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(ii) 

S u m m a r y . 

Chemical dilution methods of stream gauging with sodium 
dichromate (Na CrO^. SH^O) were tested in a tilted laboratory flume 
for flows up to 5 c. f. s. and at various locations on a range of natural 
streams for flows up to 210 c . f . s . Accurate check calculations of 
flow were available with the flume tests and these indicated probable 
errors of ^ 4. 5% for the constant injection method. In turbulent 
sections of natural streams this method was found to have about the 
same accuracy as current meter gaugings under ordinary flow con-
ditions although successful applications required careful attention 
to details that are readily overlooked. Similar orders of accuracy 
were obtained with the sudden injection method but this method re-
quired extra laboratory work and an inconveniently large number of 
samples. It was concluded that the constant injection chemical 
gauging technique with sodium dichromate is a useful ancillary 
method with special advantages over current meters in certain 
circumstances. However, it does not appear to be superior to the 
current meter method when reasonable conditions for the latter are 
available. 
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CHEMICAL GAUGING OF STREAMFLOW 

1. INTRODUCTION 

Although chemical dilution methods of stream-
gauging have heen known for at least a century, their 
general use has not "been favoured "by organizations responsi"ble 
for the collection of hydrologie data. Some of the reasons 
for this appear to "be as follows: 

(a) measurements by current meter seem to 
involve less time and trouble, 

(h) in the past, little was known ahout the 
reliability of chemical gaugings, 

(c) the sodium chloride (common salt) used 
in early investigations could not "be 
measured accurately in very small 
concentrations and inconveniently large 
amounts were therefore required for the 
flows of major interest • 

In recent years, however, there has heen an upsurge-
of interest in chemical gauging following successful tests 
with various chemicals that may "be accurately measured in 
small concentration_s. These include sodium dichromate 
(NagCrgO7.2H2O)5 radioactive isotopes and fluorescent 
compounds such as rhodamine B and pontacyl pink. 

It should he noted, however, that dilution gaugings with 
sodium chloride have occasionally proved very useful for 
measuring flows in certain circumstances® Typical of such 
cases were a series of measurements carried out hy the State 
Electricity Commission of Victoria at Kiewa in 1956-60 which 
are described "briefly in section 2.5. 
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(1 ) H. Andre^ of the French Electricity Commission 
has contributed notahly to the development of practical 
techniques with sodium dichromate. This chemical is now 
used to a considerable extent for routine flow measurements 
of turbulent mountain streams in France, Switzerland and other 
European countries^^^. Similar techniques with radioactive 
and fluorescent materials are topics of intensive 
investigation at the present time in the United States of 
America, Australia and elsewhere« 

The Water Conservation and Irrigation Commission of 
New South Wales and the Water Research Foundation of Australia 
have provided research grants to the University of New South 
Wales for a study of chemical gauging with sodium dichromate 
under Australian conditions. The results and findings of 
that study are presented in this report® 

2. BASIC PRINCIPLES OF CHEMICAL GAUGINQ 

2o 1 Constant Rate of Inflection Method 

The chemical is injected at a constant rate into a 
stream and after an appropriate time has elapsed., samples of 
the stream water are taken at a downstream point where the 
chemical has "becom-e thoroughly mixed over the entire cross 
section. The degree of dilution of the chemical at this 
point is related to the stream discharge in accordance with 
equation (1 )«. 

A . 
q. C2 

where Q = rate of flow of the stream 
g = rate of injection 
CQ = concentration of the chemical occurring 

naturally in the stream water 
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C| = concentration of clieinical in injection fluid 
Cg = concentration of chemical in stream at 

sampling point. 

In most cases Co is negligibly small compared witti 
C2 J and Gg is negligilDly small compared with. Ĝ  , so equation 
( 1 ) maybe reduced to equation (2), 

^ - 2.1 . (2) q " C2 

Thus, the discharge of the stream may he calculated 
if the rate of injection q and the concentrations GQ, Ĝ  
and Gg are known. For equations (1 ) and (2) to "be valid it 
is important that sufficient time "be allowed for relatively 
steady concentrations to develop at the sampling point as 
shown in Figure 1 . 

2.2 Sudden Injection Method 

An alternative method is to release instantaneously 
a known volume of the chemical into the stream« Downstream 
samples are then taken at regular intervals of time to enable 
an accurate determination of the concentration-time 
relationship which has the form of a "pulse" curve as shown 
in Fi'g.1. The stream discharge is related to the concentration-
time curve by equation ( 3 ) . 

Q = S i ^ ) . - ^ ^ (3) 
^(Ce-Co ) IfG^ dt 
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FiG.1: TYP ICAL CONCENTRAT ION - T I M E CURVES 



where Q = rate of flow of the stream (cfs) 
Co Ĝ  and Gg are concentrations of the 

chemical as for equations (l) and 
(2). 

V - volume of injected chemical (ft ) 
T = time (sees) for Gg-Go to become 

insignificantly small 
^/Ggdt represents the area under the 

concentration-time curve as shown in 
Fig.i. 

T 
Theoretically it is possible to evaluate ^/G dt 

if eq.ual volumes of stream samples are taken at egual time 
intervals during the passage of the pulse and "bulked into 
a single container« The concentration of this "bulked 
sample multiplied "by the sampling time is equal to the area 
of the concentration-time curve. However, this procedure 
does not permit the operator to check on whether the 
frequency and period of sampling are adequate and it is 
therefore not usually recommended® 

2.3 Estimation of Mixing Length, and Sampling; Duration 

Equations (l) to (3) Sive valid only if the 
distance "between the injection point and sampling point 
are sufficient to ensure a relatively uniform concentration 
of chemical throu^out the stream cross section at the 
sampling point« The minimum distance for this condition 
is called the "mixir.g length" and its estimation at the 
start of a gauging is an important step in the procedure• 

(2) 
The British Standards Institution^ / and the 

(British) Water Research Association recommend the following 
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formula due to Rimmar^^^'^^^ for estimating mixing lengths 

L ^ 0.13 w^G(o>7C + 11 ) ~ .ooh w^c^ ~ z22kJLJL (k) 
gD D D^ S 

where L = mixing length (ft,) with concentration 
of solution uniform to within 

W = average width of water surface (ft.) 
downstream of infection .point. 

D = average depth of water downstream of 
injection point (ft.)« 

C = Chezy roughness coefficient in FPS units» 
It may vary from ahout 25 for very 
turbulent flow to ahout 90 for smooth, 
uniform flow. 

. V = estimated average velocity downstream of 
injection point (ft/sec)o 

S = slope of water surface (ft/ft.)o 
g = acceleration due to gravity ~ 32 ft/sec/sec « 

Equation (h) applies when there is a single 
injection point in the centre of the stream» The mixing 
length is greater if the injection point is near the hank 
and it is smaller if there are several injection points» 
However, there is some controversy concerning the extent to 
which these variations affect the mixing length, as 
discussed in some detail "by Barshy^^^. 

