO CONFORM TO APPLICABLE SAFETY CODES 

TITLE / TITRE 

SEWER BEDDING DETAIL CLASS"C" 

Indian and Northern 

Affairs Canada 

Aflaires indiennes 

et du Nord Canada 

SOURCE 

MUN. SERV. 

Technical Services Direction générale 
and Contracts des Services techniques 
Branch et des marchés  

DRAWN BY/OESStC PAR 

R.N. LAIGHT 

CHECKED BY/VERTC PAR 

C. TRITES 

SCALE/ECHELLE 

NT.S. 

DATE/DATE 

28 10 81 

REFERENCE No /Ho OE REFERENCE 

U 0802 
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The increased width which is practical will 
depend on the location of existing underground 
utilities such as water and hydro, and above 
ground features such as roads and buildings. For 
example, it would be more practical to widen a 
trench in open fields than in built-up areas. 

The narrowest trench width possible will often 
depend on the excavation machinery used. For 
example, the minimum trench width that can be 
constructed using a 5/8 cubic metre (3/4 cubic 
yard) capacity machine is about 700 mm (28 in.). 

4.2.1.2 Trench Depth 

The required trench depth at any particular 
location is specified on the construction 
drawings. 

The trench bottom must be free of large or sharp 
edged rocks that could damage the pipe, and 
should not consist of unstable soil such as wet 
silt or clay. 

In addition, the trench bottom must be free of 
water. 

To prevent freezing, the trench should be deep 
enough to ensure that the sewer is below frost 
level. If this is not possible, the pipe should 
be insulated. 

Examples of commonly used insulating materials 
are: polyurethane foam which can be applied 
directly onto pipes in the field, and high 
density extruded polystyrene sheets (styrofoam) 
which are placed immediately above the sewer. In 
addition, pre-insulated sewer pipes are available 
(mainly polyethylene). The pipe is manufactured 
with rigid polyurethane foam insulation 
surrounded by a polyurethane jacket. 
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When unstable trench bottoms are encountered, it 
will be necessary to excavate below design depth 
(normally at least 0.3 m [1 ft.]) and backfill 
with material capable of properly supporting the 
pipe. Granular materials such as sand and 
crushed stone are commonly used for this purpose. 

4.2.2 Trench Wall Protection 

4.2.2.1 Shoring 

The maximum vertical unshored trench permitted by 
most construction safety acts is about 1.2 m (4 
ft.). For greater trench depths, shoring or 
sloping back the trench is required. 

The type and amount of shoring depends upon depth 
of trench, soil type, water conditions (for 
instance a high water table due to heavy 
rainfall) and the location of the trench relative 
to existing buildings, roads, etc. Figure 7 
shows typical shoring methods; if more specific 
information is required, this can generally be 
obtained from provincial labour departments or 
construction safety associations. 

When removing shoring materials from the trench, 
exercise care to prevent disturbance of the sewer 
pipe. The shoring is often left in place to 
prevent the formation of voids which would 
disturb supporting conditions of the backfill and 
result in pipe movement. Shoring can be cut off 
at the top of the pipe and the upper portion 
removed without disturbing support conditions. 

4.2.2.2. Trench Box or Cage 

This is a more common method of providing trench 
wall protection (see Figure 8). It consists of a 
prefabricated steel "box" that the contractor 
places in the trench and drags along (using a 
backhoe) as the work progresses. The workers in 
the trench can then work within the safety of the 
trench box. 
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Figure 7 

TYPICAL SHORING METHODS 
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4.2.2.3 Sloping of Trench Walls 

In areas where increasing trench width is 
acceptable, shoring requirements can be reduced 
or eliminated by sloping the trench walls 
outwards. The slope will depend upon the soil 
conditions, but usually a 1:1 slope is used (see 
Figure 9). 

4.2.3 Trenching Safety Practices 

Trenching operations are a major source of 
accidents on construction projects. The 
construction supervisor must ensure work is 
conducted in a safe manner and environment. 

Some safety procedures to be followed during 
trenching operations are: 

a. shore excavated areas or slope trench walls 
where required; 

b. workers should not be alone in a trench; 

c. workers should attempt, as much as possible, 
to face machinery while they are working, 
also operators should avoid swinging 
machinery over the heads of workers; 

d. do not keep tools, machinery, timber etc. 
adjacent to the trench, as there is always 
the danger that they will fall in; 

e. only qualified persons should use explosives; 

f. never leave open trenches unbarricaded; 

g. the trench should be backfilled as soon as 
possible after the sewer has been placed - 
normally, the maximum length of open trench 
permitted is 100 m (330 ft.); and 
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Figure 8 

Figure 9 

SLOPING OF TRENCH WALLS 
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h. keep a safety ladder in the trench at all 
times. 

Finally, two general safety rules should always 
be followed: 

1) A tidy site is a safe site. Boards with 
nails protruding, broken glass etc. have no 
place on a construction site. 

2) Unnecessary risks are never taken, no matter 
how much time or labour might be saved by so 
doing. 

4.2.4 Placement of Excavated Material 

Place excavated material far enough from the edge 
of the trench to prevent the trench wall from 
caving in due to the weight of the excavated 
soil. This space also provides a clear space for 
the movement of workers and equipment along the 
side of the trench. Where the trench walls are 
braced, a minimum distance of 1 m (3.3 ft.) 
should be provided from the edge of the trench to 
the toe of the excavated soil bank. When the 
trench walls are not braced, the minimum clear 
space from trench edge to toe of soil bank should 
be equal to 1/2 the trench depth. For example, 
for a 6 m (20 ft.) deep trench with no bracing, 
provide a clear space of 3 m (10 ft.) between the 
trench edge and the toe of the soil bank (see 
Figure 9). 

4.2.5 Bedding 

4.2.5.1 Definition 

Pipe bedding is the material (usually granular) 
on which the sewer pipe rests and which provides 
a firm and uniform support under the entire 
length of the pipe. The type of bedding selected 
affects the supporting strength of the pipe. 
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4.2.5.2 Bedding Materials 

Granular materials such as gravel, crushed stone 
and sand are generally used for bedding. 
Whatever type of bedding material is selected, it 
must be well compacted to prevent movement of the 
pipe and the bedding (see bedding details in 
Figures 3, 4, 5 and 6). 

