Table 18,1 Payt 2 Continued

Waterway
and extent

Shrapshire Union Cenal
Ellesmera Port to
Chaster

Chestor to Bunbury

Bunbury to Barbridge
Junction

Barbridge Junction
to Audlsm

Audlem to Autherlay
Junction

Middlewich Branch

Branch from Chester
to R. Dee

Llangollen Branch
Hurleston Junction
to Pontcysyllte

Pontycysylite to
Llangollen

Llangollen to
Llantisilio

River Soar Nevigation
From its Junction
with the R, Trent to
Leicester

Staffordshire and

Worcestarshire Conal
Great Haywood
Junction to Gailey
lock tail

Gailey Lock to
Autherley Junction

Autherley Junction
to Stourport

River Stort Navigation
Stourbridge Canai

Stratford on Avon
Canal
King's Norton
Junction to
Kingswood Junction

Trent Navigation
Shardlow to Meadow
Lane Lock tail

Trent and Mersey
Canal
Preston Brook to
Craxton

Waterway
Raf. No.

21b
21b

21b

21a

21a
21c

21b

21d

21d

21d

27b

18

18

18
1b

19

28

23a

Length

12.40
21.85

21.64

21.64

21.79
2195

12.18

2195 |

14.17

21.34

2185

21.79

21.95
21.95

21.34

21.41

11.28

21.95

B Craf? arr;ar'lls_li);sl {rnetres-l-l

Beam

2.95
2.74

213

2.13

2.20
2.18

3.81

4.37

218

2.18

213
3.25

2.08

213

3.35

2,74

Static
Draught

1.07
1.07

0.76*

0.76*

0.89*
0.76*

0.91

0.76™

p.74™

1.14

0.76* |
089 |

0.84
0.81*

0.61

0.91

0.91

1.04

Superstructure

Width | Height

1.73
1.73

1.56

1.85
1.50

1.22

1.58

1.58

1.83

2.16

1.85

175
1.83

1.32

1.73

2.74

274

133

2.31
23

1.83

1.83

1.83
1.98

2.44

191

1.68

2.13

Group

AI

A'

A'I
As

2.08

1.88

1.98
2n

1.83

1.98

2.57

1.83

A'

Lock Dimensions (metres)

Larigth

22,76
229

23.37

22.91
23.47

23.16

22.17

22.25

22.86
22.86

22.86

27.14

21.64

2291

26.21

Width

4.42
4.22

2,23

2.19"
2.19

448

213

4.57

219
219!

| 219

4.11

2.16

2.23

4.47

4.50

sl Notes

Depth

147

147

1.52

1.22

1.37 | n) Cholmondeston
lIm:k2.1('i

1.62

1.16 | m) recommended
dredged depth 1.05,

X (sse taxt)

- I}  Boatsare not
advised

1.17% | k) Loughborough
lock 1.07

1.37 |

1.37 Ii]' Gailey lock only

137 |

0.99 t

152 |

1.33
* maximum draught

1.24 | taken as 0.90 {see text)

1.30

{Continued an next pega)
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. Craft Dimensions® (metres) Lock Dimensions {metras)
Watarwey E = - Y = = Notas
and axtent S % | Longth | Boom Static | Superstructura g Length | Width Sl
s < Draught ; Dapth
Width | Height B
Croxton to King's
Lock, Middlewich 23a | 2195 2.1 0.76% | 162 | 1.91 | A* | 2281 251 1.37
Middlewich to
Trentham Lock 2% | 21.34 2.15 0.76% | 1.62 | 1.78 A* | 2248 | 2.23 1.35
Trantham Lock to
Great Haywood
Junction 23 | 21.78 2.15 0.76% | 191 | 2m A* | 2256 | 2.26 1.22
Great Haywoad
Junction to Dallow
l.ane Lock
Burton-on-Trent 23a | 21.96 2.16 0.76" | 150 | 1.92 A* | 2226 | 2.29 1.07
Dallow Lans lock
to Derwent Mouth .
( junction with 23b | 21.24 4.29 0.99 266 | 2.23 K 23.77 | 432' | 104 | i) Stenson lock 4.27
River Trent) i ‘ ’
1 | i
Rivor Urs Navigation | \' |
From its junction '
with the Ripon Canal |
to Swale Nab 33 | 17.37 4.34 198" | 434 | 3.05 18.59 | 4.60 1.55 h}  Fully leden,
| betwsen locks only
Witham Navigation | I
Lincoln to Stamp -
End Lock 30b | 22.86 4.67 1.52 3.06 | 3.66 2479 | 548 1.98
Stamp End lock |
to Boston 306 | 2141 4,27 0.84 | 1.83 213 | J 2479 | 5.48 1.98
Worcaster and
Birmingham Canal 17 21.95 2.19 091 | 178 | 183 A 2291 | 2 1.62 | g) into Diglis Basin
| , 26.190 | 5799 | 2.138 | from River Severn
|
*Maximum draught
i 1 taken as 0.9 (ses text)
Table 10.2
Grouped Beam and Draught Standards for Cruising Waterways
Maximum Craft Dimansians in each Group
(sea paragreph 10.3.13)
Group Beam{m) Draught{m)
A 213 0.90
B 2,13 1.05
c 2.13 1.20
J 4.34 090
K 4,34 1.05
L 4,34 1.20
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Chapter 10

Maintenance Standards for Commercial and Cruising
Waterways:

101 Terms of Reference

10.1.1  We are asked to consider and define the standards of
maintenance which the Board's various obligations imply

for individual waterways. This chapter refers only to Commer-
cial and Cruising waterways; Remainder waterways are dealt
with in Chapter 15,

10.1.2 The primary obligations are those imposed by statute;
as discussed in Chapter 3 the Transport Act 1968 made far
reaching changes in this respect and its provisions will be
considered first, It will also be necessary to consider what
other statutory obligations remain from earlier legislation
{including the multitudinous originating Acts), or may have
come into effect since 1968 or are applicable from general
legislation (e.g. the Water Acts).

10.1.3 In addition there will be those obligations that arise
at common law or from considerations of public safety. Other
obligations, perhaps of a local or specific nature, may have
been assumed by usage or under contract which, in practice,
may be equally binding and of material significance.

16.1.4 Standards of maintenance will call for consideration
under two aspects, quantitative and qualitative. By the former
is meant the physical dimensions of the waterway and its
structures in order that the relevant craft may be properly
accommodated — by the latter the suitability of the materials
and design of the various component parts for the part they
play in forming a substantial waterway and enabling it to be
maintained effectively and economically.

10.1.6 In this chapter we shall take these various considera-
tions into account but as there is an interplay of factors we
shall not necessarily follow the foregoing review closely in
every case. As far as practicable, however, we shall deal first
with the dimensional aspects and conclude with the more
general. We shall also discuss the Board's views of their
obligations regarding standards where appropriate.

10.2 Transport Act 1968

10.2.1 Section 104 of the Transport Act 1968 subdivides the
Board's waterways and specifies that the ‘'‘Commercial water-
ways’' shall be principally available for the commercial carriage
of freight; and that the ""Cruising waterways"" shall be
principally available for cruising, fishing and other recreational
purposes.

10.2.2 Section 105 of the Transport Act 1968 states, in part
(1} With a view to securing the general availability of
the commercial and cruising waterways for public
use, it shall be the duty of the Waterways Board,
subject to the provisions of this section:
{a)to maintain the commercial waterways in a
suitable condition for use by commercial freight-
carrying vessels and

I

(2)
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{b) to maintain the cruising waterways in a suitablc
condition for usc by cruising craft, that is to say,
vissels constructed or adapted for the carriage of
passengers and driven by mechanical power.

Neither paragraph (a) not paragraph (b) of subsection
{1) of this section shall impose on the Board any duty
to maintain a waterway, or any part of a waterway,
in a suitable condition for use by any vessel of the
kind mentioned in that paragraph unless the dimensions
of the vessel (that is to say, its length, width, height of
superstructure and draught) —
{a) correspond to, or are less than, those of a vessel of
that kind which customarily used that waterway
ol part during the period of nine months ending
with 8th December 1967; or

(b}if the waterway or part has been restored or im-
proved since that date, are such as to make it
suitable for use on that waterway or part;

but, save as aforesaid, the duty imposed by that para-
graph shall extend to any vessel of the kind therein
mentioned as respects the dimensions of which para-
graph (a) or {b] of this subsection is satisfied,”

10.2.3 With a view to identifying the craft referred to in
Section 106(2) (a) of the Transport Act 1968 the Board have
produced from information in their possession an official com-
pendium entitled “Dimensions of Craft Customarily Using the
Waterways during 1967". These craft dimensions (now stated
in metric units) are reproduced in Table 10.1. For comparative
purposes the present limiting lock dimensions are also listed

in Table 10.1 for each waterway.

i =t

Plate 10.1 Self-powered commercial barge on the Aire and
Calder Navigation, Also showing steel pile bank
protection.

10.2.4 It should be noted that there is no obligation to make
provision for commercial freight-carrying vessels on Cruising
waterways. A few such vessels were in 1967 still in regular
operation on certain waierways subsequently designated as in
the Cruising category, but they were not identified as such in
the BWB compendium, nor consequently in Table 10.1 We
have therefore had to use our judgement in applying the data
of Table 10.1 in such cases, and have done so in conjunction
with other factors referred to in paragraph 10.3.14.



Plate 10.2 Winter cruising — a traditional style narrow boat on
the Grand Union Canal (PFP)

10.3 Waterway Profiles

10.3.1  The first standards to be considered are those of the
dimensions of the waterways relative to the craft for whose
navigation they must be maintained. The ciitical craft length,
beam, draught and headroom for each waterway are sei out

in Table 10.1 and are, with the exceptions detailed in paragraph
10.3.15 below, those of the BWBE official compendium already
mentioned.

