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EDITORIAL 
\Ve lcome to the February, 2003 edition of our quarterl y 
newsle tter. 

This yea r is the International Year o f Freshwater 
(IYF)- did any one noti ce through the haze of bushfire 
smoke and drought dust being blown from off the land'! 
The IYF was proclaimed by the United Nat ions 
General Assembly in resolution 55/1196 after being put 
up by Tajikistan - interestingly it wasn't a developed 
western nation that seemed to put it up. 

Our New Zealand cousins are getting involved in some 
activiti es in their part of the world (check out their 
webs ite ). In our part of the world activiti es are 
generall y being coordinated through loca l community 
groups and government departments. Are any of our 
members invo lved in these activities - let everyone else 
know what you are up to through the newsletter/j ournal 
or via the web s ite (www.aha .net.au) 

This issue sees a couple more papers are presented in 
thi s Jourm1l from the conference. Glenn McDermott' s 
paper is chall enging not onl y to us but to those who 
take our data further in modelling scenarios. Often we 
are ques tioned as to how accurately we are measuring 
rea l things because our data doesn't agree with the 
model! Looking at our data obj ec tively and quantifying 
its limitations will give us the authorit y to turn back to 
the modellers and ask them what their uncertainties are! 

Doug McMillan's article shows how the 
responsibilities and function s of hydrographic work 
have evolved over the last 50 yea rs. At the time of 
go ing to print it was understood that while OTEN has 
offered enrolments in the Hydrography Certificate IV 

the final subjects being developed for industry 
requirements are still not finali sed. Let us hope that 
final teething problems can be sorted out so that we 
retain a suitably recognised training accreditation for 
future hydrographers as we ll as those of us who seek to 
bring our knowledge and skills up to date. 

Contributions are certainly welcome fo r future issues -
everyone 's an expert out there aren' t they? l would also 
like to see someone volunteering fo r 20 Questions - its 
not really that scary! 

Mic Clayton 

The Australasian Hydrographer is the Journal of the 
Australian Hydrographers' Association 
Incorporated. The Journal is di stributed quarterly to 
Members. ISSN 0812-5090 

Visit our Web Site at : http://www.aha.net.au 
to download a Membership application and to find 
contact detail s fo r your state representative. 

Editorial and adve rti sing enquiries should be directed 
to the association· s Publicity Officer, Mic Clay ton. 

e- mail michae lc@tass ie.net.au or PO Box 843, 
COOMA, NSW, 263 0. 

The views expressed in this publication are those of its 
contributors and do not necessarily represent those of 
the Australi an Hyd rographers Association Jnc or its 
offi ce bearers. 
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Australian Hydrographers Association, who are we. 
The fo llowing article was presented to the world in the last edition of WATER to introduce our Association to other 

professional bodies who are members of the Australian Water Association. 

'You ' re what? A hydrographer? That's got something 
to do with water doesn't it ')' 

How many tirnes has a hydrographer heard that line') 
Hydrographers have been described in the past a 
surveyor who can swim. Needless to say hydrographers 
in this country have had an identity crisis. 

So what do they do') Hydrographers measure, describe 
and map the earth's surface waters and related 
meteorological areas (surface waters include oceans, 
seas, ri vers, lakes, estuaries and the water in channe ls 
and pipes). They are also invo lved in collecting and 
anal ys ing information on surface and sub-surface flow 
and quality. The information obtained by 
hydrographers is used to des ign dams, weirs, bridges, 
irrigation projects, water supply schemes, sewerage 
systems, flood protection works, warning services and 
marine facilities. The information is also used to 
compile navigational charts and other data for the safe 
navigation. Hydrographers may perform the following 
tasks: select, install, calibrate, maintain and repa ir 
instruments which monitor water levels, ra infall , 
sediments and water quality; design, construct, install 
and maintain civil works associated with hydrograph ic 
ac ti vities; collect sample data at various locations to 
confirm data gathered by automatic monitors; use 
underwater acoustic equipment to establish and monitor 
tidal data; outline coastlines; measure seabed, lakebed 
and reservoir depths and siltation; search for 
underwater obstacles in oceans or lakes; site reports 
and surveys; prepare data for use by other professionals 
and archi ve and qualify collected data. Hydrographers 
work a large percentage of their time in offi ces and in 
their fie ld expeditions can find them on foot, 
horseback, underground, on shi ps, in fo ur-wheel-drives, 
in boa ts, planes or helicopters. 

Hydrographers fa ll into two basic categories, 
"Oceanic" and "Terrestrial". 

One of the most fa mous oceanographic hydrographers 
that Austra lians might be famil iar with is Captain 
James Cook. 

On the discovery of land or islands, he was directed the 
following. "Explore as great an extent of it as you can, 
ca refull y observing the true situation thereof both in 
latitude and longitude, the va riation of the needle, 
bearings of headlands, height, direction and course of 

the tides and currents, depths and soundings of the sea, 
shoals, rocks e tc. Also survey ing andmuking charts and 
taking views of such bays, harbours and different parts 
of the coast, and making such notations !hereon as may 
be useful either to navigation or commerce". Cook was 
well provided with some of the best instru ments 
available for astronomical observation and surveying. 
Apart from the usual instruments (quadrants, sextants 
and compasses) a theodolite, survey chains and a plane 
table were included, indicating that Cook was equipped 
for trigonometrical surveys. 

Terrestri al hydrographers or hydrometric 
hydrographers don' t feature as prominently in the 
Austral ian psyche. However in the driest inhabited 
continent the hydrometric hydrographer should feature 
more and more in the minds of think tanks, policy 
makers and politicians in this country. The input they 
can have to the debates on how to manage Austral ia 's 
water resources cannot be understated. For anyone to 
make any suggestions on how to best manage the 
rivers, the water table, salinity, algae blooms, 
evaporation or even water recycling they need 
information and that infonnation comes from 
hydrographers. 

The Austral ian Hydrographers Association was 
established in 1979 to encourage the development of all 
aspects of hydrometric data collection, processing, 
analys is and presentation. It contributes to the 
knowledge of, and to encourage interest in the 
management and uti I isation Australia's water resources. 
It provides a forum for the interchange of knowledge 
and ideas and to represent the interests of all Australian 
hydrographers and support staff. The association is 
open to anyone interes ted in Australia's and indeed the 
world 's wa ter resources issues. 

Water resources issues arc surely destined to weigh 
more and more on the minds of Australians as 
predictions indicate droughts in this country can be 
expected to aiTive more frequently and last longer. The 
Austra lian Hydrographers Assoc iation has recently 
developed a d iploma course through the NSW distance 
learning network to ensure that the hydrographers of 
tomorrow are trained to highest of industry standards. 
The Australian Hydrographers Association also 
coordinates and encourages ongo ing training, 
workshops and forums with in the industry so that 
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hydrographers can meet the challenge of providing 
crucial accurate data for the schemes that lie ahead to 
manage Australia's most precious natural resource: 
Water. 

Letters to the Editor 
BTG Polymetron clarification. 

Andrew Pearce mentioned in his article (Dec02/Jan03 
Newsletter) that the BTG Polymetron tested operated 
to within a I 0% accuracy of its range. Just to clarify 
this it was pointed out that in the my original 
presentation that the unit tested was calibrated as a 0-
250 NTU range but when it was found that the dam 
would exceed this range it was rescaled to 500 NTU. In 
the paper it was stated that this was an inappropriate 
procedure for setting up this instrument and coupled 
with the fact that the unit was quite elderly in 
comparison to the other units being tested this would 
have contributed to the errors encountered. In the field 
situation the BTG's have proven to have better 
accuracy than that encountered in the test and have 
generally been a delight to work with given the 
versatility of the sensor/transmitter combination. 
Unfortunately they came with a much higher price tag 
so continued use was being constrained by ever 
shrinking budgets! 

Mic Clayton 

28th International Hydrology 
and Water Resources 

Symposium 
Monday I 0 to Thursday 13 November 2003 

Novotel Northbeach 
Wollongong NSW Australia 

Why You Shou Id Be There 
The Hydrology and Water Resources Symposium 
brings together a diverse range of academics, 
researchers and practicing scientists and engineers from 
both the public and private sectors. The fundamental 
objective of the Symposium is to provide n forum for 
the exchange of ideas nnd experiences and discussion 
of issues relating to the broad field encompass ing 
hydrology and water resource management. 

Go To http://www.hwrs2003 .org.au/ for more 
infonnntion. 
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GAS PURGE CO!VIPRESSORS ;lND ACCJ-~;s.s·oiRES: 

• ~... HS-50 Compressor: ... 

HS-50 COMPRESSOR 

IIS-45 COMPRESSOR 

- Durable industrial strength compressor for 
years of continous reliability 

- 13.5 Litre/3.5 US Gallon receiver tank for 
superior purging capability 

-Fully integrated 2 stage air drying system 
with oi li moisture trap and hydrophobic 
filter 

HS-55 Compressor: 

-Innovative maintenance free gas purge 
system 

- Manual purge 

- Suitable for use with most pressure 
transducers and data loggers 

-OH& S Answer to heavy gas bottles 

HS-45 Compressor: 

- Designed to replace conventional 
nitrogen gas bottle supply to bubble 
uniU gas purge system for water level 
measurements 

-Incorporates a maintenance free air 
drying system utilising 'Self Purging· 
Membrane, Filter Dryer and Auto Drain 
Moisture Traps 

Gas Chamber Orifice (GCO): 

- Designed to replace the standard 
orifice in a gas purge water level 
measurement system 

- Bubble rates as low as 1 0 bubbles 
per minutes can be used 

- Designed to be fitted to existing 
installations. 

· Removable copper screen for cleaning 

Gas Chamber Orifice 



EVOLUTION OF 
THE 
FIELD 
HYDROLOGIST 
A lot of hydrological agencies in New Zealand and 
Australia a re advertising for experienced hydrologists, 
and there seems to be a shortage of this breed of person 
on both s ides of the Tasman. 

The foll owing article was published in the 1955 N Z 
Hydrology Annual: 

HYDROLOG ICAL SURVEYS ­

THE CHOICE OF PERSONNEL 

by B. J. Speight, Officer-in-Charge, South Is la nd 
Hydraulic Survey Party, Blenheim. December 

1953 . 