Granular materials are generally classed either 
as "uniformly graded" or as "well graded". 
Uniformly graded materials consist of individual 
grains or particles which are approximately the 
same size; for example, pea gravel. Well graded 
materials contain a range of different sizes of 
particles. Gravel and crushed stone are examples 
of well graded materials. 

Although a uniformly graded material such as pea 
gravel is easier to place and compact around 
pipes than a well graded material, it does not 
provide as much support. After compaction, a 
well graded material is not as easily moved as a 
uniformly graded material. Therefore, well 
graded gravel, sand or crushed stone should be 
used as bedding material. Materials having 
particle sizes greater than 25 mm (1 in.) should 
not be used because of the possibility of pipe 
damage. 

The native soil may be used as a bedding 
material, when of acceptable quality. It must 
not, however, contain large stones, pieces of 
wood etc. 

4.2.5.3 Bedding Types 

The type of bedding used depends upon soil 
conditions and trench depth. The bedding types 
usually used for gravity sanitary sewers are 
briefly described below and are shown in 
Figures 3, 4 and 5. 
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Class "A" type bedding is formed by constructing 
a concrete cradle (either reinforced or 
non-reinforeed) in which the pipe will lay. 
Class A bedding may be required in very deep 
trenches (greater than 8 m [25 ft.]) where heavy 
loads will be applied above the pipe. 

When sewer pipes are installed with a depth of 
cover less than 1.2 m (4 ft.) and are exposed to 
concentrated wheel loads, they are often 
completely encased in concrete (see Figure 4). 
This is a variation of Class "A" bedding. 

Class "B" and "C" bedding both consist of a layer 
of compacted granular material under the pipe 
with either compacted or lightly compacted 
granular material backfilled to a specified depth 
above the pipe. 

Class "B" is the most common bedding specified by 
designers. 

4.2.5.4 Bedding Preparation 

General procedures for placing pipe bedding are 
as follows: 

a. Excavate the trench to the grade of the 
undisturbed soil on which the bedding is to 
be placed, using procedures described in 3.0. 

b. If undisturbed soil at the trench bottom is 
acceptable, (firm and not wet or spongy), 
place bedding material as described below. 
If soil at the trench bottom is 
unacceptable, replace with suitable 
materials as described in 4.2.1.2. 

c. Place bedding material in lifts of about 
150 mm (6 in.) on trench bottom, and compact 
thoroughly. Best compaction results are 
obtained using vibratory mechanical 
equipment. 
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d. Check bedding surface for high or low 
spots. Remove or add material as required 
to obtain a smooth surface. 

e. Dig holes in bedding into which the pipe 
bells or couplings will be placed. 

f. Place pipe on bedding ensuring that the 
entire pipe barrel is in contact with the 
bedding surface and that the pipe bells are 
NOT resting on the bedding surface (see 
Figure 10). 

4.2.6 Backfilling 

4.2.6.1 Backfill Materials 

Backfill is the material extending from the top 
of the pipe bedding to the ground surface. 
Generally, the backfill extending up to 300 mm 
(12 in.) above the pipe is approved granular 
material. It is important that this material is 
well compacted since the amount of compaction has 
a direct influence on the ability of the pipe to 
support earth loads. The remaining portion of 
the backfill generally should be parent 
(original) material to guard against differential 
heaving or settlement. See sewer details in 
Figures 3, 4, 5 and 6. 

Because of compaction and settlement problems, 
soils containing frozen particles or lumps should 
not be used. 

4.2.6.2 Backfill Placement 

Backfilling methods depend on trench location. 
The most critical areas are under roadways where 
improper backfilling methods result in the 
roadway heaving or settling at the trench 
location. Trench backfilling methods in 
untravelled areas such as open fields are not so 
critical since heaving or settlement will not 
cause serious problems. 
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Figure 10 

b) incorrect: Gaps and high points in bedding - pipe 
is not uniformly supported 

c) Correct: Uniform pipe support Gaps provided 
in bedding for bells. 

PIPE BEDDING 
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The most critical portion of trench backfilling 
is to the springline (generally taken to the 
mid-point elevation of the pipe) since the 
structural support for the pipe comes from this 
portion of the backfill and the bedding. This 
portion of backfill must be carefully placed and 
compacted so as not to move the pipe. 

The next portion of the backfill is from the 
springline to a point either 150 mm or 300 mm (6 
in. or 12 in.) above the pipe, depending on the 
detail called for. This portion of the backfill 
should be granular material which serves to 
protect the pipe from moving when the remainder 
of the backfill operation is carried out. It 
should be carefully placed and compacted in 
150 mm (6 in.) lifts. 

Place remaining portion of backfill according to 
the trench location. Referring to sewer bedding 
details in Figures 3, 4, 5 and 6, the backfill 
under untravelled portions is not critical and 
light compaction is adequate. Under roadways, 
the portion of backfill from 300 mm (12 in.) 
above the pipe to the bottom of the roadbase 
should be compacted in 150 mm (6 in.) lifts. The 
type of material used in this portion of the 
backfill is critical - it should match as closely 
as possible the adjacent undisturbed parent 
material. Generally, the material used here 
should be the excavated material from the 
trench. It is critical to use parent material 
because other materials would have different 
properties, for instance there might be more (or 
less) settlement in the trench than in the 
adjacent soil thus causing heaving or cracking in 
the roadway above. Another material will also 
have different frost penetration resulting in 
differing amounts of frost heaving. 

If the parent material (or material similar to 
it) is placed and compacted in this portion of 
the backfill then any settling or frost heaving 
will occur uniformly and will not disturb the 
roadway. 
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Compaction tests should be carried out in 
critical areas, such as under roadways, to ensure 
that the backfill material has been properly 
compacted during placement. 

4.3 Sewer Pipe Materials 

4.3.1 General Remarks 

To ensure that a sewer will perform 
satisfactorily for its design life of 40 years or 
more, it must meet certain standards such as 
those prescribed by the Canadian Standards 
Association (CSA) and the Canadian General 
Standards Board (CGSB). 

There are many different materials available for 
sewer pipes, each with particular 
characteristics. Among the many factors that 
must be considered before selecting a pipe 
material are the following: 

a. cost, 
b. available diameters, 
c. available length, 
d. water tightness of joints, 
e. flow characteristics - smoothness of 

material, 
f. available strengths, 
g. resistance to chemically corrosive agents, 
h. weight of pipe, and 
i. flexibility of pipe. 