10.3.2 Length of craft is usually not a critical factor, pro-
vided that it does not exceed the usable length of the

controlling lock chamber and does not impede manoeuvrability.

10.3.3 For satisfactory navigation it is considered that the
width of any waterway, at bed level, should normally he
sufficient to allow for vessels to pass each other at normal
speed in safeiy. At water level, it should be considerahly more
than twice the beam of the vessel in order that the cross sec-
tional area of the waterway may be large enough in relation to
the immersed cross sectional area of the vessel. These require-
ments will not, in general, involve significant widening works
on the waterways for the craft of Table 10.1

10.3.4 Controlled experimeants and other hydraulic research
over the years have shown that to minimise resistance to the
motion of vessels through the water, and the accompanying
formation of waves and wash, the ratio of these areas should
preferably be 5:1, normally at least 4:1 and only at bridges,
aqueducts, etc., should it ever be less than 3%:1.

10.3.5 In compiling dimensional standards it has not heen
considered appropriate to specify values for this cross-sectional
ratio, as the maximum channel sizes for most inland waterways
are limited by their original constructional dimensions, It can
be argued that speed and hydraulic efficiency are not of major
importance for cruising craft, and allowing for the increasing
popularity of cruisers of fibreglass and other light construction,
with their smaller immersed cross section, we find that the
profiles deduced from the craft dimensional standards are
satisfactory even though the area ratio for Table 10.1 craft is
seldom much greater than 3%:1. For commercial waterways
the area ratio is a mare important consideration, though we
have not recommended alterations of existing profiles simply
on this account as we consider that the cost of any such
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miprovements should bevelated Lo the cotmmercial trading
operation rather than to maintenance.

10.3.6  Where adequate width is availabie at water lovel it s
possible to form stable slopes from bed level up to the tow-
path and otfside banks. Following normal practice we have
taken a vaiue of 1in 2 for these slopes. Where adequate width
at water level is not available, this will result in an appreciable
depth of water level is not available, this will result in an
apnreciable depth of water remaining at the banks, and a water
wall of some kind must be provided.

10.3.7 Greater depths of water will be required alongside
banks in certain places, e.g. at wharves and moorings or in
locations where a restricted width of waterway is unavoidable,
Certain lengths, particularfy summit pounds, were constructed
deeper than the rest of the waterway so that water could be
stored for use in dry periods or to smooth out irregular lock
usage.

10.3.8  As regards draught, the standard depth of water has
been arrived at by allowing an appropriate margin below the
keel to cover (a) underkeel clearance, {b) a reasonable variation
of water level below normal or weir level, {c) squat of vessels in
motion and (d) siltation between dredging operations, It is
considered that the following margins are appropriate:—

(i) for inland artificial waterways and river navigations
used by vessels with a static draught up to but not
exceeding 2m.
fal + (b) + (e} = 150mm.
and (d) = 150mm.

(i} For river navigations and waterways used by vessels
with a static draught exceeding 2m.

{a) + (b) + (c) = 300mm.

and {d) = 250mm,

On some lengths of Cruising waterways essential maintenance
craft, particularly dredging hoppers, are of deeper draught
than the cruising craft. In such cases the siltation allowance
{d} need not normally be included.

10.3.9 In applying the above standards it has been borne in
mind that many of the waterways were constructed (or have
since been enlarged) for specific craft. There are some cases
where to provide a channel width to allow two Table 10.1
craft to pass would involve widening the canal beyond its
original or improved dimensions. It is considered that such a
widening would not be covered by Section 105 (2} of the
Transport Act 1968.

10.3.10 It is also essential to ensure that no waterway profile
is adopted which might involve dredging out any of the clay
lining where it exists, or otherwise affect the watertightness of
the bed without proper preparatory works.

10.3.11 It may not be sufficient to base standards of width
and depth solely on the beam and draught of relevant vessels.
Considerations of bulk water transportation, maintenance
craft, speed of navigation and the density of traffic may make
it advisable to define individual standards on a more generous
basis.

10.3.12 The number of vessels using a waterway may not be
directly relevant to the implications of Section 105, but may
become important if there should be a large increase in traffic,

10.3.13 We consider that it is unrealistic to be concerned with



small dirnensional differences i deducing waterway profiles
from the multitude of individual beam and draughl dimensions
detailed in Table 10,1, and for Cruising waterways we have
adopted the moie praciical approach ol defining a small
number of groups (standard narrow - and broad ~ gauge

craft, and 150mm intervals of draught) to use for this purpose.
The maximum beam and draught dimensions for each group
are given in Table 10.2, and where one of these groups has been
used it is noted in the "group’” column of the Table. Elsewhere
the individual Table 10.1 dimensions have been used.

10.3.14 A considerable number of converted traditional
narrow boats (used as hire cruisers, passenger, camping,
restaurant and hatel boats as well as private cruisers) travel

the network regularly and extensively, Many of these have
draughts of around 800mm, and we have received documen-
tary evidence that several of them did in fact use certain
waterways during the nine months ended Bth December, 1967,
even though not included 1 Table 10,1, We have also received
reports of cruising boats with draughts of one metre and more,
but feel that the evidence as to customary usage at this figure
is not conclusive. Furthermore, it is a general requirement of
the BWB to allow for maintenance craft (dredgers, tugs and in
particular dredging hoppers) to navigate throughout the
systern, and to this end their 1970 Survey included for a
miniiuim dredged depth of 1220mm.

10.3.15 We therefore recontimend that in general a draught
dimensicn of at lsast 800 should be applied throughout
the cruising neiwork. The equivalent dredged depth from
paragraph 10.3.8 will be 1200mm, so that occasional commer-
cial, cruising or maintenance craft with a static draught of
about one metre will be able to navigate, albeit without the
full allowances for underkeel clearance, low water level and
squat. When theie is no evidence of regular use by deep-
draughted nairow boats however, or where the requireient
to pass rnaintenance craft is flexible (for example where
dredging hoppers do not need to navigate as the waterway
lends itself to landbased dredging) the dimensions in Table
10.1 will govern, A case in point is the Llangollen Branch of
the Shropshire Union Canaf, where a draught restriction of
750mrn has been in force for some time, and it is considered
that a credged depth of 1050mm is appropriate.

10.3.18 There are a number of cases on Commercial water-
ways in which it is known that the Table 10.1 craft ply only
between specific points, and only travel laden in one direction.
Here, if it is clear that the waterway is operating satisfactorily
under such a regime, we have adopted an eccentric profile
incorporating in effect a 'single track’ for the Table 10.1 craft
but a ‘double track’ for craft of the same beam and a lesser
draught — corresponding to the unladen draught of the Table
10.1 craft or the maximum draught of the other traffic
normally using the length. Thus on a ‘broad’ canal where the
Table 10.1 craft has a draught of, say 1200mm (Group L), but
nearly all the other users are cruising craft with a draught of
less than 900mm, the final profile would allow for a 'single
track” appropriate to Group L superimposed on a ‘double
track’ for Group J craft.

10.3.17 We have, therefore, arrived at the required profile for
each waterway by applying the above considerations, i.e.
paragraphs 10.3.3 and 10.3.8, to the Table 10,1 craft (or
grouped crafi where applicable} in the first instance, I this
would involve widening works, as mentioned in paragraph
10.3.9, then a profile has been adopted which allows free
passage of one Table 10.1 craft within the channel, and also
allows group cruising craft of lesser draught (a) to pass each
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other and (b) to pass the Table 10.1 craft everywhere {except
at locks, bridges and similar local restrictions). The essential
features of waterway profiles discussed in this Section are
illustrated in Fig. 10.1.

10.4 Bank Protection and Dredging

10.4.1 The banks of the waterways have two primary
functions, to contain the water within its intended bounds and
to prevent leakage and seepage. In more detail they serve one
or more of the following purposes:

(a)  to provide freeboard above normal water level as a
safeguard against overtopping from waves or flood
water
(b)  to provide an impervious barrier against leakage and
seepage, so as to prevent loss of water and to aovid
risk of breaches,

() toact as a retaining wall where there must be an
appreciable depth of water alongside

(d}  where necessary, to provide a firm abutrnent for a
towing path.

10.4.2  To meet these requirements different forms of con-
struction or revetment will be apporpriate in different circum-
stances. Particular care must be taken in the case, for example,
of a waterway carried on a high embankment where overtopping
or leakage could quickly develop into a sarious breach:
similarly at the approaches to restricting structures such as
bridges, locks and aqueducts. In cuttings, erosion at the foot
of a slope can cause a slip to develop that may result in a
serious blockage. In all cases, however, it is inportant that the
construction of the bank or its revetment should be such as

to resist erosion and disintegration, or that it should be given
protective treatment if material erosion or disintegration is_
taking place.

10.4.3 It isessentially unsatisfactory to allow any kind of
erosion to continue unchecked indefinitely; unless some
criteria of permissible deterioration are established there can
be a real risk that a danger line may be passed undestected.
Canals which are lined with a clay "saucer’ seal are particularly
sensitive to bank erosion. If the upper edge of the clay ‘saucer’
is trodden down or washed out, then water can easily overtop
it and cause leaching of the ground behind. In other cases,
where the canal was built on sidelong ground and a ciay seal
was provided only against the built up bank on the down-hill
side, leakage paths into the canal bed and under the clay seal
can develop.

10.4.4 A further consideration in assessing the need for bank
protection is the effect it may have in reducing the need for
dredging, although these two treatments cannot be regarded

as simple alternatives. Where there is no revetment, material is
washed out of the banks and most of it is deposited on the
canal bed and must eventually be removed, There are occasional
situations, for example on the offside in level ground where the
BWB own a strip of land, where continued erosion could be
allowed and the costs of protection not incurred for an
indefinite time. In general, however, bank protection may be
required for other reasons and will not entirely avoid, althaugh
it will reduce, the need for dredging. Erosion is by no means
the only cause of siltation of the waterways. Silt and clay are
carried info the canals by ditches and streams supplying the
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systern with watar, and the deposits from thase usually reach a
maximum after winter floods. Where canals pass through
cuttings, rain tends to wash soil off the hillside. Material from
towpath surfaces is also washed in, and soil blown off fields by
high winds.

