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3.3  Conductivity calibration 
Salinometer problems were experienced during the first leg and early part of the second leg of the voyage, 
as can be seen from the scatter in the (CTD-bottle) Conductivity plot (Fig 4) 
 

 
 
 
After consultation with Steve Rintoul, we decided to use the calibration for deployment 78 onwards to 
calibrate the whole voyage. The reasoning for this was that: 

1. The salinometer problems had been resolved from deployment 78 onwards, as evidenced by the much-
reduced reduced scatter in the difference plot (Fig 4). 

2. Fig 4 and the plot of Mean (Primary - Secondary) Conductivity (Fig 5) suggest that the sensor 
calibrations did not change significantly during the voyage. 
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The difference between the primary and secondary CTD conductivity cells was essentially zero at the 
start of the voyage and had increased to only 0.0003 S/m by deployment 113. (The secondary cell became 
unserviceable after it developed a crack in its glass electrode during deployment 114.) 
 
The procCTD calibration procedures differs from our old (pre procCTD) procedures in that 

• The calibration is applied in addition to the Manufacturer’s Calibration, rather than being applied to the 
raw data. 

• No allowance is made for inter-deployment drift. 
 

The calibration for deployments 78 - 143, with no sample data explicitly flagged as Suspect or Bad, but 
using procCTD’s Exclude Outliers option, gives the following calibration factors: 

Scale Factor (a1) 1.0001923 w.r.t. Manufacturer’s calibration 
Offset (a0) 1.17496E-04 ditto 
Calibration S.D. (Sal) 0.002203 psu 

 
 
3.4  Dissolved Oxygen Sensor Calibration 
Our model for the response of the Dissolved Oxygen sensor is based on Owens and Millard (1985). It 
uses an iterated, 6-parameter fit for the parameters: 

Oxygen Current Slope 
Oxygen Current Bias 
Sensor Lag 
Activation Energy 
Reaction Volume 
Temperature weight 

 
In principle, the last 4 factors should be constant for the sensor type and geometry, with only the Slope 
and Bias changing, as the sensor becomes depleted. In practice, we iterate some or all of the other 
components, as we have not yet determined the ideal default values. 
 
In addition, the sensor model does not take account of all factors affecting the sensor output. as there 
seems to be an additional hysteresis effect that allows only one, rather than both, of the downcast and 
upcast sensor outputs to be matched to the bottle data. (The ‘downcast samples’ are the downcast values 
for the same pressures as the ‘Upcast sample bursts.) 
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For fr0009, I adopted the following strategy: 

1. The default Reaction Volume and Temperature Weight were assumed to be correct 
 Reaction Volume -29.6 

 Temperature Weight 0.9 

2. The same oxygen sensor was used for the whole voyage, so it was possible to perform a whole-of-
voyage iteration, calibrating the bottle data against both the down and upcast CTD ‘sample burst’ data. 
The Reaction Volume and Temperature Weight were left fixed and values were computed for the other 
four parameters. 

3. The Lag and Activation Energy were fixed at the values determined from the whole-of-voyage 
iteration: 

 Sensor Lag 7.8681 
 Activation Energy 4611.6 

4. The deployments were arbitrarily divided into 4 groups of sequential deployments, to reduce the effect 
of sensor depletion, and values of slope and bias were computed by calibrating the bottle data against 
the downcast ‘sample bursts’. 

Deployment grouping Current Slope Current Bias Fit S.D. (uMole/l) 

1-35 4.2217E-04 -3.7086E-03 5.2162 
36-70 4.3017E-04 5.6643E-04 3.7585 
71-100 4.0114E-04 -4.946E-03 3.7112 

101-143 4.0253E-04 -2.259E-03 2.4792 
 
This produces a reasonable agreement between the bottle data and the downcast profile, but it is by no 
means perfect. There was an unexpected 7% increase in sensitivity occurred somewhere between 
deployments 36 and 100. As far as I know, the same DO sensor was used for the whole voyage. You 
would have expected the Current Slope (gain) to progressively increase as the sensor reagents become 
depleted, but this is obviously not the case. 
 
Two typical downcast profiles are shown in Fig 6. 
 