Hydrological surveys with properly trained staff and 
complete modern equipmen t are new to New Zealand. 
T he peculiarities of the work are frequently not 
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appreciated, and it is desirable that some publicity be 
given to the ways in which hydrological surveys differ 
from ordina ry engineering surveys and to the specia l 
requirements in the choice of personnel for this work . 

Personnel engaged on discharge measurements shou ld 
have a long and wide experience in their work as it is 
only by long experience that the observer discovers the 
numerous pitfalls, how to avoid some of them, and how 
and when to assess the allowances that should be made 
for others . Generally, the longer the observer has been 
engaged in this work the more skeptical he becomes 
and the more forc ibly he appreciates his own 
shortcomings. 

Since the days of Galileo it has been known that 
measurements of the flow of fluids are amongst the 
most difficult to carry out, and it is in most cases 
impossible to obtain standards of accuracy comparable 
with such precise operations as ordinary land and 
engi neering surveying. T he measurement of lengths and 
a ng les on the earth's surface can be made with an 
accuracy such that e rrors of ordinary work need not 
exceed 0.0 I% and, when refinements are used, 
accuracies better than 0.00 I% can readily be obtained. 
Moreover, ordinary survey work conforms to 
theoretical laws which a llow absolute proof of the 
accuracy of the work done to be established to fine 
limits. 

The measurement of the flow of water, however, is 
subjec t to laws having empirical formulae and in 
general there is no known way of easily check ing on 
the accuracy of the work. Fu11her, the number of 
variab les is great, and inaccuracies in the measurement 
of any o r all of them affect results to an extent that is 
difficult to establish. 

Field measurements of the flow of water are estimated 
to be re liab le within 2% under very good conditions of 
observation only, and it is known that what may be 
tho ught by the inexperienced observer to be very 
accurate ly made measurements of discharge, may be in 
error up to 25%. The only method of checking is that of 
comparing a measured discharge w ith other measured 
discharges made of the same flow of water by as many 
check methods as can be applied . 

C urrent meters cannot easi ly be checked fo r the 
accuracy of the ir performance, which varies with the 
state of their bearings and alterations to the shape of the 
surfaces acted on by the flo,ving water. Also, the sta te 
of the water temperature, turbulence, and suspended 
sediments al l disturb measurements to an extent 
practically unknown at present. 

T hese considerations demand that personnel for 
hydraulic surveys should be trained in sound scientific 
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method and should have a good background knowledge 
of the fundamentals of physics and mechanics and be 
able to apply such knowledge to the job in hand. They 
must be honest, keen observers who do not jump to 
conclusions or allow themselves to be tempted to adjust 
observed data to conform to opinions held without 
sufficient knowledge of the facts. 

Keen, sustained interest in work is essential as the 
subject is one about which more is to be learned than is 
at present known, and an observer who takes his work 
seriously will be constantly expanding his knowledge 
and handing that knowledge on to others. As Lord 
Kelvin put it 'nearly all the greatest discoveries of 
science have been but the reward of accurate 
measurements and patient, long-continued labour in the 
minute sifting of numerical results." 

Observers should have considerable 
aptitude and must be able to diagnose 
obscure mechanical and electrical faults. 

mechanical 
and rectify 

At least elementary inventive ability is necessary in 
order that improvised equipment may be constructed to 
meet the needs of unusual circumstances in the field. 

Unless personnel taking on hydrological duties are 
prepared to stay at it for many years they should not 
enter the field, firstly in their own interests as seldom is 
the saying "a little knowledge is a dangerous thing' so 
true as it is in this occupation, and secondly much of 
the knowledge that is acquired cannot be left behind to 
a successor. Also, it takes a very long time to become 
thoroughly familiar with the vagaries of gauging sites 
and the peculiar characteristics of individual rivers and 
streams. 

The duties of hydrologists require them to possess 
considerable knowledge other than that required for 
stream discharge measurements. They must be capable 
of carrying out necessary engineering surveys for site 
plans and they must have a working knowledge of 
meteorology in order that they may correlate their 
discharge measurements to the meteorological data. 

It is desirable that they should take an interest in 
geology and the fauna and flora of the country so that 
they may intelligently relate these factors to the 
characteristics of the rivers. The work involves some 
hardships such as spending considerable periods away 
from home and sometimes working in the very worst 
weather conditions, perhaps in very remote localities, 
and at any time of the day or night. 

As field parties have not merely to work together, but 
have also to live together for considerable periods, it is 
essential that the members of a party should be 
congenial to each other and should not possess traits 
which would engender discord. 

6 

In conclusion, the work has so much of interest 
pertaining to it, and presents so many problems to 
which the answers are unknown that it should attract 
young men who desire to do work which will be of the 
greatest value to engineers and others requiring reliable 
hydrologic data in the years to come. 

The Hydrologist : 50 years on 

The article written by "Daddy ' Speight (as he was 
known) indicated that our work in those days was 
pioneering work with engineering applications to the 
fore. it was the job that us 'older-hands' joined in the 
days of Barry Crump and the outback-man appeal to the 
job was to our liking. You needed a penny, a threepence, 
and a ten bob note in your pocket in those days. The 
penny to unscrew the Columbus weight, the three pence 
for the Watts meter connector and the ten bob note for 
the bar on the way home. Hell we carry the corporate 
visa for all three nowadays. 

Times have changed and the five qualities identitied in 
the 1953 article to be a successful member of a 
hydrological survey team: 

2 

3 

4 

the ability to become a skeptical, experienced 
observer with surveying and meteorological 
knowledge; 

be trained in sound scientific methods, being 
honest with observations and take an interest 
in geology, fauna and flora; 

have considerable mechanical aptitude; 

have a keen (Good Keen Man!), sustained 
interest in the job and be congenial to your 
workmates, and; 

5 be prepared to stay away from home for long 
periods of time, and stay in the job for many 
years (a worthy career) ; 

are still required. 

However, fifty years on and the job has become more 
sophisticated with high-tech equipment, changes in the 
roles of hydrological agencies due to the Resource 
Management Act, and accountability require some 
different abilities to maintain what was once a fairly 
breezy job with few responsibilities. Lets mention some 
of the extra skills now required to manage an 
environmental monitoring team, and the multi-talented 
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animal it has created to take hydrology into the 21 s' 
Century. 

The additional skills and new areas of knowledge that 
the Hydrologist now needs, are: 

Computer technology, has changed the job 
substantially, with the ability to 'number 
crunch' at great speed. Data entry is no-longer a 
lengthy manual chore, and daily-mean­
discharges are calculated and spat out with ease. 

We have also learnt a new language, and 
converse in computer lingo, 'macro, baud rates 
etc'. (not like the old pub chatter at all). We 

have also become slaves to the word-processor 
and also need the knowledge to diagnose 
computer faults. 

2 Electronics, has transformed our easy clock­
work and electro-magnet recorders (that could 
be repaired in the field with a screw-driver, 4 
inch Crescent and a 51 b. hammer), into 
sophisticated loggers that you need a licenses to 
drive, with few moving parts to "stuff-up". An 
ability to use a test-meter is now a must. 

3 

4 

5 

Radio technology, has brought real-time data 
into the office. Luckily the question of air­
waves ownership was cleared up before this 
new technology was affected. Again new skills 
and a different language was learnt as we went, 
with phases like "comms, back-to-back 
repeaters etc." becoming common pub talk. 
This is not to mention the "yuppie phone" that 

are increasingly polluting our vehicles, which 
can now interrupt the snooze between sites. 

Accounting, is now a subject that is essential, 
with budgets, quotes, spread-sheets and 

financial reports giving team managers ulcers as 
a health hazard for the job, rather than the 
drinkers elbow we suffered from in the past. 
There are several staff members who left jobs 
with trading banks and the like to get away 

from this boring career path, only to find they 
have to interpret monthly income and 

expenditure accounts as part of today's job. 

Billable hours have also taught us how to do an 
80 hour week in 3 7.5 hours, just to keep the 

books straight. 

Quality assurance, has also brought it ' s own 
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language with TQM and ISO 9001:2000 
Standard becoming part of our day-to-day 
requirements. The advantages of this endeavor 
and third-party registration are becoming 
apparent, with a 'Do it once - Do it right" 

philosophy being inbreed to our work. The 
agencies most successful with QA arc the ones 
that have found the appropriate venue for the 
"Quality Circle meetings, over a beer on Friday 

afternoon' 

Hazard identification, is one of the new skills 
required, with the introduction of the 
Occupational Health and Safety Act and Risk 
Analysis. We will be scared to take on the 
"Good Keen Man" attitudes of past, or face the 
consequences. Water is a hazard, fatal if you 
drown, near fatal if you contract giardia, non­
fatal if you catch a cold, and enjoyable if you 
swim. Just think of all the other hazards, driving 
4X4 on motorways, getting down sewers, facing 

your annual personal assessment just to name a 
few. 

Marketing, skills have become important for 
our very survival. Trips overseas to sell our 
expertise are becoming the norm, and the three 
piece suit has replaced the gummies and 
swanuie appearance of the field hydrologist. 
Going from data collectors to information 
providers has required an increase in technical 
skills and change in personal character. 

Qualifications, for the job have changed 
dramatically, with a lot of the ' old-hands' being 
welcomed into the science with a good pass in 
school certificate maths (some with less I 
believe). This is reflected in the 1953 article, 
where the guy (not many ladies in the job in 
those days) had to be down-to-earth and 
practical, where nowadays a degree seems to be 

required (even though it could be in any subject) 
to enter the industry. On-going study towards 
certificates in management, quality assurance, 

home-brewing etc. are encouraged to meet the 
challenges of the future. 

Psychology, is the final skill required now to 
be a "Good Keen Manager". This is to ensure 

the "best" is achieved by the staft~ without them 
knowing it , and to convince Top Management 
the Annual Plan is being achieved. Reverse 
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psychology is another art in itself, mastered by 
some but used by a few. 

So the field hydrologist of I 953 (the average outdoor 
chap), has become a technologically orientated fella, or 
fellese with an ability to learn new skills outside the 
science of hydrology to achieve today's requirements. 

I guess the "old-hands" have always enjoyed this career 
as it has been an on-going experience of facing new 
challenges every day, and the skills required to achieve 
them. Some changes we have not liked, and others have 
created that adrenalin buzz we need to face life, and to 
make going to work each day worthwhile. 