To ensure that the materials utilized in a sewer 
pipe (asbestos, polyethylene etc.) are of 
adequate quality, specifications are normally 
provided for each project. Such specifications 
are available from various agencies, including 
the National Master Specification (NMS), and give 
detailed information on the quality of materials 
to be used. 
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4.3.2 Asbestos-cement (AC) 

Asbestos-cement pipe is made from a mixture of 
water, silica sand, Portland cement and asbestos 
fibres. It is available in diameters ranging 
from 100 to 900 mm (4 to 36 in.). AC pipe is 
relatively lightweight and can be obtained in 
lengths up to about 4 m (13 ft.) and in various 
strength classifications. It has good flow 
characteristics and is corrosion resistant. 

Because of the potential health hazard of its 
asbestos content, AC pipe must be handled with 
caution. It is recommended that power driven 
abrasive, cutting and shaping tools not be used 
during cutting and shaping operations; manual 
equipment should be used instead. Dust and 
cuttings from the pipe may be buried in the 
trench. 

4.3.3 Vitrified Clay (VC) 

Vitrified clay pipe is available in sizes ranging 
from 100 to 900 mm (4 to 36 in.) and in laying 
lengths of 2 to 2.5 m (6 to 8 ft.). Advantages 
of VC pipe include its low cost, chemical and 
abrasion resistance and its long life. 
Disadvantages are its relatively short laying 
lengths, limited range of sizes and strengths, 
and its brittleness. 

VC pipe is manufactured with either plain ends or 
with bell and spigot joints. The latter joint is 
formed by a polyurethane gasket on one end and a 
thermoplastic sleeve on the other. 

4.3.4 Concrete 

Precast concrete sewer pipe is available in two 
forms - unreinforced and reinforced. 
Unreinforced is available from 150 to 450 mm 
diameter (6-18 inch), reinforced is available 
from 300 to 3 050 mm diameter (12-120 inch). 
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Unreinforced concrete pipe is manufactured in two 
grades - standard strength and extra strength. 

Reinforced concrete pipe is manufactured in four 
strength classes - classes II, III, IV, and V. 

Standard lengths are available from 1 200 to 
2 400 mm (4 - 8 ft.) depending on the diameter 
and whether the pipe is reinforced or 
unreinforced. 

The advantages of concrete pipe include its low 
cost, especially in large sizes, its abrasion 
resistance, and its availability in large sizes 
and various strengths. 

Its disadvantages are its heavy weight and 
susceptibility to attack by acids. 

4.3.5 Polyethylene (PE) 

PE pipe is available in most diameters and in 
standard lengths up to about 12 m (38 ft.), 
although with butt fusion techniques, (see 4.4) 
it can be installed in almost any length. PE 
pipe is light, resistant to chemical attack, 
flexible and easy to handle, and has excellent 
flow characteristics. It also resists cracking 
or splitting during freezing conditions. This 
makes polyethylene pipe particularly suited to 
northern climates. Its disadvantage is its high 
cost. 

Insulated PE pipe is available for installations 
requiring protection from freezing. Such pipe 
typically consists of a PE pipe core surrounded 
by a polyurethane foam blanket. A rigid exterior 
jacket provides a tough watertight protection for 
the insulation. 

4.3.6 Polyvinyl Chloride (PVG) 

PVC pipe is available in standard lengths up to 
6 m (20 ft.) and diameters up to 300 mm 
(12 in.). PVC is lightweight, easy to handle, 
resistant to 
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Chemical attack, and has excellent flow 
characteristics. Disadvantages include lack of 
availability in large sizes, high cost, and 
susceptibility to brittle fracture in cold 
conditions. 

4• 4 Pipe Joints 

4.4.1 General Remarks 

The main objective when jointing a pipe is to 
obtain a watertight seal. The jointing is one of 
the most critical aspects of a sewer 
installation, since if it does not seal properly, 
sewage can leak from the sewer (exfiltration) or 
ground water can leak into the sewer 
(infiltration) through the joints. In addition 
to being watertight, joints must be flexible and 
durable. 

The method used to join sewer pipe sections 
depends upon the pipe size, material and 
manufacturer. A brief description of common 
jointing methods is presented below. Individual 
manufacturers may suggest slight variations to 
these methods; it is recommended that their 
instructions be followed. Manufacturers are 
generally quite helpful in sending 
representatives to the job site to give 
instructions on jointing techniques. 

4.4.2 Bell and Spigot 

Concrete and PVC pipes are generally joined with 
a bell and spigot joint. 

Pipes using bell and spigot joints are 
manufactured with one end widened to form the 
shape of a bell and the other end shaped to fit 
into the bell end of a second pipe. Usually a 
round rubber gasket, (also called an "O ring") is 
compressed between the spigot and bell to provide 
a tight joint. A typical bell and spigot joint 
is illustrated in Figure 11. 
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Figure 11 

spigot 
bell 

inside diameter 
of sewer pipe 

TYPICAL BELL & SPIGOT JOINT (WITH GASKET) 
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The shape of bells and spigots varies with the 
manufacturer. Some have grooves into which the 
gasket fits, others have a roll-on type. It is 
most important that manufacturer's lubrication 
instructions for gaskets be followed. 

Twists in the gaskets must be removed prior to 
joining pipes. For the rolling "0" ring types of 
gasket, the action of rolling the gasket evenly 
up and down the spigot will remove twists. 
Ensure the gasket is spaced at the same distance 
from the pipe end all around the pipe before 
joining the two pipes. When it is suspected a 
proper fit or "seat" has not been obtained, the 
pipes should be separated and rejoined. Check 
the 0 ring for damage and replace it if it 
contains cuts or gouges. 

4.4.3 Coupling Sleeve 

This joint is a friction type coupling using a 
rubber gasket compressed between the spigot of 
the pipe and a recessed ring on the inner wall of 
the coupling (see Figure 12). This type of joint 
is used with asbestos cement pipe. A variation 
of the method can be used to join polyethylene 
pipe, although the coupling is in two halves that 
must be bolted together to form the joint (see 
Figure 13). 