Several other formulae for estimating mixip_g 
length have heen proposed by various investigators« These 
include the following: 
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D.E. Hull's Porm-ulae^^^ 

L = 3 W«i § (5) 

L = a, QO-33 (6) 

H. Andrews Form-gla^^^ 

L = a2WQ0-33 (7) 

M . Yotsiilaira's Formula^^^' ̂ ^^ 

-

where L, W and D are tlie same as for equation (1|) o 

Q = estimated discharge (cfs)o 

R = hydraulic radius (ft), 

n = Manning roughness coefficient, 

â  ~ 150 for centre-point injection, 

~ 600 for hank-side injection, 

ag ~ 27 for small streams with centre-point 

injection. 

a3 = a coefficient which Yotsukura has found 

to vary from Oo3 to Oo8, 

According to Barshy^s investigations,^^^ equations 

(5) to (?) are less reliable than Rimmar's formula. With 

regard to equation (8), there does not appear to he 



8 

sufficient information availalole to date to permit the 
determination of coefficient a3 and it is therefore not yet 
possilole to assess the reliability of this eguationo 

Although Rimmar*s formula is apparently the most 
satisfactory of the ahove equations, it can give no "better 
than a rough estimate of the mixing length in many 

( 2) 
circumstances^ \ It is desirable, therefore5 to check the 
uniformity of mixing at the selected site either by 
observation of dye dispersion (e.g. fluorescein dye) or by 
sampling at a number of points across the stream section« 

The British Standards Institution suggests that 
observations of dye dispersion may be used also for estimating 
the duration of samplingo Obviously, the constant injection 
method is not valid if the sampling is completed before 
sufficient time has elapsed for relatively steady 
concentrations of chemical to develop in the mixing reach. 
Similarly, the sudden injection method cannot give reliable 
results unless the duration of sampling is sufficient to 
enable the proper determination of the concentration-tim.e 
curve» Unfortunately5 no satisfactory formulae for 
estimating the sampling duration from the stream 
characteristics appear to be availableo 

2ok Injection and Sampling Apparatus 

The constant rate injection apparatus shown in 
Pigs« 2 and 3 is recommended by the Office Federal de 
l*Economie Hydraulique, Switzerland, and also by H. Andre 
of Division Technique G-enerale de la Production Hydraulique 
d^Electricite de Pranceo In this apparatus the constant 
head tank is fed through a control valve and filter from a 
I|0 gallon header tanko As shown in Pig« 3 the solution 



passes upward througli a perforated grate into the main 
chamber of the constant head tank and the excess overflows 
at the top. This excess is collected in a hncket and 
returned to the header tank from time to time« 

The orifice at the "base of the constant head 
vessel can "be readily removed for cleaning or for inter-
changing with other orifices of different size. It is 
therefore possi"ble to o"btain a large range of injection flow 
rates» The orifice discharges either directly into the 
stream or into a collector funnel which feeds into a 
distrilDution pipe. This distri"bution pipe is mounted over 
the stream, permitting the simultaneous injection at a 
num"ber of points« 

A simple mariotte vessel, as shown in FigoU, is 
suita"ble for injecting fluids at a constant rate» In this 
device the effective head of fluid above the nozzle outlet 
is kept at the constant value H in Fig,!], because 
atmospheric pressure is maintained in the fluid at the end 
of the air inlet pipe. The weight of the column of fluid 
ahove this level is balanced by the reduced pressure of the 
air trapped at the top of the vessel. The injection rate 
may be changed by altering the nozzle size or the distance H, 

The British Standards Institution suggests that a 
constant rate of injection may be obtained from a rotary 
volumetric pump driven by a constant speed motor. The 
Institution also describes a floating siphon device for (2) the same purpose^ 

One of the advantages of the sudden injection 
method is that no special apparatus is required to deliver 
the chemical to the stream. After the volume of injection 
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f l u i d has iDeen acc-arately measured^ any "bucket or similar^ 
container may "be used, providing i t enalDles tlie f u l l volume 
of f l u i d to "be re leased immediately. 

G-lass "bottles wi tli rubber or glass stoppers are 
general ly recommended f o r the c o l l e c t i o n and transport of 
stream samples« P las t i c or polythene b o t t l e s tend to 
absorb some of the chemical and may resu l t in the 
contamination of other samples i f used again» Cork stoppers 
also have this disadvantageo 

The c leanl iness of the i n j e c t i o n and sampling 
apparatus is an extremely important aspect o f the procedureo 
A very s l i g h t contamination of a stream sample by a small 
res idual of chemical from a previous gauging i s generally 
s u f f i c i e n t to completely inval idate the results«, 

2O5 Suitable Chemicals and their Measurement 

Theore t i ca l ly , i t i s possible to measure stream-
f low by d i lu t i on methods with any material having the 
f o l l owing properties2 

(a) readi ly miscible with waterj, 

(b) capable of accurate measurement at lew 
concentrations in waterj 

( c ) not unduly absorbed or changed by the 
stream environment» 

Sodium dichromate (NagCrgO7.2H2O) has a l l of 
these propert ies and5 in addit ion, i s r e l a t i v e l y inexpensive5 
the cos t per l b , being approximately l+Oc» (Austral ia , 1969)0 
I t i s measured in low concentrations by co lor imetr ie analysis 
with e i ther a color imeter or spectrophotometero 
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In the colorimetric analysis of a stream sample 
containing sodium dichromate, 2.5 ml of diphenylcarloazide 
((GgH5NHoNH)2C0) are added to 50 ml of the stream sample 
giving a reaction with a reddish-violet colour which reaches 
a maximum intensity after a period of about 10 minutes. 
This intensity remains constant for a further 15 or 20 
minutes and then commences to fade slowly« The maximum 
intensity of colour is proportional to the amount of Chromate 
present and may he measured in a spectrophotometer or 
colorimeter "by the percentage of light transmitted through a 
standard sample at a wavelength of 5^0 

Depending on the type of spectrophotometer or 
colorimeter used^ it is generally possible to obtain accurate 
measurements of dichromate concentrations as low as .05 to 
®20 mg/i (mg/l are equivalent to ppm,)o Because sodium 
dichromate is poisonous, water authorities in a number of 
countries have specified allowable upper limits of its 
concentration in public water supplies and these are in the 
vicinity of o05 mg/1.^^^ 

Sodium dichromate has no chemical reaction with 
natural water but it is slowly reduced by organic agents in 
the water5 especially in the presence of light. It is 
therefore unsuitable for gauging the flows of highly polluted 
streams unless the samples are re-oxidized by boiling with 
silver nitrate and ammonium persulphate« For normalj 
unpolluted streaps dichromate is not usually affected 
significantly by reduction if the samples are kept in the 
dark and analysed within one or two days after the gaugingo 

Potassium dichromate is evidently a suitable 
alternative to sodium dichromate as it has the same type of 
reaction with diphenylcarbazide and its concentrations may 
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Toe measured down to the same low values® 
Other chemicals that may he measured hy colorimetrie 

methods and have heen used for dilution gaugings are magnesium 
sulphate, sodium nitrite, potassium chloride and sodium 
chloride. The lowest concentrations of these that can he 
determined accurately are generally greater than 1 or 2 mg/l» 
They are therefore not as favourable as sodium dichromate 
"because inconveniently large volumes of injection fluid are 
required® 

