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PACIFIC REGION CCG VESSEL -POST CRUISE REPORT

NAME OF SHIP/PLATFORM:  CCGS John P Tully
DATE:

FROM:
 August 29, 2003 

TO: September 21, 2003 

SCIENCE CRUISE NUMBER:
2003-27

SHIP’S PATROL NUMBER: 03-06/07
CHIEF SCIENTIST[S]:  Frank Whitney, Fisheries and Oceans
AREAS OF OPERATION:  Gulf of Alaska (Line P) , Central coast inlets and Hecate Strait

INTRODUCTION/

PROGRAM BACKGROUND:  

· Line P is a long standing program which surveys a 1400 km long section 3 times annually.  Data has been collected along this line since 1956 and shows evidence of the impact of climate variability on ocean productivity. 

· North and Central coast surveys are infrequent.  Yet fisheries and aquaculture issues are pressing.  Therefore, opportunistic sampling in this area is valuable to help understand processes that affect primary productivity.  A mooring at the mouth of Rivers Inlet was deployed in June to better understand inlet flushing and nutrient enrichment.

· The prospect of future oil and gas exploration prompted us to collect sediment cores to measure background levels of hydrocarbons in Hecate Strait.  In conjunction, methane and surface ocean sampling was carried out at core sites to see if natural hydrocarbons were detectable.  

· Trace metal sampling for Cd was carried out in Hecate Strait to further our understanding of sources of Cd to oysters on the BC coast.  

CRUISE OBJECTIVE/OBJECTIVES:

· Survey of Line P, measuring water properties and collecting zooplankton samples to follow ocean changes. 

· Survey along the return section, Line R.

· Slope and shelf sampling through Queen Charlotte Sound and into Rivers Inlet.

· Coring to measure natural levels of hydrocarbons and deposition of biogenic materials in sediments.

· Trace metal measurements in oceanic and coastal waters, to better understand their control of primary productivity and their uptake by plankton.

· Productivity measurements in coastal, transition and oceanic waters. Experiments on silicate uptake.

· Bird and mammal surveys

· Mooring recoveries for Stucchi (Tribune Channel) and Whitney (Rivers Inlet)

· Comparison of 3 systems for measuring carbon dioxide concentrations in seawater.

DAYS ALLOCATED:
24


DAYS OF OPERATION: 23
DAYS LOST DUE TO WEATHER:  one (2 programs cancelled due to gales – ARGO recovery and eddy survey).  This lead to earlier return to the coast than planned and resulted in an expanded program of oceanographic measurements in coastal waters.
RESULTS:

Completed the survey of Line P from which we observe that the waters underlying the mixed layer (100 to 200 m depth) continue to be abnormally salty and cool in subarctic waters (see figure below). 

[image: image1.png]These conditions have persisted since 2000 and have never been observed in the previous 44 years of measurements.  The increased density of subsurface waters enhances stratification and reduces the depth of wind mixing.  Samples for iron, zooplankton, dissolved inorganic carbon and other parameters were collected from several stations.
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Completed slope, shelf survey of water properties across Queen Charlotte Sound and into Rivers Inlet, to finish oceanographic studies of this area which have been carried out over the past few years.  Because we were chased from some of our intended work (ARGO recovery and eddy study) by gale force winds, we had extra time to survey waters in the Fitz Hugh, Dean and Burke Channel areas.  Trace metals sampled at several stations (UBC)

Mammal surveys observed porpoises frequently in subarctic waters.  Tuna caught crossing the 16 C isotherm.

Primary productivity studies explored the uptake of carbon, nitrogen and silicon in 3 water types along Line P.  An incuation study using water from Station Papa, explored levels at which silicon limits phytoplankton growth.  

Hydro survey and coring in Juan Perez Sound completed.  Coring at a station in Milbanke Sound successful.  We found silicate levels of 1700 uM in geothermal springs on Hots Springs Island.

Zooplankton sampling in Rivers Inlet for SFU.  Rivers Inlet mooring recovered. 

Radioisotope Use: Decommission lab and report use to IOS RSO (Radioisotope Use & Wipe test forms attached)
14C and 32Si were used in incubation experiments.  The lab was tested for residual radiation and found to be clean.  Results of tests were given to the RSO at IOS and the ship.

PROBLEMS [SCIENTIFIC GEAR
AND OPERATIONS]:

The winch we used for coring and bongo tows continues to have problems.  At times, it is unable to recover even modest (few hundred pound) loads.  Sounder display in lab showed signs of failing.  Background colour flicked from white to yellow-green for a few days.  In the latter part of the cruise, this problem ceased.

