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SUMMARY

The $lestern Australian Forests Department started
its hydrological research progranme in the northern
jarrah forest  in  1973.  The areas and objects  of
research are outlined, and the type of weir used is
des cr ibed.

The nethod of flow neasurenent using staff gauge
readings instead of cont inuous -recorder tTaces is
explained, and the error involved with this method is
estirnated experimental ly.



INTRODUCTION

The Western Australian Foraests
Departrnent started its hydrological
research programne in the northern jarrah
forest  in  

.1973,  Since then many
nicrocat chrnents have been nonitored for
both sa l t  and water  y ie ld wi th in the
Yarragil and South Dandalup Catchments
(Figure 1) .  The a i rns of  th is  research are:
( 1 )  t o  r e l a t e  w a t e r  a n d  s a l t  y i e l d  t o

catchrnent characteristics such as
topography,  c l imate,  so i ls  and
vegetation within the above catchnents;

(2) to use the infornation obtained from
( l )  i n  a  w i d e r  c o n t e x t  b y
extrapolat ion to character ize the
hydrological cycle of the nor:thean
ierreh forest .  As the catchments
studied contain representatives of the
v a  r  i  a b l e s  ( f o r e s t  t ) ? e ,  r a i n f a l l ,
geomorphology) which affect water
quality and quantity in the northern
j a r r a h  f o r e s t ,  s u c h  e x t r a p o l a t i o n  i s
p o s s i b l e ,

Because of the large nunber of
n i  crocat  chrnents s tudied (50)  i t  was not
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FIGURE 1: The northern j arrah
forest  showing the loc at  ion
oF the South Dandalup and
Yarragil Catchnents; rain fal1
is  in  n i  l  l inet res

econonical ly  possib le to  construct  e laborate
weirs with continuous water-level recorders
on all streams, Instead, cornbination
V-notch weirs were designed, and their staff
gauges were read three tirnes a week. Fron
these readings total streamflows were
calcu lated.

This  paper  descr ibes the t )?e of  wei r
used, the nethod of flow measurenent, and
an experimental estination of the degree
of error involved with the nethod.

METHOD
Weir design
Weit, plate - Each plate was made fron 6 nrn
rnild steel and fabricated as a conbination
90o V-notch with a rectangular top section
(Figure 2).  This design was chosen as i t
adequately lneasures the range (0.00001 - I
0 .5 mJ/sJ of  f lows in  the study areasl  the
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V-notch accurately neasu'raes smaLl flows and
the rectangular section caters for the
larger ,  less f requent  f lows.  Plates have
also been fabricated fron aluniniun, and
th is  nater ia l  wi l l  be used in  fu ture as i t
requi res less naintenance than mi ld  s teel .

Staff gauge - Stage (or head (H) of water
above the botton of the V-notchl was read
frorn a wooden staf f  gauge graduated in
0 . 0 1  n  w h i c h  h a d  i t s  z e r o  l e v e l
corresponding to the V-notch botton
(Figure 3) ,  To n in imize eddying and
drawdown, the gauge had a 45o bevelled
edge on i ts  upstrean s ide and i ts  long
axis  para l le l  to  the d i rect ion of  f low.
To avoid the effect of surface drawdown
at the weiT crest, the gauge was
positioned upstrearn from the weir at a
distance equal to four tines the naxinurn
expected stage (Stevens,  1970)  (F igure 4) .

fnstaLLation - A backhoe was used to dig
a t rench which usual ly  extended 20-30 cn
below the clay zone across the creek to
ensure ninimal seepage beneath the weir.
The trench was long enough to allow concrete
wings to be set  wel l  in to the creek banksl
these wings nay be extended by ear th
enbanknents in  broad val ley s i tes.