 
 
The calibrated oxygen data should only be used for qualitative and semi-quantitative work. It is as good a 
fit as can be expected, given the limitations of our current understanding of the oxygen sensor model. 
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3.5  Other sensors 
No other CTD sensors were logged during this voyage. 
 
 
3.6  Binned data files 
The calibrated data was ‘filtered’ to remove pressure reversals and binned into 2dB averaged netCDF 
files. The binned values were calculated by applying a linear, least-squares fit to the bin data and using 
this to interpolate the value for the bin mid-point. This is more accurate than simply taking the mean of 
the data. 
 
Each bin is assigned a QC flag for each binned parameter. Our flagging scheme is described in 
http://www.marine.csiro.au/datacentre/ext_docs/DataQualityControlFlags.pdf. 
 
The QC Flag for each bin is estimated from the values for the bin components. (We haven’t yet 
documented this. For the moment, refer to the comments in matlab function matlab/toolbox/ 
local/dpg/util/@QCFlag/estimate.m (or ‘help estimate’).) The QC Flag for derived quantities, such as 
Salinity and Dissolved Oxygen is taken to the worst of the estimates for the parameters from which they 
are derived. 
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Hydrology Processing Report 
Data processing completed by Rebecca Cowley, 1 November, 2001 
 
 
1  Summary 
These notes relate to the production of calibrated hydrology data for the RV Franklin voyage Fr0009. 
Salinity, dissolved oxygen and nutrient data was processed. 143 deployments were completed, of which 
138 have valid data. 
 
2  Voyage details 
The following information is taken from Voyage Summary Fr0900. 
 
2.1  Chief scientist 
Susan E. Wijffels (Chief Scientist) 
CSIRO Marine Research 
GPO Box 1538 
Hobart Tasmania 7000 Australia 
Tel: 03 6232 5450 Fax: 03 6232 5000 
Email: Susan.Wijffels@marine.csiro.au 
 
John A. Church, Steve R. Rintoul, Bronte Tilbrook 
CSIRO Marine Research 
 
Nathan Bindoff 
Antarctic Co-operative Research Center 
University of Tasmania 
 
2.2  Voyage objectives 
To reoccupy portions of several WOCE hydrographic lines between Australia and 95° E in the southeast 
Indian Ocean as part of establishing a deep-ocean time-series section grid around Australia. Full-depth 24 
bottle 5L Niskin/CTD casts will be taken at WOCE spatial resolution. Sampling and chemical analyses 
will be completed for salinity, oxygen, nutrients, dissolved carbon and alkalinity. At-sea quality control 
will occur with all CTD and sample data collected and scrutinized as soon as it is available and compared 
with the WOCE data. 
 
2.3  Area of operation 
See Figure 1 
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Figure 1 Voyage track 

 
3  Processing notes 
 
3.1  Introduction 
The hydrology data was processed according to the procedures outlined in “Hydrology data processing 
procedures”, First edition, Rebecca Cowley. 
 
Hydrology data is collected on the upcast of a CTD deployment, and salinity data is compared to 
calibrated CTD upcast burst data. Erroneous values are deleted from the dataset. Dissolved oxygen and 
nutrient data are compared deployment to deployment, with obvious outliers deleted from the dataset. 
 
CTD unit #20 was used on this voyage and 143 deployments were completed, of which 138 contain 
hydrology data. Deployments 121, 128 – 130 and 132 do not contain hydrology data. Salinity, dissolved 
oxygen and nutrient data were collected. 
 
3.2  Salinity 
Salinity data deleted from the dataset are shown in Table 2. All deletions were due to a bad sample or 
analysis. Many outliers were retained and can be attributed to the surface water structure which leads to 
anomalies between the CTD and hydrology data. The area of sampling had surface water with steep 
haloclines. The final CTD salinity – Hydro salinity offset plot is shown in Figure 7. 
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Table 2:  Salinity measurements deleted from hydrology dataset. 
 