10.4.5 There are basically two methods of carrying out
dredging of waterways; the more usual is by means of a crane
or hydraulic grab mounted on a barge which discharges each
grab load into an attendant floating hopper. When full, the
hopper is towed away to the spoil tip and is replaced by
another empty hopper craft. At the spoil tip a land based
grabbing crane unloads the hopper into dump trucks for
ultirmate disposal over the site. The cost of all this work is
relatively high and may be increased if disposal sites cannot be
obtained cheaply or within a reasonable distance of the
dredging work.

10.4.6 A cheaper method, and one that is to be preferred in
the limited situations where conditions admit of its use, is
taemploy a mechanical scoop or & dragline working from the
iowing path or offside bank and discharging the spoil directly
on to the adjacent ground or perhaps into dump trucks for
on-site tipping. Suitable conditions are not likely to be found
in urban areas: in the country it will generally be necessary to
pay the landowner a tipping fee and to undertake all waork
necessary in ohtaining access, levelling of deposits and leaving
the site in good order. Also, where eroded private land must be
reinstated, or the towpath side backfilled, it is clearly economi-
cal to use dredging arisings for the purpose where practicable.
in most cases a revetment must be provided to contain the
material and to prevent its being washed out before it can
consolidate,

10.4.7 Although dredging costs depend very much on local

conditions it is probably right to expect a saving of 50-75% if
land-based appliances can be used instead of floating craft and
double handling, ence the necessary access has been provided.

10.4.8 There is ane further cansequence of unchecked
deterioration of bank structures which can be very dangsrous
to craft navigating the waterways, where masonry, concreie
or other fragments of disintegration may fall into the water-
way and form unseen obstructions, If, as a further result of
such deterioration, the line of the bank loses its definition,
this will constitute an additional hazard for navigators. It is
true that gradual and more or less uniform erosion of an
unprotecied banlk would not present much risk of damage to
craft but it is necessary that one bank at least (conveniently
the towpath bank in most cases) should be & reliable guide to
the line of the navigable channel within which no invisible
obstructions need be feared.

10.4.8 As discussed in Chapter 3, the BWB has obligations
to the public, other authorities and neighbouring private
landowners. Apart from this, it is in the interests of the BwB
to foster good relations with all neighbours as many main-
tenance tasks would be very difficult and time-consuming
without their willing ca-operation. It is therefore important
that erosion beyond BWB territorial limits is prevenied, and
where this has occurred the Jand should be reclaimed by
suitable pretection and back-filling.

10.4.10 Erosion or disintegration of banks may arise from
various causes, the main cause at the present day being the
wash-wavaes of powered craft. Most canals were built before
self-powered craft came into common and regular use, and
were dasigned for slow spaeds and haulage by horse. Banle
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protection on the offside was virtually nonexistent, though
dry-stone walling or similar support to the towpath was pro-
vided in many areas. The characteristics of wash waves vary
with the shape and roughness of the channel, weeds or ob-
structions in the waterway, the form of the hull and

complex inter-relationship of speed and ‘biockage tactor’ (the
ration of cross section wetted area of hull to area of waterway).
A good deal of research has baen carvizd out recently inio
these phenomena — In particular Report No, 236 of the British
Transport Docks Board Research Station dated August 1972,
and entitled “Creation of Wash by Pleasure Craft”, contairis a
thorough appreciaton of the problem but stops short of making
clear recornmencdations for the design of hulls for minimum
wash.

10.4.11 A comparatively recent innovation on commercial
waterways 15 the fitting of tugs and other craft with swivelling
prapulsien uniis, Hitherio underwater bed slopes have been
protecied (for 2xarnple by stone pitching) only on the outsice
of some relatively sharp bends, and this has been nocessiteted
as much by water flow conditions as by turbulence from
craft. A tug fitted with twin Schottel units and pushing three
Bacat barges, however, produces a very powerful jet of water
well below water level; on a sharp curve, or when steering to
correct the line, this can be directed straight at the bed slope
and the adjacent bank protection. To guard against under-
mining of the protection it rmay be necessary to provide

piling with a toe level consicerabily lower than the channel
bed. Some maintenance craft are fitted with similar, but less
powerful, units.

10.4.12 Wind generated waves can also be a problem on long
o wide exposed stretches of waterway, and though they are
by nature less destructive to the banks than wash waves, they
aan combine with the laiter and increase their amplitude.
Variations in water lavel aggravate the situation by increasing
the height over which the waves act,

10.4.13 Often an appreciable depth of water immediately
alangside the bank is necessary, for example where the canal
width is such that stable slopes upwards from the dredged
channel bed do not reach the surface or for reasons mentioned
in paragraph 10.3.7. In such places, unprotected banks are
more than usually vulnerable to wave action, to treading in

by cattle, damage caused by driving in mooring posts or ang-
ler's equipmant, impact of craft and so on — and relatively
minor damage to the towpath revetment can make it trea-
cherous to walk along.

10.4.14 Water-rats, rabbits and other burrowing animals are a
continual hazard. Often a breach or a slip is initiated by water
finding an underground passage with an outlet in the bank,
and though regular inspection will show up new activity, old
disused holes are just as dangerous. Such considerations

could justify bank protection at vulnerable points, and may
require more frequent attention to pointing of existing

and masonry walling, or raplacing it with sheet piling if local
development has increased the potential consequences of a
failure.

10.4.15 When the present condition of the banks of a particu-
lar length of waterway has been ascertained by inspection it

is then necessary to decide, in the light of the foregoing
considerations, whether protective works are required and

what form they should take. The appropriate type of con-
struction will depend on design factors (e.g. as to whether a
retaining element is involved) and on estimated costs. Both
initial costs and those of future maintenance must be examined.



104,16 1t has not been necessary Tor us to attempt a detailed
study of bank protection methods employed in recent times,
as a comprehensive Report on the subject was published as
1ecently as January 1973 by the British National Committee of
the Permanent International Association of Navigation Con-
grosses. This report, the ""Study of Various Types of Revet-
ments” (for protecting the banlks of vers and canals i imland
navigation) reviews all the methods relevant 1o our present
Study and gives comparative costs, We have given consideration
to the data presented therein and, in particular, think 1t
appropriate to make some observations on BWB's recent
practice.

10.4.17 It is the present practice of the BWRB to employ steel
sheeting and piling for the great majority of bank protection
works undertaken. This has been the situation for some five
years now, and the plant, purchasing and productivity schemes
are all tailored to it,

Plate 10.3 Typical use of steel trench sheeting as bank

protectfon. fPFP)
10.4.18 Reinforced concrete sheet piling was the method
chosen in the large scale Graad Union development scheme of
1932-5 and became the standard type of protection until the
1960, with two BWB precasting yards kept in operation until
1969. We understand that the main reasons for changing to
trench sheeting were a lower first cost, allowing a greater
length of critical protection to be carried out within the same
limited budget, and easier handling and driving. We have also
been vold that leaching of fine bank material through gaps
between concrete piles was causing leakage and subsidence.
This problem was overcome in the 1930’s by making the piles
with grooved edges and introducing a ‘grout sausage' after
driving, and there are a number of other solutions, such as
waterproof sheets or filter membranes to place behind the
piles before backfilling, or adhesive tape or joint fillers, which
could be evaluated.

10.4.19 In the course of our survey we found that concrete
piling driven 40 years and more ago was generally in good
serviceable condition with considerable further expectation

of life, especially where an in-situ concrete cope had been
provided. The trench sheeting which has been in general use
since about 1965 is, however, not likely to last this long; we
have seen exarnples corroded through at the waterline within
10 years of installation. The Board are aware of this, and some
investigations into the useful life of trench sheeting have
recently been undertaken in conjunction with their main pile
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supphiers. Analysis caried out in June 1976 of samples from
1wa piles yielded estimates of useful life of 13% and 11'% years
respectively at water level, assuming a linear vate of corrosion
and 50% loss of section as the governing eriterion. Thue sdica
tions are that above the ‘spiash zone' shecting should have o
lite of more than b0 years, and no corrosion was Tound on the
part which is always immensec

Plate 10.4 Typical precast concrete piling bank protection —
Shropshire Union Canal (PFP]

10,4.10 There has also been some experimentation with
galvanised trench sheeting, but only with the lightweight ‘MBA’
section, which has been unsatisfactory for other reasons. The
Board’s suppliers are investigating the possibility of galvanising
only the top rnetre of the heavier section 'M7A sheeting, but
at the time of writing no firm prices were available and some
problems remained to be overcome before large scale pro-
duction could start. Wien the axisting stesl sheating corrodes
nearly through at water level it should be possible 1o cast an
in-situ concrete cap to cover this critical area, extending to
below water level. The Board expect by adopting one or other
of these measures {illustrated in Fig. 10.2) to extend the life

of trench sheeting used as banlk protection to about 40 years,
At present the walings used with trench sheeting are galvanised,
but the tie-rods and nuts are quite untreated. We feel this is
unsatisfactory, especially if galvanised piles are to be used, and
recommend that consideration be given to sherardising the
tie-rod ends and nuts, or using some other form of protection,
to ensure that all detalls of the system are consistent.