4.4.4 Butt Welding 

Butt welding is frequently used to join PE 
pipes. The pipe ends are cut precisely at right 
angles, butted up against each other and then 
melted using a type of "welding" machine. The 
melting of the pipe ends fuses the pipes together 
and forms a joint that is completely watertight, 
if the welding is properly done. 
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4.5 Pipe Installation Procedures 

4.5.1 Pipe Handling 

Sewer piping should be handled with extreme care 
and should not be rolled or dragged along the 
ground surface since scratches or gouges weaken 
the pipe and can result in corrosion or leakage. 
Ensure that coatings such as tar, enamel etc. are 
not scratched or removed. Repair any damaged 
coatings before laying the pipe. 

4.5.2 Connections to Existing Pipe 

When the proposed sewer connects to an existing 
sewer line, a bulkhead or plug is installed at 
the outlet of the new sewer at its connection 
point to the existing sewer. The bulkhead is 
generally left in place until the proposed sewer 
has been constructed and approved. This prevents 
water or soil from washouts entering the existing 
system during construction. 

4.5.3 Direction of Laying Pipe 

For new sewer lines, the normal practice is to 
commence at the lower end or outlet and proceed 
upstream. This is most important where the water 
table is high and significant amounts of water 
can be expected in the trench. 

4.5.4 Placing Pipe In Trench 

Plastic pipes using butt welding techniques are 
normally joined on the ground beside the trench 
and then lowered into the trench in one 
continuous length. 
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Figure 12 

Figure 13 

COUPLING FOR POLYETHYLENE PIPE 
(#995 SCLAIRLOC - DUPONT) 
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Other pipes are carefully lowered into the trench 
using a sling or rope. Care should be taken not 
to bang the pipe against the sides of the 
trench. 

4.5.5 Joining Pipes 

Pipes with bell and spigot or coupling sleeve 
joints are joined in the trench. With bell and 
spigot type pipes, face the bell end in the 
upgrade direction, clean the inside of the pipe 
and clean and lubricate the bell and spigot 
ends. Lubrication can be done using a vegetable 
soap or compound furnished by the manufacturer. 

Coupling sleeve joints are lubricated in a 
similar manner. 

Generally, the upstream pipe is supported by a 
sling or rope during the joining process. This 
makes the joining easier and protects the bedding. 

Ensure the gasket remains in its groove as the 
two pipes are joined. If the gasket moves, 
remove the pipe and inspect the gasket for 
damage. Replace damaged gaskets and rejoin the 
pipes. 

Push the pipe home to the proper insertion depth 
of the spigot (or coupling). Generally, this 
requires a bar and block to provide sufficient 
force to push the pipes together. The block 
protects the pipe. See Figure 14. 

4.5.6 Repair Bedding 

When pipes are properly joined, repair any damage 
to the bedding, and lower the pipe onto the 
bedding. Pipes should be placed on the trench 
bottom such that the entire bottom of the pipe 
barrel (but not the bell or spigot) rests evenly 
on the bedding as described in 4.2.5. 
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Figure 14 

BAR AND BLOCK METHOD 
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When the pipe is placed on the bedding, recheck 
the pipe grade using procedures for setting 
grades described in 3.0. Adjust bedding as 
necessary to give the required pipe grade. 

4.6 Testing of Sewer 

4.6.1 Leakage Tests 

4.6.1.1 General Remarks 

It is undesirable to have ground water leak into 
a sewer pipe (infiltration) or to have sewage 
leak from a sewer pipe (exfiltration). 
Infiltration causes unnecessary loading on the 
sewage treatment facilities. Exfiltration can 
cause pollution of ground water and present a 
health problem. 

Sanitary sewers are normally tested for either 
infiltration or exfiltration depending on the 
ground water table location. Infiltration tests 
are required when the ground water table is above 
the pipe. The allowable infiltration is 
18.5 L/mm of inside diameter of pipe per day for 
every kilometre of sewer pipe (160 I gal./inch 
dia./mile). The allowable exfiltration is 
23 L/mm of inside diameter of pipe per km 
(200 I gal./inch dia./mile). 

4.6.1.2 Infiltration Test Procedure 

a. Block off flow from the upstream manhole by 
inserting a plug in the pipe entering the 
upstream manhole. The only water entering 
the pipe section being tested will be water 
infiltrating from outside the pipe. 
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b. Install a V-notch weir (Figure 15), in the 
lower end of the section to be tested and 
allow water to overflow the weir until the 
flow is steady, without fluctuations. 
Record the flow reading from the weir 
(usually weirs are graduated in litres per 
day). Also record the date, sewer diameter, 
distance from manhole to manhole, manhole 
numbers and the approximate height of ground 
water above the crown of the highest pipe. 

c. An alternative method to installing a weir 
is to block all outlets from the lower 
manhole and all inlets to the upper 
manhole. Allow the water to build up in the 
lower manhole and pump out all water 
collected. Record the time and volume of 
water pumped. 

d. Calculate leakage and compare to allowable 
daily leakage of 18.5 L per mm of internal 
diameter of pipe per km (160 I gal./inch 
dia./mile). Service connections from the 
mainline sewer to the property line are 
included in the calculation of the allowable 
leakage. 

4.6.1.3 Exfiltration Test Procedure 

a. Install a plug at the lower end of the test 
section (Manhole No. 1, Figure 16). 

b. Plug the incoming pipe(s) at the upper 
manhole. 

c. Fill the section with water at manhole 2 to 
a level 0.6 m (24 in.) above the top of the 
highest pipe in the section being tested. 
Do not exceed a net internal head of 8 m 
(25 ft.), that is, do not have the water 
level at the upper manhole more than 8 m 
above the pipe at the lower manhole because 
this would result in high pressures that 
could damage the lower pipes and manhole. 
Fill slowly so that air can escape. 
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Figure 15 

V-NOTCH WEIR 
A-A 
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Figure 16 

EXFILTRATION TEST 
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d. Allow the pipe and manhole walls to saturate 
with water for several hours, then refill if 
necessary to the level required in step c. 
Measure and record the distance from the 
water level to the top of the manhole frame. 

e. Let stand for one hour and then measure the 
volume of water required to bring the water 
up to its original level (by measuring from 
the top of the manhole frame as in step d). 
The volume of water measured in 1 hour times 
24 gives the exfiltration per day. 

f. The allowable daily exfiltration is 23 L per 
mm diameter per km of pipe (200 I gal./inch 
dia./mile)• 

4.6.1.4 General Notes for Testing 

1. Sewers should be tested immediately after 
completion of the project. 

2. Testing must be done before the private 
portions of the service connections to the 
houses are installed. Otherwise, leakage 
tests will be meaningless since homes are 
now draining into the sewer. 