Conductivity and resistivity measurements with 
Wheatstone Bridges and similar instruments have heen used 
for determining concentrations of sodium chloride (common 
salt) down to ahout 20 mg/l. Investigations are now 
proceeding in G-reat Britain to develop instruments capable of 
.accurately measuring the resistances of much lower 
concentrations and, if these are successful, sodium chloride 
could become a very suitable chemical for dilution gaugings^ 

A series of tests of the constant injection method 
with sodium chloride was carried out by the State Electricity 
Commission of Victoria between 1956 and 196O0 The objective 
of these tests was to measure the flows through tunnelsp 
aq.ueducts and several small creeks for the Kiewa Hydro-
Electric Scheme. The flows measured varied from about 1 cfs 
up to 370 cfs .with most values less than UO cfs, A 6OO 
gallon capacity header tank was used with the injection 
apparatus and the sample concentrations were determined by 
both chemical titration and electrical conductivity wuth 

(22 close agreement (to 1%) between the two^ o 

In these tests a number of independent check 
measurements by V notch weir and stream gauging differed 
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from the dilution gaugings IDJ only 2 or 3%, showing that good 
results may he obtained with sodium chloride if the large 
quantities of salt and bulky injection apparatus can he 
toleratedo 

Flame photometry is often used for measuring small 
concentrations of chemicals such as sodium, potassium^ 
calcium and lithium and this principle has he en tried for 

ili^ (12) dilution gaugings hy Simpson^ ^ and Allenhy^ ĉ Simpson 
suggests that concentrations of potassium and calcium may he 
measured as low as 5 mg/l while Allenhy quotes concentrations 
of Oc5 mg/l for lithium. 

Radioactive and fluorescent materials may he 
measured accurately at much lower concentrations than sodium 
dichromate, and for this reason some authorities consider that 
these materials have the greatest potential of all for 
streamflow measurement« The application of radioactive 
isotopes to streamflow measurement is described thoroughly 
elsewhere and is heyond the scope of this report» ' ^ ̂ ^ ̂ ^ 

In the application of fluorescent materials it is 
necessary to analyse the stream samples with a laboratory 
fluorometer, which is a somewhat similar procedure to 

(7) 
colorimetric analysis« The United States Geological Survey^•^' 

has recently issued a manual describing the practical 
aspects in detail and indicating the precautions necessary 
for reasonable results. The suggested chemicals are 
rhodamine B, pontacyl pink and rhodamine WT, the last of 
these three being the most favoured. Evidently the method 
is generally satisfactory although serious errors sometimes 
occur due to the fluorescent material being adsorbed by (17) certain types of clay and organic matter^ '̂ o 



17 

Perhaps the most imusnal materials suggested for-
chemical gaugin-g are micro-organisms such as protozoa and 

(18) 
bacteriao A« James^ ^ carried out several gaugings with 
Serratia indica which were readily counted ujider a 
microscope and were clearly distinguished from other-
organisms o After the injection of a dense culture the 
diluted colonies in the stream samples were allowed to 
multiply under controlled conditions for U-Q hours« This 
permitted an accurate determination of the degree of 
dilution with the resulting estimated flows agreeing quite 
well with the known flows« 

3o IWESTIQATION OF METHOD USING LABORATORY FLUME 

3.1 Oh électives and Procedure 

It was considered desirable for the initial tests 
to "be carried out in a flume at the Water Research Laboratory 
of the University of New South Wales s Manly Vale^ so that a 
very accurate check could "be kept on the actual flows heiiig 
ffieasured. The general objectives were to permit the 
investigators to become thoroughly familiar with the meth:d 
and to assess its reliability under ideal conditions« 

After the construction, assembly and calibration 
of the apparatus, many trial gaugings were made in the 
flume with sodium dichromate solution over a period of 
several months and their results were compared with the 
known flows which varied from Oc29 to 3»72 cfs. In all 
cases the constant injection method was adopted as this is 
usually regarded as mere reliable than the s'-idlsn injection 
me th od <, 
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Investigations were made of the mixing conditions 
in the flume, the times required for steady concentrations 
to "be attained, and the effects of different strengths of 
injection solution« The effects of time delays between 
sampling and analysis and different types of water were also 
examined« 

3o 2 Description of Apparatus 
The constant rate injection apparatus shown in 

Pigs. 2 and 3 and described in was constructed in the 
University Workshop from plans kindly supplied by the Office 
Federal de l'Economie Hydraulique, Switzerland« The capacity 
of the header tank is I|0 gallons and the constant-head 
vessel has five alternative injection orifices with diameters 
of 3? U-9 6, 8 and 10 mm« These orifices were calibrated with 
water rather than dichromate solution as studies by Andre 
have shown that the errors due to this are unlikely to exceed 
l^o 

The flume was tilted at a slope of with 
dimensions 120 ft» long by 2l| ins, wide and 22 inso deepo A 
pipe and valve arrangement with baffles allowed a range of 
steady flows up to about U- cfSo Just downstream of the 
injection point several housebricks were placed in the flume 
to increase the turbulence and so improve the mixing 
conditions« The outflow from the flume could be diverted 
into a ^rge concrete volumetric tank which enabled accurate 
calculations of the steady flows to be made® 

The sampling of water from the flume was carried 
out by means of a small, battery-driven centrifugal pump 
connected to a withdrawal tube which could be clamped in 
any position in the selected cross section of the flumeo 
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The withdrawn water was del ivered d i r e c t l y to the sampling 
"bottles as required . 

Hal f -p int milk "bottles were found to he suitable 
f o r sampling h o t t l e s , Ahout four dozen of these were 
numbered and f i t t e d with ruhher stoppers which were also 
numbered. A plywood case with spec ia l compartments f o r 
holding the "bottles was used f o r transporting the samples 
and keeping them out of the l i g h t . (See Pig .2)o 

The f a c i l i t i e s of the Department of Water 
Engineering Public Health Engineering Laboratory were used 
f o r the chemical analyses. The f a c i l i t i e s included a 
Bausch and Lomb Spectronic 20 Colorimeter which gave d i r e c t 
readings of the percentages of l i gh t transmitted through the 
samples a f ter their treatment with diphenylcarbazide reagent 
as described in 2 . 5 . This instrument enabled concentrations 
of sodium dichpomate to be determined within ,01 mg/l with a 
lower l imi t of ,20 mg/l and an upper l imit of 5.00 mg/l« 

3o3 Results of Tests in Flume 

The resu l ts of the separate f low measurements made 
in the flume are summarized in Table 1 which a lso shows the 
corresponding check measurements "Uy volume determination. 
In general9 the agreement between the two measurements i s 
s a t i s f a c t o r y , the mean of the percentage d i f f e r e n c e s being 
- 0 . 2 ^ . This means that the chemical gaugings give s l i g h t l y 
lower values than the volume determinations. The standard 
deviat ion of the percentage d i f f e rences i s which may 
be regarded" as a measure of the accuracy of the method under 
the condit ions at Manly Vale. 
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The mixing conditions in the flume were found 
satisfactory for any sampling section more than kO feet 
downstream of the injection site. No differences in this 
respect could he detected due to differences in injection 
rate, injection fluid concentration or flow in the flume, 
"but some variahility due to these factors prohahly would 
have "been found if additional samples had "been taken nearer 
to the injection point« The main sampling site was 
established 80' downstream of the injection point. 