10.4.21 There are also a number of local types of bank pro-
tection, some traditional and some recently introduced. In
parts of the Wigan Area timber posts and horizontal siabbing
have long been used and our investigations have shown that

for shallow depths of water at the bank a first cost saving over
trench sheeting of up to 35% was possible in March 1974. This
method is not suitable where leakage has to be avoided, Timbear
has also been used on the Crinan Canal, the Liangollen Branch
of the Shropshire Union Canal and a number of others. We feel
that this is one of tho forms which should be kept under review
for countrywide application in appropriate situations,

10.4.22 The New Junction Canal was constructed at the turn
of this century with banks formed of stone pitching. Where
sufficient land is available for the shallow slopes required up
to freeboard height this has a numebr of advantages — particu
larly for Commercial Waterways. 1t is an inherently stable
and permanent revetment which can be designed to withstand
strong currents and wave action using suitable stone sizes and
filter layers or membranes, and the resulting waterway cross



section allows a better area ratio and reduced blockage effect
on craft than with the vertical waterwalls of piled bank protee-
tion.

10.4.23 We consider it to be important that a gualified
enginger should desigii or at least check the design of every
stretch of bank protection installed. 1t could be, for example,
that where a Section Inspectar may recornmend sheeting piling
to stop leakage at the top of an embankment, considerations
of permeability and structural stability would demand a longer
length of pile. Where abnormal loading conditions are imposed,
for example on a Commercial Waterway where craft with
swivelling propulsion units operate, extra safeguards are
necessary, calling for a full engineering appraisal and design. We
have not been able to confirm that the BWB submit all bank
protection proposals to a technical design check of this kind.

10.4.24 We have not been able ourselves to undertake fully
detailed designs for bank protection required in each case,
though we have been careful to allow for special piling where
there is evidence that it is needed. For normal conditions we
have adopted the following dimensional standards: —

{a) Freeboard above weir level should be made up to at
least 200rnm, and where new bank protection worl
is carried out it should not be less than 300mm.
Allowance raust also be made for the maximum
likely rise in water level due to flash flooding and
other water control phenomena.

{h)  In firm ground the toe-in of sheet piling used as
bank protection against undercutting and erosion on
cruising waterways should be at least 750mm, and
the toe should preferably be at or below the maxi-
mum dredged depth at that saction of the canal.

{c) For the great majority of cases the foregoing require-
ments, together with the required waterway profiles,
will be met by the provision of sheeting either 1600,
1800 or 2400mm long.

10.4.25 From the qualitative point of view, it is considered
that a working life of 40 years without the need for major
attention is reasonable for bank protection in present circum-
stances. Either of the modified forms of trench sheeting
mentioned in paragraph 10.4.20 should be suitable for general
use, but the relative costs of these and of precast concrete
piling as the main form of general protection can anly be
assessed as a total system, including for precasting yards, dis-
tribution and handling arrangements, installation plant and
procedures etc. We have not been able to carry out a complete
analysis of the overall cost and reorganisation which would be
involved in returning to concrete piles, but indications are that
at present their first cost would be higher than for the part-
galvanised trench sheeting. However, whenever it should be
found that concrate piling has bacome comparable in price
then consideration should be given to changing back again to
this form of protection. If properly made and installed con-
crete piling could last upwards of a hundred years.

10.6 Towing Paths

10.5.1 It appears to be generally accepted that, in conse-
quence of the Transport Act, 1968, the BWB are no longer
under an obligation to maintain the towing paths of their
waterways so that, by implication, no one has cause for com-
plaint if a towing path falls into disuse or becomes impassable

because of erosion of the surface or growth of vegetation. This
view is reflected, for example, in paragraph 74 of the Board's
Annual Report for 1974 ("Over the rajority of towing paths
the public have no right of way and the Board nave no staiu-
tory duty to inaintain them.”}, although we understand that no
explicit staternent regarding the legal sosition has heen made.

10.5.2 The clearest expression of this view that we have
encountered is perhaps what is said in "It lends iiself Naturally”,
a report on the Leeds and Liverpool Canal issued oy the Board
in 1973, where on page 53 the following statement appears:—

“Unfortunately the maintenance duties oi the British
Waterways Board on a ""Cruising Waterway'' as
defined in the 1968 Transport Act, do not extend
beyond the main navigable channe! and therefore

do not include the towing path. Regular raintenance
can therefore only be carried out to the towing path
where it is required for general maintenance of the
canal e.g., to provide access for mainienance vehicles
to a lock, or where it provides the anly raeans of
access to a recreational facility.”

10.5.3 The expression “main navigable channel” is used in
the Transport Act 1968 only in Schedule 12 Parts i and |1,
which list the Commercial and Cruising Waterways respectively,
and does not appear to be further defined. The interpretation
placed upon this expression as justification for the view given
above is evidently that “‘main navigable channel” refers solely
to the structural components delimiting and containing the
body of navigable water; if so it is by no means clear what
obligations are thought to exist for the maintenance of other
more remote components such as bridges, agueducts, etc.

10.5.4 In our view the words “main navigable channal’ are
used in the Schedules to distinguish the main through routes

of the respective Commercial and Cruising Waterways irom un-
navigable river loops, canal branches and unusad sections not
essential to through navigation, and are not apt te discriminate
between one integral component and another o/ any one
waterway. We have not obtained a legal opinion on this quastion
as an authoritative ruling could only be given by a competent
court of law, where the matter has not yet, we understand

been brought to the test,

10.5.5 We found in the course of our field inspeciions &
number of cases where bank protection works have been
carried out in recent years that appeared to have been designed
more to restore the original section of the tawpath than o
check actual or potential leakage. In our view these worlks were
indeed necessary, but as this practice seermed to be st variance
with the Board's officially siated policy we made special
enquiry and discussed the matter with the Chief Engineer and
Solicitor.

10.5.6 As a result it seeins clear that wiile the Eoard co not
recognise any statutory obligation to maintain towing paths in
connection with navigation, they nevertheless i egard thar as
integral parts of the waterways and therefore deserving of
maintenance in order that they may function satisfactorily,
for which purpose they have statutory powers under the
Transport Act 1962, Pravision was accordingly made in the
BWB 1970 Programme for dealing with arrears of maintenance
on towing paths, to such extent as local conditions might
require.
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Plate 10.5 Extensive erosion of the towpath-side bank on the

Oxford Canal (North) (PEP)
10.6.7  In present circumstances, with a need for economising
to the maximum safe degree, every proposal submitted by an
Area Engineer for undertaking works of bank protection must
be supported by a ceitificate setting out the grounds of the
application. The proposal will not usually be approved unless
there is some element of risk other than to the towing path
itself, but this is recognised as not necessarily meeting a proper
standard of maintenance,

10.6.8 In these circumstances we consider that, whatever
the precise legal interpretation of the Board's statutory obliga-
tions may be in respect of navigation, their general practice
with regard to the maintenance of towing paths is in accor-
dance with our own opinion, ie., that their responsibilities

in this respect are on the same footing as for other structural
components of the system. Maintenance should therefore be
directed to at least the following:—

securing continuous and ready means of access on
foot or bicycle to all parts of the waterway for
inspection

~ . obtaining access for labour and mobile plant engaged
on routine maintenance operations such as grass
mowing, hedge trimming and ditch clearance; also
land-based dredging

providing for passage on foot or bicycle for prepara-
tion of locks, access to moorings, etc.

- where appropriate, for the accommodation of horse
or tractor engaged in the towage of dumb cruising
and/or maintenance craft,

angling and other amenity and environmental pursuits.

10.6.9 Where adequate bank protection exists, or the water-
side verge is sound, a satisfactory towing path will in general

be obtained if the clear width is not less than 2m and the
surface is reasonably level, draining either to the waterway or
to a lateral ditch. The filling of holes and cutting of vegetation
will then be the extent of the regular maintenance requirement,
the cost of which will not be a large element in the total
maintenance budget. Towing paths that are public rights of way
may call for a higher standard of maintenance under agreement
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with a local authonty, who would thereby contibute the
extra cost ivolved.

10.6 Bridlges, Culverts, Aqueducts and Tunnels

10.6.1  Under Section 117 ol the Transport Act 1968, the
Board, with othet statutory bodres, are obliged to maintain
and, il necessary, to improve o strengthen any bridge which
belangs to them and carries a highway over one of their inland
waterways so that it has the necessary load-bearing capacrty.

If this is not reasonably practicable the Board must reconstruct
or replace the bridge. To be of the required load-bearing capa-
city, a bridge must either comply with standards prescribed

by an Order macle by the appropriate Minister, or otherwise

be capable of bearing the weight of the traffic which ordinarily
used, or might reasonably be expected to have used, the high:
way carried by the bridge at the time the Section came into
force. In the case of a new bridge, the governing criteria relate
to the traffic at the time of its opening.

10.6.2 The Department’s current Technical Memorandum

BE 3/73 gives guidance on the assessment of highway bridges
for "Construction and Use" vehicles — and this in practice
defines the obligation under Section 117 as regards load-
bearing capacity. The assessment of public road carrying bridges
and their improvement or strengthening where necessary is
known as operation ‘Bridgeguard’. The public road bridges
owned and maintained by the Board were all assessed for
strength under ‘Bridgeguard’ in 1970, and those which were
not passed as ‘full strength’ or given suitable permanent

weight restrictions are included in a strengthening and replace-
ment programme due for completion in 1976. This programme
of works is funded separately by the Department, and carried
out by the Board’s Bridges Section at Leeds.

10.6.3 It will be necessary to continue regular inspection
and reassessment of the bridges (numbering 1,133 at the end
of 1974) in the future, and there may not be any period of
reduced expenditure in this respect after 1976 as the bridges
which were passed as ‘full strength’ in 1970 have not been
examined since. The 1970 assessment did not specifically
include abutments, parapets, wingwalls or foundations and
there have been a number of cases of serious deterioration ~
even closure — among these 500 or so bridges not included in
the Bridgeguard programme or subjected to permanent weight
restrictions.

