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BASIC DATA

Enoggera Dam and Pipeline

Brisbane State Forest

The Gap, Brisbane, Queensland

27.45°S 152.93°E

Brisbane City Council

Seqwater

Reserved Water Supply

Recreation

Water Supply to Brisbane City

Joseph Brady

Donavan & Hulse

1864 Year Completed Dam 1866

Pipeline 1868

Earth filled Dam

Cast Iron Pipeline

Dam Good Pipeline collapsed

1976 Dam Heightened
Concrete Spillway added
Pipeline duplicated



INTRODUCTION

Enoggera Dam, built in 1866 was Queensland’s first major dam, and the second major dam in
Australia. The first was the Yan Yean Dam in Victoria. It is an earth filled dam built on Enoggera
Creek. Its headwater with its tributary is in the D’Aguilar Ranges west of Brisbane. Enoggera Creek
enters the Brisbane River at Breakfast Creek, of John Oxley fame.

The dam was built to give Brisbane its first reliable water supply. It was 7 miles from the city,
connected with a cast iron water main to service a reservoir on Wickham Terrace adjacent to the
historic Windmill Observatory, Brisbane’s highest point at the time. The difficult terrain required
tunnelling and creek crossings for the pipeline construction.

The dam was Queensland Heritage listed in 2007.

HISTORY

Initial water supply to the Brisbane Convict Colony and early free settlement was wells and a small
creek flowing through the area (as described later in Brisbane Water Supply section.) With the
growth of settlement, the supply became inadequate and grossly polluted. With the establishment
of Brisbane as a Municipality, the Brisbane Municipal Council appointed a Water Supply Committee
to investigate a permanent adequate water supply for the town.

The Committee engaged Thomas Oldham, an engineer who had advised on the location of
Melbourne’s first water supply, to conduct similar investigations for Brisbane. In 1863 Oldham
reported the most suitable service for a gravity fed system was the Enoggera Creek water shed. The
Surveyor general, A.C. Gregory, a Queensland Government employee also submitted a proposal for
Ithaca Creek. The more far sighted proposal for Enoggera Creek was chosen. Conflict between the
Council and State Government over control and ownership of Brisbane Water Supply has
characterised the history of Brisbane Water Supply. In 1863, this conflict was temporarily resolved
by the appointment of a Board set up by Parliament under Brisbane Waterworks Act 1863.

Oldham, originator of the Enoggera scheme became a victim of the Government and Council politics
and was passed over with the Board appointing Joseph Brady to design and supervise the
construction of the scheme. Brady was an energetic engineer with experience with the Yam Yean
scheme in Victoria. He completed design plans for the Enoggera section within three months. The
signed contract plans between Brady and the Contractors, Donovan and Hulse are held in the
Brisbane City Council Archives. It was claimed that the public would not understand engineering
drawings so they were coloured for public understanding. The Enoggera plans are described as
vertical artistic masterpieces. Regrettably there is no colour code describing the various construction
materials.



BRADY’S DESCRIPTION OF PROJECT
Detailed description of the Project is given in Appendix |, “Paper The water Supply to the City of

Brisbane Queensland 1866” by Joseph Brady, Engmeer to the Board of Waterworks
o . S - -

Signed Contract Plans Elongated scale longitudinal section and plan of dam
Brisbane City Council Archives

Plan of works

Tunnels Pipeline




SUMMARY

Capacity of Storage Reservoir

1,000 millions of gallons *

Area of Water Surface 186 acres
Area cleared of timber for Reservoir 261 acres
Greatest length of Reservoir .. 2,000 yards
Greatest breadth 700 yards
Breadth of dam . 363 yards
Length round water edge of Reservoir .. 8 miles
Length of Dam 374 yards
Greatest height of Dam 65 feet
Top width of Dam . . 15 feet
Inner slope of Dam, 3 to 1; outer,2 to 1. Inner

slope covered with dry granite pitching
Top of Dam above water level 10 feet
Width of Byewash 150 feet

Earthwork in Dam
Granite Masonry in valve houses .
Level of Water above high-water mark in Brisbane

125,000 cubic yards
11, 400 feet **

239 feet
Level of Outlet Valves for town supply 224 feet
Level of Syphon for compensation to Creek 198 feet

Length of Main from Reservoir to Queen Street ..
Intended daily supply . .
To be increased if required, to One Million
Gallons daily, by laying a second main.
*See Appendix Il for revised figures

7 miles, 14 chains
300,000 gallons *

** Feet from Brady’s paper probably should be cubic feet

Original design of water main was 12 inch diameter, but to save cost it was reduced to 8 inch for the
first 5 miles and 9 inch for the last two miles.



DAM DESIGN

The dam is an earth filled dam with inner slope of 3 to 1, and outer slope of 2 to 1. The inner slope
was covered with “dry granite pitching” and outer slope was rock. The dam has an impervious clay
core called puddle built 10feet from top of dam (water storage level) to bedrock to prevent passage
of water through the dam. No specifications could be found to give details of the material used.
Brady merely states the dam was composed of good stiff clay laid in layers 9 inch to 12 inch in
thickness and continually carted over. He does not distinguish between puddle and body of the dam.
This compares with the specifications for the Gold Creek Dam built twenty years later where the
puddle was to be best tough clay of approved quality well compacted, and the body of dam of less
quality clay. Brisbane’s third water supply Lake Manchester(1916), and the fourth, Somerset Dam
(1953), are mass concrete dams. The fifth , the larger Wivenhoe Dam (1985) is a complicated earth
filled dam employing modern soil mechanics.

Contract Plan Cross Sections of Dam

Note material colouring but no colour code
Brisbane City Council Archives



The construction plans provided for a Byewash (spillway) cut into the rock on the northern end of
the dam. It was not constructed. Brady describes a Byewash 150 ft. wide, outfall being over a granite
curb, 10 ft. below the top of dam. It was over the northern section of the dam. The fall of the creek
below the base of the dam was 1 in 15, so Brady did not anticipate any scouring at base of dam.
However, the Byewash over the dam damaged the rock face as early as 1865 and 1870, resulting in
widening the Byewash on two occasions.

The compensation flow to the creek, a 16 inch diameter cast iron pipe siphon was provided. (Details
page 9). However in practice the syphon was used to drain off decaying vegetation polluted water
from the lower levels of the reservoir. Polluted water was a continuing problem till filters were
installed in 1912.

