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                    BACKGROUND TO THE USE OF FLUORESCENT DYES

FOR UNDERGROUND WATER TRACING IN LIMESTONE REGIONS.

                                                 David Ingle SMITH

INTRODUCTION:

9 May 2002
Dyes, especially fluorescein, have been used for water tracing in limestone terrain for a period of close on a hundred years. However, such methods relied entirely upon the visual detection of a colour change, the property of fluorescence was of no significance. Wilson, of the US Geological Survey, pioneered the use of fluorescent dyes for the measurement of surface water discharge. Such techniques require precise measurement of the dye fluorescence and a suitable fluorometer was developed to aid this work. The basic techniques are described in Wilson (1968). 

The properties required for such a dye are that it:

· has no (or minimal) decay when used in natural waters;

· is not masked by background fluorescence 

· can be accurately determined, preferably under field conditions.

Dupont Chemicals of the USA were commissioned to find a suitable fluorescent dye. The dye that was initially used was Rhodamine B and subsequently this was replaced for field applications by Rhodamine WT (WT stands for water tracing). The dye is supplied in a 20% solution. The dye has very low decay rates in natural waters and the waveband of the fluorescence (`red’) is such that background values from natural water are extremely low, in reality they can often be regarded as `no background’. This is in marked contrast to the green dye fluorescein which can have rapid decay in natural waters and often occurs in a waveband with very high and sometimes variable background.

A fluorometer designed specifically for use for fluorometric applications was designed and marketed by Turner Instruments in Texas. The Turner fluorometers, with appropriate instrument filter combinations, can detect the presence of Rhodamine dye in concentrations as low as 1 part in 1011.

The methods developed, and used as a routine technique, by Wilson for the measurement of surface water discharge were first adopted for the tracing of underground tracing in limestones by Brown and Ford (1971). Subsequently the use of Rhodamine WT as a tracer for such work has become well established and has been used worldwide. There is no doubt that it is the most sensitive technique available for underground water tracing.

Straight-line links over distances of at least 50 km from input point to springs have been reported and individual traces have shown links after time periods of several weeks.

A more comprehensive bibliography is available on request.

Application at Mt Larcom

The original field use was planned to inject the dye, Rhodamine WT, into a natural sink hole at the Bracewell Lake area on Lake Road , near bore 04.  This however, only flows naturally after heavy rain, perhaps every second year, and suitable conditions did not occur in the first part of 2002. Experience with adding the tracer dye to boreholes as input points is not recommended.

Thus, in order to undertake the tracing study, water was artificially added to the sinkhole and the dye (260 ml of solution, 52 g. of dye) was added. The sampling pattern and frequency is described in the account below.

Sampling sites included boreholes, springs and a single sampling point at the QCL quarry, this was from the water pumped from the quarry sump.

One set of samples were dispatched on a weekly basis to Canberra and analysed using a Turner Fluorometer with optical filters appropriate to Rhodamine analysis. The sample analysis was undertaken by staff at Ecowise, a major environmental company based in Canberra.

With two exceptions, the samples exhibited very low background fluorescence; that is values of less than 0.2 ppb (parts per billion)

There were two exceptions. The first a sample collected from B40 on May 20th  that had a weak positive (approximately a concentration of about 2ppb). Analysis of the back-up sample had only background fluorescence and this sample is not regarded as indicating a positive link.

The other exception was a sample collected on June 17th from the QCL mine pump out. The concentration was 20 ppb, that is some 100 times that of the background samples from the same site. This concentration was confirmed by the analysis of a back-up sample sent, on request, a week later from Mt Larcom.

The sample for the 17th June from the QCL pump out is regarded as indicating a direct underground link from the input point to the mine.

However, the absence of positive values from the samples immediately before and after 17th June requires some comment. Such a pattern would have been expected and would reflect the passing of the dye pulse through the system.

It is extremely unlikely that the positive sample is due to any form of contamination, for example from traces of oil waste or similar at the mine. This is because very few substances show fluorescence in the wavebands used to analyse for `red’ dyes, such as Rhodamine WT.

It may be that the pumping of the mine pump masks a regular dye pulse, data on the pump out rates for the period of the test are not yet available.