I believe we are all born hydrologist's, as water is 
essential for life to continue, and a flooded river has 
always been a fascination to everyone. 

No matter how sophisticated the equipment gets, and 
the skills required for the job, the field hydrologist will 
always rise to the challenge. The five original 
requirements will always stand, but the best part of this 
job is the friendships we make, and the family we have 
created that will outlast technology changes. 

Who else can stand in a river looking at beautiful 
scenery, listening to the birds (and sand-flies) singing 
and call it 'their office' - THE HYDROLOGIST. 
Bugger of a life isn't it ? 

Doug Mci\1illan 

EQS, Christchurch 

NEW ZEALAND 

Use h or Lose n 

A New Zealand Hydrological 
Society workshop promoting 

innovative use of 
Environmental Data 

Unlock those archives. How can the data we 
collect best be displayed, disseminated and 
utilised? Operational or 'field" hydrologists have 
recognised skills in collecting and storing 
information , but how good are we at passing 
that information on? This is an opportunity to 
learn how others are approaching this 
challenge, and pass on advances you have 
made. 

Presentations are equally welcomed on wider 
Environmental Monitoring issues, such as the 
growing requirement to collect water quality 
information with river and groundwater flows, or 
even traditional topics such a rainfall 
measurement. 

The workshop will be held in Whangarei on 
Wednesday 12 March 2002. lt is expected the 
cost will be $80, to be confirmed . You do not 
have to be a member of the New Zealand 
Hydrological Society to attend . 

Expressions of interest and enquiries should be 
directed to: 

Martin Doyle 
Tasman District Council 
Phone (03) 544 3414 
Email martin.doyle@tdc.govt.nz 
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Techno Head 
As often happens in the hydrographic world a weekend 
or holiday period had just passed and as a result 
Techno Head walked into the local cop shop to report 
theti and vandalism from one of his gauging stations. 

As usual solar panels and batteries had been taken with 
substantial damage to the shelter as well. 

The weary Constable Plod went through the usual 
rigmarole and paperwork in a tired sort of way such as 
to what was taken, how much was it worth, is there any 
other use for it and so on. He was probably getting sick 
and tired of taking gauging station theft and vandalism 
reports and that the stolen items were probably ending 
up on peoples holiday houses in the bush. 

Then came the ques tion of 'W hen did you last see the 
items that were stolen or damaged'/' Normally an 
answer would be that it was at the last routine visit, 
often many weeks if not months before the damage or 
theft is actually discovered but Technohead replied, "I 
last saw the equipment on November 11 but the solar 
panel was most likely stolen sometime between 6 pm 
on December 9 and 6 am on December I 0. The damage 
to the shelter and batteries stolen was between 11 pm 
and 1130 pm on December 27." 

Plod stopped writing. "Are you having a lend of me'7" 
he asked. 

"No sir" came the confident reply, "The onsite 
monitoring equipment wasn't stolen and the data 
retrieved from it shows when things happened. Our 
system monitors battery voltages as well to monitor 
system perfonnance and the logger also has internal 
battery backup which kept the data logger operational 
even though external power was removed" 

Technohead whipped out some data plots and showed 
the Plod the battery data .. "See here are the daily 
variations normally associated wiith solar panel 
charging. On December I 0 the trace changes, 
becoming more flat line, indicating that the panels were 
most likely removed then. Then on December 27 the 
voltage drops to the backup battery voltage and all the 
water quality sensors dropped out as well. The sensors 
were on the external supply and removal of the 
batteries would have caused this drop out". 

"Thats pretty impressive" Plod replied slowly. "What 
else can those data trace things tell you''" 

Whipping out some more plots Techno Head 
continued. "Well this one shows when illegal water 
extraction was occurring, of course lets not confuse that 
with the diurnal variations caused by the water uptake 
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of the plants in swamps or during periods of low 
t1ows." 

"Now see this one here - well it shows when someone 
dumped some dairy effluent into a stream in the middle 
of the night - bit suspicious don't you think. Then 
there's this trace showing someone building a 
temporary dam in a stream without permiss ion from the 
authorities , but again don't confuse that with the local 
yobboes building some rock pools on your control to 
keep the stubbies cool while having a swim near the 
gauging station, then there's these .............. " 

Somehow Constable Plod wished he'd never asked. 
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Establishment of Performance Monitoring of a Rural 
Constructed Wetland on the South Coast of Western Australia 

Andrew A1aughan 
Wuter and Rivers Commission 
(Puper presented ut the IIth Austrolian Hydrographic Conference, July 2002) 

Abstract 
Pe1jormunce monitoring ofart!ficia/ wetlund1· constructed/or contaminant removal ji·om urban stormwuter and 
agriculturu/ runoffhus not been comprehensively undertaken, particularly in Western Austmlia. Evulualion 
infonnation from constructed wet/und1· in u variety ofsellings is required tu allow informed decisions to be made on the 
ef/'ectiveness of' their design and operating principles. 

A pe1jormance monitoring program has been established at o ruru/ constructed wet/and receiving runoff from !50 ha 
£?/bee/grazing land hetween Albany and Denmark on the south coos/ o/' Western A ustmlia. The pe1jormance 
monitoring program aims to scientifically determine how ejfective/y the wetlund retains the contwninants it is designed 
to treat, whether design modifications may be required and to assist informed decisions on whether constructed 
wet/and~ are an appropriate stmtegy to treat rural runofj'in this area. In addition, the program will enable 
development ofa cost-e.f/ective long-term monitoring program for the wet/and and generic monitoring progmms based 
on manual grab sampling suitable for other constructed wetlanch 

The overall wet/and monitoring program has several components and this paper will concentrate on detailing the 
inflow, outflow and storm-event-bypass nutrient and sediment/lux monitoring. This data will allow determination of 
the wet/and's Contaminant Removal Efficiency (CRE). 

Flow rates are measured using either calibrated weirs or an acoustic Doppler depth-velocity logger. Water quality 
variations are determined by a combination of grab sampling, jlow stratified autosampling and continuous turbidi(l' 
sensing. 

Introduction to the Wet/and 
An artificial wetland was constructed with the aim of 
reducing the sediment and nutrient contribution of an 
area of artificially drained low-lying grazing land in the 
catchment of the Torbay Inlet. Torbay Inlet is a 
seasonally open estuary which suffers from 
sedimentation and algal blooms. The estuary and 
adjacent waterbodies have recreational and commercial 
values that the community and the Water and Rivers 
Commission are working to protect. 

The Water and Rivers Commission initially proposed 
the wetland as one of nine sites demonstrating best 
practice for urban and rural drainage management in 
the area. The Marshalls Wetland project was jointly 
managed by the landholders Phillip and Sheelagh 
Marshal!, the Torbay Catchment Group, Water and 
Rivers Commission and the Water Corporation. 
Funding was provided through the National Heritage 
Trust's Coast and Clean Seas program, which is 
administered by Environment Australia. The wetland 
was designed by Wood and Grieve Engineers with 
reference to a Water and Rivers Commission guidance 
manual (Water and Rivers Commission, 1998). 

The wetland receives runoff from 150ha of grazing 
land used principally for beef production. The area has 

a Mediterranean-type climate with cool, wet winters 
and relatively warm dry summers. Annual average 
rainfall is 930mm with most rainfall occurring with the 
passage of cold fronts associated with low pressure 
systems between May and October. Annual pan 
evaporation is approximately 1200 mm and is less than 
rainfall for four to five months of the year. The 
catchment has shallow gleyed duplex soils is underlain 
by granitoid gneiss (Smith, 1997, Churchwood et a/, 
1988). The drainage in the catchment has been 
enhanced with a network of shallow feeder drains. The 
catchment has a relatively shallow water table which 
contributes to the main creek flowing for approximately 
ten to eleven months of the year. 

The wetland covers an area of approximately I ha and 
consists of five main features: 

• A relatively deep inlet zone/sediment 
deposition pond of 2500 m2 which allows 
inflow to attain sufficiently low velocity and 
turbulence for larger sediment particles to 
drop out of suspension. 

• A macrophyte pond of 7000 m2 which has 
been densely planted with 17000 individual 
plants of six species of sedges and rushes 
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native to the area. These plants improve the 
effectiveness of the pond, further reducing 
flow velocity and turbulence to allow 
deposition and entrapment of finer sediment 
particles and the nutrient compounds adsorbed 
to them. The rapid growth of these plants will 
use nutrients in the sediment store and the 
bacterial bio-film on the plant stems provides 
a large surface area for further entrapment and 
biological transformation. The dense planting 
of vegetation also reduces the re-suspension of 
deposited sediment from wind action which 
often occurs in shallow, unsheltered wetlands. 
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• A porous laterite rock wall which separates the 
two ponds and ensures even flow into the 
macrophyte pond. 

• Two perforated riser outlets at the macrophyte 
pond which are designed to allow optimum 
retention of storm runoff within the wetland 
while still allowing sufficient release to 
provide storage and treatment for subsequent 
storm events. 

• A storm-flow bypass channel which operates 
from the inflow pond to divert water around 
the macrophyte pond once it is has reached 
capacity to protect vegetation and prevent re­
suspension of sediment. 

The combination of pond size, outlet structures and the bypass channel determines the wetland's hydrological 
effectiveness. This wetland is designed to retain and treat 60% of annual catchment yield for 24 hours. 
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The Requirement and Opportunity for an 
Evaluation Program 
The Cooperative Research Centre for Catchment 
Hydrology, based at Monash University have evaluated 
monitoring data from 76 constructed wetlands from 
Australia and overseas (Wong, et a/,1 999). Of thi s 
large number of data sets only approximately 20% had 
a sufficiently rigorous and comprehensive approach to 
data collection to meet the needs of the research group 
in assessing their performance (Wong, pers. comm, 
2002). The Wate r and Rivers Commission initiated a 
review of monitoring data for an eva luation of 
constructed wetlands designed for urban stormwater 
treatment in Perth in 1997. This review found that 
most constructed wetlands seemed to be ineffective in 
removing the nutrients entering them however data for 
evaluation of these constructed wetlands was limited. 