3. When testing for exfiltration ensure that 
the total head at the lower manhole does not 
exceed 8 m (25 ft.). 

4. Exfiltration testing is used whenever there 
is less than 0.6 m (24 in.) of external head 
on the highest pipe in the section to be 
tested. In all other cases, an infiltration 
test is used. 

5. If the sewer exceeds the allowable 
infiltration or exfiltration, the cause must 
be determined and corrected. Usually, the 
reason is a broken pipe, a twisted gasket or 
an improperly placed service connection. 
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If television camera inspection is used to 
test the sewer, the camera can be used to 
pinpoint locations of leaks. Sometimes the 
sewer can be visually inspected from within 
the manholes using a flashlight. This is 
usually only successful if the leak is close 
to a manhole. 

Once the location of the leak is detected, 
the problem must be corrected. Sometimes 
the leak can be sealed without excavation, 
by applying a grout inside the pipe. The 
grout is applied by expanding a plug at the 
leak which forces grout into the pipe, 
sealing the leak. 

If this method cannot be used, the pipe must 
be excavated at the location of the leak to 
correct the problem. 

4.6.2 T.V. Inspection 

This is a common method of testing the interior 
of sewer lines after they have been installed. 
The method provides an excellent means of 
detecting cracked pipes, improperly placed 
gaskets, sewer laterals protruding into the sewer 
line etc. In addition, the T.V. and camera 
inspection can detect water infiltrating into the 
sewer as well as any sags in the line. 

4.6.3 Material Testing 

The sewer pipe material should be periodically 
tested by independent testing firms. Most 
specifications require a number of pipes to be 
made available for testing at no cost to the 
owner. This testing should be done to ensure 
that proper materials are delivered to the job 
site. It is much better and cheaper to reject a 
pipe before it is placed in the ground. 
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5.0 SEWER MANHOLES 

5.1 General Remarks 

This document outlines procedures for installing 
sewer manholes and discusses features considered 
essential for good design and construction. 

5.2 Manhole Function 

Manholes provide safe, convenient access to a 
sewer for inspection and maintenance. They 
should be designed and constructed to cause a 
minimum of flow interference and be capable of 
lasting the life of the sewer. 

5.3 Manhole Locations 

Manholes are placed at specified locations for 
cleaning and inspection purposes - at all changes 
in alignment or grade, at changes in pipe size 
and where additional sewer pipe(s) join the 
system. 

It is common practice to have a manhole at the 
upstream end of a sewer for convenience in 
flushing and cleaning, and in the event of a 
future extension of the sewer. 

The recommended maximum distance between manholes 
on a straight run is 140 m (450 feet) . 

5.4 Manhole Construction 

5.4.1 Standards 

The design and construction of manholes is 
becoming quite standardized. This simplifies 
procedures and reduces costs. Figure 17 
illustrates a standard precast manhole detail. 

31/08/83 



49 

depths 
of 

sections 
variable 

sewer 

Figure 17 

parge 
outside 
surface 

I 

A-*—I 

STANDARD PRECAST MANHOLE 
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5.4.2 Manhole Size 

Most precast manholes are circular in shape with 
the opening large enough to enable a worker to 
enter the interior without difficulty. An 
opening of 68 cm (27 inches) is usually used with 
a standard frame and cover. 

The inside dimension must be sufficient for 
inspection and cleaning operations to be 
performed without difficulty. A minimum inside 
diameter of 122 cm (4 ft.) for circular manholes 
is widely used. 

5.4.3 Materials 

5.4.3.1 General Remarks 

To ensure that the materials utilized in a 
manhole (concrete, grey cast iron etc.) are of 
adequate quality, specifications are normally 
provided for each project. Such specifications 
are currently available from various 
agencies,including the National Master Specification 
(NMS). These specifications give detailed infor- 
mation on the quality of materials to be used. 
General considerations of materials normally en- 
countered are given below. 

5.4.3.2 Precast Concrete 

Manholes constructed of precast concrete sections 
are the most common today. These sections are 
available from numerous manufacturers in various 
depths and can be assembled together to give the 
required total depth of the manhole. 
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5.4.3.3 Other Materials 

Although precast concrete manholes are the most 
common, manholes can be constructed of other 
materials including: 'cast in place' concrete, 
brick, corrugated steel pipe and plastic. Any of 
these materials is acceptable provided the 
manhole is designed and constructed according to 
accepted principles. 

5.4.3.4 Frames, Covers and Steps 

Manhole frames and covers are usually constructed 
of close grained grey cast iron with a combined 
weight of 181 kg to 272 kg (400 lb. to 600 lb.). 
The cover usually contains at least 2 lifting 
holes. Solid covers are preferable to the 
perforated type on sanitary sewers because they 
reduce objectionable odours and the entrance of 
surface waters. Perforated covers are not 
required for ventilation, as this is usually 
obtained through house connections. 

Steps or ladder rungs are often provided in 
manholes as a means of access. Steps are 
generally mild steel or aluminum in order to 
resist weakening due to corrosion. The steps are 
generally spaced at about 30 cm - 38 cm 
(12 inches - 15 inches). 

5.4.4. Procedures 

This section gives procedures for installing 
manholes constructed of precast concrete 
sections. As this is by far the most common 
material for manholes, it will be the only one 
discussed. Procedures for installing manholes of 
other materials are similar. 

Excavation, bedding and backfill procedures and 
principles are similar to those for constructing 
a sewer (see 4.0). 

As the sewer excavation progresses, the trench is 
widened at manhole locations to provide 
sufficient working space to construct the manhole. 
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The procedures for installing precast manholes are as 
follows : 

a. Place bedding material. 

A 150 mm (6 inch) layer of crushed stone is normally 
placed on the bottom of the excavation as a foundation 
for the concrete manhole base. As is the case with the 
sewer, if the soil at the bottom of the excavation is 
wet or spongy, it should be removed and replaced with 
crushed stone. The foundation is very important since 
settlement of the manhole may cause the sewer pipe to 
shear or break off. It is for this reason that a sewer 
pipe joint is placed near the outside face of the 
manhole [usually within 30 cm (1 foot)]. This provides 
some flexibility if the foundation material settles. 

b. Place precast sections. 