CONSTRUCTION OF THE DAM

The Dam was commenced on 18™ August, 1864, and despite difficulties was finished remarkably by
May 1866. (21 months), using hand labour. A layer of shingle (gravel) below the ground surface
(probably an ancient bed of the creek) required the puddle trench to be excavated to an average
depth of 14 ft. below the surface with extensive timbering of the sides of the trench. In September
1865 unseasonable heavy rain resulted in flooding carrying away 18,000 cubic yards back down to
bedrock. Brady’s paper gives comprehensive details of the construction (Appendix 1)

Dam Construction Puddle Trench Excavation  Photo: John Oxley Library of Qld



PIPELINE

To provide for the pipeline for the water supply to the town, three 12 inch cast iron pipes were laid
in a 15 ft. wide trench cut into the rock on the northern side of the dam. The trench was 38 ft. above
the bottom of the creek and 27 ft. below the top of the dam. One pipe was for initial supply, one for
duplication, and one for the syphon. As the trench went through the impervious puddle core, it was

back filled with rammed clay.

— ——

v Bl
ERIZEANE WATER WoRKS 15

vy
i f
ALy
;9 RAl
i
!
‘ t

The Valve house was constructed adjacent to the dam wall, not as shown above, probably for easier
access and shorter rock excavated trench. Note: Rammed clay backfill to puddle core
Photo: Brisbane City Council Archives

The inlet tower valve house was constructed of Masonry. There were three water inlet ports 10 feet
below the top of reservoir water level. The bottom of tower was divided into sections to allow
maintenance to any of the pipe inlets. Pipe inlet valves were controlled by spindle rods to top of
tower. A small structure at outlet end of the trench contained sluice outlet valve on each pipe. Each
pipe was then extended 110 yards downstream.

The inlet from one of the pipes was connected to a 16 inch diameter pipe rising to the top of the dam
level, and down into the reservoir terminating on a stone pillar 41ft. below reservoir level. This
formed a syphon, with an air extraction pump, which was used initially for a compensation flow to
the creek till a reservoir level reached the inlet ports in the inlet structure. Subsequently used to
drain vegetation water from lower level of the reservoir.



Valve House Note three inlet ports at water level
Photo: Kyler Coghlan 2021

Inlet valve control spindle rod
Control tower masonry walls (pink)
Brisbane City Council Archives
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To save cost the 12 inch pipeline water main to the town was constructed as an 8 inch main for 5
miles, then 9 inch for 2% miles. They were cast iron pipes with lead filled bell shaped sockets. It was
a gravity main. Inlet water level was 229 ft. above sea level with highest point of town being 170ft.
above sea level. The population of Brisbane in 1864 was 12,581. Brady designed the water supply
for 300,000 gallons per day for a population of 15,000 at 20 gallons per head per day to be increased
with duplication of the main. By 1900, the population was 120,000 at 43 gallons per head per day.

The pipeline was to terminate in a masonry service reservoir on Wickham Terrace (town’s highest
point). Initially it was not built because of lack of funds. Three stand pipes (water columns) were
used instead. By 1868, without the reservoir and consumption being 41 gallons per day, high levels
of the town were poorly served. The Wickham Terrace Reservoir was built in 1871 in red brick. A
second reservoir was added alongside in 1882. Because of leakage problems they were
decommissioned in 1886 but repaired and put back into service in 1903 till 1962. Now used as a
theatre. It was Queensland Heritage listed in 1992.

With the water supply still inadequate, a 12 inch main was constructed from Enoggera Dam to the
service reservoir in 1876.

CONSTRUCTION Of PIPELINE

Tunnels were driven to accommodate the pipeline 5-6 ft. high by 4 ft. wide to accommodate two
men working, and two 12 inch pipes. Brady describes (See Appendix I) the difficulty in driving the
tunnels through slate rock of flinty hardness. The tunnels were designed 5ft. 6 inches wide by 6ft. 6
inches high, masonry lined. Apparently the hardness of the rock did not require the masonry lining
enabling smaller sized tunnels. Plans show three tunnels, but Brady describes only two tunnels 187
yards and 412 yards in length.

BRISEANE WATER WoRNELT 7
DETRIET o TUNNEL: NG
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Original tunnel design Brisbane City Council
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As the creeks downstream rise 10 to 18 ft. in flood, for the three pipe crossing of Enoggera Creek and
one crossing of Ithaca Creek, the pipes were enclosed in a wall of masonry not more than 1 or 2ft.
above the creek bed and were carried down to a solid foundation. Despite construction work on the
mains being delayed by late arrival of the cast iron pipes from England, the water supply to the town
was completed in 1886.

ADDITIONAL WORK

An 1876 Proposal to raise height of the dam by 5 ft. to increase water supply did not proceed as funds

were not available. The Board’s Engineer, Foster, Barham’s 1901 plan to heighten the dam was not
approved. (Refer Appendix IV, Plan No. 1.), but the plan shows outline of the dam at that date. In
1903 four alternatively detailed plans for heightening dam and a concrete spillway also did not
eventuate.

The proposal for the construction of the neighbouring Gold Creek Dam at nearby Gold Creek was to
improve the capacity of the Enoggera Reservoir by connecting it to the Gold Creek Reservoir by a
tunnel through dividing ridge. When constructed in 1866, the Gold Creek Dam connection was not
made, but a trunk water supply main from the dam to the town was constructed instead. The
connection was finally made in 1928 with a 16inch concrete main. (See Enoggera Connection)

In 1976 for flood mitigation the dam was raised by 7 metres, and a concrete spillway constructed on
northern end. (Refer Appendix IV, Plans Nos. 2&3) Reservoir storage was not increased. The
increased height was by rock fill with upstream face sealed with concrete. A feature of the spillway
is for low flows, it has two inlet ports at original reservoir level but this did not prevent the flood
mitigation storage capacity of the increased heights of the dam for major floods. Major flood
overflow level of the spillway is at a level 4 metres below the increased height of the dam.

1976 Spillway — note outlets for low level flows
Photo: Kyler Coghlan 2021
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OPERATION

The dam continued as a part of Brisbane Water Supply until it was decommissioned in 2003. It was
recommissioned in 2006 for Inner North Brisbane water supply when drought had reduced South
East Queensland water supply to a critical level. Subsequently it was decommissioned after the
millennium drought ended in 2011 but remains as a backup water supply. The Lake behind the dam
is in Brisbane Forest Park and is used for recreation purposes.

Ownership of the dam passed from Brisbane City Council to SeqWater in 2008 in accordance with
“South East Queensland Water (Restructuring) Act October 2007.”

HERITAGE LISTING
Enoggera Dam was listed in Queensland Heritage Register in 2007.
Net Reference: https://apps.des.qgld.gov.au/heritage-register/detail/?id=602458

THE EARLY ENGINEERS

THOMAS OLDHAM.