Plate 10.6 Public road bridge at Tyrley on the Shropshire

Unian Canal. (PFP)



10.6.4  The maintenance ol the Board’s public road biidges
has been until now the responsibility of the Arca Engineers,
except when woiks under ‘Bridgequard’ have been in progress
on a particular bridge. We understand, however, that the
Bridges Section is to take over entne responsibility for all the
Section 117 obligations, including maintenance, in the neai
future. No full Memorandum, equivalent to BE 3/73, covering
maintenance of bridges has yet been issued by the Department,
but Interim Memorandum IM13 dated 6th October 1971

entitled “The Inspection and Maintenance of Bridges'. does give

guidance as to the minimum level of bridge inspection and
maintenance to be ohserved in bridges for which the Secretary
of State 1s the Highway Authority. This memorandum states: —

“The Department requires each of its bridges to be
inspected at least once a year and culverts (structures
of less than 3m span) at intervals appropriate to their
structural significance in relation to the highway. Any
bridge showing significant deterioration must however
be inspected more frequently and positive action must
be taken to safeguard the situation or to replace the
structure before a dangerous situation arises.”’

10.6.5 Listed below are a number of recommendations of
Interim Memorandum IM13 which are particularly relevant
to the structures maintained by the BWB: -

(a)  Bridge registers should be instttuted

(b} (Once thorough assessment has established the condi-
tion of a bridge, annual inspections should be con-
centrated on known points of weakness with a major
check overall not less frequently than every three
years.

{c) Bridges which are subject to a weight restriction and
those which are assessed only slightly above ""Con-
struction and Use’" limits, should be inspected more
frequently.

(d)  The level of assessment of each bridge should be
reviewed by professional staff in the light of any
deterioratian in conditions which cannot be rectified.

{e}  Where a bridge is subjected to an 'abnormal’ load, an
engineer should consider which parts of the structure
may be critical and specific inspections should be
carried out.

{f)  Inspections should he carried out by trained staff
using a check list of items which must be examined
and reported to an experienced professional engineer,
Where any significant deterioration is reported, its
implications and the bridge condition should be
assessed by experienced bridge staff.

{g)  Foundations below water level should always be
inspected annually with the rest of the bridge. Where
probing reveals any doubt regarding foundations,
divers should be employed to make a detailed survey.

{h}  Vegetation should not be allowed to gain a foothold
on bridges. Roots of adjacent trees and shrubs must
not be allowed to affect any part of a structure.

(i) Road surfaces on approaches to and over bridges
must be adequately maintained to ensure a smooth
surface to minimise the effect of impact.

{j} Cast iwon hiidges should be inspected at least twice 3
vear, wrought iron and steel at least annually. Major
struetines in these materials should be examined penn
chically by engmems.

(k) Recommendations for surface preparation and pro-
tection of new works are incorporated in the Depart-
ment’s Technical Memorandum BE 3/73. The interval
between complete repaints will vary with local con-
ditions, but even with modern paint systems in rural
areas is unlikely to exceed 10 years.

{1} Itis important to maintain the pointing of brick and
masonry arches in good condition hut before re-
pointing attention should be paid to drainage and the
condition of fill to ensure that the pointing is not
washed out.

10,6.6 We understand that the Bridges Section will be
adopting these and other recommendations of IM13 as main-
tenance standards lor the Board's public road carrying bridges
when they assume responsibility for them. We consider that
similar standards should also apply to accommodation bridges
and, so far as is applicable, to tunnels, culverts and agueducts
as well,

Plate 10.7 Accommodation bridge over the Weaver Navigation
at Newbridge. (PFP;

10.6.7 Accommaodation bridges on the Board's waterways
number some 2,700, and we have been told that there is no
established scheme for examination of these by qualified
engineers. The Bridges Section at Leeds carry out inspections
and advise the Area Engineer only if specifically asked to do
so, and provided that they are able to undertake the work
without undue interference with the '‘Bridgeguard’ commit
ments,

10.6.8 These accommodation bridges wete generally con-
structed more than 100 years ago, for use by the locai iraffic
of the period, and we consider that maximum loadings should
be specified for each bridge as the tendency is for ever larger
and heavier vehicles to use them, with no check on the extra
stresses involved. Collection of milk from farms in bulle milk
tankers is now the rule in most parts of the country, and the
use of full size container trucks in collecting grain and other
produce from farms and delivering fertilisers, feed, etc., is

on the increase,
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Plate 10.8  Accommaodation bridge at Claydon on the Oxfo
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Canal (South) after gunite treatment. (PFP)

10.6.9  On certain waterways the original enabling Acts pro-
vided that accomtnodation bridges should be strengthened if
necessary from time to time to keep in step with changing
requiremenis of tocal traffic. This kind of gbligation does not
appear to have been removed by Section 105(5) of the Trans-
port Act 1968 and is one that may impose unforeseen burdens
on the maintenance programme. In such cases therc is a need
for BWH to define and agree the exact usage, and hence ihe
maintenance obligation, so that a comprehensive programme
for overtaling any arrears of maintenance can be put in hand.

10.6.10 Moving bridges, carrying both public and private
traffic, are comimon throughout the system. On commercial
waterways they are often manned, but elsewhere are operated
by canal users and the general public — and these are particu-
larly prone to misuse and abnormal wear and tear. Inspection
of moving bridges needs to be carried out more frequently
than for fixed bridges because the assumption of slow struc-
tural deterioration made in deciding inspection periods for the
latter is not so readily applicable where machinery which is
vulnerable to impact and abuse is involved.

Plate 10.9 Typical lifting accommodation bridge on the
Oxford Canal (South). !

(PFP)

10.6.11 Culverts, as distinct from bridges and agueducts, are
defined as such in Interim Memorandum IM13 and elsewhere
when their span is less than 3m. In constructing the artificial
canal system the engineers had to provide for existing lateral
watercourses o continue their flow uninterrupted, and this
was generally effected under the canal by means ol culverts of

o
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either inverted siphon or free-air type. Thus the majority of the
culverts in the BWB system are water-carrying and of the same
age as the canal itself. The total number must be of the order
of three thousand if everything down to the smallest masonry,
hiick or timber structures is included. Many of the smaller
culverts are no longer used and cannot be found — indeed we
were unable to locate several which were shown on maps
marked up as recently as 1965. These are all potential hazards
as their collapse at any time could induce leakage paths from
the canal bed and lead to a breach.

10.6.12 It is important to keep all culverts clear of silt and
debris, both to preserve their ability to handle occasional
storm water and to facilitate inspection. Access into inverted
siphons and the smaller free-air types can be very awkward,
particularly if the flow of water does not dry up naturally in
the summer, so that it can be a time-consuming and expensive
business merely carrying out a thorough inspection,

10.6.13 Aqueducts are particularly vulnerable structures —
they carry their full working load all the time, their approaches
are generally on sieep embankments, and the joints between
the trough of the agueduct and the channel on either side are
very sensitive to settlement or any structural movement, In
many cases the potential consequences of failures at an aque-
duct are serious, so that from the point of view of public
safety preventive measures should be given a high priority.

It is particularly important to keep brickwork and masonry
in guod repair and well painted so that leakage is stopped be-
fore the water can leach out any mortar or fill. It will pro-
bably be necessary to dewater in order to carry out a full
inspection.

Plate 10. 10 Masonry aqueduct on the Leeds and Liverpool
Canal at Blackburn (PFP)

o
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10.6.14 Where the trough is made up of cast iron sections
bolted together the bolts should be examined periodically
and any iron or steelwork below water level will need to be
stripped back to parent metal and thoroughly reprotected at
regular intervals. Continuous fendering on both sides of the
waterway is normally reguired to protect the sides of the
trough, especially where these are in a brittle material like
cast iron. Also among the special maintenance needs of
aqueducts is that of ice-breaking — it may well be necessary to
avoid any build-up of ice across the waterway to prevent its
expansion from inducing strains in the structure.



Plate 10.11 Cast iron aqueduct at Nantwich on the Shrophsire

Union Canal. (PEP)
10.6.15 Itis necessary o preserve air-draught (headroom)
clearance at bridges, tunnels ete., but the existence of many
different structure piofiles presents a problem. Dimensions of
height and width of superstructure of craft are recorded in the
BWB official compendium relating to Section 105 (2} {a) of
the Transport Act, 1968, and are reproduced in Table 101, A
prafile giving 300mm clearance from the craft at all points
above the waterline is in our view a reasonable requirement for
unhindered navigation. Where the margin at any point foi a
Table 10.7 craft passing any particular structure (with normal
water level) is not more than 300mm that margin should not
be reduced by maintenance or reconstruction works. If the
application of gunite to the arch of such a bridge is contem-
plated, for example, then the brick or stonework may have to
be cul back to allow the addition of the gunited layer. Mining
subsidence, discussed in Chapter 7, can cause appreciable
settlement of structures relative to the water level, and in soine
cases major works will be required if the full margin is to be
preserved. It is considered that action should be taken to
restore the air-draught clearance for Table 10.1 craft as soon
as itis reduced to 150imm at any point.

10.6.16 Section 122 of the Transport Act 1968 pravides that
where an inland waterway passes under a highway by means of
a tunnel, or runs in a cutting over which a highway is super-
imposed, the earlier provisions of the Act (including Section
1186} shall have effect as if the structure of that tunnel or
cutting were a bridge, so far as applicable and subject to any
necessary maodifications. The obligation to inspect and main-
tain such tunnels therefore has statutory force under the Act
though, as suggested in paragraph 10.6.6 ahove, we consider
that the same standards should be applied to all tunnels.

10.6.17 All brickwork requires periodical attention to repair
the effects of wear and tear and weather, and near or below
water level the deleterious effects of the water. Incipient
defects can readily be dealt with by pointing the joints but if this
is not done in time more extensive repairs are likely to become
necessary. The longest brick-lined tunnels on the system have
traditionally required almost continuous attention, indeecd
there were gangs of bricklayers permanently attached to the
Harecastle and Standedge tunnels until the 1940's.