The time delay "between the commencement of 
injection and the attainment of steady concentrations at 
the main sampling site varied from a"bout 10 to 15 minutes. 
All of the gaugings in Ta'ble 1 were made with a minimum delay 
of 20 minutes. 

The "ageing" of the samples due to reduction of the 
dichromate, as mentioned in 2.5j was found to "be insignificant 
if the chemical analysis was carried out within 3 days of the 
gauging and the samples were kept in darkness. Delays of 
1 weekj however, resulted in apparent losses of concentration 
of ahout while delays of 3 weeks (even with the samples 
in darkness) resulted in apparent losses of from 10^ to 15%« 

INVESTIGATION OF METHOD FOR NATURAL STREAMS 

1 Objectives and Procedure 
The previously described flume tests showed that 

chemical gauging could give satisfactory flow measurements 
under ideal conditions with flows less than cfs. The 
next step was to test the method under a wide range of 
typical field conditions and with a greater range of flows. 



TABIE I 

Chemical Gaugings in Plume 

( a ) ) % 
Date Depth Mean Discharge Discharge Dif ference Dif ference 

of Velo by Chem. by Vol . ( a ) ' - ( b ) ( a ) - ( b ) 
Plow f t/sec . Gaiig. c f s me asûre- c f s 
f t . ment c fs 

12.5.67 Not observed 3.02 3.11 _ .09 - 3 

15.5.67 II II 3.62 3.31 + .31 + 9 
It II 1.95 1.89 + .06 + 3 

7 .6 .67 II II 2.62 2.8i| - .22 - 8 
II II II 3.68 3.72 - .04 - 1 

1Î+.6.67 II II 3.32 3.38 - .06 - 2 

21.6.67 II II 3.22 2.99 + .23 + 7 
II II II 3.21 2.97 + .24 + 8 

23.6.67 II " 3.13 3.14 - .01 0 

12.12.67 II II 3.11 2.90 + .21 + 7 

17.1.68 0.87 1.13 1.91 1.97 - .06 - 3 
II 1.11 1.U1 3.37 3.10 + .27 + 9 

" 0.69 0.78 l . l i ^ 1.07 + .07 + 7 

15.2.68 1.08 1.39 2.90 3.00 - .10 - 3 
II 1.00 1.32 2.42 2.61+ - .22 - 8 

0.90 1.12 1.96 2.02 - .06 - 3 
II 0.82 1.03 Ulh 1.69 - .05 - 3 

21.2.68 0.90 1.32 2.16 2.38 - .22 - 9 
22.2.68 0.77 1.52 2.30 2.33 - .03 - 1 

II 0.77 1.52 2.39 2.33 + .06 + 3 
II 0.53 1.21 1.31 1.28 + .03 + 2 
II 0.53 1.21 1.35 1.28 + .07 + 5 

29.2.68 1.22 1.37 3.35 3.34 + .01 0 
II 0.5U 1.22 1.30 1.32 - .02 - 2 

18.3.68 0.87 1.29 2.32 2.24 + 0.08 + 4 
II 0.U5 1.19 1.-05 1.07 - 0.02 - 2 
II 0.35 0.90 0.63 0.63 0.0 0 
II Not observed 0.29 0.29 0 .0 0 
II 0.70 1.31 1.78 1.83 - 0.05 - 3 
II 0.78 1.28 2.01 2.00 + 0.01 + 0 
II 1.05 1.3U 2.71 2.82 - 0.11 - 4 
II 1.27 1 .Ul 3.32 3.59 - 0.27 - 8 

Mean of % di f ferences = -0 . ; 

Standard deviation of % di f ferences = l+.l 

probable error 
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It was apparent from the flume tests that the 
infection apparatus of Pigs. 2 and 3 would be cumlDersome 
and inconvenient in many field situations, so various 
mo:difications and other types of injection devices were 
investigated» It was also considered desirable to examine 
briefly the sudden injection method of chemical gauging. 

The streams selected for the tests were mainly 
in the Blue Mountains and Hacking River areas near Sydney 
and included several of the experimental catchments of th.e 
University of New South Wales. It was convenient, also, to 
carry out a series of tests in a small creek next to the 
Water Research Laboratory at Manly Vale where controlled 
flows of up to 5 cfs could be obtained. A further series 
of tests were carried out in the Snowy Mountains area in 
co-operation with the Snowy Mountains Hydro-Electric 
Authority. 

Í4o2 Description of Creek at Manly Vale 
This creek has a gently sloping channel 3 feet 

to 6 feet wide, 1 foot to 2 feet deep and velocities of 
1.0 to 1o5 ft/sec at a flow of 5 cfs. A sharp-edged, 
rectangular measuring weir Uo50 feet wide was installed in 
the creek in a position where the nappe had an 
uninterrupted fall of about 2 feet. Controlled flows were 
released into the creek from the Water Research Laboratory 
at a point 220 feet upstream of the weir. 

The mixing cop_ditions were relatively good, the 
injection site being 70 feet upstream of the weir and the 
sampling site 10 feet downstream of the weir« 

Description of Hacking River Sites 
The selected sites were the Hacking River at 
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Upper Causeway, Hacking River at Perndale, Hacking River 
dewns-tream of Wilson's Creek, Hacking River downstream of 
Cawley^s Greek, Boora Creek at the Culvert and Cawley*s 
Creek at Lower Cawley's gauging station. In all of these 
streams the mixing conditions were fair at low flows when the 
streams consisted of alternating shallow pools and rapids. 
At high flows the mixing conditions were fair to good with 
fast, turbulent flows and little deadwater. 

Check gaugings at all sites were made by current 
metero 

h^U Description of Blue Mountains Sites 
The selected sites were the Nepean River downstream 

of Yarramundi Bridge, Hawkeshury River downstream of G-rose 
River and the G-rose River near Cahleway gauging station. 
The measurements in these streams were made only during low 
flows when mixing conditions were poor- and distances of the 
order of 1^00 to 2l-|.00 feet were required "between the 
injection points and sampling sections. The Nepean and 
Hawkeshury Rivers consisted of "broad, shallow pools 50 to 
100 feet wide with velocities rarely exceeding 0.5 ft/seco 
Faster velocities, averaging ahout 1 ft/sec, prevailed in 
the G-ross River hut there was little turbulence in this 
stream as the flows were relatively uniform in a straight 
channel a"bout 60 feet wide. Check gaugings at all of these 
sites were made by current meter. 