Thomas Oldham was born in England. He started his engineering experience s in 1837 on railway and
water supply projects before migrating to Victoria in 1852. Within a few weeks of his arrival he
reported on the water supply and sewerage of Melbourne recommending the construction of the
Yan Yean scheme, the first water supply scheme in Australia to involve a major dam and a water
supply. In 1862 Brisbane Municipal Water Supply Committee appointed him to investigate a water
supply scheme. He recommended and costed the Enoggera Dam water supply scheme. He became
a victim of Council and Government in fighting when the Government’s newly established Board of
Waterworks appointed Joseph Brady to design and construct the Enoggera scheme.

JOSEPH BRADY

Joseph Brady was born near Enniskillen, Northern Ireland, and as an apprentice surveyor with five
years’ experience in railway location construction, he was just 22 years old when arriving in Sydney
in 1850. He was employed on survey and design and Resident Engineer for construction of Railway
Line to Parramatta.

In 1851 Brady spent six months in Victoria surveying and drafting for Melbourne Yan Yean water
supply. He returned to Victoria in 1858 working on various water supply and railway projects. In
1864 he came to Queensland and obtained a contract for improving the Brisbane River. He
relinquished the contract on being appointed Engineer of the Board of Waterworks to construct the
Enoggera Dam scheme. In 1865 he was given the additional appointment as the First Engineer
responsible for all port and harbour work in Queensland and for provincial water supplies.

Brady returned to Victoria in 1869 to work on Railway and Water Supply contracts. In 1877 he was
appointed First Engineer at the Melbourne Harbour Trust. He planned and constructed extensive
works which became the bones of development of the Port of Melbourne. Most of the planned work
was completed when he retired in 1891.

13



Few engineers have personally investigated, designed , constructed and operated in as many fields
as Brady. The speed at which he worked is most impressive; he completed the survey and drawings
for Yan Yean in six months, located and marked out two alternate rail routes between Parramatta
and Mittagong in six months and had contract work started on the dam for the Enoggera scheme less
than four months after his appointment. This was fast by any standard and shows a well-informed
man of vigour and decision. After retiring Brady worked as a consulting engineer and arbitrator until
1894; he died at Elsternwick, Victoria on 8™ July 1908, survived by seven children.

CHARLES SIGLEY - The Amateur Engineer
Little is known of the qualifications and early experiences of Charles Sigley beside some railway

experience in Victoria. From 1864 he was employed by Joseph Brady as Clerk if Works for
construction of Enoggera Dam. Being often away on his Harbours and Rivers duties, Brady relied on
Sigley to push the construction of the dam in record time.

Brady’s appointment with the Board ceased in February, 1867, retained as a Consultant but never
consulted. Sigley was appointed Clerk of Works and acted as Board’s Engineer till October 1879.

Sigley’s achievements included designing and building the Wickham Terrace Reservoir; specification
and construction of 12 inch water main which included widening of the tunnels; laying a 2 inch lead
pipe across the Brisbane River to supply South Brisbane; repairing flood damage to Enoggera Dam;
widening spillway to dam twice and design of pipe scraper for cleaning pipes. Sigley also played a
role in identifying both the Gold Creek Dam and the Brisbane River at Mt. Crosby as sources for
increasing Brisbane water supply.

14



BRISBANE WATER SUPPLY

“Starting from the first landing at Redcliffe in 1824, the water supply to Brisbane was in recurrent
crisis for a hundred years until the partly completed Somerset Dam was placed in operation in 1943.
It had always been a case between rising water consumption of a growing city, and the availability of
funds to develop the next source of water supply.” ( The Gold Creek Story by Geoffrey Cousins)

The population of Brisbane in 1864 was 12,581. Brady designed the water supply for 15,000 at 20
gallons per head per day. By 1900, the population was 120,000 at 43 gallons per head per day.

EARLY SUPPLY

Initial water supply for the convict settlement and early free settlers was wells and a series of water
holes in a small creek running through future sites of Roma Street Markets and City hall to enter
Brisbane River at Creek Street.

In 1839 a small earth dam was built at future Roma Street Market site with water pumped to
Commandant’s Quarters (Treasury Building site) through shallow logs by a convict operated treadmill
pump. A tank was constructed (Tank Street) to assist in the cartage of water. With growing
population, gross pollution of the creek and drying of wells, a new supply was required.

P A
o
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Early Brisbane Water Supply
Brisbane City Council Archives
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ENOGGERA DAM

The establishment of the Board of Water Works led to the building of Enoggera Dam with 8 inch and
9 inch diameter mains and stand pipes supplying water to the town in 1866.
Improvements soon became necessary as follows:
1871 Wickham Terrace Reservoir
1872 Heightening of Reservoir
1876 12 inch main from dam to town
1878 Report on five sites for additional source of supply
(a) adam on Ithaca Creek; (b) a dam on Gold Creek with connecting tunnel to Enoggera
Dam; (c) raising Enoggera Dam by 5 feet; (d) an auxiliary reservoir on Enoggera Creek;
(e) a pumped supply from the Brisbane River at Mt. Crosby

Ithaca Creek action was dismissed on score of cost and poor yield from small catchment area and the
auxiliary dam on Enoggera Creek for fear of an overflow damaging Enoggera Dam. The Brisbane River
supply was dismissed on initial cost not less than $250,000 as well as cost of operating pumps. The
preferred scheme was the raising of Enoggera Dam. None proceeded at this stage.

GOLD CREEK DAM

The Board of Water Works submitted the Report to the Government. The Government requested
their own engineer, J.B. Henderson, Hydraulic Engineer, Resident Engineer for Waterworks in
Queensland, to investigate the supply. In 1882, Henderson was appointed Hydraulic Engineer in
charge of newly formed Water Supply Department.

In 1881, Henderson reported on building on the Gold Creek Dam which was accepted by the Board.
Henderson’s original proposal was to connect Gold Creek Dam to Enoggera Dam either by channel
along the contours or more direct route by tunnel through intervening ridge, and thus increase
Brisbane water supply.

The elite citizens of the time who lived at Toowong pressured the Government for a direct water
main from the dam to Brisbane as this would pass through Toowong. In 1882 the Board adopted a
16 inch water main from the dam to Taringa through Toowong. The tunnel connection of the dam
was eventually built in 1928.

Construction of the earth filled dam similar to Enoggera Dam commenced in 1882 and water was
turned on to the city on 2" August, 1886.

Except for the tunnel connection to Enoggera Reservoir, Gold Creek direct supply to Brisbane water
supply was decommissioned in 1931. See Appendix Il for capacity of Reservoir and rate of water
supply.