An initial performance monitoring program for 
Marshalls Wetland was extended as a result o f savings 
in costs of the wetland construction. Environment 
Australia agreed to a proposal for funds to be applied to 
a detailed performance evaluation project supported by 
the Water and Rivers Commission. The external 
funding has been matched with significant contributions 
of time and equipment from the Water and Rivers 
Commission to ensure that a high standard, 
comprehensive, perfonnance eva luation program may 
be undertaken. The program is intended to continue for 
at least five years and it is expected that the 
perfonnance of the wetland will improve over this 
period as the wetland vegetation matures. 

This paper is presented with the intention of seeking 
feedback which may lead to improvements and 
refinements o f this and future constructed wetland 
performance monitoring programs. 

Overall Wetland Evaluation Program 
There are several components to the overall proposed 
monitoring program for the wet land. These 
components will be managed and undertaken by a tea m 
comprised of community members, agency staff and 
uni vers ity researchers and students. The proposed 
overall monitoring program includes: 

Habitat Creation and Biological Functioning 
• Macro-invertebrate sampling within the 

wetland to determine colonisation and 
composition 

• Fixed point photography to record changes in 
wetland and fringing vegetation cover and 
composition 

• Water bi rd and fish monitoring 
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Nutrient-Sediment Stripping and Hydrologica l 
Performance 

• Tracer studies to determine hydraulic 
efficiency and flow patterns within the 
macrophyte pond 

• In-pond nutrient and sediment sampling 
during storm events to aid in understanding 
the effective contaminant reducing areas of the 
ponds and for input to modelling of optimum 
wetland design criteria 

• Establishment of piezometer transects to 
investiga te groundwater interactions 

• Rainfall, climatological and pond level 
monitoring to allow water balance studies and 
examine wind affects 

• Inflow, outflow and bypass flow rate 
measurement and water quality sampling to 
determine Contaminant Removal Efficiency 
(CRE) 

• This paper will concentrate on detailing 
measurement of flow rate and water quality 
variations at the inflow, outflow and bypass 
channels by employing both traditional and 
innovative flow gauging techniques, grab and 
flow-stratifi ed autosampling and turbidity 
sensmg. These strategies will provide 
sufficient data to determine the Contami na nt 
Removal Efficiency (CRE) of each parameter 
of interest. These will be expressed as the 
average percentage reduction in fl ow weighted 
concentrations of outflow related to inflow. 

CRE = {in !low concentration - outtlow concentration) x I 00% 
inflow concentration 

(Wong et al , 1999) 

Assessment of the wetland performance will 
consider both inter-e vent and storm event periods 
and also take into account that proportion of events 
which bypass the macrophyte pond. 

Characteristics of Water Qual itv Variations 
Reliable determination of the timing, quantity and 
nature of contaminants entering, leav ing and bypassing 
the wetland requires consideration of both the 
variability of water quality produced by the catchment 
and the processes occurring within the wetland. 

Particles and particle-associated contaminants arc 
mobilised mostly by storm events. This may be material 
mobilised by the act ion of rainfa ll on the catchment 
surface and also material mobilised with in the drainage 
system (Symander, 2002, Settle and Goonetilleke, 
2000). The mean concentration of contaminants in 
runoff for each storm event will vary depending on the 
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antecedent conditions, particularly related to pasture or 
crop and stocking conditions and the intensity and 
duration of rain fall events. 

Water leaving the wetland during a stonn event is 
expected to have a pattern of concentration changes 
quite different to the inflow water. Assuming 'plug­
flow' conditions are attained in the wetland, the initial 
increase in flow from the wetland would be expected to 
have concentrations not appreciably higher than the 
background baseflow conditions while treated water is 
displaced by incoming runoff. As the event progresses 
however, concentrations will increase as the wetland is 
unable to store all of the runoff from the event and also 
some re-suspension of sediment will occur. As inflow 
to the wetland recedes and inflow concentrations 
reduce to typical background levels, water leaving the 
wetland would be expected to continue to be higher in 
both !low rate and concentration for some time. 
Therefore, detection of concentration changes in the 
inflow and outflow water requires different sampl ing 
strategies. Bypass flows will have similar nutrient and 
sediment concentration patterns to inflows. 

Water Sampling Strategy 
Fixed time interval manual grab sampling will provide 
information on the broad patterns of nutrient and 
sediment variations over time. Furthermore, nitrogen 
and phosphorus speciation can be reliably measured in 
manual grab samples since samples can be filtered and 
preserved for analysis immediately after collection. 
Fixed time interval grab sampling will however tend to 
miss storm events and will tend to produce biased and 
imprecise es timates of nutrient and sediment loads. 
(Donohue and Nelson, 1999) 

Stage height or flow rate initiated automatic sampling 
of streamflow has typically been employed to enable 
measurement of contaminant concentration changes due 
to storm events. Many sampling programs use either 
fixed interval stage increment in itiation of auto­
samplers or flow-proportional systems where a sample 
is automatically collected as equal quantities of 
streamflow pass the monitoring site. These samples are 
often composited and sub-sampled to give an 
approximate ' flow-weighted' concentration over a 
period. There is little opportunity to effectively 
optimise these sampling protocols without knowledge 
of the temporal patterns of nutrient flux which is not 
available with composite sampling. The long term 
viability of mass load estimation strategies depends on 
optimising sampling to minimise analytical costs while 
ensuring that samples are taken during times of greatest 
nutrient and sediment flux and greatest variation, which 
do not necessa rily occur at the same times. (Degens, 
2002) 
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The approach taken for sampling of storm events for 
this performance evaluation program uses autosamplers 
which are initiated by data loggers directly accessing 
stream stage or flow rate. This particular system was 
developed in the USA (Peters, 1994) and modified and 
adapted by the Water and Rivers Commission 
(Oonohue and Nelson, 1999). The datalogger program 
detects short term changes in stream stage or tlow rate 
and is able to reliably and comprehensively sample the 
commencement, rise, peak and recession of storm 
events. Parameters are set to ensure detection of the 
start of events, the peak and the return to baseflow 
conditions as well as the increment for samples to be 
collected during the rise and recession. Previously 
collected stage or flow rate data or data from 
catchments with similar characteristics can be run with 
the datalogger operating parameters through a 
simulation program developed by the Water and Rivers 
Commission to optimise the number of samples likely 
to be collected. 

The collected samples are individually analysed and 
used to create an interpolated time series of 
concentration changes which is later combined with 
flow data . This approach will provide information on 
both the nature of concentration changes during storm 
events as well as mass loads and flow weighted 
concentrations. 

lt can right ly be assumed that concentrations will be 
most variab le during stonn events, and therefore stage 
or flow initiation of autosamplers is sensible. It may 
however be more effective to initiate the autosampling 
by detecting an actual ' indicator' change in water 
quality . This would ensure that samples are taken at 
times when the greatest concentra tions and variations 
of nutrients and sediment are likely to occur. This may 
not occur at the time or to the same extent for all events 
as is implicit in stage or flow initiated sampling. The 
feasibility of continuously sensmg turbidity, 
particularly at the outflow point, and using this to 
initiate an autosampler wil l be trialed. A turbidity 
sensor will be operated for one winter to obtain 
baseline data to use for preparing the autosampler 
initiation sotlware. Investigation will also be made into 
the significance of relationships between recorded 
turbidity and sampled turbidity, total suspended solids, 
total phosphorous and total nitrogen. If suitable 
relationships do exist for this study area then there may 
be opportunities for sampling to be rationalised with 
continuous turbidity then used as a surrogate in load 
and concentration ca lculations. 

Establishment of Monitoring Equipment 
The information needs for this project require very 
precise flow measurement and there were considerab le 
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impediments to achieving this. The wetland s ite is in a 
very fl at landscape which imposed constraints on the 
type of technology able to be applied. Further to this 
were the needs to establish infrastructure which would 
have minimal impact on the fanning operation and 
performance of the wetland anJ also be able to be 
removed at the end o f the project with as little 
Jisturbance as possible. 

Triangular round-nosed broadcrest weirs were chosen 
for the inflow and bypass channels bec<J use of thei r 
sensitivity and tolerance of high and variable tailwater 
conditions (Bos, 1989). Stainless stee l weirs were 
prefabricated inside upturned concrete box cul verts 
which were then placed with sea lant onto formed 
concrete slabs with cut-ofl wa lls extending into clay in 
the stream channels. The space between the weir 
cul verts and channel banks was fill ed with a compacted 
clay/gravel/cement mix. Stage is recorded using 
Unidata model 6509 shaft encoder water level 
instruments inside 'Blue Brute ' PVC fl oatwells and 
tailwater leve ls are recorded using Data fl ow 
capacitance probes immediately downstream of the 
we irs. 

The wetland outlet system has cri tical design features to 
ensure appropriate retention and discharge from the 
macrophyte pond. Insta ll ation of a weir or flume 
downstream of the outlet pipe was not possible as the 
lack of ava ilab le slope would have meant the weir or 
flume would retard discharge from the wetland, 
particularly during storm events. To meet the need for 
high qua lity flow gauging data without impac ting on 
wetland operation, a Unidata acoustic Doppler, depth­
veloc ity logger was insta lled in the outflow pipe. This 
system has two components. A hydrosta tic pressure 
sensor measures water depth in the pipe which is 
converted to cross-sectional area using an appropriate 
depth-area relationshi p loaded into the logger. Flow 
veloc ity is sensed using the Doppler principle where an 
acoustic s ignal is transmitted into the water co lumn and 
the refl ected s ignal, which is changed in frequency 
depending on suspended particle ve locity, is processed 
and multiplied by the cross-sectional area to record and 
output a computed fl ow rate. 

The shaft encoders and depth-velocity logger a lso 
output to Campbell CRI OX data loggers which contain 
the autosampler init iation algorithms. The dataloggers 
connect to American Sigma 900 autosamplers which 
use a peristaltic pump to fi ll up to 24 one litre sample 
bottles. T he autosamplers which are fully 
programmable are set to purge the intake li ne with both 
air and then stream water prior to taking a sample. The 
autosampler intake filters are constructed from copper 
and the intake lines are fully enclosed to li mit algal 
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growth. The intakes are situated so they sample from 
an area where tlow conditions allow maximum mixi ng 
with mi nimum interference from the bed and banks to 
ensure samples are representa ti ve of the sediment and 
nutrient conditions pass ing the site. 

A tipp ing bucket pluviometer is insta ll ed at the site and 
a shaft encoder/ tloatwe ll system records the 
macrophyte pond wa ter level. A clirnatological stat ion 
recording wind run and direction, temperature and 
rad iation is likely to be estab lished in the future. 