One chemical gauging and two current meter check 
gaugings were made durip_g a flood in South Creek at 
Mulgoa Road. The injection fluid was discharged into the 
nappe over a weir, downstream of which the flow was fairly 
turbulent and confined within a channel 12 feet wide by 
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5 feet deep. Samples were taken a"bout 100 feet downstream 
of the weir, 

¿I.5 Description of Snowy Mountains Sites 

The selected sites were Bogong Creek near Qeehi 
Road, Snowy Greek near Tom Groggin and the Murray River at 
Tom Groggin. Bogong Creek and Snowy Creek were turbulent 
mo-untain streams with good mixing conditions. The Murray 
River was a much larger stream with fair mixing conditions, 
having sections of rapids alternating with deep pools. The 
check gaugings for these three streams were made "by current 
meter "by officers of the Snowy Mountains Authority« 

A Qhemical gauging in this area was also made in 
Borirke's Gorge Aqueduct where the flow passed through a 
triangular weir and two stilling wells. An esta"blished 
rating table was availa"ble for checking this measurement« 

Attempts to Improve Injection Procedure 
The c©nstant-he-ad ingê ctlon a|pparatus used in the 

flume tests was difficult to assemble in suitable injection 
positions on natural streams. This was due to: 

(a) the pieces of equipment being awkward and 
heavy to carry, 

(b) the difficulty of raising the 1+0-gallon 
header tank to a sufficient height for 
proper fimctioning, 

(c) the fast-flowing sections of the stream 
generally being some distance from the 
bank. 
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Some improvements in these matters resulted from 
the design and construction of a lightweight supporting 
frame and a long trough. However, for flows less than lOOftfs 
it was found more convenient to use one or two mariotte 
vessels as described in 2oh, rather than the constant-head 
apparatus of the flume tests. 

Two 5-gallon and one 10-gallon mariotte vessel 
were tested under a wide range of field conditions« The 
injection rates from these vessels were found to vary hy 
less than 3% during any particular gauging, provided that 
care had "been taken to ensure the cleanliness of the 
equipment. It was necessary to pour the injection solution 
into the vessel through a funnel and filter to prevent the 
entry of undissolved particles and foreign matter that 
could lodge in the nozzle. With this precaution, together 
with a thorough rinsing of the nozzles and other parts 
after each gauging, the mariotte vessels performed very 
satisfactorily. 

Several other types of injection apparatus were 
examined "but none of these were as convenient to use as the 
mariotte vessels® A floating siphon device was constructed 
along the lines suggested "by the British Standards Institution^^^ 
but this was found to give more variable injection rates 
than the mariotte vessels and was- subject to other 
malfunctions» None of the com.mercially available control 
valves with differential regulators could be used 
effectively with the low pressures of the injection fluid. 
Battery-driven pumps may be guite suitable for providing 
a constant injection rate but the only ones that were 
readily available for the project did not appear to have 
any advantages over the mariotte vessels. 
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Although the sudden injection method avoids the 
prohlems of injection devices, the initial field trials of 
this method indicated that it required a larger number of 
stream samples than the constant rate method« Because of 
this disadvantage and other doubts about its reliability 
the method was not tested extensively, 

hcl Results of Field Tests 
The results of the field tests are shown in Table 

2« The mean of the % differences is -1.7% which indicates 
that the chemical gaugings tended to give slightly lower 
discharges than the check gaugings by current meter. 

If it is assumed that the probable error in a 
check gauging by current meter is (which may be somewhat 
optimistic) it may be shown that the probable error of any 
single chemical gauging in Table 2 is approximately 
This may be calculated from the standard deviation of the 
% differences which is 8oO%. The accuracy of chemical 
gaugings is therefore about the same as for current meter 
gaugingSo 

Five of the gaugings in Table 2 have been deleted, 
In each case there is reasonable evidence to show that 
gross errors have occurred due to one or more of the 
following' 

(a) incomplete mixing at the sampling site as 
shown by the laboratory analyses of the 
samples, 

(b) completion of sampling before the 
attainment of steady concentrations^ 
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(c) stream sample concentrations too weak to "be 
measured accuratelyo 

Some of tlie a"bove gross errors we-re detected in 
the field in gaugings which, were immediate-ly ahandoned» 
Other gaugings were abandoned in the field before completion 
"because volumetric checks on the injection rates showed that 
they were not constant5 generally due to foreign m.atter 
caught in the nozzle. The flows for these gaugings were not 
calculated and their particulars are not listed in Ta"ble 2. 

The adoption of the mariotte vessels in preference 
to the larger constant-head apparatus did not reduce the 
accuracy of the measurements» However the capacities of the 
mariotte vessels were inadequate for flows exceeding 100 cfs^ 
eogo those of the Murray River at Tom G-roggin, 

Although most of the chemical gaugip_gs in Ta"ble 2 
were quite satisfactory^ these results were not obtained 
easily« It was found that successful applications of the 
method required careful attention to a num"ber of details 
that are readily overlooked. Most of these details will be 
dealt with b'elowo 

5. DETAILS OF METHOD REQUIRING SPECIAL ATTENTION 
1 Estimation of Mixing Lenpjth 

The estimation of mixing length provided no 
problems in the laboratory flume tests but in the field 
tests it was a mâ jor source of difficulties« When the 
mixing length was underestimated the calculated stream-
flows were either too large or too small^ depending on 
whether the stream samples were taken in the slom̂ er or 
faster parts of the flow. On the other handj, when the 



TABLE 2 

RESULTS OF FIELD TESTS 

Location of Gauglngs Date 
In jec t ion 

Apparatus 

Discharge by Discharge by 
Chemical Current 
Gauging Meter 

% Di f ference 

cf s c fs 
Creek at Manly Vale 2 7 . 1 . 6 8 G 5.01+ 5 . 0 3 

a + 0 
It II II 11 II G 5 . 4 0 5 . 0 3 

a + 7 
II II II II 11 G 5 . 1 2 5 . 0 3 

a 
+ 2 

II II II 11 II G 4 . 8 6 5 . 0 3 
a 

- 3 
II 11 II 11 1 0 . 2 . 6 8 G 1 .50 1.61 a 

- 7 
11 II II 11 II G 2 . 0 2 2 . 0 0 

a + 1 

II II II II II G 2 .12 2 . 00 
a + 6 

II II 11 It II G 4 . 1 7 3 . 8 0 
a 

+ 10 
II II II II 2 9 . 2 . 6 8 G 4 . 3 7 4 . 2 0 

a 
+ 4 

II II II II II G 4 . 3 7 4 . 2 0 a + 4 
II II II II G 4 . 2 8 , 4 . 2 0 

a 
+ 2 

II II 11 II 8 . 3 . 6 8 G 4 . 3 0 4 . 2 0 
a + 2 

II II II II tt G 4 . 3 4 4 . 2 0 
a + 3 

II II II II It G 4 . 4 0 4 . 2 0 
a + 5 

Hacking R. at Upper Causeway 5 . 4 . 6 8 G 0 . 7 3 0 . 7 5 - 3 
11 II II 11 G 0 . 6 4 0 . 7 5 - 15 
II II II II - 0 . 6 3 ^ 0 . 7 5 - 15 
II II II II - 0.61 ^ 0 . 7 5 - 19 

Nepean R. at Yarramundi 2U.U.68 G 6 . 3 0 1 8 . 2 deleted 
II II II 11 - 1 2 . 4 ^ 18 .5 deleted 
II 11 11 3 . 6 . 6 8 G 29.1 ] 1 [26.6 + 7 
II II II If G 2 7 . 7 \ 2 7 . 7 + 2 