In 1889 to improve the water supply to South Brisbane, a 16 inch pipe was laid across the Brisbane
River at Toowong Ferry site and a service reservoir constructed at Highgate Hill. Despite 1889 flood
disrupting the pipe laying, it was completed and was placed in service on 23" September 1889, and
the reservoir in service on 28" October 1889. The pipes corroded and failed in 1915 just after a 24
inch diameter pipe had been installed just downstream from Davies Park.

16



MT. CROSBY

The next source of supply was to develop the Brisbane river in the vicinity of Mt. Crosby immediately
above the reach of the tidal influence. The scheme involved a steam driven pumping station on the
north bank of the river; an open concrete storage reservoir nearby, capacity 2.43 million gallons; and
a 24 inch diameter gravity trunk main, 17% miles long to the city. Subsequent 48 inch and 36 inch
gravity mains were added. The capacity of the reservoir was a day’s supply for the citizens of Brisbane
allowing the pumping station to be closed at night to save labour costs.

An extra high cast iron standpipe was incorporated to increase the pressure in the trunk main. The
24 inch Mt. Crosby trunk met the 16 inch Gold Creek trunk main at Kenmore allowing water to be
pumped into the Gold Creek Dam.

1899 — 1902 drought resulted in low flows in the Brisbane River. In January 1901 a 18 inch timber
weir was constructed across the river. Cost £10. In December 1901 a 4ft. 10 inch sandbag and clay
weir was constructed. A concrete weir was built in 1902. Water to the weir was only maintained by
dredging through sand bars upstream, and then pumping from upstream reaches of the river. Before
drought broke at end of 1902 it was reported only 3 to 4 week supply of water was available.

Additional source of supply was required and in 1906 plans were drawn up to increase Enoggera
Reservoir with heightening and a concrete spillway. But the government would not fund it. Allen
Hazen, an eminent American engineer was engaged to investigate various proposals for
development.

LAKE MANCHESTER

Allen Hazen’s report in 1907 rejected the raising of Enoggera Dam and also the other proposed
scheme for water from Stradbroke Island sand hills as too expensive. He recommended the
construction of a dam on Cabbage Tree Creek, a tributary of the Brisbane River 11 miles upstream of
Mt. Crosby. A mass concrete dam was commenced in 1912 and completed in 1916, with a capacity
of 700 million gallons. In 1974 this was increased to 7,000 million gallons with construction of a dwarf
weir. The reservoir was named Lake Manchester. Hazen’s report anticipated the Somerset Dam.

The purpose of the reservoir was to supply water to Mt. Crosby pumping station when normal flow
of the Brisbane River was insufficient to meet the water supply demand. Originally this was done by
allowing water to flow from the reservoir down the creek and the Brisbane River. To eliminate the
between 20% and 33% estimated water losses, particularly down Cabbage Tree Creek, a 42 inch
diameter pipeline was laid between the reservoir and the mouth of the creek.

The capacity of the reservoir could not be relied on as it was seriously depleted at start of dry times.
Two electrical driven pumps were installed at the mouth of the Cabbage Tree Creek pipeline to pump
water from the Brisbane River to the reservoir when the river was flowing in excess of requirements.
This was to keep the reservoir full at all times.

Pollution of the Brisbane Water Supply was a continuing problem until the construction of the filter
treatment plan in 1912 at Enoggera Dam, and finally major treatment plant at Mt. Crosby. (This is a
project in itself — not included here)

17



ENOGGERA CONNECTION

Plans were drawn up in 1918 for a 16 inch” concrete cast iron trunk main and a tunnel driven through
the ridge between the Gold Creek Valley and Enoggera Reservoir. (Refer Appendix IV, Plan No. 4.)
The connection was not constructed until 1928 with a 16 inch” concrete trunk main and tunnel.

This effectively added the catchment of the Gold Creek Dam to Enoggera Dam which increased the
city’s water supply via the Enoggera Treatment Plant. Gold Creek Dam was decommissioned in
1931.

MAJOR ADDITIONS

The year to year solutions of the Brishane Water Supply ended with two major additions to the
supply, viz. the Somerset Dam on the Stanley River, a Brisbane River tributary, and the Wivenhoe
Dam on the Brisbane River. The Somerset Dam was Australia’s first flood mitigation and water supply
dam. Wivenhoe Dam was also a flood mitigation and water supply project. Initial supply from
Somerset Dam was in 1943. Full supply available with dam completion in 1953. The North Pine Dam,
north of Brisbane, constructed in 1976 also added to the water supply and flood mitigation.
Wivenhoe Dam was completed in 1985.

Water from the dam flowed down the Rivers to the Mt. Crosby Treatment Plant. The inadequacy of
these dams were severely tested in the Queensland drought of early 2000 necessitating the
recommissioning of the Enoggera Dam and building a pipeline from Brisbane sewerage plant to
Wivenhoe Dam to use effluent tested water. It has never been used.

TIMELINE 1866 Enoggera Dam
1886 Gold Creek Dam
1892 Mt. Crosby
1916 Lake Manchester
1918 Enoggera Connection
1943 Initial Somerset Dam Supply
1953 Somerset Dam completed
1976 North Pine Dam
1985 Wivenhoe Dam

SOCIAL
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The construction of the Enoggera dam and Pipeline permitted the growth in population of the City of
Brisbane. From its earliest days a visit to Enoggera Dam was considered a social event. Enoggera,
Gold Creek and Lake Somerset Reservoirs are all situated in the extensive Brisbane Forest Park which
has trails for bushwalkers through the forest close to Brisbane. The Enoggera Lake is also a popular

site for recreational water activities

Hand Coloured Post Card — turn of 20t century Recreational area - 2015
John Oxley Library en. Wikepedia.org
SIGNIFICANCE

Enoggera Dam was the first major dam built in Queensland, an earth dam built with little knowledge
of soil mechanics, but still in existence today and being a forerunner to other earth dams built in
Queensland.

The significance of the pipeline was its construction through difficult terrain requiring excavation of
tunnels.

The project was remarkable in that the construction was completed in two years using only hand
labour

The dam, constructed in 1868 is still in good condition providing an emergency water supply and
flood mitigation.
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Our ref:AM:LAB:D22/6013

19 January 2022

Suzanne Burow

President | Queensland

Andrew Barnes

Chair | Engineering Heritage Queensland
Engineers Australia Queensland

Via email: gld@engineersaustralia.org.au

Dear Suzanne and Andrew

Enoggera Dam and Pipeline: Engineering Heritage Award Nomination and Acceptance
Request

Thank you for your letter dated 23 November advising Engineering Australia would like to
publicly recognise the Enoggera Dam and Pipeline with an Engineering Heritage Marker
award.