The Chief engineer and his staff have isolated a problem with temperature control of the hydraulic fluid in the primary Hawbolt winch used for CTD casts.  A report has been sent to the winch shop and G. Fawcett recommending that a control valve be replaced.

SUCCESSES [SCIENTIFIC]:
Successful Line P survey, Queen Charlotte Sound and Rivers Inlet survey, coring in Hecate Strait region (McLaughlin and Yunker, DFO), trace metal sampling along Line P (Johnson, DFO) and in coastal waters (Crispo and Lekhi, UBC), zooplankton sampling in Rivers Inlet (Buchanan, SFU), mooring recoveries in Rivers Inlet and Tribune Channel (Tuele).











PROBLEMS [SHIP’S EQUIPMENT/

OPERATIONS/PLATFORM SUITABILITY]:
Transducers need cleaning and inspection during this winter’s dry docking.  Signal strength seems weak when carrying out deep ocean work.  Tugger winch used to retrieve weights on our rosette is not working.

Discussed temperature control of the “data processing” room (heli deck, starboard side) with the Chief.  This area is being used for salinity analyses at sea.  To improve our analyses, a better temperature control is required.  Mark Decker will add this item to ship’s self maintenance for April 2004 since temperature regulation of the upper decks would benefit science and ship ops.

SUCCESSES [SHIP]:

All areas were surveyed.  Weather restricted some sampling.  Tully and crew were fully capable and willing to support all programs.  
DELAYS [OTHER THAN

WEATHER]:
Loading and offloading takes 2 days.  Crew change in Port Hardy required travel and dock time of ~2 d.

Delays were minimized when ROC arranged fuelling just prior to this cruise (thanks).

SAFETY CONCERNS:
None. Novice science crew are introduced to ship operations and supervised by senior science personnel so that there was very little risk.  

HAZARDOUS OCCURRENCES:

Fire in sauna caused momentary concern..  Crew response was excellent which increases confidence in general ship operations.
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EVENT LOG:

SUMMARY/FINAL COMMENTS:

Leg 1: Thanks to Paul Frost for his many years supporting Science programs.  Even though we saw many new faces in the crew, they were all enthusiastic and very capable of supporting our sampling operations.  

Leg 2:  Thanks to John Anderson and crew for great support - two good crews on Tully, with new personnel being well trained in science procedures.

Appendix:   Summaries of programs from some participants.

1. General cruise overview

Frank Whitney and Marie Robert
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removed.

Conditions along Line P, the focal work of these cruises, remained anomalous especially in waters that underlie the fresh surface layer.  Since 1956, water properties have been monitored along this 1400 km section and in that time, we have observed regular climate variability which can be associated with large scale events such as El Nino.  However over the past 3 years, waters below the surface layer have been unusually saline and cool.  This has created abnormally strong stratification in the High Nitrate, Low Chlorophyll (HNLC) waters of the Gulf of Alaska.  The following plot of density at Ocean Station Papa shows the strength of this recent anomaly.

During this recent period, the mixed layer depth (MLD) in winter declined to its shallowest depth (~75 m in Feb 2003), strong summer stratification is thought to have lead to silicate limitation in HNLC waters (2002), and waters with abnormally high nutrient concentrations upwelled along the BC to Oregon coast (summer 2002) causing hypoxic conditions and fish kills on the coast.

Because weather restricted open ocean work on our return leg, more extensive sampling on theBC central coast was carried out.  Surveys of Rivers Inlet and adjacent waters were completed and a mooring near the mouth of Rivers was recovered.  Initial results from the mooring (thanks to Darren Tuele) show that central coast inlets experience strong inflow across the sill on tidal cycles.  Inflow waters are the densest of the summer, suggesting that periods of strong inflow are flushing fjord basins.  Such inflow should result in a fairly rapid removal of surface waters and an upwelling of nutrient rich, mid depth waters.  

A gravity core was recovered from a depth of ~1400 m on the Queen Charlotte Sound slope.  The 70 cm long core must have sampled gas hydrates, for it effervesced for half an hour after being brought onboard ship.  The position has been passed to PGC (Hyndman).  Other cores in Juan Perez and Milbanke Sounds were collected for hydrocarbon analyses (F. McLaughlin).  Two cores from Rivers Inlet were collected just because.

2.  PCO2 cruise report for 2003-27 (Aug. 30th to Sept. 14th)

Keith Johnson, Andrew Macdonald and Marty Davelaar


Three underway systems were compared for analysis of pCO2 from the seawater loop.  The original IOS equilibrator/Licor system, a new equilibrator/Licor system put together by Andrew Macdonald and SAMI were intercalibrated.  Systems were run from Pat Bay to just north of Vancouver Island.  The UHP air ran out on Sept. 13th.