Deployment Rosette Position Niskin bottle CTD-Hydro salinity difference 
4 6 5020 -0.015 
8 4 5022 -0.013 

15 21 5014 -0.02 
17 2 5009 0.013 
17 18 5016 0.013 
20 15 5019 0.05 
21 11 5001 -0.021 
21 12 5055 -0.017 
24 17 5017 0.015 
24 20 5023 -0.011 
24 21 5014 -0.016 
27 4 5006 -0.011 
29 11 5016  
30 23 5004  
34 13 5003 -0.03 
39 20 5020 -0.2 
40 11 5011 -0.035 
42 11 5011 -0.036 
44 22 5005 -0.022 
45 22 5005 -0.014 
46 22 5005 -0.012 
47 22 5005 -0.017 
50 14 5026  
50 22 5005 0.025 
68 10 5021 0.032 
69 10 5021 0.036 
74 10 5021 -0.017 
76 10 5021 -0.007 
76 10 5021 0.053 
76 18 5022 0.014 
76 19 5004 -0.041 
76 21 5003 0.013 
76 22 5007 -0.026 
77 10 5021 -0.007 
85 21 5003 -0.173 
90 7 5013 0.021 
93 18 5010 -0.986 
97 2 5019 -0.019 
101 10 5009 -0.019 
102 13 5013 -0.01 
102 20 5006 0.013 
104 11 5026 -0.073 
109 16 5005 0.198 
109 22 5008 0.023 
120 14 5016 -0.01 
122 18 5022 0.257 
127 18 5010 -0.19 
136 17 5021 0.788 
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Figure 7:  CTD salinity – Hydro salinity final offset plot. 
 

 
 
3.2.1  Data Quality 
 
During the first leg of the voyage, problems were encountered with the salinometer, and more scatter in 
the data is apparent in the early results. Many results have been kept as the difference in bottle and CTD 
salinity may be due to the steep haloclines present in the top 500 metres of the deployment. 
 
3.3  Dissolved oxygen 
Table 3 lists the dissolved oxygen data points that were deleted from the dataset due to errors in analysis 
or sample collection. 
 
Table 3.  Dissolved oxygen measurements deleted from the dataset. 
 

Deployment Rosette Position Reason for deletion 
13 1 Dubious result 
13 2 Dubious result 
13 3 Dubious result 
13 4 Dubious result 
43 11 to 21 Dubious result 
54 5 Bad sample or analysis 
64 8 Bad sample or analysis 
64 14 Bad sample or analysis 
65 2 to 14 Incomplete records 
69 10 Bad sample or analysis 
74 10 Bad sample or analysis 
75 4 Bad sample or analysis 
76 10 Bad sample or analysis 
77 10 Bad sample or analysis 
77 13 Bad sample or analysis 
82 1 Bad sample or analysis 
82 5 Bad sample or analysis 
88 19 Bad sample or analysis 
109 1 Bad sample or analysis 
134 4 Bad sample or analysis 
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3.3.1  Data Quality 
The dissolved oxygen data quality for this voyage is good. 
 
3.4  Nutrients 
Due to contamination of the milli-q water supply, nitrate results for many runs were adjusted after the 
voyage. Below is a brief description of the corrections applied to the dataset. During the cruise it was 
noted that the Nitrate/Nitrite standard curve was giving a slight negative intercept. This negative intercept 
became more apparent as the cruise continued. The problem was traced back to the Milli-Q water system 
and changing all filters gave little improvement. Milli-Q water from a carbouy that had been loaded on at 
Hobart was used to make all the nitrate reagents and ASW carrier which instantly corrected the problem 
and the negative intercept was no longer evident. The duplicate samples from the affected runs were 
stored at Marmion for later analysis back at Hobart. Unfortunately there was a problem with the freezer at 
Marmion and all the samples thawed and were unfrozen for an undetermined time. 
 
Back in Hobart:- 
 
The theoretical recovery of the SRM’s from the runs were calculated. 
The percentage error appeared to give a linear correlation with concentration using SRM and QC samples. 
The percentage recovery of samples from the runs were calculated against the SRM and QC recovery. 
The correction used was: 

(Uncorrected Value times 100) divided by (Percentage recovery of the low SRM + (Uncorrected 
Value minus Low SRM concentration) times (difference in percentage recovery between the low and 
high SRMs divided by difference in SRM concentrations) ) 

 
Table 4 lists the data that was deleted from the dataset in the post-voyage processing and the reasons. 
 
Table 4.  Nutrient results deleted from the dataset. 
 