Seqwater is pleased to have this important historic and engineering heritage recognised
through the Engineering Heritage Recognition Program, and gladly accepts this award
nomination.

As a Queensland Heritage Place, Enoggera Dam is a place of historic significance to all
Queenslanders. Acknowledging the engineering heritage of this place brings public recognition
of its engineering significance, and the engineers who created it.

Please co-ordinate with Anne McKenzie, Seqwater's Cultural Heritage Officer in the
development of the formal submission and interpretation panel design, and we look forward to
working with your team to co-ordinate the unveiling ceremony in due course. Anne can be
contacted at anne.mckenzie@seqwater.com.au or 0448 501 143.

%inwmly
il Brennan

Chigf Executive Officer

cc. HKomene@engineersaustralia.org.au

SOURCE SUPPLY

W © £
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CITY OF BRISBANE, QUEENSLAND,
1866:
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- BRISBANE WATER SUPPLY.

' Tux Drisbane Water Works, - 23 oxocutod, are intonded for the supply of 15,000 inhabiiznts, st the
“rata of 20 gallons cach per day—say e daily delivory of 300,000 gallars, on the graviiatisn principle.
. The works wore originaliy designod for tho ulthizale supply to 50,000 inhabitants, and the immodists
- supply to 25,000 inhabitents. © The limit of expendiiure- (£50,000) was, however, Land imedeguate,
ma the engizeering works alons woro ostimsted %o cost 269,491, - A rovisiom of the  plaz ' was
considered by tha Doard, and it was resolvod to exocuts tho dam of tho sforage rosorvoir, as dosigsad
fur thoe largor supply, os clso the sorvico resemvsir, and o reduco the werks on the pipa trzcl,
%0 a4 0 koop tho oxponditure below £57,000. This, it wes hoped, would Lo offestad by radusizp.
tho main from 12 inchos to 8 inchos dizmotor, ead by Todueiag tho work in tho tumacls ca 20 Tipe
track. [Sco plan sad soction atteehod.) Tho actuzl cost, bowovor, will stazd 2z follows:—

Works in. connoetion with Storsge Ilesorveir .. - s Ces £39,558 13 3
Works on the Dipe Treck end Town Sarvico .. - Ce. 2203013 &
Esxteusion of L{zins end Borvicos .. "= s “aae %8 1 €
Contingont Ezpensos F o e ST LD

ToTar e vo EC5500 0 0

Tuo works eompriso & Siormge Neservols 200 'foot cbave fio tows; 2 cimyly Ery of Sdach
Cast Iron 2Main, sovex milea ia Jongth, 2nd tha fown supply corviea. This lafts is =z gei 3u2
-

" of limited exton!, and- only supnlios thrao of iho nzineinsl siroota.  Provision in, Roworar, =:=Z:
for cc=suwmors rosiding in othor loealitios by mozas of wwater columas arosied ja suit=blo plecu.

The supply of wator is obtained from tho upper weitershed of thy Euoggors Creck, 2:2 i
dammad back to a loval of 229 foot above the soa (high waion,) af e.distanes of saven milss
weat of the dlty, in which latter tho lovels very fram 10 foot-to 176 fosi—tlo prizeizal busizeza
portion of the ity averaging sbout-25 foot ebors high waler loval. Tho inm;:iiiﬂé esuntry ia
the lino of the pipe track ia extremely brokea, mocessitsting tuazolling iz two plazes. [Sou tha plaz)

: The watershod ia not yot survoyed; if is abeout 7,000 acves in oxtcnt, saminrisine siadp ezd
mountainous and thickly timbored country. Tho formation is composed of siluriza clotss 2=d syoaitss,
with iztrusive tap aad porphyritic recks Tho sum:umits sro from- 300 to 1,000 %ct cbove saa lovel

_ Obsorvations have been kopt of th raicfall ja Drisbzae for 6 yoass, ot 3 loval of 70 fust
slawe the sea, a» follows:— ' '

w60 .. " . §4-03 1868 .. .. .. cs.sa
1881 ... 2 . B0t R T oo ﬁ::o
\ 1862 .. wn T -88-27 1863 . e - ee BE.5D

gy en aversge of 48-36

Thé wsinfall in (he Watersliod was probally much greater, Taking 53 par eszf, or 2y
16 jueckes, e« availalle ruinfall (allowzpg GG por eont. far loss. by evanoration, pﬂﬂl‘:li\m and ovorflow
s focds,) loaves s an averago smnual resul: 400,560,000 cubie foet, or 2,5:1,000,530 gallons.
Tto e=pagity of the Nosorvoir being 1,000 million gulless, the sveilablo supply in avasige yeais is
thua tww sad-s-hall thwes jle capacity for storsgo. .

; ‘In the yoar of least painfall’ (1863, ono of drought) the availalle suslus (8 inchian)
veatld Lave yieldad 17270 millioa gallans, or ever two years smpuly fur 50,000 T Y i:m_ at
pructical purpeass, thevefore; the stornge Is moest amule, and the quoestion ef Jdulivesice & lirzer
yusality thea ab pooseut previded fur is e=ly oas of Faying down a3 seescd maln of snficass
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dismeter.  The united nreas of the M12-inch pipes lnid Fir the firt 100 vards frm iha Doservoir
i U incligs, wlilst that of the S-inch miain laid thence town Leing 0] iehon, it Bdlows gl
tiw delivery can Lo increased to six times that at preseni, wlhenevor it may Leemme nocesary o
do so.

The Dyewash is 150 feet in width—tho ontfall being over a grasilo eurb set in ermen:,
The fall of the Taiercourse leading from the Dyewash is at tha raie of ona fesi in iiteww, A
that it will form a cainract, and there will be mo risk of the Dyewash gorging.