Data collection 
Despite the amount of automated recording equipment 
estab lished at the wetland, regular vis its to the site are 
required at a range o f intervals to carry out various 
tasks includ ing: 

• Approximately weekly during fl ow season as 
required to retrieve sampling record and 
autosamples for basic analysis (total nitrogen, 
total phosphorous, total suspended solids and 
turbid ity) 

• Fortnightly to co llect grab samples for full 
analys is (total nit rogen, ammonia, ni trite + 
nitrate, tota l phosphorous, soluble 
phosphorous, total suspended solids and 
turbid ity) 

• Opportun istica lly to collect grab samples 
during storm events for fu ll analys is and to 
compare to <~u tosamples 

• Approximately monthly during tlow season to 
carry out current metering to veri fy and refine 
stage - d ischarge relationships of the weirs and 
refine the recorded - representative veloci ty 
re lationship for the depth-ve locity logger. 

• Quarterly for other instrument checks, 
maintenance and retrieva l of data 

All water smnples are dispatched with in the pem1issible 
time period to a NAT A certi fied laboratory for 
analys is. To identify, contro l and quanti fy errors wi thin 
the sample collection and analysis process the 
following qual ity assurance measures are undertaken: 

• Sampling staff training and competence IS 

addressed 
• Detailed Chain of Custody procedures are 

fo llowed and documen ted 
• Field blanks, repl icate samples and field and 

laboratory dupl icate samples are all introduced 
into the sampling program 

• Simultaneous grab and auto samples are 
co llected 
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Data ana(vsis 
Analysis will focus on evaluation of wetland 
performance, relating this to wetland attributes and 
condition and optimisation of sampling strategies for 
longer-term performance monitoring. 

Evaluation ofwetland performance 
• Analysis of CRE changes over time in relation 

to wetland development. Assessment of how 
the CRE changes related to establishment, 
maturation and stabilisation of wetland 
vegetation and in-filling of deeper pond areas 
and inflow zone as sedimentation occurs 

• Relating other measures of wetland 
perfom1ance such as macro-invertebrate, 
vegetation and fauna! surveys to CRE and 
nutrient retention characteristics 

• Analysis of CRE in relation to event size, load 
and timing to detem1ine how these factors 
influence wetland performance 

• Evaluation of long-term nutrient storage 
within the wetland 

Optimisation of sampling strategies 
• Evaluate effectiveness of fixed interval 

sampling strategies and combinations of fixed 
interval and limited event-based sampling for 
long-term performance evaluation of both this 
and similar wetlands in the region. This will 
include evolution of sampling programs over 
time to account for wetlands at different stages 
of development. 

• Evaluate strategies to optimise automated 
sampling to ensure it is no more expensive 
than fixed interval sampling. This would 
involve determining the best allocation of say 
50 samples across one year to ensure effective 
performance monitoring. 

• Determine whether there is value in using 
fi xed interval or fixed interval and event 
driven instantaneous sampling of both water 
quality and flow rate for low cost wetland 
performance evaluation. 

Conclusions 
This monitoring program will be as comprehensive as 
possible within budget constraints and draws on 
experience gained from local nutrient and sediment flux 
monitoring projects as well as lessons learned from 
other published wetland performance monitoring 
projects. It is recognised that there may be room for 
improvement in the approach and processes involved 
and therefore feedback is encouraged. 
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Satelemetry 

Satelemetry is affordable satellite telemetry with starting prices from $9,000 & $60/month 
operating costs. 

The Satelemetry terminal is tiny, about half the size of a VHS video casette. and has an inbuilt 
GPS receiver. The terminal is fully sealed including the internal antennas. 

Satelemetry is a low data rate. low cost scada (supeNisory control & data acquisition) 
system for tracking, monitoring & controlling remote plant & equipment. 

In fixed plant applications the Satelemetry system can be interfaced to short haul terrestrial 
radio. These ground links can expand the reach of a single satellite terminal to anything within a 5 
km radius. 

(
Remote plant 2 way ) Remote plant 
& equipment ~round lin~ & equipment 

Suitable applications for satelemetry are; 

Geostationary Satellite 
parked over Australia 

< l.vo.v 
sotellite ,. 

''Ilk 

Any PC with 4.:~--!•• World Wide Web 
internet access 

- River, pipeline & bore pump monitoring. Combined with 2 proximal, radio licence ground 
links, satellite terminals at l 0 km inteNals provide a cost effective wireless alternative to cabling 

-Vehicle tracking, control & monitoring. Satelemetry is third generation mass produced 
technology that costs a fraction of traditional satellite based systems. The Satelemetry terminal 
can monitor refrigerated truck temperatures, check aircraft cabin pressurisation or vital engine 
parameters & can even provide limited messaging from an internet PC. 

- Satelemetry is ideal for isolated environmental monitoring where cell phone or trunked radio 
seNices are unavailable. 

What can 't Satelemtry do? The system is unsuitable to any high data rate application 
making it inappropriate for web camera situations or any long term, real time demanding 
scada task (access plans vary from 40 to 720 messages per month) 

Mclean Automation 
Ph 0245796365 Fax 0245796942 Web www.acav.eom.au/-kmclean 
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Measurement Uncertainty - Ramifications and Issues 
Glenn Mc!Jermoll, Sydney Water C01pomtion. 
Paper Presented ut 11th A ustrulion flvrlrogratJhic Conferenn', .Julv 20()2 

Abstract 
The primwy reference stondardfor open clwnnelj!ow measurement, ASJ 778, clearly advocates the need/(Jr 
measurement uncertainty characterisation. lt also explains how to calculate measurement uncertaintv. This then 
poses the question·- why have so few measurement companies and clients taken it up and used it ? Tl;is paper explores 
this question hy looking at several case studies ofmeosurement uncertainty culculation ond use, with particular 
emtJhasis on identifYing the issues and perceptions preventing or restricting it's uptake. 

Introduction 
The most ti·equent activity in the flow measurement 
industry is the taking of measurements and comparing 
them to some reference standard, to validate or 
calibrate them. If differences are small, we say that the 
measurement or instrument (or computer model!) is 
calibrated or validated. If differences are large, we say 
the opposite, that either the measurement method or the 
reference method has drifted out of calibr<Jtion, or both 
are out of calibration. The initial suspect is of course 
the measurement method rather than the reference 
method, and we usually proceed to correct the suspect 
instrument or method. 

These types of comparisons always raise the question 
of how significant !Lthe observed difference between 
the two methods? For example, for a multi-point river 
gauging, what percentage difference from a gauge site's 
rating table should trigger either a change in the rating 
table or a careful scrutiny of the particular gauging? 
At this point we would probably refer to our quality 
procedures, and the particular work instruction for that 
aspect of our business. 

This is where the "use" of measurement uncertainty 
characterisation should be considered, as an objective 
means for defining what differences should be tolerated 
before remedial actions would be triggered. This same 
point is expressed in the introduction to the draft 
international standard on expressing measurement 
uncertainty (ISO, 1995):- When reporting the result o( 
a measurement of 11 physicol quantity, it is obligatory 
that some quantitative indication of the quality of the 
result be given so that those who use it can assess its 
reliability. Without such an indication, measurement 
results cannot be compared, either umong themselves 
or with reference values given in a specification or 
standard. lt is therefore necessmy that there be a 
readily implemented. easily understood, and generally 
accepted procedure for characterising the quality of a 
result of a measurement. that is, jor evaluating and 
expressing its uncertainty. 

In addition to the general ISO guidelines for 
uncertainty expression, in the flow measurement 
industry we have the very specific guidelines for 
defining the measurement uncertainties of depths and 
multi-point gaugings and rating curves, given in 
AS3778. 

A brief verbal survey of organisations with substantial 
measurement service groups suggests that this 
"discipline" of measurement uncertainty 
characterisation has not been generally adopted. In 
fact it seems that only the WA Water Corporation has 
made efforts to incorporate this additional discipline 
into its measurement procedures, through the efforts of 
Mr.Brian Chester. 

In practice, the additional discipline required to 
characterise measurement uncertainty would require the 
hydrographer to li 11 in a "shadow" data field next to 
each measurement result data field. Given these data, 
measurement uncertainty can then be characterised for 
each site and/or for each instrument, back in the office, 
by following standard calculation procedures. 

So, despite the small effort (and cost) required to 
establish this additional calculation discipline, and the 
potentially large benefits to practitioners and clients, 
why is it 's adoption not more widespread'! 

The rem<Jinder of this paper looks at some of the issues 
relating to this "impasse", gives some case studies to 
illustrate these issues in practice, and concludes with a 
suggested way forward . 

Terminology 
To characterise the uncertainty of a measurement 
unavoidably requires use of statistica l methods, 
expressions and terminology. The main terminology 
used in this paper is :-
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0 H - the measured quantity or measurand 
(eg depth in metres) 

0 X(/-1)- "X" stand~ for the relative (±%) 
uncertainty of the measurand "H ", at a 
recommended confidence level 

U x(lf)- "x" stand~ for the ahsolute 
(±measurement units) uncer!£1inty of the 
measurand "H ", at a recommended 
confidence level. such that:-

0 X(H) = I 00 * x(H) I H . und:-
o Recommended confidence interval (in 

ASJ 778) is 95%ilc - ie the true value ol 
"f-1" will lie within the range from "f-1-
x(H)" to "1-!+x(H} ", with 95% 
confidence. 

0 "~ " and "<J "- population mean and 
standard deviation (ie given a 
theoretically infinite number of repeated 
readings) 

0 "mean" and ".1·" - sample mean and 
standard deviation (ie given a limited 
number of repeated readings. such as 
normally occurs) 

No uncertainty definition without process 
definition! 
It is not possible to define the uncertainty of a 
measurement without defining the uncertainty of each 
step in the measurement process. This of course 
means that each step in the process needs to have been 
objectively identified and defined, without m1ssmg 
anything out- which is not as easy as it sounds. 