Station Rosette Position Bottle Reason for deletion 
15 12 5005 All nutrients - sample taken from wrong bottle 
18 6 5011 All nutrients - Sampling or analysis error 
18 8 5026 All nutrients - Sampling or analysis error 
21 9 5012 Silicate - Sampling or analysis error 
37 12 5017 Nitrate - Sampling or analysis error 
46 19 5013 Phosphate - Sampling or analysis error 
68 9  All nutrients - Sampling or analysis error 
69 10  All nutrients - Sampling or analysis error 
69 All results  Nitrate - Sampling or analysis error 
74 10  All nutrients - Sampling or analysis error 
76 10 5021 All nutrients - Sampling or analysis error 
77 10 5021 All nutrients - Sampling or analysis error 
86 All results  All nutrients - Analysis error 
87 All results  All nutrients - Analysis error 
88 All results  Phosphate - Sampling or analysis error 
91 20  Phosphate - Sampling or analysis error 
92 3 5023 Phosphate - Sampling or analysis error 

 
 

3.4.1  Data Quality 
The nitrate/nitrite results are dubious for some casts due to the analysis problems during the voyage. 
Silicate and phosphate appear to be good, but no quality control report is available at this time. 
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4  Other 
Niskin bottle numbers were altered from the 4-digit number to a three digit number for archiving 
purposes. The bottle numbers were originally ‘50XX’ where ‘50’ represents a 5 litre bottle and XX 
represents the rosette position. In the archive, the bottle numbers have had the ‘0’ removed. 
 
Copies of printed materials and further information can be obtained from the Data Centre (Terry Byrne or 
Rebecca Cowley). 
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Figure 1:   Hydrographic stations occupied during the cruise are indicated by triangles.  
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Appendices 
 

Appendix A 
Report on testing of XBT systems 

 
The BOM system was tested with 14 XBTs over 4 CTDs. The XBTs all matched each other well and 
matched the CTDs with varying depth offsets of less than 2 or 3m. There appears to be a slight 
temperature offset but this is within 0.2 degC which is within the specifications for t-7 probes. No 
detailed analysis has been done but the data looks good and the system appears to work well. The data 
will be given to BOM who will do the detailed comparison after the CTD corrected data is available. 
 
The Sippican system had problems from the beginning. The Sippican software had not been loaded before 
the computer was sent from Hobart. We installed the software, which apparently cause the computer to 
malfunction and run V E R Y slowly. Several days were lost trying to figure this problem out. We tried to 
re-install windows but the Windows 2000 system disks that had been sent were corrupted. Finally, Erik 
managed to fix the computer's hard drive and, at Rick's suggestion, we reloaded the Sippican system with 
the mk12 card installed. When we tried to launch a probe, the system couldn't communicate with the 
mk12 card because the "MK12IO.SYS" file was either missing or not working properly. We found the 
file and tried putting it various places but no luck. Given that it was installed (presumably properly and in 
the right place) by the Sippican installation, we have no idea why it didn't work. In the end, we ran out of 
CTDs and gave up. Steve Rintoul will be bringing a BOM windows computer with the Sippican program 
and mk12 card already installed to test on the second leg.  
 
All credit to Erik Madsen for putting a LOT of time and effort into getting both systems up and (almost) 
running.  
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Appendix B 

Indian Ocean nutrient data 
Summary of corrections to the dataset 

 
Introduction  
 
During 2000, a Franklin voyage in the Indian Ocean was undertaken to repeat a WOCE section. The 
nutrient data on this voyage was collected using an Alpkem system. The results of the voyage compared 
with the WOCE section appear to have many run-based errors associated with them, and some bias in the 
phosphate results.   
 
Below are some figures showing the comparison of the voyage data and WOCE data. In the first and 
second panels of each figure, data is compared to the mean WOCE data from between -10 and -50 
latitude (ref). The calculation is the (concentration – ref)/standard deviation of the ref. In the third panels, 
the difference between the first two panels is shown.  
  
All nutrient results are in um/kg and the nitrate results include nitrite. 
 
 



Nitrate: Original dataset. 

 
Nitrate: Dataset after re-processing. 

 
 



Phosphate: Original dataset. 

 
Phosphate: Dataset after re-processing. 

 
 



Silicate: Original dataset. 
 

 
Silicate: Dataset after re-processing. 
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Summary of corrections to the dataset.  
 