The foliowing statement affords some of tho principal BSgures comoecied with fie

siorags :—

Capacitr of #2torage Eesorveir i i s 1,000 millians of galbuns
Aren of Waier Surince i &t o 156 acres

Araa cieared of Hmber -for P-mrmu o= 2 -] S
Gregiast I-*g I of Reservoir u i = 2,600 vards
Grenest brecdih .. A =k v e o0,
Breadrh at Dam .. e N o,

Legsth vound water edge ucf Reierrmr - e § miles
Longzh of Dam - - s wa W5 374 yanls
Greatest haight of Dam . . - i3 G3 fact

Top wid:h of Dam . . - s 13

Luner Zivpe of D:m, J to 1; outer, 3 to 1. Ioner

© slape eovered with dry granite pitching i

Top of Dam thove watar level & i G o ,,

Widih of Dyewash | e e iy o [T I
Earthwork io Dam . = 5 - 125,000 cubic yands
(GFraaite linsonry in 'Valrehousu ; - 11,100 feot

Level of Watsr abova high-water mark in Brisbaas " 238

Lavel of Outlet Valvea for town supply g ' 224,
" Level of Syphon for compensation to Creek .. - 138 ,, |
Length of Main from Reservoir to Queas Ftreot " 7. owmiles, 14 chains
Intended daily supply = i 5 o 300,000 zalluns

w ba incremsed, if requied, o Oue Miliom
Gallons daily, by laviog a sccomd Main.

A% tha commencement of tho work, mine tonders worn reccived for tho cloasings of rimie
from the Reserveir, varying fom £3 10 Od to £15 per acre.  Ton distined parties wmisrswk T"..i-_
work, several of whom failsd, and fnally & was let in blocks at £21 to L30 per aere. T
average was £37 10 Od over the 2§l aeres clvared

The tunaelling, which it was anticipated would be elifelly throngh sandatones and shales, roquiring
portial lining with brick-work, twaed our, after tho face leagilis wern opemed, to be in T P P
i!.int}' barduess, intarspersed with veins of spar, so hard that tie steel drills had io be tempored #o as ta
nick the face of the :.!nﬂl any barder they would splinter, any softar would cawse thewm tw Due up az
a few blows. The size of the tuazel is 5-8 feet Lizh by 4 fest wile, just roum for twe mivers
to work. The avercoe rate of progress throughout was 3 ioches por day at each fueo.

In the tunpelling the greatest difficulty was experiemced, as owing to the extremo hardness of
the rock fow micers could work it, eund mooy even of tho best lands were so dissatissiod at the -
apparently hopeless mature of their task, that ther IeR after a short trial. Thero oro fwo tunnels,
(besides s short heading of 133 feet in length, which wna driven fo avoid breskisg wp o form-yanl,
mmugh.wh{chthgdpumkpm bt thers was md.lﬂmltynth this,) The. others, "known as
No. 3 aad No.- § tunnels, ore respectively 187 sad 419 yards in lemgth; in tho former two shulis
were sunk; in the latter, four. Blowing fons wers used in cach for vmhlatm-‘- the workings; as in
certain states of the stmosphere great difficulty was sxperienced in clearing tho headings of powder
smoke. Ordirary blasting powder and doubls tups fuse wers used in the minivg operations. It
sometimes bappened that the holes had to be charged & second timé, owing to the powder
blowing . the tamping out without breakin# tho rock. A sample cartridpe of zun cotton was tried
in ons of the hardest holes, and the result surprised the wmincrs, who bad mot previously seem this
zagtevial used. The rock round the hole was shattored like glnss, eod thers was ne smoke. This
latter recommeendation alons would have led to its uso in preference to the powdor, Lut thore was ue
more of it to be had in this Colony.
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13,000 Iha, of powder wore wsed in this work, and 4,300 Ihs of sctagen stecl for drille. The
apen emds af the tunnels were, worked by monns uf tramways and small box waggons; the ahaflrs,
by the ordinary wimilass and skip.

The work of greatest interesi conmectad with the Drishano Water Supply is the Dam of
Swraga Roservoir, a short account of the comstruction of which follows.

In o report to tha Doard of TWaterworks, dated 27th May, 1804, I pointed out that
i eonstruction of the Storage Dam would be a work of great risk, on acoount uf
“ie larze quantity of water discharged by tie creck during flosds, and that greater procawiies
woull have to be taken than are usuaily required in works of this class, I also stated the tima
sonmived for the work would be from two to threo yeam. It will ba seon thot I did owt over-
essimate the diffculty of comstrueting tho Dam. :

The Dam was commenced on 18th of August, 1364; A. C. Gregory, Esq., tha Burveyor-
General, performing the usual ccremony of ecniting the first sod. Operations wore begus ab i
northern end of the Dam, wherd the ground was already clear of timber; tho southern emd was
in a dense scrub, full of leary timber, and the countractors for the earthwork did not get possessisi
of this part for 3 consideralle time. ;

The whole of the soil was removed from the surface of the baso of the dam, and %o
zronnd was bemehed into level steps preparatory to the commencement of the cmbankment. In the
southern portion of the dam it was found necessary to cut the puddle trench to an averaze depth
of 14 feet below the scrfaee down to the bed rock, owing to the presence of a stratum of shingle,
forming probably the ancienmt bed of the Creek. The sides of this tremeh wero closely rimbuered
nniil the enmpletion of the puddle to the level of the surface. Tho furmation of the embankmont
wis proceeded with simultaneously from bLoth ends, learing tho courso of the Creek open for tlea
passage of the water, until sueh time as an attempt enuld bo made to close the gap. The
open ends of the puddle wall wers upheld by heavy timbering well stayed and struttel. The
trench eut tirongh the rock at the morthern end for the delivery pipes (15 fect below permanens
water level) was lefi open for use as a tempoemry brewash, when the embankment in tho central
zap should have beea raised to its lovel, and untl the level of the permancat byewash was reachal
br the whole of :he dam.

Oa July 1s%, 1363, a commencoment was made in closing the Creck. The bed of the Creck
was cleared of shinzle and rubbish for its full extent, preparatory to putting in a course of puddle.
On Julr 3rd and 4th hearr raia stopped the work. On the Gth work was resumed, and a small dam of
dry puddle faced with stone was commenced across the bed of the Creok in advasce of the fus
of the slops on the upper side. Armasgements wers made to discharge the water fuus dammod
hack by means of box siuices of timber resting on framework. Two sets of these woro laid at a
diTerence of three feet in level, and wara shifted alternafely as the work adranced in height The
work proceeded slowlr, om account of wot weather, to the 17th, on which day ihe foundation of
ihlmiddhpdﬂhna!thodnmwuhswhdh;rthnﬂmﬂ.'

Oa 2ist July the first barrowful of puddls was doposited in the lowest part of the “trench
br the Hon. A. Maealister, Chairman of the Boarl. The work of mising the dam was then
procesded with; but owing to its great width at the bottom (330 foot) the advance was slew.