Once the crushed stone foundation material is in place, 
the concrete base slab is placed onto the foundation, 
and the precast sections placed in order onto the 
base. The precast sections are usually equipped with 2 
lifting holes and the concrete base slab with 2 lifting 
rings. Lifting pins are placed into the holes or 
rings, and the sections lifted into place using a chain 
attached to a backhoe bucket. 

It is important that these lifting holes be sealed 
using some type of nonshrink grout, before the manhole 
is backfilled. Similarly, nonshrink grout is placed 
between the manhole concrete base and the first section. 

Precast manhole sections are manufactured so that 
standard neoprene (rubber) rings or gaskets fit between 
the sections to provide a watertight seal. Other forms 
of waterproofing such as cement mortar can also be 
used. The purpose of the waterproofing is to prevent 
the entry of groundwater into the manhole (and 
therefore into the sewer system) and to prevent sewage 
leaking from the manhole and polluting the surrounding 
ground. 
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As noted on Figure 17, all but the top precast sections 
come in various depths. This is to allow for placing 
the top cover of the manhole at a required elevation. 
There are numerous combinations of depths of sections 
that will give the required total depth of manhole. 
The top precast section is a standard depth with inside 
diameter tapering from 122 cm to 69 cm (48 in. to 
27 in.) so that a standard frame and cover fit onto 
it. Generally, several courses of brick are placed 
between the frame and cover and the tapered section. 
These bricks provide for later minor adjustment. If 
the manhole cover has to be raised or lowered a small 
amount due to street redesign or other circumstances, 
one or two courses of brick can be added or removed. 

It is important that, after placing the bricks, they be 
parged with a cement mortar mix to ensure a smooth 
outside surface. This is because in cold climates the 
frost penetrates, and can cause ice lenses or layers 
within the backfill that can "catch" any rough surfaces 
and lift the bricks (and cover). Similarly, all rough 
surfaces or edges on the outside of the precast 
sections (for example lifting holes and joints between 
sections) should be parged. Frost has often lifted and 
displaced entire sections of a manhole in cold 
climates, so it is important that the entire outside 
surface of the manhole be made as smooth as possible. 

c. Extend pipe through manhole. 

The sewer pipe is normally continued through the 
manhole provided the sewer does not change in alignment 
or grade at that manhole. Concrete is placed beneath 
and to the sides of the pipe for support. This is also 
known as benching and is discussed below. 

The top half of the sewer pipe inside the manhole is 
then cut off to permit inspection and cleaning of the 
sewer. 

The space left between the outside of the sewer pipe 
and the hole in the precast section where the sewer 
enters the manhole is sealed with a nonshrink grout to 
prevent leakage. 

31/08/83 



54 

d. Benching. 

Benching is the placement of concrete, under and 
adjacent to the sewer pipe, to ensure smooth flow 
through the manhole and prevent buildup of sediment. 

The benching is built up to approximately the spring 
line of the pipe (mid depth) and sloped towards the 
sewer at a gradient of 1:4 to 1:8. 

Properly constructed benching ensures that sewage flows 
through the manhole with a minimum of turbulence. 

If the sewer pipe changes direction within a manhole 
(vertically or horizontally), it cannot pass straight 
through. In this case, extend the incoming and exiting 
pipes 8 or 10 cm (3 or 4 inches) into the manhole and 
shape a smooth concrete U-shaped channel and benching 
between the two pipes. The holes between the sewer and 
the manhole wall should be sealed as previously 
desc ribed. 

e. Backfilling. 

As with the sewer pipe, the compaction of backfill is 
very important and must be carefully done in lifts. 
Too often the road surface settles around the manhole 
cover as traffic compacts the backfill. As a result an 
additional adjustment must be made to the manhole cover 
as described in procedure b. This adjustment will not 
be required if the backfill is properly compacted when 
placed. 

In addition, ensure that the backfill is brought up 
evenly all around the manhole to prevent lateral 
displacement. In other words, if one side of the 
manhole is backfilled and compacted before the other 
side, this will displace the manhole sideways. 

5.5 Drop Manholes 

Drop manholes are often 
difference in elevation 
sewers [1 m (3 feet) or 

used when there is a 
between incoming and 
greater]. 

large 
outgoing 
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Referring to Figure 18, a drop manhole consists of a 
drop pipe in addition to the incoming sewer pipe. The 
drop pipe diverts the normal flow of sewage to a lower 
elevation and protects maintenance workers in the 
manhole from nuisance conditions. Only under very 
heavy flows would sewage overshoot the drop pipe into 
the manhole. 

The drop pipe is normally encased in concrete to 
protect it from damage while the trench is being 
backfilled. 

6.0 SERVICE CONNECTION METHODS 

6.1 General Remarks 

This document identifies typical building service 
connection methods and materials. 

6.2 Layout Procedures 

Normally, the horizontal alignment of a service 
connection is placed by eye, at right angles to the 
main sewer. The grade of the service connection pipe 
should be set by the construction crew at a minimum of 
1:75 (1.5 cm per m) (3/16 in. per foot), using a 
carpenter's level. A typical service connection is 
shown in Figure 19. 

This method of layout is quite acceptable for the short 
lengths of service connection normally encountered 
which are usually less than 12 m (40 ft.). For longer 
lengths - 20 m (65 ft.) or longer, layout would be 
similar to that for the main sewer (see 3.0). 
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Figure 18 

TYPICAL DROP MANHOLE 
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Figure 19 
house 
foundation 

TYPICAL BUILDING SERVICE CONNECTION 
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6.3 Materials and Installation Procedures 

These are basically identical to those for the main 
sewer line. For information on materials, bedding, 
backfill etc., refer to 4.0. 

It is important to note that the service 
connections should be placed with the same quality 
of workmanship as the main sewer. There is little 
point in carefully installing the main sewer, only 
to find that operational problems develop in the 
service connections because they were not properly 
installed. 

6.4 Sizes and Grades 

A 100 mm (4 inch) diameter pipe is normally used 
for service connections. The minimum grade is 
normally 1% (1/8-1/4 inch per foot) (See 3.0). 