For example, at a river gauging site with staff gauge 
plates up the bank , the level is read off the gauge plates 
on each site visit, as a check calibration of the depth 
sensor and logger behaviour. To determine the 
measurement uncertainty of this gauge plate reading:-

±2.0mm = Source I: Precision of level 
difference between top of plate and cease 
to flow level of control weir, using a 
dumpy level 
±2.0rnln - Source 2: Precision of 
aluminium gauge plate position relative to 
top of post, in tenns of the work 
procedure for acceptable tolerance (ie it's 
glued on position) 
±1.5mm = Source 3: Intermittent slime 
growth on weir crest 
±5.0mm =Source 4: Value judgement on 
effect of local surface wave action in the 
weir pool, creating non-ideal plate 
reading conditions. At some sites this 

IS 

increases during high flows (eg up to ± 
I OOmrn) 
±5.0mm = Source 5: Resolution of staff 
gauge plate markings (ie I cm black and 
white marking bars) 

The uncertainty can then be calculated as the larger of:­
(a) ·'root-mean-square" of sources I, 2, 3, and 4, OR; 
the resolution of gauge plate reading (source 5). Here, 
that is x(H) = .V (2.02+2Jf+I.5 2+5.02

) = ±5 .9rnm, 
which is larger than the ±5.0mm quoted for Source 5. 
Each process step is thus accounted for. 

Accuracy expression versus Uncertainty 
expression 
A well recognised dilemma which causes confusion 
when calculating the measurement uncertainty of a 
measurement, is when one or two steps in the 
measurement process are defined in terms of 
"accuracy" rather than "uncertainty". This typically 
occurs when faced with an instrument manufacturer's 
technical specification for, say a depth sensor- which 
is inevitably quotes as an "accuracy'' rather than as an 
uncertainty. Mr. R.W. Herschy in his excellent 
reference text on Hydrometry (Herschy, 1978), defines 
the difference as follows:-

Accuracy- The accuracy, or more correctly, the error 
of a measurement of discharge, may be defined as the 
difference between the measured flow and the tme 
value. 
In open channel flow measurement, Herschy points out 
that:- The true value of the flow is unknown, and can 
only be ascertained within close limits by weighing or 
by volumetric measurement. So. for practical 
purposes. our current methoc/.1· cannot define the 
"true" value oj'thejl01vrute we are measuring. 

He then explains why the "measurement uncertainty" 
(/pproach is necessmy in such a situation:- An estimate 
of the true value has therefore to be made, by 
calculating the uncertainty in the measurement, the 
uncertainty being defined as the range in which the true 
value is expected to lie, expressed at the 95'Yo 
confidence level. 

A common problem in converting accuracy to 
measurement uncertainty is that the ±% confidence 
level (at which the accuracy rating is given) is not 
given! In this situation, a general confidence level has 
to be assumed, and the measurement uncertainty 
estimated as desc ribed in the general guidelines in the 
draft ISO standard, which states that, in this situation, 
where a manufacturer quotes an accuracy rating without 
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reference to how frequently the equipment can achieve 
this:-
Measurement Uncertainty - 1.13 ·k Accuracy 
For ex{lmple, il the {ICC/Ir{lcy of "/-/" W{IS given {IS 
±3. 0% (with no ±%i/e confidence level), then it's 
11/e{lsurement uncert{lin(v equiv{l/ent C{ln be estim{lted 
{IS:- /./3 :(· 3.0 = ±3.4% 

Another aspect to be aware of about accuracy 
specifications, is how they don't take into account local 
site conditions impacts, as expressed in a recent article 
by Dr. John Miles on Magflo and transit time pipe flow 
meters (Miles, 2002):- inj(mnotion in the meter 
manufacturer's literature can only give us an 
indication of the meter's capability. lt cannot possib(v 
tell us what the installed uncertainty of the meter will 
he. 

Resolution and Precision versus Uncertainty 
expression 
Unlike "accuracy" expressions, "resolution" and 
"precision" expressions are explicitly limited to their 
stated physical characteristics. What often causes 
confusion is how and when to incorporate these in the 
uncertainty calculation process. 

As regards "when" to incorporate them, this will be 
specific to each measurement process, and will require 
common sense and careful thought, to decide. 

As regards "how", this again requires careful thought, 
such as for the gauge plate example described earlier. 
"Precision" sources are nom1ally included directly, 
whereas "Resolution" sources are usually an "either-or" 
type of allowance. For example, if the instrument 
uncertainty due to accuracy might be ±3.4mm, while 
it's logger resolution is ±I O.Omm, so, the resultant 
measurement uncertainty is ±I (l.Omm (ie "gazumps" 
the accurilcy source component). 

Another practical example of this is when using an 
current meter to measure point velocity in a very slow 
moving flow regime, say registering I 0 revolutions in 
30 seconds. Here, the theoretical accuracy of the 
meter at these slow velocities may be ±5.0%, but this 
can be superceded by the resolution of the counter 
which registers only to the nearest revolution (ie I 0 
counts ±I revolution, i.e. ±10.0%). So, the resultant 
uncertainty of this measurement process is± 1 0.0%. 
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Determining each source's 
method A orB? 

uncertainty 

The draft ISO guidelines 
component of uncertainty 
measurement step or source, 
which this can be calculated:­

for determining the 
due to a particular 
describe two ways in 

J'v/ethoc/ A - Where there are surficient repeated 
measurements versus precise reference measurements, 
to enable formal statistical definition of the source's 
uncertainty. 
Method B - Where this is not possible (ie not possible 
to take precise reference comparison measurements -
such as with flow measurements) , then the uncertainty 
of each process step needs to be characterised and 
added together (using standard error theory), to 
estimate the overall measurement uncertainty of the 
measurement. 

For example, a depth sensor's accuracy, as provided by 
the manufacturer, may be the result of many benchtop 
calibration tests against a reference pressure testing 
device, which essentially makes it a "Method A" type 
derivation of uncertainty. However, the final depth 
data delivered to the user from that logger, will need to 
take account of not only this source of uncertainty but 
also site specific conditions such as surface wave 
action, calibration reading error etc. (as per earlier 
gauge plate reading example). The resultant combined 
uncertainty would then be obtained using the Method B 
approach. 

The "A-B-C" of using measurement 
uncertainty for quality assurance 
In Australia, the CSIRO's National Measurement 
Laboratory in Melbourne, has national responsibility to 
educate measurement bodies on measurement 
uncertainty and how to use it in the measurement 
industry. One of their main tools for promoting this 
discipline, are the draft ISO guidelines referred to 
previously, and the regular training courses they offer 
bi-annually in each capital city. 

A standard use of measurement uncertainty has been 
developed by this group, and is now in widespread use 
in Scientific Laboratories for retaining their NAT A 
certification. A particular example of this is in the 
conduct of the standard NATA test of a laboratory's 
ability to replicate known concentrations in a pre-mixed 
sample. 

The standard test relies on measurement uncertainties 
being provided up front for the particular analysis 
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process, by both the Reference laboratory (A) and the 
laboratory being tested (B), such tha t the allowable 
tolerance for an observed difference in sample results ­
can be calculated. An example to illustrate this 
concept is g iven below for Nitrate concentration 
analys is: -
• Reference laboratory "A" gives its characteristic 

measurement unct:rta inty as: - X(A}=±5.(J% 
• Test laboratory " B" gives its characteristic 

measurement uncertainty as: - X(B} = ±7.0% 
(noting that they use a different analys is 
process) 
• The "allowable" difference tolerance "C" 

, accounting for the uncertainty of both 
measurement processes is then calculated 
as: - Tolerance = ±,J(5.d + 7.02

) = 
±8.6% 

• The actual test results for Lab "A" 
were 5.8 mg/L, while for Lab "B" 
were 6.1 mg/L, which, relati ve to the 
reference laboratory (ie "A") gives a 
difference of +4.9% 

• The "test" laboratory "B" would then 
be declared as hav ing past the NAT A 
certification test, as conforming to 
being within the ±8.6% tolerance 

• [f the results had ind icated a 
difference in excess of the tolerance, 
then a test non-conformance would 
be indicated, leading to remedial 
actions 111 the test laboratori es 
processes, or a downgrading of its 
characteristic measurement 
uncetiainty (ie to achieve 
confom1ance). 

This simple "A-B-C" approach to using measurement 
uncertainty for quality control and quality assurance 
will very likely spread into the flow measurement 
industry, and can be used in many ways - as instanced 
by severa l of the examples given later. 

Subtract and Add versus Multiply and Divide 
Uncertainty Steps 
Given the characteristic uncertainties of each step in a 
measurement process, expressed as e ither abso lute 
±measuring unit uncertainties or as re lative ±% 
measurement uncertainties, the overa ll uncertainty of 
the final delivered measuremt:nts can be calculated by 
application of standard error theory. 

For ca lculation steps which add or subtract quantities, 
all uncertainties must be expressed in their absolute 
measuring units, and the resultant products uncertainty 
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expressed in the same way, for later conversion to 
relative measurement uncertainty. For example, at a 
sewer flow gauge site with an ultrasonic depth recorde r 
mounted on the roof of the channel, the uncertai nty of 
it 's depth measurement at a part icular time can be 
defined as:-

+ Proeess: -
Depth = Gauge zero - Distance to surface, 
which for th is example assume = 2.23m 
minus 1.46rn = 0.77m depth of !low 
above invert 
+ Sources o f "Distance'' uncertainty :­

instrument limitations under idea l 
conditions (from manufacturer's 
specification); surface wave action at 
the site; occasional foam 
occurrences; instrument drift over 
time vs frequency of site visits; 
sensor installation verticality. For 
thi s example, assume that these 
source uncertainties add up to an 
overall Distance uncerta inty of 1.46m 
±6.0mm 

+ Sources of ''Gauge Zero" 
uncertainty:- prectston of survey 
method used to measure level 
difference between sensor head and 
invert; condition of invert. Assume 
here that these sources add up to an 
overal l 2.23m±5.0mm 
+ Absolute uncertainty of Depth, 

then:- x(H) = ~(6 02 + 5 01
) = 

±7.8mm. Note that the 
contributing uncertainties are 
added, despi te the fact that the 
product IS achieved by 
subtraction. 

For ca lculation steps involv ing mult irl ica tion or 
di vis ion, the relative uncertaint ies of each contributor 
to the product must be used to ca lculate the relative 
uncertainty of the product. For example if fl ow rate at 
the sewer site example above were to be calculated as 
the product of average Xn velocity and Xn area, then 
this approach applies, as below·:-
+ Process:- Flowrnte (Q) = Average Xn velocity 

(v) * Xn aren (A), which for this example assume 
= 0.75 (rn/s) "2.35 sq.metres = 1.76 cumecs 
+ Sources of "Xn aren' ' uncetiainty :-

+ Xn survey uncertainty, which the surveyor 
may define as ±3.0% on Xn area; 

+ Xn area uncetiainty due to depth sensing 
uncertainty:-
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• Ultrasonic distance sensor- distance to 
surface measurement uncertainty (see eg 
above), of±6.0mm and; 

• Gauge zero uncerta inty (see eg above), 
±5.0mm. 