Because the flow fornula requires that
the approach velocity of water to the weiT
is  not  nore than 0.3 m/s,  a  s t i l l ing pond
was created by widenlng the upstream area
innediately above the weir. The dinensions
of this pond depend upon the volume and
velocity of the expected flow; ponds which
neasured 3-4 rn across by 5 m upstrea.n were
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FIGURE 2: Combination 90o V-notch weir plate (upstream side)

B =

L -

- l-')

depth of V-notch (variable)
width of end contractions
total head above V-notch base
head above top of V-notch
width between end contractions
width of toD of V-notch

.  - . , , 2 . 4 8=  r . J + n
. ,  ^  ^ , , ,  l . J  .=  1 . 8 2  x  ( L - 0 . 2 h ) h " - w h e r e  L  =  L t - L . >

= the area of  over lap between Q. 'an i l  Q"
Stevens' speci ficat ions :

Q1
V2
a;

Where H
Y

and X

= maxinun expected head
= greater than twice H
= greater than twice H
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FIGURE 5: Staff gauge illustrating
bevelLed edge and direction of flow

FIGURE 4: Section through a
weir plate showing a sharp
crest, surface drawdor,ln and
aeration under the nappe
(adapted frorn Stevens, 1970)

\ \ l

N\I\



TABLE 1
Conparison of flows calculated fTon:
(A) three stage readings a weekl
(B) cont inuous recording hydrographs;
for Dwellingerup Brook (East Branch),
Seldon Seen Creek and YarragiL Brook

Ygar No.  of  nonths
of record used

Difference
B-A

Branch
_ 2 . 3 4

- 1 6 . 2 8
- 9 .  1 3

-28 .86
- 5 . 5 5
0 . 1 2

- 1 1  . 7 2
0 . 2 5

- 6 . 6 6

- 8 3 . 3 8

-231 .52
1 3 . 4 4

- 1 9 . 6 1

- 2 5 0 . 5 2

-619  .82
402  .48

- 2 7  3  . 4 6
- 4 , 6 9

-94  .36
- 5 8 9 . 9 5

Difference
B-A

6 6 2  , 1 3

% difference
B-A  , .  100
B " 1

_ 1  . 8
- 9 . 6
- A )

- 1 . 0
- 6 , 6

0 . 0
- 4 . 1
0 . 2

_ 2 ,  1

- r 1 . 8
0 . 7

- 1 . 0
- 0 . 7

- 3 . 3

B *

1 9 6 0
1 9 6 1
1962
1 9 6 3
1964
1 9 6 6
1967
1 9 6 8
1 9 6 9
' 1 9 7 0

TOTAL

1967
1 9 6 8
i  969
'I 
970

TOTAL

1 9 6 6
1967
1 9 6 8
'1969

1 9 7 0

TOTAL

2 5 5 4 . 5 4

19s8,77
1756 .60
1 2 3 2 . 9 9
2 5 7  4 . ' 1 5

7 5 2 2  . 5 0

Brook
4 2 0 2  , 4 7
7 0 3 8 . 4 8
6497 .23' 1 5 8 5 . 6 4

4887 .79

2 4 2 1 1  . 6 1

7
7
7
7
7
7
7
7
7
7

4
3
6
7

E

6
7
7
6

5
6
7
7
6

Dwel l ingerup Brook, East
1 2 4 . 2 1  ' t 2 6 . 5 6

1 5 2  . 5  8  1 6 8 . 8 6
1 3 8 . 7 7  1 4 7 , 8 9
3 1 5 . 4 0  3 1  8 . 6 1
4 0 6 . 0 6  4 3 4 . 9 2' 1 6 5 . 2 9  1 7 0 , 8 4
2 3 3 . 1 3  2 3 3 . 0 0
272 .72  284 .44'143 .95  143 .70
220  .05  226  .7 ' l

2 1 7 2 . 1 6  2 2 5 5 . 5 4

S eldom
7 2 7 . 2 4
7 7 0 . 0 4
2 2 0  , 1 6

Seen Creek

7 2 7 1  . 9 8

Y . T f r d l  I

3 5 8 2 . 6 5
7 440 .97
6 2 2 3 , 7 7
1 5 8 0 . 9 5
4793  .43

2 3 6 2 1  . 7 7

- 4 . 2
- 0 . 3
- 1 . 9

- 2  . 4

to* For each year only those nonths with a cornplete record were used
calcu late (B)  -  genera l ly  f ron Apr i l  t i l I  october