II II 11 ir G 2 6 . 4 , - 2 

II II II 1 3 . 6 . 6 8 G 2 0 . 4 21 .6 - 6 

II II II 11 G 21 .5 21 .6 0 

II II II 11 G 2 1 . 0 21 .6 - 4 
11 II " II G 2 3 . 4 21 .6 + 8 

Grose R. near Cableway 2 . 7 . 6 8 M 2 9 . 0 3 4 . 5 - 16 

Hacking R, at Upper Causeway 4 . 7 . 6 8 M 0 . 8 6 0 . 9 2 - 6 

II 11 II 2 5 . 7 . 6 8 M 2 .02 2 . 0 8 - 3 

Hacking R. D/S Wilson's Ck. M 1 .40 1 . 2 4 + 13 

Hacking R. D/s Cawley's Ck. M 4 . 9 7 2 .08 dele ted 

Cawley's Ck.at Lower Cawley's II M 0 . 5 0 0 . 7 0 
c deleted 

Nepean R» at Yarramimdi 1 . 8 . 6 8 M 2 2-. 7 2 6 . 4 - 14 

Hacking R. at Upper Causeway 2 0 . 8 . 6 8 M 0 . 9 8 0 . 8 8 c + 11 

Cawley's Ck.at Lower Cawley's II M 0 . 3 7 0 . 4 0 
c 

- 7 

Grose R. near Yarramundi 2 2 . 8 . 6 8 M 2 7 . 2 28 .5 - 5 

Hawkesbury R. D/s Grose Jtn. II M 3 2 . 3 40 .1 
d 

- 19 

Nepean R. at Yarraimmdi 2 0 . 9 . 6 8 M 8 . 7 5 8 . 6 0 + 1 

II II - 8O72 ^ 8 .60 + 1 



TABLE 2 (Cont'd.) 

Location of Gaugings Date 
Injection 
Apparatus 

Discharge by 
Chemical 
Gauging 

Discharge by 
Current 
Meter 

% Difference 

Snowy Ck. near Tom Groggin 3.12.68 M 9.30 9.58 - 3 
Murray R. at Tom Groggin II G 287 212 deleted 
Bogong Ck, near Geehi Road U,12.68 M k^.h U5.9 - 10 
Bourke's Gorge Aq,uaduct II M 56.1 + 2 
Bogong Ck. near Geehi Road 5.12,68 M U3.2 - 5 

It tt If u II 
- - 9 

Murray R. at Tom Groggin ti G 21+6 210 + 17 
Boora Creek at Culvert 11. 2.69 M 2.3k 2.kh - k 

Hacking R, at Ferndale II M 78.0 75.3 + h 
South Ck, at Mulgoa Rd. 12. 2,69 M 42.5 - 7 

Hacking R. at Upper Causeway 13. 2.69 M 19.9 22.5 - 12 

Mean of % differences = -1,7% 
Standard deviation of % differences = 8.0% 
Calculated ProlDalDle Error, assuming 
probable error of in check 
gaugings = 6.0% 

NOTES 

a Check discharge "by measuring weir. 
"b Sudden injection gauging. 
c Check discharge from rating table. 
d Check discharge estimated by adding flows 

of Nepean and Grose Rivers. 
G llO-gallon constant-head injection apparatus, 
M Mariotte vessels. vo 
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mixing length was overestimated, excessively large amounts 
of injection fluid and excessively long injection durations 
were required, sometimes to such an extent that the method 
became impractical with the available apparatus. 

The most reliable way of estimating the mixing 
length was to collect several samples from selected cross 
sections and immediately treat these with diphenylcarbazide 
reagent at the site. Visual inspection of the intensities 
of reaction was found adequate to detect non-uniformity of 
mixing in any particular cross section. Unfortunately this 
was a very time-consuming procedure and would probably not 
be very practical for routine measurements of streamflow® 

Observations of fluorescein dye dispersion 
tended to result in underestimates of the mixing length, 
particularly for the broad, shallow streams of the Blue 
Mountains area in which it was difficult to judge the 
uniformity of colouring across the stream section. When 
20% was added to the estimates by this method they agreed 
very well with the estimates obtained by sampling and 
treating with reagent. 

Table 3 shows how the mixing lengths estimated by 
the above methods compared with those calculated by the 
formulae described earlier in 2,3» A very wide range of 
values is given by the different methods and it appears that 
none of the available formulae are very satisfactory for 
the streams investigated. These results are similar to the 
findings of other studies of mixing length by Spencer and 
Laird^^^ and Barsby^^^. 

The deficiencies in Huilas and Andj?e*s formulae 
are not surprising as neither takes into account the 
roughness or irregularity of the flow conditions which is 



TABLE 3 
ESTIMATION OP MIXING LENGTH 

Estimated Mixing Length 

Stream 
Plow 
Q 

Width 
W 

Depth 
D 

Roughness 
C 

No. of 
Injection 

Lateral 
Dispersion 

By 
Rlmmar's 

By 
Hull 's 

By 
Andre's 

By Dye 
Dispersion 

cfs ft. ft. fps 
units 

Points Distance 
B 

Formula Formula Formula or 
Sampling 

ft. ft. ft. ft. ft. 
Creek at Manly Vale 5.03 5 1 .2 50 1 2.5 210 31 230 70 

2.00 5 1.0 50 1 2.5 250 34 170 70 

Nepean River 27.7 50 1.5 60 1 25 22100 860 3700 1400 
at 26.4 50 1.5 60 1 25 22100 860 3700 1400 

Yarramundl 26. 50 1.5 60 2 17 22100 860 3700 1000 

Grose R. at Catleway 28.5 60 1.0 75 1 30 7il.000 12+00 5000 2300 

Hacking R, at U/Cause-
way 0.92 12 0.8 UO 1 6 1060 11+0 321+ 100 

Hacking R. D/s Wilson's Ok. 1.J+0 9 1.0 60 1 U.5 1080 81 268 280 

Cawley's Ok. at Lower 
Cawleys 0.Ì4-0 k 0.5 i+0 1 2 200 3k 80 70 

Hacking R. at Perndale 75.3 32 2.5 i+0 2 12 2I|.20 343 360 280 
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"undoiibtedly one of th.e main factors. The estimates Toy 
Rimmar's formula depend largely on the Chezy coefficient 
of roughness which is not necessarily a good index of the 
lateral mixing conditions in the stream^ particularly in the 
case of "broad, shallow streams. It seems that if a more 
reliable formula is to "be developed, special attention 
should he given to the quantitative expression of the lateral 
mixing efficiency of the flow, which may he quite difficult« 

In the streams gauged in this investigation it was 
found that a rough, hut simple guide to the mixing length 
was given by: 

^ = 20 to U-O for good lateral mixing ioe. with 
JD 

bends, rapids and little deadwater, 
= UO to 60 for fair lateral mixing^ 
= 60 to 100 or more for poor lateral mixing. 

In the above, L is the mixing length and B is the 
estimated lateral dispersion distance which depends on the 
width of the stream W, the number of injection points and 
the position of the injection points« For a single W 
injection point in the centre of the stream B = while for 
a single injection point near the bank B = W® For n 
injection points equally spaced across the stream B = ̂ ^ « 

The above rough guide is not recommended as a 
substitute for the estimation of mixing length by 
observation of dye dispersion but it may prove useful for 
assessing the feasibility of chemical gaugings in various 
circumstances. 