+ So, the resultant depth uncertainty would 
be ±7.8mm (as given defined previously), 
which can then be used to determine the 
component of Xn area uncertainty due to 
depth uncertainty, wh ich will vary with 
depth of flow ( eg for a I m depth in a 
2.35m wide channel, this depth 
uncertainty would equate to a ±7.8% area 
uncertainty. 
• The combined uncertainty of these 

two sources would then be = X(A) == 

"(3.01 + 7.82
) = ±8.4% 

+ Sources of ve locity sensing and 
average cross section velocity 
calculation uncertainty:-
manufacturer's " ideal" conditions 
specifications; local site conditions 
( eg any fal se s ignal noise due to local 
turbulence, etc.); uncertainty of 
cali bration method and equipment. 
For this example, assume this 
amounts to ± I 0.0% for the practical 
range of velocities. 

+ Additional uncertainty created by 
timing differences between velocity 
sensor and depth sensor operation, 
relative to local site fl ow regime 
vo latility. Here assume this is 
negligible. 

• So, the "root-mean-square" 
uncertainty of fl owrate calculated 
using the recorder is:- X(Q) = "(8.42 

+ 10.02
) = ±13.0%. 

Random and Systematic "Errors" 
"Error" is not "uncertainty". "Error" is an idea lised 
concept which depends on the existence of an exac t 
reference measurement, from which the "error" of a 
measurement method can be defined, as ei ther 
" Random"or "Systematic" - see ISO ( 1995) gu idelines. 
In the !low measurement industry, for field 
measurements, no such "exact reference" measurement 
method ex ists. So. for the purpose of this paper, 
uncertainty has been assumed to include the effect of 
random errors, and whatever portion of systemati c error 
cannot be removed by nonnal work practices and 
methods. 
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Examples of recent applications m 
practice! 

iv!uintuin Level sensor inlegrizy 
Maintaining the integri ty (or va lidity) of a gauge site' s 
leve l sensing equipment, is one of the most frequent 
operations in the fl ow measurement industry. SWC 
have recen tly taken the time to characterise the level 
sensors 's uncertainty as well as our check measurement 
uncertainties. These have then been used in 
conjunct ion with the A-B-C approach, to provide an 
objecti ve method for maintaining leve l sensor integrity. 
For example: -

0 Characterising Level sensing equipment 
uncertainty, as being ± 12.5111111, 
compnsmg:-

± I O.Omm for instrument accuracy ( ie 
0.1 % of I Om range) 

This ' 'accuracy" translates to an 
uncertainty ~ 1. 13 * I 0.0 = 
± I IJmm 

±2.0mm for gauge zero survey 
precis ion 
±5.0mm for local surface wave 
effects, sensor reading uncertainty 
± I.Omm logger resolution 

. I , .., , = ±'1( 11 3- + 2.0-+ 5.0-) = ± 12.5mm, 
which is larger than the ± I .Omm 
logger resolution 

0 Characterising Staff gauge plate reading 
uncertainty, as being ±7.3mm, 
cornprising: -

±2.0mm for plate position survey 
precision 
±5.0mm for parra llex and meniscus 
effects on reading erro rs 
±5.0mrn for local surface wave 
effects, reading uncertainty 
±5.0rnrn gauge plate read ing mark 
resolution 
= ±"(2.02 + 5.02+ 5.02

) = ±7.3mm, 
which is larger than the ±5.0mm plate 
reading resolution 

o How these "uncertainty" characteristics 
are used in practice:-

Define the allowable "tolerance" of 
differences between the gauge plate 
reading, and the level sensing 
equipment = ±\1( 12.5 2 + 7.3 2

) = 
±14.5mm 
On each si te visit, observe the 
difference between the gauge plate 
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depth, and the logger sensed depth 
(as usual), and only take remedial 
action if the difference exceeds 
14.5mm! 

Maintain discharge rating tahle integrity 
Maintaining the integrity (or validity) of a gauge site's 
discharge rating table is another task at the core of the 
hydrographic industry service. In a similar way to the 
depth sensing integrity maintenance, once the rating 
table uncertainty has been characterised, and individual 
field gauging uncertainties are characterised, they can 
be used as objective tools to determine when to change 
and update a rating table:-

+ Characterising the existing rating table's 
unce11ainty of discharge estimate, over a 
flow range of interest, as being ±8.0% 
(for example), comprising the degree of 
scatter of points about the curve:-

Calculating the standard error of 
estimate of the least squares fit of the 
field gaugings taken versus the "best­
fit" rating curve 
Multiply this standard error by 2, as 
per AS3778 procedures (ie to give 
95%ile uncertainty) 
The resultant uncertainty represents 
the combined uncertainty of each of 
the multi-point current meter 
gaugings, as well as the uncertainty 
of the rating curve 

+ Characterising the uncertainty of each 
new multipoint field gauging, using 
AS3 778 procedures, for example as 
being ±9.8%, comprising:-
±9.0% for only having I 0 verticals 
±I 0.0% for using a limited exposure time 
of 30seconds, at a slow velocity of0.3m/s 
±7.0% for using 2 points per vertical 
±1.0% for the point velocity uncertainty, 
using the individually calibrated current 
meter 
± 1.0% for depth measurement uncertainty 
( eg ±I Omm over I m), and 
± 1.0% for width measurement uncertainty 
= ±~{9.02 + (Ill 0)*[ 1 0.02+ 7.02+ 1.02+ 
1.02+ 1.02

]) = ±9.8%, which is larger than 
the ±5.0mm plate reading resolution 

+ How these "uncertainty" characteristics 
are used in practice:-
Define the allowable "tolerance" of 
differences between the rating table 
discharge (from level) , and the latest 
multi-point current meter gauging, as 
being the larger of either ±8.0% or 
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±9.8%, ie ±9.8%, 

Use the "three strikes and you're out" 
approach - if three successive current 
meter gaugings have consistent 
differences exceeding the above 
tolerance, then adjust the rating table to 
suit. If not, then accept that the rating 
table is still applicable. 

North Head STP effluent flume - enable improvements 
to he considered 
With suitable approach conditions and construction 
standards, most flume and weir installations are capable 
of achieving discharge measurement uncertainties of 
±5.0% or better. 

The large long throated flume in the effluent channel at 
SWC's North Head sewage treatment plant (STP) is no 
exception, and in theory could be achieving such low 
uncertainties (ie ±5.0%). 

However, due to the non-ideal approach conditions 
caused by upstream penstocks, measurement 
uncertainties were suspected to be higher, by a 
previously undefinable extent. 

To answer local action group concerns about the 
accuracy of sewer flows being quoted, the increase in 
measurement uncertainty caused by the non-ideal 
approach conditions was assessed as follows:-

+ Characterising the existing rating table's 
uncertainty of discharge estimate, over the 
flow range of interest, as being ±16.8%, 
comprising the degree of scatter of points 
about the curve:-

Calculating the standard error of 
estimate of the least squares fit of the 
25 field gaugings taken versus the 
"best-fit" rating curve 
Multiply thi s standard eiTor by 2, as 
per AS3 778 procedures ( ie to gi vc 
95%ile uncertainty) 
Acknowleding that this "scatter" 
uncertainty includes the uncertainty 
of both the flume rating table (with 
non-ideal approach conditions) line 
of best fit and the individual 
gaugings. 

+ Characterising the uncertainty of each 
new multipoint field gauging, usmg 
AS3778 procedures, for example as 
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be ing ± 1 1.8%, comprising uncertainty 
for :-
Number of verticals (5) 
Exposure time of meter ( 15 seconds) 
Number of points per vertical (3) 
Velocity reading accuracy of current 
meter 
Depth and width measurement 
uncertainties 
An " uncertainty reduction" allowance, for 
the fact that m smooth man-made 
channels, velocity distributions are far 
more predictable (otherwise uncerta inty 
would be ± 15.7%) 

+ Calculating the "actual" uncertainty of the 
flume discharge indication, using the A-B­
C approach, in reverse:-
Given that Combined Uncertainty 
±...J(X(Fiume/ + X(Gauging.1/) = 
± 1 6.8%, as defined already, then 
Rearrange the relationship to ca lculate the 
practical flu me uncertai nty: - X(Fiume)= 
±...J(/6.82

- X(Gaug ings/) = ±...J( I6.82
-

11 .82
) = ±12.0% 

Now that the severity of the uncertainty impact of the 
penstocks has been defined, plans can be eva luated for 
the cost bene fit s of re-arranging their settings to ga in 
fl ow accuracy improvements, which can potential ly 
reduce uncertainty of discharge from ±1 2.0% to 

±5.0%. 

AS900 I Process Certification at SWC STP 's 
SWC has recently achieved AS9001 certification of all 
operational processes at it 's STP's. As part of the 
traceab ility and audit obligations involved in retaining 
this certification, the method of auditing each process 
for conformance has had to be defined. 

In the case of flow measurement processes, we have 
been ab le to implement characterising the measurement 
uncerta inty of each flu me and weir site, tak ing into 
account equipment differences, approach condition 
non-conformances, and any other relevant local site 
conditions. 

Hav ing characterised the measurement uncertainty at a 
d ischarge measurement site, it can then be used as an 
objective audit tool, to:-
0 State the quali ty of the flow data be ing prov ided, in 

terms of its ±% rating table uncertainty 
o Identify s ites with unacceptably high measurement 

uncertamties, and des ign and priorit ise 
improvements 
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0 Determine when rating tab les have suffered a 
significant change, us ing independent multi-point 
gaugings (and their characteri stic uncertainty), and 
the A-B-C approach- and taking remedial action 
( cg where backwater effects start to drown a flu me, 
due to a downstream process change) 

Reservoir Depth versus Volume relationship 
uncertainty 
In being part o f SWC's A WT division, hydrographic 
tender bids have included several lake depth versus 
volume definition project proposa ls. As part of the 
strategic thinkiug behind such proposa ls, the 
relationshi p between "quality" o f volume estimate 
versus ··cost" to obtain it, was recognised as being 
directl y related to the measurement uncerta inties 
involved. 