. [hhhmhnﬁrhmm.imﬁnmmnhhﬂidﬂuw
Iﬁntdhpﬁﬂuhﬂﬂ:hlﬁ.ﬂaﬂﬂﬂ;ﬁnﬁnhlﬂhﬂ;lﬂﬂn!&-uk,l“;inﬂr
Mduﬂnlﬂ{mdﬂc:]mdpiphﬂ.m;hﬂdm::!.

mhmmnﬂtumxgwnmmmmmmmh
consequence—resuming on tha 14ith Tha level of the water 12th was 104.80, being 10.80 above
bed of ereek. Wﬂm_mnﬁh,udmﬂﬁmnhﬁmhﬂdmmnmml
ofter the water was ren off to the lowest possibla level, snd all availabls force was put on to raise the
duhmhmlﬂﬂﬂﬂ.]rhhlﬂndﬁlgthqﬂﬂiﬂﬂndﬂlhdﬁﬂﬂrnnﬁfnﬂ
he

E

the ordinary water of the Creek. On the 28th of August the puddie tremeh was at 202 level, t
water (rising ome inch per day) 192.80: The work now proceeded without interruption until the
18th September, on which the works. The level of water

day rain set in Leavily,
was then 193.30, and the bask in
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U opue en the latter Jday the COreek was o tlovel, ami the water level with the bhuk in the g
Tie warer stiil euniinued to mse, and thore being pe bope of provomting the watdr '"i-'l":"'i'l"lﬂﬂ' ihw
work, armaugenonts wero made w lead the water thrfsii 2 purrvw enf, with o view of Leing us
lile of the Lunk as possille. A longih of 20 ;.'nth uf the dam wis gralually wasdid diwn,
und the pent-up waters escapsl asbout 2.20 pm., corrving away ahout 18,000 cubic wnls of the
emebankmeas, and ousting the work down to the bed wwk, The minfull repistorod ae Lrslane faan
iTth Eﬂlh Septemb-n- amounted tn 310 mches—tho hvavime fll during this moath reenmled  sines
Ba,  Afver the breaking eway of the dam the ceock continued "munning in cunsiduralle vulume b
several dars.

As the mamre of the cowatry did noeé admic of a divemion of the areck leiog male,
except ni o very great owluy and Ions of time, the only owurss ki wae v reomstouce the D
as Lafure, with the ndlisiunal preaution of eutring a seoanl Imu;_--rury Uyowash in the solil
gronnd at the south emi of the Dam ac 240 level. This temporary Dyewmali was accundingly on:
ond the work of eheing the Dam once pwre ressmel.  The weather, meanwhile, being Gavuralie,
on tha Ok of Morch the bank in e zap was rhized 0 2190 The lwel of the wutar was
190-32; the work being now pino feet abovu rhw temporarr Dvewasl wae considercd tulerubly wafe.
Ou e 10t the bank bad sdvaneed tu 220-18, the outer sidu Leing 200 (af this timo we funl
one hondowl aud thirty men on the work, sed twenty homes!  Siepa wers sow taken to bring up the surfics
of the Dam o level ocuursss, and by the 27th of November the Dam wios raised 1o a lovd
garfacs of 220-36, che warer standing ot 19243, During oll this perind the main bady of the Dam
26 the sowthern oml was in peegrees. On the 1lth Devewbor the level of the gap was 229,
waier 104-10. __Heury rnin sec_in on_ this ovening uf the 1lith Decomber, and the water roes by
past moraimg 0 19362, and comtiuwed to rvise slowly; work whe resimad on 13th  On the l4:h
the Board visitesi the work, when the bank was 232, and rhe water 199-34, or some four inches
over the top of the inner snd of the Syphen. i trial wus mals of the working of this Lucter.
with satisfastory vesulre. On 3rd Januery the water stood os I "70, flush with the massury of the
janer Wnd of tha Syphon. On the 15th Jaunery we commenced to eloso tha temporary Brewash ac
the south end; on the 20th the level of the gap was 234, the water standing ut 190.70. On
25th January the Dam was closed, the level baing 240-44, or 144 shove die fkmm: Dvawusi,
the water remaining aé 199-70. Tis moasonry of the delivery walves had by this Hme Leen
completed. On che 3lst the Chairman anl the Doard visited the work, which, with the exception
of some soiling and pitching, was puw Buished. Water bad risen to 129-77. The top of the
Dem was Snished fiftoen fsec in witlth, at tan foot obove the water surface, grmding off o five fut
: extra Sve foot being proviled in tho highest part to allew fur ans
_:hn-lr&,ﬂumhngbm*huhd,thumﬁmwmqhmm
whe have to maistain ths work for six mouths lunger. During
wors somé showers, eod oo tha H.hnclﬂutmththohmiur:hqkﬁmnuhmi
53. The crecks commenced rumning.
war compnsed of good milf clay laid in laypers wine o fwelve inches in
coptinuaily carted over. In the laitsr paxt of the wurk tweniy doblin cames aad
gix rilt deays wers employel. No rails wers laid, 2s mo waggom work was allowed

Maxoms lhp'hf = e ﬂbwtl
Blacksmiths lis. P . . i,
$iimare ] Qe o 4 L
- — AT | I - e 5 .
Ezsevsiorr end other Lebowsss oo " . F i,
Ou ths works of the Dam the Gime was momisslly fen bouwrs; e sotor) time worked being mine
Leurs twanty minutss, sxeopiing Uaturdeys, whew wurk ssesed s 4 pm  Throughous the summer
months work was comumenced zf § om. horpe dedvers having alresdy fad, groomed, and
hernseesd their borsse) The braskiast hour was sight usill mine; et slevem work wes' fuspondal
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4 EMINENT QUEENSLAND ENGINEERS

JOBEPH BRADY

MinstCE

FPhotograph by
COWdF 4'“1 al
Miss E. L.D.
Brady, '

BRADY, JOSEPH (1B28-1808), designer and bullder of railways, water
supply and harbours. Born near Enniskillen in north [reland on 18 August 1828
and apprenticed on his thirteenth birthday to his father as a surveyor, he was
Just twenty-two when he arrived in Sydney in 1850, with live and & half years'
. experience on railway location end construetion,

From the time of his arrival he filled various senior positions and after 1957
he was always in sole charge. His first job was as assistant to Lhe Englneer of
the Bydney Railway Co., which had recently been formed to build and operale
the line to Parramatte; initially on survey and design he was Resident Engineer
during construetion after 1851, In 1851 Brady spent six months in Vietoris,
surveying and ..._..n:__.J for the Yen Yean scheme, and he returned to that
Colony in 1858 as the [irst engineer to the Bendigo Walerworks Co; he designed
& scheme ic serve the goldfields, but there were funds for only one reservoir
{No. 7, still in use), for the water-treatment plant &nd for the reticulation of
Sandhurst (now Bendigo). In 1863 he managed a contract on the Melbourne-
Bandhurst Railway, but resigned in order to investigate the Coliban River
scheme, which is the basis of the present supply of the Castlemaine-Bendigo
Bres,

m-ﬂ_w in 1864 Brady was in Queensland, and he cbiained & contract for the
improvement of navigation between Brisbane and Ipswich {there was no rail