5.2 Estimation of In fec t i on or Sampling: Duration 

The most re-liaM« way ©f estimating the minimum 
ingeetion duration was to examine at- su-italDle intervals the 
react ions of some of the samples with diphenylcarhazide at 
the s i t e , in a similar manner to the estimation of mixing 
length. In f a c t i t was found desirable -to do hoth of these 
johs simultaneously, otherwise i t was uncertain whether 
non-uniformity in a part i cu lar sect ion was due to incomplete 
la tera l mixing or to i n s u f f i c i e n t time f o r the development 
of steady concentrations in the mixing reach. A further 
check on the steadiness of the concentrations was usually 
provided, however, "by the laboratory analyses of stream 
samples, taken at d i f f e r e n t times» 

Fluorescein dye dispersion proved to "be a 
s a t i s f a c t o r y indicator of the required i n j e c t i o n duration» 
I f a "s lug" of dye was released at the commencement of the 
i n j e c t i o n i t was found that steady concentrations had usually 
developed a f ter the passage of the dye through the mixing 
length when most of the v i s i b l e traces had disappeared at 
the sampling sec t i on . The dye had no e f f e c t on the 
co lor imetr ic analysis^ as explained later in 5 .8 . 

An. approximate guide to the req_uired i n j e c t i o n 
duration was given by s 

30V 

where T = minimum duration in minute s j, 

L = adopted mixing length in f e e t , 

V = estimated mean v e l o c i t y iii 
mixing reach in f t / s e c . 
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Th.e above formula was found to give satisfactory 

estimates for tlie f ie ld conditions of this investigation in 

which the mean velocities varied from about 0 . 3 f t / sec to 

3 . 0 f t / s e c , hut it may not he suitable for other conditions. 

5 • 3 Requirements of Infection Solution 

Several eariy gau-gings t-srl̂ erd hec-ause the injecti-on 

solutions were too weak and the f inal stream concentrations 

were consequently too low for accurate colorimetrie analyses. 

These failures were later avoided hy allowing a minimum of 

1 . 5 gm of sodium dichromate per minute of injection time per 

cfs of streamf-low. Thus, for an-injection duration of 20 

minutes and a flow of approximately 10 cfs it would he 

necessary to release at least 1o5 x 20 x 10 = 300 gm of 

dichromate. 

It was found very advantageous to accurately weigh 

and mix the injection solution before each gauging. In many 

cases J however, this was difficult to do under f i e l d 

conditions and it was therefore necessary to take samples 

of the injection f lu id for later laboratory determinations of 

its concentration. These laboratory determinations required 

considerable care and patience as the injection f lu id had 

to be diluted accurately by very large amounts (up to 100 ,000 

times) before useful colorimeter readings were possible. 

To avoid undissolved particles and uneven mixing 

in the injection apparatus the following precuations were 

adopted; 

(a ) the injection solution was thoroughly mixed 

in a bucket before being poured into the 

mariotte or constant-head vessels . 
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(b) the concentration of tlie solution was not 
allowed to exceed l+OO gm/l, 

(c) the solution was poured througli a funnel and 
i'ilter into the injection vessels® 

When the UO-gallon header tank was used, the 
solution.in the tank was stirred with a large, perforated 
paddle for several minutes. The solution was also 
circulated through the constant-head vessel and returned to 
the header tank for about 10 minutes before the commencement 
of the injection to ensure a thorough rinsing of the apparatus 

5oU Measurement of Infection Rate 
Although the mariotte vessels and constant-head 

vessel had been calibrated in the laboratory it was found 
necessary to check the injection, rate at the start and end 
of each chemical gauging. This was done with a stopwatch 
and measuring cylinder, the time being noted for the 
injection of a selected volume of solutiono 

Although the rate of injection usually did not 
vary more than or 2% during any particular gauging there 
were often variations of 3% or more between different 
gaugings. These variations- between gaugings were probably 
caused by temperature effects, slightly different positions 
of the air inlet pipe and similar minor factors« 

5.5 "AReinp;" of Stream Samples 
The gradual chemical reduction of sodium 

dichromate due to organic agents in the water, especially 
in the presence of light, was mentioned in 2«5 and 3.3. 
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This a f f e c t wo-ald vary consideralDly with d i f f e r e n t types of 
water and i t could prohahly "be quite important under some 
circumstances. In most of the f i e l d tes ts the samples were 
kept in darkness and analysed as soon as possilDle a f ter 
c o l l e c t i o n o A delay of 2h houps did not seem to have any 
adverse e f f e c t s on the gaugings hut longer delays than this 
are not recommended« 

5.6 S tab i l i t y of Reagent 

In order to convert the colorimeter readings to 
concentrations of dichrornate a ca l ibra t i on curve had to "be 
prepared for each hatch of diphenylcarhazide reagent. This 
curve was p lo t ted graphical ly from the colorimeter readings 
of a num"b'er of accurately measured so lut ions that were made 
up in the laboratory . The diphenylcarhazide reagent was 
prepared in UOO ml hatches as outl ined in the manual of the 
American Public Health Association^^^. Unfortunately each 
batch seemed to have a d i f f e r e n t ca l ibrat ion curve as shown 
by the typ i ca l examples in Pig» 6 . 

I t was essent ia l to keep the reagent under 
r e f r i g e r a t i o n to ensure that i t s ca l ibrat ion remained v a l i d 
f o r a reasonable period (about U weeks)« Without 
r e f r i g e r a t i o n the reagent became imstable a f t e r a few days 
and i t s o r ig ina l ca l ib ra t i on no longer applied« 

5*7 Colorimetrie Analysis 

The reac.tion of diph-enylearb^azide with sodium 
dichromate was described in It-was found that serious 
errors occurred i f the co lor imetr ic analysis was carr ied 
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out too soon or too long after th.e reaction» In general^ 
the colour remained at its maximum intensity tetweer. 10 
minutes and 25 minutes after the reaction "but in a few cases 
the maximum intensity was reached after only 5 minutes and 
it com.menced to fade 15 minutes after the reaction® In these 
cases the stream samples tended to have relatively high 
concentrations (3«.0 to 6»0 mg/l) and it is considered that 
this may account for th.e difference in the reaction. 

Even when careful attention was given to the time 
of the colorim.eter reading after the reaction^ differences 
of 3% or more "between individual readings of the same sample 
were not uncommon. G-ood results were o"btained when each 
sample was divided into three "batches with three separate 
reactionso Three colorimeter readings of each "batch were 
then made^ making a total of nine readings for every sampleo 
The mean value of the nine readings was adopted for the 
calculation of the concentrati on® This procedure did no'G 
increase the time of the la"boratory work "by a large amo-'jnt 
and proved to "be well Justified« 

Another source of error was found to he in the 
adjustment of the colorimeter scale® It was necessary to 
adgust the scale at hoth upper and lower ends at frequent 
intervals during a set of readings cecause a gradual change 
occurred as the instrument changed temperati:ireo This was 
found necessary even after a "warming-up" period cf ahout 
30 minutes® The lower end of the scale was adjusted "by 
setting it on zero with the tuhe aperture closed® The 
upper end was ad,iusted 'by setting it on ^00% with a sam.ple 
of the stream, water that had "been collected before the 
commencement of infection® 
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5.8 Effects of TurlPidity and Fluorescein on Colorimetric 
Analyses 

It seemed tliat the use of fluorescein for the 
estimation of mixing lengths could have detrimental effects 
on the colorimetric analyses of the stream samples "because 
traces of green fluorescein colouring were often present in 
the samples. Several series of colorimetric analyses were 
made, therefore, with different solutions of dichromate and 
fluorescein in various combinations to determine the 
magnitudes of any such effects» 

For the wavelength of m/̂  normally used for 
dichromate analysis no variations in colorimeter readings 
could "be attributed to the fluorescein except when the 
colouring was so strong that a reddish tinge appeared. As 
this condition is unlikely to occur in an actual gauging it 
may he concluded that fluorescein does not affect the 
colorimetric analyses® 

Different results were o"btained with a series of 
similar tests on tur"bid water taken from South Creek during 
a flood. This water contained a cons-idera"ble amount of 
suspended "brown clay which seriously altered the colorimeter 
readings. It was necessary to remove the turbidity by 
filtration, before accurate determinations of the dichromate 
concentration could be made. 