By way of illustration, Figure I demonstrates the uses 
of characterising the main uncertainty sources, and 
using these to inform clients of the relationship between 
cost (in terms of number of transects) and volume 
measurement uncertainty - assuming gradually varying 
lake bottom rel ief. 
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Figure I General relationship between Lake volume uncertainty & no. transccts 

Postulated Lake volume estimation uncertainty(%), 
sensitivity to average lake depth and no. of transects 
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From the figure, for example, even for a relatively deep 
average lake depth of 4.0m, only 6 transects are 
necessary to achieve a volume estimation uncertainty of 

±10.0%, but to improve this down to ±2.0%, at least 50 
transects would be necessary. 

Computer model "accuracy" characterisation 
One of the most frequently asked questions about 
mathematical models of river or sewer flow systems, 
when they are used to design and cost large capital 
works, is:- How accurate is the mode{?? 
Although this is a valid question to ask, it is not so easy 
to answer. This is where gauge measurement 
uncertainty characterisation can provide one of the few 
ways to answer the question objectively. 

For example, say the the model of a river system has 
been calibrated to the last 5 years of river flow (and 
rainfall) records, at 15 minute time steps. This means 
that there are potentially 175,3 20 comparison points to 
look at differences between the gauge records of 
discharge, and the model estimated discharge, as 
below:-

0 Calculate the combined uncertainty of the 
gauge and model discharge estimates, as 
twice the standard error of their 175,320 

differences. Say this equalled ±20.0% 
0 Characterise the uncertainty of gauge 

flows derived from the site rating curve, 
as defined in earlier examples, as, say, 

±10.0%, then 
0 Infer the model accuracy, applying the A­

B-C approach , as being:-

Given that Combined Uncertainty= 
±,J(X(Gauge/ + X(Mode!/) = ±20.0%, 
as defined already, then 

Rearrange the relationship to infer 
the model's uncertainty:- X(Mode/)= 
±~(20.02 - X(Gauge/) = ±,)(20.02

-

10.02
) = ±17.3% 

Determining the significance oj"clwnges in catchment 
flow behaviour 
There is frequent interest in attributing a significance to 
changes in flow regime at a gauge site, by users of the 
data. This includes but is not limited to noting flow 
increases or decreases due to :- increased development 
on the catchment; catchment management policies to 
reduce flow to the system; drought impacts; wet period 
impacts, etc. 

Again, this is where knowing the characteristic 
measurement uncertainty of the gauge(s) involved can 
provide one of the few "objective" means of saying 
whether or not an apparent change is significant. 

For example, say a more efficient crop watering 
method is developed , and water is metered through 
standard pipe meters, and a "before" vs. "after" study is 
done (eg similar to SWC's urban demand management 
initiatives). If the old crop usage need was 8 ML!Ha, 
while the new usage need was measured at 7.5ML!Ha­
is this a significant reduction? 

Characterise the combined meter measurement 

uncertainty, as, say± I 0.0% 
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Bureau of Meteorology 

AU OF METEOROLOGY 
J\U5TRALIA 

ACCESS THE BUREAU WEB SITE AT: www.bom.gov.au 

A wide range of climate related data, information and products are available. 

Of Particular interest to people in the water industry are: 

• Real time rainfall and river height data 

• Climate averages in map and graph form 

• National catalogues of river stations 

• Drainage divisions and river basin boundaries 

Features currently under development include: 

• National catalogue of rainfall station 

• National evapotranspiration maps 

The Bureau of Meteorology's Hydrology Program would like to thank the Hydrographic and 
data management groups in all States and Territory water agencies for their support over th 
years. Data and information have been provided for many projects, including: 

• Gobal Runoff Data Centre sponsored by WMO 

• UNESCO Asian Pacific Friend Project 

• Stream Gauging Information, Australia 

• Flood warning system development and operation 

• Rainman Streamflow Project 

25 



Australasian Hydrographer, August 2002 

0 Apply the 11.-B-C approach, to determine 
the implied "tolerance" of differences 
(comparing gauge to gauge readings 
before and after the new method), as 
being ±v(2* X(Gauge/) = ±v(2* I 0.02)= 

± 14.1% 
0 Calculate the% change as (7.5-8.0)/8.0, 

ie 6.25'Yo, which is less than what coukl be 
explained by gauge measurement 
uncertainty alone. 

0 So, the apparent "reduction" is not 
significant, at the 95%ile confidence 
level. 

This particular type of use of measurement uncertainty 
has wide application potential. 

Microbiology: Biovolwne Uncertainty in water quality 
reporting 
Recent changes in NSW to environmental reporting 
licences have switched from reporting cell 
concentrations, to cell volumes. Along with this 
change, the uncertainty of the bio-volume 
measurements can be defined , to later enable the 
assessment of "changes", similar to the above crop 
efficiency example. 

The biovoiume of a particular cell taxa is calculated as 
the product of cell abundance and average cell volume. 
Establishemnt of each of these (cell abundance, and 
average cell volume), in turn, requires several process 
calculation steps, each with contributing uncertainties 
to be characterised. 

These uncertainty calculation tools have recently been 
developed for use in reporting water quality results to 
the Sydney Catchment Authority. No further detail is 
given here, but these will probably be described in a 
related paper. 

Conclusion and Where to from Here? 
Some of the main benefits obtained by implementing 
the measurement uncertainty discipline in a flow 
measurement business, arc:-

0 Enable network owners to answer the question 
"How accurate is the flow data", and subsequently 
to design and prioritise measurement improvement 
works (such as low flow weirs, etc.) 

0 To have an objective starting point from which to 
evaluate new technology 

0 To enable clients, who use the gauge data to 
calibrate computer models and develop capital 
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works plans, to answer the most frequent "public" 
question:- How accurate is the model? 

0 Enable clients to determine if apparent flow regime 
changes are within gauge measurement 
uncertainties (eg in response to catchment 
management initiatives), ie identify "false" trends. 

0 Gradually form an understanding of the 
relationship between cost of data versus quality of 
flow <.lata 

In opposition to these are the main impediments to 
adoption of this additional measurement discipline:-

• Perceived additional costs, and changed work 
practices - which may initially be significant 

• The additional "statistical" understanding 
necessary to succesfully implement it, appears 
overly complex 

• Traditional culture of trust by clients, to deliver 
good quality flow data, without looking too closely 
at what that means. Note however, that these 
days, ongoing cost-cutting initiatives would have 
caused unknown increases in measurement 
uncertainties (ie lower quality data) 

• Some uncertainty sources are technically difficult 
to define (eg rating table extrapolation) 

• Concerns about "client shock" (ie losing business) 
-if the first go at defining the objective 
measurement uncertainty shows all low flow sites 
to have uncertainties of ±30% or worse, then 
clients may decide to prefer other service providers 

Whether or not the costs outweigh the benefits is worth 
debating. As far as this author is concerned, the 
benefits do outweigh the costs, substantially. 

The only "where to from here" suggestion to make is to 
recommend pilot study applications to develop the 
basic calculation tools and understanding required for 
it's wider and ongoing use- as it will revolutionise 
work practices in the industry. 
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Contributions to the Journal 
and Newsletter 

Member contributions to the Journal and newsletters 
are most welcome. You are the Association and hence 
it is helpful if you provide input into it. 

At present the Editor is limited to stea m driven Word 
6.0 so if you have a contribution could you please 
submit in that formal. 

Advertisers could also ass ist by providing TIF, GIF or 
JPG images or similar of their ads- while PDF format 
is handy it means cut and paste has to be done -
literally' 

I look forward to getting summaries of papers from the 
conference from those who have indicated that they are 
willing to provide them. Summaries of the summaries 
are also welcome as I can use them as a precursor in the 
news letters for items appearing in the next Quarterly 
Journal. 

Photographs are also welcome for the cover of the 
newsletter- final use of a submitted photo will depend 
on how well the image transposes onto the cover of the 
Journal, so the clearer the better. 

Shakers and Movers 
Current S&M's are: 

Les Marshall - DL WBC to currently relaxing 

Ben Martin- Hydro Tasma ni a to Snowy Hydro 

On The Web. 
Have a look at how some of our members and their 
employers are getting data onto the web. 

Time Studio Based: 

Tassie: www.wired.dpiwe.tas.gov.au 

HYDSYS Based 

NS\V: www. waterinfo.dlwc. nsw.gov .au 

\VA: www.wrc.wa.gov.au/waterinfltelem/contents.html 

Who Knows What Based 

Australia Wide: www.bom.gov.au 

Corporate Membership 
Corporate Membership of AHA includes the following 
"benefits" 

• Free full page ad in the quarterly Journal 
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• Free quarter page ad in the monthly newsletter 
(mainly clue to space requirements) 

• Free page and links on our web site. 

• Use of our name in a manner of the form "All of our 
hydrographers are members of the AHA" when 
advertising/tendering etc. 

Individual members receive a I 0% discount on there 
membership if their employer is a current corporate 
member. 
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~ Application For-Renewal of 
Membership 

he Secretary, 
Australian Hydrographers' Association, 

1- PO Box 456, 
BOWRAL, 
NSW 2576 

Dear Sir 
I wish to Become a Member/Renew my Membership of the Australian Hydrographers Association. 

Natne: ______________________________________ __ 

ddress : -------------------------------------

mployer: - -------------------------------

itle: --------------------------------------

ddress: --- -----------------------------

Declaration: 

Membership Grade: 

I enclose$ 

My employer is an Australian Hydrographers Assn. Corporate member. Y I N 

Individual Member ($100 to end of Year 2003) 
Corporate Employee Member ($90 to end of Year 2003 only if your employer is a 
corporate member) 
Retired/Student/Cadet ($50 to end of Year 2003) 
Corporate ($500 to end of Year 2003) 

Please make chl'ques payalile !he Australian Hydrographers Association 

I wish to receive my monthly Newsletters bye-mail I post I I will down-load from the web site. 
I wish to receive my quarterly News le tter at my Home I Work Address. 
I wish to rece ive my issues of WA TER magazine at my Home I ·work Address. 

Signed: -----------------------------------------

ate Received 1l1ember Number ---------------------- -----------------
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