6.5 Depth of Pipe 

The sewer pipe should be placed at a depth below 
frost level (normally 2-3 m, 6-9 ft.) to ensure 
that the pipe does not freeze in the winter. 
Freezing could result in a blockage of the flow, 
causing sewage to back up into the house. In 
addition, where the house has a basement, the 
service connection should be deep enough to enter 
the house below footing level rather than part way 
up the foundation wall. This allows the 
installation of plumbing in the basement, if 
required. (See 8.0). 
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6.6 Connection Methods 

6.6.1 Prefabricated Connections 

This type of connection is fabricated with the 
same joint fittings as individual pipe lengths, so 
once the tee or wye is installed along the main 
sewer, the first length of service pipe is coupled 
or joined to it in the same manner as individual 
pipe sections are joined (See Figure 20). 

6.6.2 Tapping Saddles 

If factory manufactured connections are not 
available, tapping saddles are quite acceptable 
(see Figure 21). 

The following are general instructions for placing 
a saddle. The exact method of installation varies 
according to the type of pipe (whether asbestos 
cement, pvc, polyethylene etc.) and the type of 
saddle being used. (If the pipe manufacturer does 
not make the saddle, they can usually provide a 
list of suppliers). In addition, most pipe 
manufacturers will supply detailed instructions on 
installing a pipe, and will sometimes arrange to 
send a representative on-site if there are 
problems. 

The installation procedure is as follows: 

A hole is cut in the pipe - usually at about 
45° above the horizontal. The most common 
method of cutting the hole is with a portable 
drill. There are numerous types of these 
drills available on the market, powered by 
both gasoline or electricity. In operation, 
they are similar to a drill press - the bit 
size is selected according to the size hole 
required, the drill is anchored to the sewer, 
and the hole is drilled. 
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Figure 20 

PREFABRICATED CONNECTIONS - TEES & WYES 
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Figure 21 

STRAP-ON 
CAST-IRON SADDLES 
for connecting ATLAS asbestos-cement 

BUILDING SEWER BRANCH LINES to 
ATLAS asbestos-cement 
6RAVITY SEWER MAINS 

Branch connections with ATLAS asbestos-cement 

Pipe can be made easily and quickly with readily 
available Strap-on Cast Iron Saddles. Compression 
sealing prevents shifting of connections and assures 
infiltration and exfiltration proof joints. 

2. Place gasket (water-proof mastic compound) on 
saddle. 

4. Affix bronze strap around pipe and tighten bolts. 

Saddle Sizes Available: 

I. Cut hole in asbestos-cement sewer main. 

5- ‘ Insert "0” ring in branch end of saddle and push 
branch pipe into saddle. 

4”, 5” and 6” branches off 8” to 18" mains. 

ATLAS Asbestos-Cement Gravity Sewer Pipe and 
Building Sewer Pipe are Manufactured in Canado by 

31/08/83 

ATLAS ASBESTOS 
COMPANY 

$600 Hochelaga Street. Montréal. Quebec 

M642/65/2. 5M/E 



62 

b. 

A keyhole or saber saw can be used to cut the 
hole in the plastic pipes, using the saddle as 
a template, but this is not as common as 
drilling. 

Insert the gasket (most saddle kits have one) 
into the saddle, carefully aligning the hole 
in the saddle with the hole cut in the sewer, 
and secure the saddle to the sewer. As 
mentioned, the method of attachment varies 
according to the type of pipe and saddle, 
however most use some type of strap and bolt 
arrangement. Figure 21 illustrates a cast 
iron saddle being secured to an asbestos 
cement pipe. 

Once the saddle is properly attached, the procedure 
for installing the service pipe is identical to 
that for the prefabricated connections. 

6.6.3 Unacceptable Methods 

The two connection methods discussed above are the 
only ones considered acceptable. There is, 
however, one other method, sometimes used with 
concrete or asbestos cement pipe, that should be 
discussed simply to show why it is unacceptable. 
The method consists of punching a hole in the main 
sewer with a hammer and then inserting the first 5 

inches) of the service connection into 
mixture of cement mortar together with 

the bits and pieces of concrete remaining from 
breaking the hole in the pipe is then used to 
a11empt to seal the remaining portion of the hole 
in the main sewer. The method has the following 
disadvantages : 

to 8cm (2-3 
the hole. A 

1) A watertight seal is rarely, if ever, obtained. 

2) The sewer main is structurally weakened where 
the hole is made. There is always the danger 
the sewer main will later collapse at that 
point as there is no additional support such 
as that provided by the clamps or straps used 
with a saddle. 
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3) The first several centimetres of the service 
connection which project into the main sewer 
can cause many problems. Solids in the sewage 
can build up behind the projecting piece of 
pipe and can block the pipe completely. In 
addition, the main sewer is generally cleaned 
by passing some type of cutting or twisting 
device through it. The cleaning device may 
not be able to pass by the projecting service 
pipe, making it difficult to clear blockages 
in the main sewer. 

6.6.4 Vertical Risers for Deep Sewers 

The use of vertical risers should be considered for 
installing service connections when the main sewer 
is deeper than 3.5 m (12 ft.) (See Figure 22). 

The method is used to avoid excessive excavation 
for the service connection as a result of a deep 
sewer main. From the main sewer, a 'riser' section 
is constructed to a depth below ground level of 
about 1.8 m to 2.4 m (6-8 ft.). The remainder of 
the service connection is placed from the end of 
the riser in the normal manner. 

In addition to a reduction in the excavation (and 
cost) of the service connection, if the service 
pipe has to be uncovered, it is much closer to the 
surface and therefore more accessible. 

6.7 Construction Phasing or Staging 

6.7.1 General Remarks 

Construction phases are the different steps that 
can be followed to service a house. Various 
procedures can be followed depending on whether the 
service connection is for an existing or a future 
home. 
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Figure 22 

SERVICE RISER 
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The most common construction phases are described 
below. (refer also to Figures 23 and 24) 

6.7.2 Future Subdivision 

The contractor (or Band) installs the service 
connection from the sewer only as far as the street 
line (See Figure 23). This is typically the case 
when a future subdivision is being serviced and the 
homes are not yet built. In this case, installing 
the service connection to the street line is 
normally part of the contract for installing the 
sewer. 

Completing the service connection from the street 
line to the home is then the responsibility of the 
individual (or Band). 