TAB LE 2
Comparison of flows calculated frorn:
(AJ sinulating use of high-water gauges

wi th three stage readings a weekl
(B) continuous recording hydrographs;
for Seldon Seen Creek and Yanagil Brook

Year

197 0

1 9 6 6
't 

967
' 1 9 6 8

I  969
' t 9 7 0

TOTAL

* For each
calcu late

No. of rnonths A
of  record used

B * % difference
R - A  1 n n

B ^ j

7 . 2
2 4 . 9
1 0 . 2
z o . o
t z . J

1 5 . 4

to

Seldom Seen Creek
7  3 2 3 6  . 2 8  2 5 7  4  . ' t  5

Yarragil Brook
4 5 0 4 . 6 7  4 2 0 2 . 4 7  3 0 2 . 2 0
8789 .66  7038 .48  ' 17  51  . ' t 7
7161  .58  6497 ,2s  664 ,35
2 0 0 8 .  I 0  1 s 8 s . 6 4  4 2 2 , 4 7
5487 .88  4887 ,79  600 .09

27951 ,89 2 4 2 1 1  . 6 ' l 3 7  4 0  . 2 8

year only those months with a conplete record were used
(B) -  genera l ly  f ron Apr i l  t i l l  October
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adequate for nost weir sites.

Formwork was constructed to contain the
concrete foundation and wings. The weir
plate was set at right angl.es to the
direction of flow, and according to Stevensl
(1970) speci f icat ions: the distance between
the botton of the V-notch and the upstream
creek bed (Figure 2,  Y) was 2-2.5 t imes
the rnaxirnurn expected head (Figure 2, H) to
p"event a velocity head developing as the
water approached the plate; the distance
between the edge of the V-notch and the
nearest end contTaction (Figure 2, X) was
2 or nore tines the rnaxinun expected head.

For the fornula used to calculate
flow to apply, the crest of the weir over
which the water Dasses should be cut with a

fttarn 
upstrearn cortt"r ro that the water

-spr ings clear.  Otherwise, c l inging of  a
portion of the nappe will occur, especially
at low stages (Figure 4). Sharp cresting
was acconpl ished by bol t ing and seal ing a'l nn thick galvanised steel facing (cut to
the part iculan weiTrs dinensions) to the
upstream side of  the weir  plate.  Such
sharp crests were effective, cheap, and
easy to replace.

Subnergence of the nappe resulting in
a reduction in accuracy may occur if the
distance between the V-notch botton and the
downstrean bed is too small; the water
nust spr ing clear f ron the crest,  thus
aerat ing (Figure 4).  To al low for th is i t
nay be necessary to lift the plate to a
heieht which involves construction of

fexc6ssivel f  
large containing wal ls.  These

-wal ls could cause unnecessary ponding
upstream which attenuates the peak and nay
unnatuTally raise the water-table level
behind the cut-off wall in periods of
normally snall or nil surface flow. Thus
the site may have to be abandoned or a
lower cut-off wal1 built in conjunction
with a channel constTucted downstream
(Bowyer,  P.W,D. Water Resources Sect ion,
pers.  connn.) .

A concrete spillway was constructed on
the downst"earn creek bed innediately behind
the weir to prevent the effluent water frortr
eroding the otherwise bare earth surface,
Construction tine per wei" averaged l2
nan-days.

Rating cwoes - Where it was physicalJ.y
impossible to construct a weir, or where
the expense of a weir was not justified

but sone flow data were required, flow was
measured with a current rneter over a range
of stage readings, and a stage-flow or
rating curve was produced. Fron this rating
curve a regression equation for conversion
of stage readings to flows was calculated.
The above procedure may be carried out on
establ ished weirs to:
(.1) check the readings obtained from

stage-flow relationships by measuring
flow irunediately above or below the
weir ;

(2) establ ish a stage-f low relat ionship for
those weirs which do not meet the
specifications outlined in the section
on weir  design.