A significant but smaller effect on the colorimeter 
readings was detected, in another series of tests on turbid 
water from the Hacking River. In this case the tujc'bidity was 
due mainly to ash and charcoal from parts of the catchment 
affected by bushfires. Turbidity is therefore an.other 
source of error in chemical gauging and efforts must be 
made to minimise its effects if accurate flow measurements 



are to "be made. 

5®9 Toxicity.of Sodium Dichromate 
In the field tests the final concentrations of 

sodium dichromate in the water were usually less than 1 or 
2 mg/i and these concentrations rapidly decreased after the 
conclusion of the gaugings. It seems that such gaugings are 
not likely to he detrimental to water supplies or aquatic 
life under most circumstan-ces, hut the possible dangers of 
the concentrated solutions to gauging personnel should "be 
considered. Various forms of sodium dichromate have "been 
used extensively in the textile dyeing, chromium plating, 
tanning and lithographic industries, and numerous studies of 
its toxicity are available in medical, chemical and 
"biological literature® 

Occasional direct contact with the skin has caused 
a num"ber of cases of ulceration and dermatitis while frequent 
exposure with consequent absorption into the "body has "been 
associated with nephritis and cancer. Concentrations of 
30 mg/l have "been found lethal to fish and plankton, "but 
rats have tolerated up to 25 mg/l in their drinking water for 
twelve months without detriment.^^^^'^^^^'^^^^' ̂^^ 

It is advisa"ble to exercise caution in handling 
dichromate, especially under field conditions when it is 
often difficult to avoid contact. Light, ru'bber gloves are 
probably a necessary item of equipment, although it was 
found that these sometimes made the situation worse by 
reducing manual dexterity and preventing the immediate 
recognition of contact with the skin when it occurred« 
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A similar problem was the damage to c lothing that 
resulted from contact with dichromate during the f i e l d t e s t s 
This damage cons is ted of dark yellow stains which apparently 
cannot "be removed "by dry c leaaing or any other means» 

These d i f f i c u l t i e s could probably be avoided i f 
gauging personnel are properly advised and suitable 
precautions are taken, but the necess i ty to take such 
precautions tends to reduce the convenience of the method. 

6 . CONCLUSIONS 

6.1 Accuracy o f Chemical G-au înp; 

In this inves t igat i on , the constant rate method 
of chemical gauging gave streamflow measurements with an 
estimated probable error of 6% in a range of typ i ca l 
Australian cond i t i ons . The method therefore has about the 
same accuracy in turbulent stream sect ions as current meter 
measiirements have under ordinary f l o w conditions» This 
accuracy of the chemical gaugings could poss ib ly be improved 
with further modif icat ions of the eq.uipment and with the 
gaining of greater experience by the operators«, 

For the gauging of f l ows l ess than 100 c f s , i t 
was found that simple 5 -ga l l on and 10-gallon mariotte 
vesse ls were more convenient to use than the i+O-gallon 
constant-head apparatus. No l oss of accuracy resul ted from 
the adoption of the mariotte v e s s e l s . 

6 .2 Special Problems of Chemical G-aup;inp: 

Sat i s fac tory measurement s of streamflow by chemical 



gauging require care fu l attention to a number of p r a c t i c a l 
de ta i l s that may not "be f u l l y appreciated under f i e l d 
conditions • 

A major source of error is the f a i lure to allow a 
s u f f i c i e n t mixing length or a s u f f i c i e n t i n j e c t i o n duration 
f o r steady, uniform concentrations to develop throughout the 
sampling sec t i on . I t i s recommended that the mixing length 
and i n j e c t i o n duration he estimated from observations of 
f l u o r e s c e i n dye d ispers ion , with an addition of 2.0% as a 
sa fety factor® The theoret i ca l formulae available f o r the 
estimation of mixing length were found to "be unrel iable f o r 
Australian cond i t i ons . 

Other de ta i l s of the method that req.uire c lose 
attention are the strength and thorough mixing of the 
i n j e c t i o n so lut ion , the checking of the constancy of the 
i n j e c t i o n ra te , the delay "between c o l l e c t i o n and analysis 
of samples, the delay "between the diphenylcarhazide 
react ion and the colorimeter reading, and the freshness of 
the reagent® 

Final ly , i t is important to pay scrupulous attentiop_ 
to the c leanl iness of a l l equipment to avoid contamination 
of the samples and to avoid contact of dichromate with 
personnel and clothing• 

6«3 Special Advantap:es of Chemical Gauging 

The invest igat ion suggested that the constant 
rate method of chemical gauging has the fo l lowing 
advantages when compared with current meter gaugir.gs : 



( a ) i t i s suitalDle f o r smal l , turloulent streams 
and c e r t a i n hydraul ic s t ructures where 
current meters are d i f f i c u l t to use , 

(b ) a l l operat ions may he made from one s ide of 
the stream and i t i s not necessary to have 
a bridgeJ cahleway or s imi lar apparatus 
across the stream, 

( c ) chemical gaugings may he s a t i s f a c t o r i l y made 
hy one man whereas current meter gaugings 
usual ly require two men, 

(d) chemical gaugings are su i tab le f o r 
e f f i c i e n t l y measuring f l ows at severa l 
s ta t i ons in the same l o c a l i t y . 

With regard to (d) above, an operator may set up 
severa l i n f e c t i o n v e s s e l s and commence gaugings at d i f f e r e n t 
s ' tat ions within a short time, returning to each when sampling 
i s due. In this manner he may complete a s e r i e s of gaugings 
with no add i t i ona l ass i s tance and l i t t l e more time than i t 
takes f o r a s ing le gauging. 

The equipment used in t h i s i n v e s t i g a t i o n would not 
be su i tab le f o r measuring f l ows greater than about 250 c f s « 
I t i s understood, however, that f l ows o f up to 7000 c f s have 

(1 ) been measured in France with much larger header tanks^ \ 

Several t r i a l s of the sudden i n j e c t i o n m.ethod 
showed that th is method could a lso g ive s a t i s f a c t o r y 
measurements of streamflow. Unfortunately i t s advantages 
seemed to be outweighed by the extra samples and extra 
laboratory work required« 



The study suggested that chemical gauging with 
sodium dichromate is not usually superior to current meter 
gauging when reasonable conditions for the latter are 
available, for example when fairly regular flows may "be 
found at wading, bridge or cableway sections. However, in 
other circumstances chemical gauging is a useful ancillary 
method that should give satisfactory results with 
experienced and careful operators. 
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