The following corrections were made in order to improve the quality of the data:  
 
1. The calibration of the data was re-done. The method outlined in the CSIRO Hydrochemistry manual 

was not used. Instead, calibration of the data was done using an adaptation of the WOCE Operations 
Manual method. The sensitivity factor of each calibrant was calculated, then the closest calibrant to the 
sample result was used to calculate the concentration. This initial step made a considerable 
improvement in the data.   

2. The results were examined closely, and bad calibrants were removed from selected runs, some of the 
original run data was re-imported and some bad results were flagged bad in the dataset. A summary of 
all these alterations is given in Table 5.    

3. A small section of nitrate was corrected based on QC sample results (runs 59 to 64), where there was a 
clear relationship between the QC results and the sample results. Unfortunately, the remainder of the 
dataset could not be corrected in the same way. The refractive index and blank values were averaged 
over the entire set of runs for nitrate and silicate, and these values used in place of individual run 
values. For phosphate, the refractive index and blank average for the first 49 runs was used in place of 
individual run values.   

4. A final check of the results plotted against depth and potential temperature showed some bad results 
and these were flagged with a 4.    

 
 
Conclusion  

The final data has been corrected as best as possible. Further correction with SRM (standard reference 
material – OSI standards) data is not advisable, as there are errors associated with the make-up of these 
standards. The QC sample, which was bulk seawater sample that was autoclaved and then spiked, was 
included in every run. As this is a sample that is not diluted before a run, it is not subject to the same 
errors as the SRMs. The figures below show the QC sample results after the final corrections were made 
to the dataset. It may be possible to further correct the data based on the QC sample results, however, 
there does not appear to be any clear relationship between the observed difference from the WOCE results 
and the variation in the QC sample results.   
 
Estimation of precision:  

The precision of the results was estimated from the mean and standard deviation of the QC sample results 
from all runs. The mean coefficient of variation (CV% - standard deviation/mean*100%) for each nutrient 
is:  

Nitrate/nitrite: 5.55%  
Silicate: 1.5%  
Phosphate: 3.55%  

 
The plots below show a summary of the final results and the precision at each concentration.  
 
 



Nitrate final results: 

 



Phosphate final results: 



Silicate final results: 



QC Sample results: 

 

 



 
Mean QC Sample results and DOTSS-WOCE concentration at ~2500db 

 



 

 



Nitrate final SRM results 

Phosphate final SRM results 



Silicate final SRM results 

Nitrate blank and refractive index values 

 



Phosphate blank and refractive index values 

Silicate blank and refractive index values 
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Table 5:  Summary of corrections to the data made in step 2.  
 

Run Station Nutrient Adjustment  
9 13 All remove cal 4   

13 17 All remove cal 3 and 5  
17 20 Ni Remove cal 5  
18 21 All Remove cal 5  
22 25 Ni Remove cal 5  
34 34 Ni Remove cal 5  
39 39 Ni Remove cal 5  
46 46 Ni Re-import data  
46 46 Ph Bad result RP19, delete  
57 57 All Remove cal 5  
58 58 All Remove cal 5  
59 59 Ni Remove cal 5  
60 60 All Remove cal 5  
61 61 All Remove cal 3  
63 63 All Remove cal 5  
64 64 All Remove cal 4  
65 65 Ni and Ph Bad second cal 5, adjust to 1980100 (ni), 103000 (ph)  
71 71 Ni Use -28573 and -33120 as cal 0 value  
72 72 Ni Bad second set of calibrants, duplicate first set  
79 79 All remove cal 4   
84 84 Ni Bad second set of calibrants, duplicate first set  
85 85 Ni Remove cal 3 and cal 5  
89 89 Si Remove cal 1  
96 96 All remove cal 4  
97 97 All remove cal 5  
98 98 All remove cal 5  
123 123 All Bad calibration, remove all data  
126 126 All Remove cal 5  
130 130 All Remove cal 5  
131 131 All Remove cal 5  
132 132 All Remove cal 5  
133 133 All Remove cal 2  
134 134 all Bad calibration, remove all data  
136 136 All Remove cal 4  
141 88 phosphate Remove cal 5, re-import phosphate data from stn88, call it run 141  

59 to 64 59 to 64 Ni Correct to QC result of run 55  
37 37 Ni Flag sample 3712 as bad  
46 46 P Flag sample 4619 as bad  
70 70 Ni Flag all data as bad  
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