The conclusion of the dye experiment is that it is indicative of a direct groundwater link between the input point in the disputed Bracewell area and the mine pump out. Certainly the result is such that the experiment should be repeated.

Ideally, follow up traces should be initially undertaken at times with faster flow conditions, ie after period of relatively heavy rain and recharge.

The application of fluorescent dye tracing could also be used to investigate local links within the disputed area of underground flow. It would of course, be necessary for time intervals between individual tests to allow the injected dye to pass through the system. The use of dyes in other wavebands, blue or green, is not recommended, as these are much less satisfactory than Rhodamine WT.

Finally the use of Rhodamine dye traces in conjunction with any planned artificial recharge of the aquifers by QCL could be a useful guide as to whether the aquifers to be recharged are `waterproof’. That is that changes of underground flow conditions resulting from the mine have not seriously affected natural flow conditions.

The details of the dye trace undertaken at Mt Larcom are given as an attachment.

DYE INJECTION TRIAL BRACEWELL THURSDAY 9 MAY 2002

The dye injection trial is a liaison between Dingle Smith and EEMAG with Dingle providing  technical advice and access to equipment with EEMAG coordinating the collection and supply of samples. In line with the protocols distributed to the various stakeholders the dye injection trial commenced at Bracewell with injection of 90 000 litres of water pumped from Lucke bore 111096 overnight on 8 May and a further 30 000 litres injected by tanker on the morning of Thursday 9 May. The total water input was120 000 /L. 260 mls of dye was introduced on Thursday 9 May at 10.15 am and flushed with a final tanker of water so that the exercise was completed by 11.30 am.

Nearby observation bore 04 (20 m away) had a SWL of 16.35m on Wednesday 8 May. Bore O4 peaked with a 2.56m rise at 6 pm Thursday 9 May. No water samples were taken from this site.

Lucke Bore (i) is located about 100 m west of the injection site. Barely detectable water level increases occurred. No water samples were taken from this site.

It was not possible to collect a meaningful SWL at W35 due to the variable wind patterns and windmill operation.

B35 remained unaltered.  

NUMBER OF SAMPLES
A total of 454 samples were collected over an 8 week period. Back-up samples were taken in every instance. On week 9 retesting of some background samples were completed and the trial officially concluded. 

RESULTS

On Monday 20 May a weak positive was recorded at B40 (Webbs.) In the interim while awaiting testing of the back-up sample, increased samples were collected from Hut Creek. However the background sample for B40 proved negative and the 20 May reading for B40 was disregarded.

Week 7 was held over and submitted at the same time as week 8. A QCL sample taken on Monday 17 June from week 7, was in the order of 100 times above the background flourescence of other QCL samples. Samples from QCL on days 16 and 18 were negative. The back-up sample from the 17 June was confirmed as positive during retesting on week 9. All QCL samples were collected by mine personnel. The positive detected at the QCL on the 17 June occurred 39 days after dye injection at Bracewell.

LOCATIONS OF SAMPLING

Bracewell                       East End                               Hut Creek
B35                                 QCL Mine                              B102

B88646                            B105                                      B103

B40                                  Below mine                           DC

B97-1A                            B99-1                                    CH

B97-1B                            B96-34                                   B124

W35                                 B96-20                                   B118

B111096                                                                         B39
B98-1
Weir 2

Below Weir 2

Below Bridge 
Rainfall over trial  /Lucke Gauge                  Weir 2 Fluctuations 

	Date
	Points
	
	Weir 2 
	Date
	Mm over plate

	6/5/02
	  14
	
	Weir 2
	24/5/02
	 5

	9/5/02
	    8
	
	Weir 2
	25/5/02
	 7

	27/5/02
	  15
	
	Weir2 
	01/6/02
	 7

	28/5/02
	  17
	
	Weir 2
	04/6/02
	10

	2/6/02
	  26
	
	Weir 2
	05/6/02
	11

	3/6/02
	154
	
	Weir 2
	07/6/02
	13

	4/6/02
	  81
	
	Weir 2
	09/6/02
	12

	6/6/02   
	  75
	
	Weir 2
	18/6/02
	11

	7/6/02
	  35
	
	Weir 2                 
	13/7/02
	11

	8/6/02
	  69
	
	Weir 2 
	21/7/02
	10

	Total 
	494
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