Current-rneter neasurement procedure is
described at length by Buchanan and Soners
(1969) and the Western Austral ian Publ ic
Works  Depar tnen t  (P .W.D. )  (1968) .

Costs
Average costs per weir have been

calcuLated using values as at  I  Apr i l  1976:
( l )  constTuct ion costs including nater ials,

nachinery and Labour = $560;
(2) running costs per year including

maintenance, data col lect ion and
analysis = $266.

The running costs for Yarragil and
South Dandalup Catchnents have been costed
against weir inspection only. Howeve'r., many
other parameters were nonitored during the
periods of  inspect ion, and i f  the costs of
these wefe calculated the above running
costs would be reduced.

Calculations
Fornulae relating stage to discharge

are given by the United States Departnent
of the Inter ior (1971) (paraneters are
def ined in Figure 2 capt ion):

Q  =  1  .34  y  y12 .48
where Q = discharge (rn3/s)
for a 90o V-notch weir ,

and
Q  =  1 . s z  ( L  -  0 , Z h ) h r ' r

for a rectangular weir with end
contract ions.

The nethod of calculating discharge
using the above formulae has been described
by Bowyer (P.W.D, Water Resources Sect ion,
pers. comrn, ) and involves three
calculat ions.
(l) Calculation of discharge (Q1) through

the V-notch. The head (H) above the
V-notch is used specifically for the
V-notch fornula for any given stage



reading, Thus the V-notch extrapolates
to the water surface for stage readings
higher than the depth of the V-notch
sect ion (A in  F igure 2) .

(2) Calculations of discharge through the
Tectangular sections (42 , 2Qil.
This discharge is calcuLated using
L = Ll-LZ in the rectangular-we ir
formul a above.

(3) Calculation of overlaps (|43 , "4t1 .
As the V-notch extrapolates to the
water surface, sorne overlap with the
rectangular  sect ions resul ts .  The
combined over laps form a 90o t r iangle
which has a d ischarge calcu lated by
using the Fornula for  a 90"  V-notch weir .

The total discharge (Q) for stages higher
than the depth of the V-notch section can
now be calcu lated:

Q = Q r + Q r - Q " '
For stages equal to 6r leis than the height
of the V-notch section, only the V-notch
forrnula (1) ls required, and therefore:

Q = Q r
Errors

Stevens (1970)  considers that  under
norrnal field conditions the correlation
between stage and flow for weirs probably
has a basic  error  of  a t  least  3-5%.
Buchanan and Somers (1969)  consider  that
flows fron a V-notch weir can be neasured
to within 39o aCcj.)Tac!.

Thxee stage readLngs a ueek - The weirs
installed in the Yarragil and South
Dandalup Catchments were inspected and their
staff gauges read three tirnes a week
(Monclays, Wednesdays and Fridays). A study
was undertaken to detemine the additional
error  in t roduced by calcu lat jng annual
flows from three stage readings a week
rather than from continuous flow
recordings, Three streans representing
the range of catchments neasured by the
Forests Departnent wete used: DwelJ.ingerup
Brook,  East  Branch (0.72 knl ) ;  Seldon Seen
Creek (6.Q9 knz) ;  Yarragi l  Brook
172,52 kn ' ) ,  For  each of  these st reans,
vary ing months of  P.W.D.rs cont inuous
streanflow records were selected frorn years
wi th n in inal  n iss i .ng data (Table 1) ,  and
instantaneous flows were taken fron the
hydrographs at 1200 h on every 2nd, 4th
and 6th day of each week to sinulate the
nethod used. Assuning that the change in
flow fron one reading to the next was
ruriform, rnonthly and yearJ.y flows were
calculated to forn a simulated hydrograph,
and then conpared wi th the P.W.D.rs

calculation of flows based on continuous
record ings (Table l ) .