EMINENT QUEENSLAND ENCINEERS 13

connection until 1875); this included underwater blasting for & channel through
Seventeen Mile Rocks and for the basin at the port of Ipswich, end building a
training well at the junction of the Brisbane and Bremer rivers. He relinguished
the contract In April 1864 when he was appointed Engineer to the Brisbane
Board of Water Works, designing and supervising the first, permanent water-
supply scheme in the Colony, including Enoggera Dam which is still in use. The
work was completed in August 1868 but in January 1865 he was given an
additional appointment as the first Engineer of Harbors and Rivers, responsible
[or all port and harbour work in Queensland, and for provineisl water supplies;
it included dredging in the Brisbans and Fitzroy rivers, and water—supply
schemes lor Bowen, Rockhampton, Maryborough mnd Ipswich. His Department
was disbanded after the financial crisis of 1886, but Brady was retained as
consultant, and in August 1867 took over for the Government the management
of an unsatisfactery eontrael for the construction of the railway from
Toowoomba to Dalby, completing the work at less than the contract price, and
receiving a bonus from the Government and a civie reception and presentation
from the citizens of Dalby.

Brady returned to Vietoria. in LB8S to manage a conlract on the Melbourne-
Seymour Railway but he had continued as eonsultant to the Bendigo Waterworks
Co., and he returned to Sandhurst in 1871 to extend the work, including the
eonstruction of Crusoe Reservoir (still in servics). In 1877 he wes appoinied
the first Engineer of the Melbourne Harbor Trust, where his main task was to
improve the Yarre River, and build the present Victoria Dock, the besic plan
for which had been prepared by the English eonsultant, Sir John Coode. Brady
was able to persuade the Trust to make two impertant changes: to develop the
site as one large basin rather than three small separate docks, and to build
timber whirves instead of masonry and conerete quays; this halved the cost of
wharfege, reduced the time of construction, made operation easier and allowed
progressive modernizetion of the port. Most of Brady's piling is still in place,
some driven-on and lengthened to teke heoavier loads and capped  with
reinforced—concrete deck; most of the planned work was aemplete when he
ratired in 1891,

Few engineers have personally investigated, designed, constructed and
operated in as many fields as Brady. The speed at which he worked is most
impressive; he completed the survey and drawings for Yan Yean in six months,
located and marked out two alternative rall routes between Parcamatts and
Mittagong in six months, and had contrmot work started on the dam for the
Enoggere scheme less than four months after his appointment. This was fast by
any standard and shows a well-Informed man of vigour and decision. After
retiring Brady worked as a consulting engineer and arbitrator until 1834; he
died at Elsternwick, Victoria on 8 July 1908, survived by seven chlldren.

ADB, Yel, 3, pp. 216-17; Archives, Stats Ral| Authority
of NEW; C.F. Kerr, "The Man from County Farmanagh', P. ol

Melb, Qtiy, July=-Sept 1963; Y4P (LA Qi1d), 1865, a, 17085,
1866, p. 1572, 1088, @, 537; Mln, Proc, Inst, Civ, Engrs,

Yols, 56 C(1B78=9), 74 [1882=3), 159 (190%), |74 ¢()907T=

8); Information drom Mr K, Murley, Melbournse, M|is

E.L.D, Brady, Busseltanm, WA, and Hr F.L. Bracgy,
Adelaide, (ELR)



APPENDIX Il
CAPACITIES AND DISCHARGE RATES
GOLD CREEK AND ENOGGERA DAMS

Gold Creek Reservoir

Table showing the available quantity of water in the reservoir at each 5 fest in depth on the gauge
at the outlet tower from Stewart's accurate 1882 survey compared with Henderson's preliminary
survey of 1879.

Height above Height on gauge. Available Quantity of water
iatum (feet) | (millions of gallons) (millions of gallons)
Stewart Henderson
315.00 50 400 _ 406
310.00 45 375 321
305.00 40 247 | 248
300.00 35 181 187
, 295.00 30 130 136
290.00 25 89 26
285.00 20 58 64
280.00 15 : 32 . )
- 275.00 10 15 21
265.00 0 0 10
Level of outlet

Enoggera Reservoir ..

Height above | Height on Discharge of 8 inch main Discharge of 12 inch main |
datum gauge per hour per 24 hours per hour per 24 hours
239.00 0 21,259 510,235 58,584 1,406,030
23,400 5 20,775 498,600 57,249 1,373,990
229.00 10 20,279 486,705 55,884 1,341,216
226.00 13 19,975 479,419 55,047 1,321,128
224.00 15 Level of outlet
Capable of being increased to 2,682,436 gals |




ENOGGERA DAM & PIPELINE (APPENDIX 111)
IMPERIAL TO METRIC CONVERSIONS

Inches” to Centimeters Yards to Metres For Appendix 11
2 - 5.1 30 - 27.4
8 - 203 187 - 171 10foot 3.04metres
9 - 229 363 - 332 100 “ 30.48metres
16 - 40.6 374 - 342
, 412 - 377 10000gallons 37854.1litres
Feet’ to Metres 700 - 640 100000 “ 3785411 “
1.44 - 04 2600 - 2377 1000000 “ 3785411.7 “
2 - 0.6 11400 - 10424
4 - 12 Miles to Kilometres
5 - 1.5
6 - 1.8 2% - 3.6
5'6” - 17 5 - 8
6’6" - 2.0 7m 14 ch - 11.5
10 - 3.0 8 - 12.8
14 - 4.2 11 - 17.7
15 - 45 Area
17 - 51 Acres to Hectares
24 - 7.3
25 ) 7.6 188 - 76
26 ) 7.9 261 - 106
36 - 109 7000 - 2833
41 - 124
48 - 146 Volume
65 - 19.8 Gallons to Litres
70 - 213 20 ) 76
100 - 304 a1 ] 155
150 - 457 300000 - 1136000
170 - 518 2541000 - 9619000
176 - 336 2.43 million - 9.2million
184 - 36.0 5700million - 21577million
190 - 57.9
200 - 610 Cubic Feet to Cubic Metres
210 - 64.0 11400 - 323
220 - 67.0 406560 - 11513
230 - 701 Cubic Yards to Cubic Metres
240 - 731
320 - 975 18000 - 13762
800 - 243.8 125000 - 95569

1000 - 304.8
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