This type of phasing is used when providing for 
servicing of homes not yet built, because the exact 
location and elevation of the house plumbing exit 
has not yet been determined. 

With this type of phasing, the builder must know 
the elevation of the street sewer when the house is 
built to decide at what elevation to construct the 
building drain to exit from the house. Since it is 
to be an all gravity system, the house builder must 
know the street sewer elevation so that the 
building drain can be constructed high enough to 
drain to the sewer. 

Note: With this type of construction phasing, when 
the service connection is temporarily ended at the 
street line, the connection will be backfilled. It 
is therefore important that a rubber plug be placed 
in the end of the pipe to prevent the pipe filling 
with dirt. In addition, a sturdy post should be 
driven into the ground, (after backfilling) to mark 
the location of the end of the pipe. When the 
connection is to be completed to the building 
drain, the end of the existing pipe is found by 
excavating at the marker post, the plug is removed 
and the connection then completed. 
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Figure 23 

ground level 

plug end — 
of service 
connection 

!»■—  street allowance 

Note: place sturdy marker 
post to mark end of pipe 

1 

Step 1 — Service connection built to street line 
(House is not yet built) 

under foundation 

Step 3 — Ends of pipe uncovered by excavating at 
marker posts, plugs removed, and connection completed. 

SERVICING HOUSES IN FUTURE SUBDIVISION 
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6.7.3 Existing Homes with Septic Tanks in the Backyard 

This is a very common occurrence - a house is 
presently serviced by a septic tank in the backyard 
and a sewer is placed in the street in front of the 
house (see Figure 24). The problem is getting the 
sewage, which exits from the back of the house, to 
the new service connection which will be at the 
front of the house. The options that are available 
depend on the elevation of the sewer and whether 
the house occupant has a basement in which he/she 
wishes to install plumbing for a washing machine or 
bathroom. If plumbing is wanted in the basement 
and the new sewer is deeper than the basement floor 
then the method is as follows: (See Figure 24). 

Extend the building drain drop pipe down through 
the basement floor and towards the front of the 
house (under the basement floor) to connect to the 
new service connection. (Trenching through the 
basement floor would be done with a jackhammer). 
Once the pipe has been installed under the 
basement, the floor can be repaired. 

If the house occupant does not wish to have 
basement plumbing or the sewer is higher than the 
bottom of the foundation, then the drop pipe can be 
diverted under the ground floor, down the 
foundation wall and out through the foundation wall 
above the floor. 

If the house has a crawl space then the drain pipe 
can simply be diverted towards the front of the 
house to connect to the new service connection. 

6.8 Storm Drainage 

The practice of draining storm water (from roof 
drains or building foundation weeping tile) into 
the sanitary sewer is not allowed. Both the sewer 
and treatment plant are designed on the basis of 
the expected flow of water (sewage) from the 

31/08/83 



68 

Figure 24 

Initial Situation: House is presently serviced by septic tank system. 

Option 1 : Sewer built in front of house, house holder wishes to allow for possibility 
of bathroom or washing machine in basement AND the sewer is deeper 
than bottom of foundation 

Option 2 : Householder does not wish to allow for possibility 
of bathroom in basement (or there is no basement) 
OR the sewer is higher than bottom of foundation 

CONNECTING HOMES ON SEPTIC TANK SYSTEM TO NEW SEWER 
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community. Many times that quantity of rainfall 
occurs during a storm, and if that storm water is 
drained into the sanitary sewer and then into the 
treatment plant it can cause them to overload. 
Overloading the sewer can cause sewage to back up 
into basements. 

Overloading the treatment plant causes both 
unnecessary wear on the plant and improper sewage 
treatment which can pollute the receiving body of 
water. 

Some suggestions for handling storm water are as 
follows : 

a. Collect roof water with an eavestrough and 
drain it onto the house yard. The yard should 
be sloped away from the house to prevent water 
from seeping into the ground and accumulating 
around house footings. Placing a concrete or 
stone pad where the eavestrough drains onto 
the ground helps prevent erosion. 

b. It is sometimes possible to run a pipe 
draining the foundation weeping tile into the 
ditch. This depends on the elevation of the 
building foundation and the ditch. (Also see 
Figure 25). 

c. Where it is not possible to drain the weeping 
tile to the street ditch, the tile should be 
drained into a basement sump provided with a 
pump. When the sump fills, the water is 
pumped outside onto the yard. 

7.0 RECORD KEEPING 

Record keeping is an essential part of any 
construction activity and is also necessary in 
order to update plans. Records should be neat, 
comprehensive and complete, not only for future job 
reference, but also in case of presentation in a 
court of law. 
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Figure 25 

STORM DRAINAGE 
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Note : The following suggested records are from 
DRM 10-7/68.4 "Construction". If the 
Band is doing the work substitute "Band 
works crew or superintendent" for 
"contractor"). 

The following records should be kept: 

a. Daily diary written in a book with a hard 
cover, and including the following items: 

(1) date, weather and temperature; 
(2) where the contractor is working, what is 

being done, and progress; 
(3) work force and equipment on site; 
(4) special events and accidents; 
(5) discussions and orders given to the 

contractor ; 
(6) discussions with the construction 

supervisor; and 
(7) reports on site meetings. 

b. Daily or weekly reports. 

c. As-built drawings. Mark up one set of 
drawings "as built", and list changes to 
specifications. Cover all changes by field 
instructions to the contractor. 

At the end of construction, redraw marked up 
drawings and produce original "as-built" 
drawings. "As-built" drawings should be 
readily available in case of maintenance 
emergencies. 

d. Standard forms which can include: 

(1) contract change order, 
(2) field instructions, 
(3) concrete pour reports, 
(4) equipment test reports, 
(5) daily reports on sewer construction, and 
(6) grade sheets. 

31/08/83 



e. Written instructions should always follow 
verbal instructions given to the contractor's 
superintendent. 

For service connections, it is also extremely 
important to keep a record of location and depth in 
case excavation is necessary at a later date for 
maintenance purposes. This information would 
normally be recorded in the inspector's diary and 
later transferred to "as built" drawings, where it 
is readily available. 
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DRM 10-7/68.4 Wastewater Collection and Disposal. 
"Construction". 

This publication is available from the Technical 
Services and Contracts Branch, Indian and Northern 
Affairs. 
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