10.6.18 Although siltation of aqueducts and tunnels is gene-
rally less severe than an open waterway, because of the
increased speed of water flow due to the restricted channel
dimensions, removal of deposits does eventually become
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necessary everywhere, Gne method used is to deveain
wash the aceretions out with high pressure hoses, though sho
vels and barrows have been resorted to on occasion. Same
times dewatering is not possible, perhaps because ¢f springs
or mine water entering the canal within a tunnel, and this can
increase the thne and cost of the job out of all proportion,

10.7 Locks

10.7.1  There arc some 1350 locks in the Board's system of
waterways, ranging between 2.7m gauge on the inland artificial
waterways, and the 18.3rn wide sea lock at Sharpness. Before
the first world war brickwaoile and masonry were used alinost
exclusively in the construction of chambers and approaches,
though reinforced and rnass concrete, and more recently steg!
sheel piling, have been employed in the majority of cases

since then.
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Plave 10,12 Narrow

lock on the Chesterfield Canal.
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Saltersford lock on the Weaver Navigation. (PFF)
10.7.2  Defactive brickwork allows water to get into and
behind the walls and 1o build up hydrostatic pressure when
the locks are alternately filled and emptied. As with other
structural elements of the waterways system defects of
pointing are relaiively simple and cheap to correct, bui if thuy
are not attended 1o in time then bricks begin to work loose
and it is necessary to cut out and rebuild an area of the wall
Where masonry is used instead of brickwork similar considera-
tiosn apply but intervals between attention are likeiy o be
longer and the costs oi repair somewhat less — as long as the
worlc is done in iime,



10.7.3  Veguetation must not be allowed 1o gain a foothold in
briclkowork or masonry or on lock gates as it quickly forces
stones. bricks and timbers apart and gencrally induces leakage
and accelorate dueay :

1074 Fendering is ol greater importance on Commercial
canaly as any anpact fromm the frequent, heavily laden steel
hulled convmercial crall could damage the lock approaches,

gales o upper sl On Cruising waterways the replacement of
fenders and rubbing strips may not be of first importance as
the majority ol the cralt using them ave of fibreglass or other
light construciion and their owners will be very careful to
avoid collisions in which their craft would come off worst.
fow helmsmen are expert, however, and hire operatores tend
to provide strongly constructed craft for their customers for
thisicason, 1 s also the case that broken or part-demolished
tenders are a hazard, so that attention is often required to
remove remnants of fender supports on masonry lead-in walls
or 1o piovide a new sill fender at the upper end.

10,75  Where locks have been provided with sideponds to

conserve water these must be restored to and kept in good
worlding ordei if it is intended that they be used, This is
especially important on a lock flight or staircase, where the
amount of water saved can be considerable. This is discussed
at greater length in Chapter 9.

Plate 10.14 Duplicate narrow locks, on the Trent and Mersey
Canal. (PFP)

10.7.6 The paddles, sluices or cloughs which are used to
control the filling and emptying of the locks are generally of
timber running in timber or cast iron guides, They must be free-
running within their guides and frames and yet watertight when
closed. Regular inspection and periodic attention are required
to repair damage from wear and tear, and frdm objects floating
in the canal which are sucked through the opening or occasio-
nally jam across it, and the search for improved designs and
materials to increase the life of components with good fit and
low friction should be continued.

10.7.7 Gate quoins are mostly of shaped masonry blocks,
timber o1 cast iron and occasionally with inserts to improve the
water seal. A damaged quoin can quickly spoil the heel post of
the gate, and may also let quantities of water through. Regular
attention to pointing of masonry is relatively easy to organise,
but repairs are the job of a skilled mason. If BWB find it
uneconomic to replace or train such skilled craftsmen they

will need ta give consideration to substituting concrete for
masonry when a structure reaches such a state of deterioration
that najor repairs become necessary.
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10.7.8  The large majority of the gates in the 1,350 o1 5o
locks in the Board’s system in England and Wales are of timber
construction, although a small number of steel framed and
cast iron gates exist. Experience has shown that oak is the

best timber for framing these though elm or some imported
hardwoods are suitable for planking and fendering, The design
and manufacture of lock gates, hardly any two of which are
the same, is another highly skilled process in which specialised
experience is of great value.

10.7.9 The continuing good fit of gates in the lock chamber

is important for conservation of the limited water supplies on
most canals (see Chapter 9). Regular clearance of debris and
minor repairs to the gates in situ are important factors in
achieving this and protective fendering needs constant attention,
particularly on well used commercial waterways where this is
commonly replaced every three or four years. Long before a
gate becomes a structural fiability the sill and quoins will
probably pass significant quantities of water, and this considera-
tion of wastage will often dictate the need for attention before
those of operation and safety.

10.8 Other Aspects

10.8.1 Devices such as weirs and sluices for flood relief and
pound level control must be kept clear of debris and in good
working order, It is still the case on a number of Cruising and
Commercial waterways that the regulation of water level
during times of heavy rain depends on BWB employees
operating sluices throughout their Section manually — and at
any time of the day or night. The BWB have replaced a num-
ber of these, often relatively inaccessible, storm sluices with
long crested weirs, and we would recommend that where it is
possible this rationalisation be continued to provide automatic
storm water regulation and reduce this incfficient use of man-
power.

10.8.2 The engineers who designed our artificial waterways
were well aware of the possibility and serious consequences
of breaches, both to the navigation itself and the surrounding
countryside, Provision for the emergency installation of stop
planks, and in some places flood gates, was made where
necessary so that a length of canal could quickly be isolated
and the loss of water minimised. The stop-plank grooves are
also used when a structure has 1o be dewatered for mainte-
nance or repair and so must be kept in good condition. The
planks themselves, usually of longleaf pitch pine, need to be
kept on site at critical locations. Unfortunately they are a
frequent object of vandalism, so that it is becoming necessary
to construct secure shelters for them with locks and keys. This
complication of emergency safety operations is particularly
antisocial, and all attempts to solve the problem should be
encouraged.

10.8.3 Underwater weeds are not a serious problem to navi-
gation or the passage of water where there are regular craft
movements. |f the volume of traffic is small, however, weeds
will need to be cleared at intervals; in unnavigable teeders
clearance is essential if the flow of water is to be maintained.
Weed growth tends to be stronger in shallow depths of water,
where the sun’s rays penetrate more easily to the channel
bed.

10.8.4 As an example of the effect of weed growth in a
feeder, measurements of flow in the former Wendover Arm
which supplies the Tring summit of the Grand Union Canal



may be quoted. In the early spring of a dry year, and after

weed clearance in September, net losses were negligible. Between

April and July, however, weed growth induced higher water
levels and increased percolation through the banks. The effect
of this, together with the enhanced evaporation and transpira-
tion, was to reduce the quantity delivered to 50% of the input.
It was estimated that, had weed clearance been carried out in
good time, some 1100 locks of water would have been saved.

10.8.5 Pollution inludes that of a chemical nature, such as
sewage, oil, etc, but often is physical, particularly in urban
areas where bulky objects are commonly thrown into the
water along with many minor items of miscellaneous character,
All this calls for continuous observation and periodical removal
to reduce the risk of damage to fragile craft and of restrictions
to the flow of water.

10.8.6 Controlling the growth of vegetation on land takes up
a significant amount of time in the spring and summer, Grass
on the towpath must be cut and path and road surfaces kept
clear, hedges must be trimmed and trees removed when their
roots threaten a bank or structure. Embankments should be
kept free of large shrubs, bushes and trees so that any signs

of leakage or slippage are readily visible to the experienced
eye of the length foreman on his regular inspections. It should
also be remembered that reservoir headbanks require contin-
uous attention of this kind and other normal maintenance,
apart from any requirements of the Inspecting Engineers
appointed under the Reservoirs {Safety Provisions) Act, 1930,

10.8.7 Desirable maintenance standards for the many
buildings owned by the Board should be those of normal good
practice, and we do not feel it is incumbent on us to go into
detail in this Report. Special requirements when buildings are
listed as being of special architectural or historic interest are
discussed in Chapter 6 — Special Features.

10.8.8 There are a great number of other maintenance tasks
and considerations which it has not been considered necessary
to spell out in this chapter and for these, as for points which
have had specific mention, the guidelines must be good tech-
nical practice related to long term economy and safety, and
the extent of the Board's responsibilities. The merits of
different strategies of maintenance are discussed in Chapter 11,
There are also, however, a number of arguments affecting

both strategy and standards which it is appropriate to mention
here.

10.8.9 Section 104 of the Transport Act 1968 requires that
the Cruising waterways shall be principally available for cruising,
fishing and other recreational purposes. This constitutes a
change of use from their traditional commercial operation,

and in consequence a greater emphasis on safety and ease of
operation is in our view unavoidable. It is difficult to quantify
the changes involved in general terms, but to give some
examples: —

a)  Itshould be possible for boat users to get on and off
their cratt in a lock chamber to operate paddle winding
gear and gates. In the deeper locks this may necessi-
tate the provision of a ladder either set back into the
lock side or fixed to a gate. In case anyone should
fall into the water when the gates are closed, particu-
larly when there is no boat in the lock, safety chains
or hand-holds should be provided — or at the least
a life-belt in evidence on the lock side.

(b)  Itis necessary to ensure that paddle winding gear is
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easy o operate, as it is less reasonable to expect
the cruising public to have the strength needed
to operate worn mechanisms; we note that the
Board have been introducing a number of
hydraulic and other alternative trial designs of
winding gear with this in mind:
(c)  Whereas boatmen of old might have been content to
walk across the top of closed lock gates to reach the
paddles on the other side, some sort of walkway with
a handrail is needed for children and the less nimble
enthusiasts among today's boat crews.
(d)  Some tunnels were built with towpaths and, as they
are now available for use by the cruising public whe
are scldom equipped with better than a hand torch,
it is clearly vital that where these still exist the hand-
rails and path surface are well and evenly maintained.
(e}  Safety barriers and grilles may be necessary at a
greater number of sluices, weirs etc. as it is inevitable
that the standards of navigation and craft handling
will be lower than in the days of professional boat-
men.