Ihree stage readings a ueek uith peak floas
bekteen z,ea*Lngs - Low-cost high-water
gauges were insta l led in  the st i l l ing ponds
of 28 weirs in the Yarragil Catchnent and
5 weirs in the South DandaluD Catchnent.
For  a deta i led descr ip t ion o i  these garrges
see Mason (1975) .  The object  of  these
instalLations was to record peak flow
between the periods of inspection. Thus,
it was assuned the extra high-water- level
readings wouLd, when cornbined with the
staff gauge readings obtained thrice weekly,
give a rnore accurate estirnate of total
streamf!.ow. To test this assunption a
sinilar conparative test to that previously
descr ibed was rmdertaken -

Peak flows between staff gauge readinf
were deternined from maxirnun instantaneous
dai ly  f lows for  Seldom Seen Creek (1970)  and
f o r  Y a r r a g i l  B r o o k  ( 1 9 6 6 - 1 9 7 0 )  ( P . W . D . , 1 9 7 2 ) .
Because the time of peak flow was not known,
ard in nost cases it was imDossible to
weight  the h igh-water  reading towards e i ther
staff gauge reading, peak flow was recorded
on the hydTograph nid-way between the tirnes
of the two staff gauge readings, Flohrs
calculated from this simulated hydrograph
were then conpared wi th P.W.D.rs
calculations frorn continuous recordings I
results are shown in Table 2.

RESULTS

The totals from TabLe I show that
fl.ows calculated by the thaee-readings -a-
week rnethod underestinate flows calculated
fron continuous recordings by 2-4%.

The totals fron Table 2 show that
when peak flows were used to supplernent
the thTee-readings -a-week nethod, gross
overestination of total streanflow.
resul ted.  In  the smal ler  (6.89 knz)
Seldon Seen Catchment, sinulated flow
exceeded actual  f low by 25.7e" .  S imi lar ly ,
in the larger (72.52 kn2) Yarragil
Catchnent, sinulated flow exceeded actual
f low by 15 .4% .

The greatest nonthly variations
between the sinulated flows and actuaL
flows occuned during June, July and
August. These variations, often as rm;ch
as 109", tended to cancel each other out as
one month would be -10% and anothe"  +10%,
whilst their total flows were approxinately



equal. Variations for Septenber, 0ctober
and Novenber wene small (0-5%) owing to the
long and uniforrn recession phase exhibited
by the streams studied,

DISCUSSION AND CONCLUSIONS

The snall percentage differences in
TabLe 1 indicate that by taking three
staff gauge readings a week, converting
then to flows, and adding these weekly
flows over the total period of flow,
streanflow can be conservatively and
reasonably accurately estinated.

The estinate reflects the uniforrn
yield characteristics of the catchrnents
studied.  El l io t t  (1972) ,  in  a s tudy of
yield characteristics of catchments in the
south-west of Western Austral.ia, concluded
that high-yielding catchnents show a
snaller variability in rnonthly flow and a
greater proportional contribution to
streamflow fron groundwater than catchnents
with lower yields. The contribution from
groundwater produces the prolonged and
uniforn recession phase observed during
Septernber, October and November when
variations between the actual and sinulated
f lows were smal  lest .

Similar observations for south-western
catchments have been nade by Clark (1970) .
This worker attributed the characteristical ly
wider and lower peaks on the hydrographs to
the sLower rate of flow caused by the
tenporary storage of water throughout the
catchnent.

These y ie ld character is t ics a lso
expJ.ain the overestimation of flow when
sinulated high-water gauge readings were
used:  the peak f lows p lot ted on the
hydrographs were not balanced by ninimtnll
flows, and hence the method, which
assunes li.near changes in flow frorn one
reading to the next, does not sinulate
real conditions. Readings taken every
Monday, Wednesday and Friday without the
inclusion of peak flows simulate the
rises and fa11s in the continuous
hydrographs nore accu"ate ly.
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