These are examples where purely engineering and economic
considerations, as normally evaluated for commercial situations,
are insufficient arguments in themselves. There are many other
problerns whose solutions must owe something, however little,
to the requirements of amenity and recreation — and it is
important to make this point that the BWB must keep their
unusually broad obligations in this respect continually in mind,
though any resulting extra cost is usually small.

Plate 10.15 Calcutt lock (Grand Union Canal) showing safety
chains. (PFP)

10.8.10 It has been shown that an improvement in appearance
can have a dramatic effect on the public. A coat of paint has
reduced vandalism, with its associated accelerating decay, by
as much as 50 percent overnight — and the public are naturally
proud of the Waterways Systern with its place in our industrial
national history, as long as it is seen to be well tended in the
‘good housekeeping’ sense. It is worth mentioning here that
such arrangements as lock-keeping competitions which pro-
mote and maintain a pride in the appearance of the canals,
with associated good housekeeping standards, pay dividends

in many ways; the staff are more contented, the users gratified,
vandalism discouraged and overall maintenance costs reduced.

10.8.11 There are a number of special skills and methods
which, though no longer economical in application to large
scale new work, are necessary for the proper repair and main-



tenance of existing elements of the system. Most of the original
towpath water-walling was of the dry-stone type, and a signifi-
cant amount of it has survived almost 200 years of use — and
will continue 10 give service as long as tocal repairs are promptly
and appropriately carnied out. Many of the canal structuros are
of dressed masonry - and repairs to lock walls, bridges, aque-
ducts, etc., call for a high quality of workmanship from masons
of wide experience. Under many of the enabling acts there is

an obligation to provide a stock-proof fence on the towpath-
side boundary, and in some cases layering of hedges by hand is
still the most economical method; tractor mounted cutting
machines do not deal with gaps in the hedge — and in some
places access for them is not available. As a last example the
maintenance of many mechanical elements, such as bridge
operating machinery, sluice gates and locks on inland canals
and particularly the larger river navigations, demands continuity
of experience and above average versatility in the ground staff
and repair yard craftsmen.

10.9 The BWB 1970 Survey and the Tring Scheme

18.9.1 Having considered the standards of maintenance
which, in our opinion, are implied by the Board's statutory
and other obligations, and having defined them in terms that
will be used in the following chapters as the basis of our esti-
mates, we think it necessary in concluding this chapter to
comment on the standards used by the Boaid in making their
1970 Survey. The necessity arises from the fact that some ]
kind of comparison will inevitably be made between the resuits
of that Survey and the conclusions that we present in this
Report. It will be found that there are differences. Some of
these are due marely to quantitative factors, i.e. in the actual
extent and estimated cost of work considered to be required
to achieve a given standard; others spring from more funda-
mental considerations involved in defining the basic standards
themselves,

10.9.2 The BWB Survey was carried out between the middle
of February and the end of June 1970, a period of 4% months.
It was carried out by the Board’s existing engineering staff

in addition to their normal duties. There was no opportunity to
appoint a special team or to call in independent consultants,
and the time available was strictly limited. The work was
divided among the 8 Area Engineers and their Area and Section
Inspectors, the results being collated and the resultant
programmes submitted to the Chief Engineer by the then
Regional Engineers.

10.9.3 There was obviously insufficient time for a completely
fresh survey, although the staff were no doubt familiar with
the general condition of the various works and structures, and
it is understood that to a large extent reliance was placed on a
comprehensive survey that had been carried out some five years
earlier.

10.9.4  With a view to ensuring that (as far as practicable)
uniform criteria were adopted in assessing arrears of mainte-
nance, the Chief Engineer issued to the Staff concerned a
memorandum of instructions dated 13th February 1970. This
contained three statements, relative to:

A Commercial Waterways
B Cruising Waterways
G Remainder Waterways

respectively which were intended to provide definitions of
standards against which the survey could be made on a broadly
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comparable basis between the eight areas, As lime was short
it was emphasised that efforts to obtain marginally improved
estimates must not be allowed to delay the survey.

10.9.5  The statements setting out maintenance standards for
the three categories were all framed in general terims, giving no
specific guidance as to dimensions or structural capacity
Typical phrases used included: —

“sound and tidy standard"”
“suitable and economic design” and
“normal requirements"

It is very doubtful, in our view, if such directions could have
ensured the desired degree of uniformity.,

10.9.6  Only with reference to dredging were mare precise
criteria laid down. Here it was provided that dredging on
Cruising waterways should allow for continued movement of
commercial craft where they existed, In other cases "a
dredged depth of 4’ — 0" {1.22m) or a requirement to pass
craft which passed in the relevant period defined by the Trans-
port Act 1968 (whichever is the greater) and over a channel
width equal to twice the beam of the craft normally using that
waterway should be allowed for to cover movement of pleasure
craft”. On Remainder canals dredging should be "to water
channel or other suitable standards’’.

10.9.7  The BWB Survey was made about 4% years before
our own and apart from any other considerations it must be
expected to be so much out of date. Some items, it is

known, have since received attention; others would now, no
doubt, require to be added to the list for various reasons. The
position with regard to some Remainder canals has certainly
altered where assistance has been received from Local Authori-
ties or volunteer parties in doing work not necessarily contem-
plated at the time.

b

Plate 10.16 Dry-stone walling reinstated by volunteers under
BWB supervision — Tring Summit, Grand Union
Canal. (PFP)

10.9.8 Whatever our reservations as to the definition of
maintenance standards for the Board's 1970 Survey, we have
had an opportunity to examine a recent practical application
of them in some detail. A length of 24km of the Grand Union
Canal at Tring was selected as the subject of works designed to
overcome the arrears of maintenance detailed in the 1970
Survey and raise the waterway to a reasonable engineering state
compatible with the 1968 Transport Act. The Board’s Chief
Engineer emphasised to his Staff at the outset that what was



required was sound basic work, though volunteers should not
be discouraged from adding finishing touches where they would.
The treatment of 15km of this length is now completed, with
the exception of dredging, between Northchurch and Marsworth
and was shown to the public and the press on 15th May 1975.

10.9.9 We have made a careful examination of this length of
the Grand Union, and it was included in a field visit attended
by Officers of the Department on 5th May 1975. In our view
the completed works on this length of waterway exemplify the
effects of bringing its component parts up to the standards
outlined in this chapter. This view relates to engineering aspects
of the scheme under the main headings of bank protection,
structures (so far as they are represented) and agricultural
works. We should point out, however, that some minor details
such as the provision of lock-side seats, gardens and gravel
surfacing to certain lengths of towpath, go beyond a strict
interpretation of the Board’s statutory obligations. We make
no comment on these as they arise from requirements of the
Amenities Division, whose activities are excluded from this
Report except in so far as they involve actual operations and
maintenance work.

10.9.10 It will be appreciated also that this length of water-

way is temporarily in above-average condition as one would
not normally expect to find so many of the works and

Tahle 10.1

Statutory Craft Dimensions and Limiting Lock Dimensions
Part 1 — Commercial Waterways

structures fully up to standard together at any one moment of
time. With a normal application of maintenance methods, as
discussed in the next chapter, the average condition of

lengths of waterway would fall below the full standard by
about half the permissible amount of deterioration. We take
this into account in assessing arrears of maintenance in
Chapter 12,

Plate 10.17 Combined DOE/PFP field visit — Cowroast, Grand
Union Canal. {PFP)

= Craft Dimensians® (metres) Lock Dimensions {metres}
Waterway 2 = —
And e BE | Longth | Baam | SO | Superstructuro |y | yigeh o
i e YO | width | Hoight p
Aire & Calder Navigation
River Lock-Leeds Lock
tait 35a | 43.59 541 | 213 5.41 3.66 | B7.21 | 5.52 I 2.44 z)  maximum dimen-
Loads Lock — [ | sion in each case, may
Goole Dacks o | 50.44Y | 671 | 24¢% | 571 | 381 | 6614 | 594 | 254 | Motallrefertothe
sams craft,
Fail Ings Lock tail - [
Castleford Junction Lock | 35h | 59.44 541 | 2.3 5.41 366 | 6523 579 2.59 y) ond 134,61 Ce-
Bank Dole Lock- wood Hargreaves
Haddlesey end Selby Canal| 35c | 23.16 442 | 1.52 4,42 2.44 2751 4533 1.99 Units below Castle-
Into Selby Basin Only e | 22.86 | 6.64 | 213 | 5.64 - | 2703 ¢ 578 | 224 | Pord, 122.22 com-
{ [ partment boats above.
| {
I |
I‘E:vtl!::‘l::: — IJ x) 251 Astley to !
Broad Cut ta Thornhill | Forrybridge i
only | 36 17.53 432 | 1.68 4.32 297 0.85 | 4.42 1.83 2 ’
| w) restriction ‘
Fall Ings to Fletcher through flood lack _
Wherf, Wakefisld 36 36.58 541 | 213 5.41 3.66 4n.49 | 5.49 2.29 I
Fall Ings to Spencer ]
Wira Works, Thornes 36 38.40 495 | 198 4.95 3.66 3947 | 549 2.29
Thornhill to Green-
wood 36 1753 | 4N 1.22 4.1 297 21.79% 2.42 1.80
Caladonian Canal
Inverness to Corpach
Basin 47 48.06 8.31 | 396 B 2743 51,82 | 11.58 5.18 ,
Through sea lock to
Carpach Basin only 47 57.91 8.56 | 3.96 - 51.82 | 11.58 5.18

{Continued on next page)}
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t)  Crinan Basin only

Bow Locks tidal below

> Craft Dimensions® (metres) Lock Dimansions (metres)
Waterww § Z . e e i . S A e S R .
and oxtant % & | Longth | Beam | Static | Superstructurs | Langth | Width | Sil e
L * Draught| Width | Hoeight Dopth
Ceinan Canpl v}  walls battered;
Grinan to Ardrishaig 48 | 2655 | 663 | 297 | - |2743 2026 | 7.32Y | 3.05 g;gﬁg%‘;"‘ gl
Through Sea locks to '
Crinan and Ardrisheig u) in fresh water
Basins only 48 29.57 6.50 3.05 - - 32.92! 792 | 3.08
Gloucastar ond Sharpness |
Canal 15 | 59.13 | 899 | 351 - ~ | 97.56% |18.29% | 7.32°| 5) through sea lock
at Sharpnass
River Lao Mavigation |
Balow Old Ford Locks 1a | 2591 5.79 1.75 3.05 213 | 31.70" | 5.94 - ) restriction at
0ld Ford Locks to '
Enfiold Locl tail 1a 2591 5.49 1.52 3.06 21 28.80 5.64 2.19
Enfield Lock to
Hortford 1a | 22.86 4.72 1.37 1.8 i 2,11 | 28.65 4.88 1.78
Mow duaction Canol 34b | 59.449 | 536 2.13 5.36 3.53 | 65.53 6.7 2.82 | q) and 12222
compartment bozts,
River Sevorn
Gloucastsr to .
Worcoester 16 42,67 6.65 2.51 472 503 | 43.41 9.22 2877 p) upto3.10
Worcaster to depending on tide
Stourport Basin 6 27.43 5.79 1.76 2.44 4,11 | 28.50 6.10 1.91
Shoaffiald and South
Yorkshiro Mavigatinn
Tail of Tinsley bottom
lock to tail of Sprot -
borough lock 34a | 18.75 4.72 2139 | 472 305 | 19.02 4,88 2.08°| o) normally 2.08
Sprotborough lock to only avzitable
tail of Doncaster lock e | 5944 | 536 | 213 | 536 | 353 |6553 | 559 | 307 | over Aotherham lock
T — sill, otherwise 2.1
Bramwith 3da | 59.44" | 536 2.13 5.36 3.35 | 65.53 5.38 2.90 n} plus 122.22
Bramwith to Keadby e | 30.78™ | 620 | 236 | 620 | 3.08' | 2367 | 6.65 | 3.94k| comeertmentbaat,
splits for locks
Trent Mavigation
Nottingham to Cromwell ) m) al;u 69.44
Lock tail 28 | 4267 |572 | 183 | 351 | 386 |57.00 | 732 | 223l | Cawood Hargreaves
—— Enits light only from
i unstons Shipyard
Gainsborough 28 | 4557 | 706 | 213 | 381 | 421 | - - -1 (opiits into thraefor
W i ) Thorne Lock)
aaver Navigation
Waston Point to I} ballasted 4.06
Winnington 22 53.64 9.14 3.12 - 172.07 | 69.80 | 1295 4,57
Winningtan to k} Thorne Lock
Winstord 22 | 4672 |94 | 267 | - 8.8¢ | 6980 [1285 | 457 | 2012x5.36x2.74
i) Cromwell lock
1.60 to 2.82
depending on tide
I
i) nolocks.




Tahle 10.1

Statutory Craft Dimonsions and Limiting Lock Dimeansions

Part 2 — Cruising Watarways

=

Craft Dimensions? (matres)

Lock Dimensions {metras) ]

-
Watarway S e B 2 s
and extent § < | - Static Super;tictyra g — Sill " Nates
= u:'l angt gam Draught “Width Height engt idt Dopth |
[ . T
Ashhby Canal 9 21.64 | 2.08 1.07 1.58 1.88 B 32.92Y[ 261Y | 1.562Y | 2) maximum dimen-
sion in each case, may
Birmingham Canel 20a 21.79 | 313 0.94 1.60 1.98 A 2261 | 2.2 1.24 not all refer to the
same craft
Birmingham gnd
Fazeley Canal | y} through stop lock
Huddiesford Junction [
to Fradley Junction 120b | 2185 | 216 | 0.77* | 216 | 208 | A*| - - =X 1 x) nolocks
Fradley Junction te i |
Farmers Bridge | [
Junction 20b 21.79 [ 2.13 0.94 1.60 1.98 A 23.67 2.19 | 1.37
Digheth Branch 20b 21.719 | 213 0.94 | 1.60 1.98 A 23.67 219 1.37
Calder and Hehbla
Wavigation ,
Greenwood lock
to Sowerby Bridge |
and 36 17.53 | 4.32 1.07 432" 297 K | 18.59 l 4.37 ‘ 1,73 w)  2.36 from
Huddersfield Broad | Mirfield to Sowerby
Canal 37 | Bridge
|
Chestarfiaid Canal [
West Stockwith to
Worksop 31 2185 | 2.1 0.76* | 137 1.76 A%| 2226 218 1.32 I
Coventry Canal : ;
Fazeley Junction
to Coventry 8 21.95 | 2.08 1.07 1.37 2.08 B | 2225 | 220 1.52
Erawash Canal
Tamworth Road
Bridge to its
junction with the
River Trent 26 2185 | 274 0.76* | 2.59 2.03 25.30 4,62 1.17
Fossdyke Navigation | 30a 22.86 | 4.67 1.62 3.05 3.66 24.69 5.33 1.52Y | v) Torksey lock
into the Tidal Trent
Grand Union Canal
Regents Canal 2a 21.95 | 4.27 1.5 3.36 2.67 L | 23.85 4,38 1.17
Hertford Union
Canal 2b 2195 | 213 | 081" | 1.83 2.1 A*| 2748 4.38 1.45
Paddington Arm 2c 21.95 | 4.27 117 3.35 2.67 L | 23.85 4.38 1.17
Brentford to |
Berkhamsted 3 21.95 | 4.27 1.17 3.35 2.67 L 23.85 4.38 1.17
Berkhamsted to lock |
13, Long Buckby 3 21.95 | .81 1.17 2.44 2.67 L | 2423 4.38 1.23
Ayleshury Arm 4h 21.95 | 2.13 0.81% | 1.83 211 A*| 22.86 2,32 1.29 * Maximum
Northempton Arm | 4c | 2185 | 213 | 081 | 1.83 | 211 | A*| 2263 | 218 | 1.5 | draughttakeas
0.90 (ses text)
Lock 13, Long
Buckby to Camp
Hill locks 3&6| 21.69 | 3.81 117 244 244 L | 24.08 441 1,23
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=S

> Craft Dimensions® (metres) & Lock Dimensions (metres)
Watarway E = ) 3 Notes
and extent 5 & | Longth | Beam | Stotic Superstructuré | & | | gt | wigeh | SN
Draught | wigth | Haight Depth
Camp Hill Locks
to Dighsth and
Salford 6 21.69 | 213 1.17 2.44 2.44 C | 22.63 2.22Y | 1.60 u} 2,20 at Camp
Leicester Branch Hill Locks
to Foxton 5 2179 | 212 0.84* | 1.37 2.06 A* | 22.56 2.21 1.52
ditto Foxton to '
Lsicester 27a 21.79 | 3.06 0.99 1.98 2.06 22,56 4.57 1.52
Markat Harborough
Arm 27a 21.79 | 290 0.84* | 1.98 2.06 | A* - - ~X

Kennat & Avon Canal
Reading to Tyle Mill | 12 2'|.95t 1.98 0.91 1.83 1.98 A 21.34 4.417 1.19 t}  Lies diagonally

Bull's Lock to in lock
Hamstead 12 8.53 | 2.74 0.76" | 1.37 1.98 22,56 4.34 1.30

Hanham to Bath 12 12.19 | 3.05 0.76* | 2.13 1.83 29.87 5.79 1.78 |

Lancaster Canal
Praston to Tewit —
field including
Glasson Dock
Branch 46 2195 | 465 | 099 | 234 | 249 2286 | 4.72% | 1.60° | s) Lockson Glasson
Dock Branch only

Leads and Liverpool
Canal .
Aintree to Wigan 45 18.80 | 4.42 0.69* | 1.83 1.62 J% || 2322 4.65 1.30

Wigan to Leeds 45 19517 438 | 122 | 244 | 267 | L |19.859 | 4537 | 1.37 | 1) limit through
Leigh Branch a5 | 2195 | 43¢ | 08e* | 4nm | 280 | o0 | 2332 |as2 | 160 | Wigan Hight 18.59

Rufford Branch | 45 | 2195 | 438 | 061 | 411 | 251 2062 | 457 | 137 |9 Newlayand
| office lacks

| p) Bingley 5 — rise

Macclasficld Canal
Hardingswond
Junction to
Marple | M 21.34 | 2.15 0.84* 1.9 2.13 A" | 23.01 2.23 1.44
1.07° 234° | B o —

ges 12-21
' only

Oxford Canal
Braunston Junction

to Hawkshury 1 [
Junction 10 2167 | 213 1.09 1.60 1.83 B 22.56 221 | 135

Napton Junction
to Oxford
and the Thames 1 21.95 | 213 0.81* 1.83 2.1 A" | 22.56 2.21 1.27

Peak Forest Canal i
From the top of |
Marple locks to | |
Whaley Bridge 40 21,34 | 2.16 0.84* | 191 | 213 A* - b= =

Ripan (?ln_ul : * maximum draught
From its junction ! take 0.90 (see text)
with the R. Ure to

Littlethorpe lock
tail 33a 17.37 | 4.34 0.76* | 4.34 2.59 J* | 18.59 i4.60 1.55

(Continued on next page)
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