The SAMI MONITOR data was reading high as usual so we will have to wait for the University of Montana to process the raw data before we know the correct data measured by SAMI.


It took approximately one week before the new system was working due to teething problems, which Andrew worked through.  After that atmospheric samples were within ~ 0.5 ppm +\- 0.2 ppm.  The seawater equilibrator results were not as close and varied from < 2ppm to > 4 ppm.  Some testing was undertaken to try and determine why the results were so different.  Equilibrators were exchanged but the new system still had higher values for seawater indicating the calibration or some other difference between the systems was responsible.  The new equilibrator did seem to respond faster but this heeds further testing to verify.


Flow rate for new equilibrator was maintained at ~5 litres per minute +\- 0.5 L.  The filter had to be cleaned ~ every 2 days.

Other Notes

1) Old system uses 2 point linear calibration using UHP air as zero and high standard (376.11 ppm) and measures second standard (calibrated to be 336.2 but gives ~ 335.7 when run as unknown).  Standard 2 should be rechecked.

2) New system uses a 3 point polynomial equation for standardization.  However this was not implemented until Sept. 10th 1630 so data prior to this was raw even if called corrected.

	COMPARISON OF CALCULATION TECHNIQUES
	
	
	in use

	
	Old sys.
	
	
	3 pt.
	3 pt. poly
	2 pt.high
	high-low

	
	raw
	corr.
	
	linear calc
	     calc 
	linear calc
	linear calc

	SW
	324.68
	324.14
	-0.54
	324.36
	      324.70
	324.72
	324.18

	Std. 2
	336.20
	335.68
	-0.52
	335.87
	336.11
	336.11
	335.69

	Atmos.
	368.28
	367.73
	-0.55
	367.94
	367.83
	367.82
	367.74


3) There were periodic problems with the new equilibrator sucking in air through pressure equilizer.  

The first time it was found to be a leak around a threaded plug in the moisture trap.

The second time the problem went away after checking diaphragm on pump and cleaning filter but this was only temporary.

When equilibrators were exchanged the new one no longer bubbled in air indicating there is a leak out in the new system which needs to be checked.

4) The UHP air tanks were losing 100 psi or more per day indicating a leak somewhere.  Since the leak was apparent before the new system was added the old system needs to be checked for a leak in the zero gas.

5) Temperature comparisons using RTD’s for intake and new equilibrator temperatures and Omega with YSI probe for drain water and lab temperature.  The two were intercalibrated the week prior to sailing.

Intake
New Equil.
Drain SW 
drain SW
Thermo-

SW
Lab by Equils




New

old

Sal

loop


13.58

13.50

13.45

13.45



17.46

13.10
13.46





13.37

14.93
15.25

15.16

15.15

15.156

15.12

18.52

Note New equilibrator probe is 90% in air with only a small portion of the probe in the seawater

3.  Iron cruise report for 2003-27 (Aug. 30th to Sept. 14th)`
Keith Johnson and Nes Sutherland
Iron was sampled along line P, line R, and SS (shelf stations) and analyzed at sea for dissolved and labile iron with samples for total dissolved and total returned to shore for analysis after digestion. Sampling was carried out in the usual manner using the Asti Teflon pump for surface waters and the 12L and 30L Go-Flo's for deeper water (50 meters to 800 meters).

This survey concentrated more on the surface waters than previous line P expeditions. We started at P02 with a 10 and 20 meter Go-Flo and did the same for P03, P06, P07, P08, P09, P10. P11, P13, P14, P15, P17, and P18. At this point it was discovered that the bottle being used for 20 meters ( #10 - 12L GF) was not working properly so we continued with only 10 meter surface samples at stations P19, P21, P22, P23, P24, P25, and P35. The major stations were also sampled with more detail in the surface waters including a Zodiac surface sample for each station. Pump samples were collected for depths 10, 20, 30, and 40 meters at stations P04, P12, P16 and P20 as were Go-Flo samples for 75, 100, 150, 200, 300 and 400 meters with the exception of P04 which had no Zodiac, 100 or 400 meter samples due to abortion of sampling due to rough weather. P26 was sampled in more detail with samples at 5, 10, 15, 20, 25, 30, 40, 50, 75, 100, 150, 200, 300, 400, 600, and 800 meters. Samples were also collected for UBC at Station P at 10, 40, 100, 200 and 600 meters. Bulk seawater (10 meters) was also collected at Stn. P for Iron (50 litre carboy - filtered 0.2u) and DOC (2 * 2.5L winchesters) as well as water for Tawnya's experiment.

Line R was sampled for surface iron at 10 meters at R15, R14, R13 and R12. The weather blew up and the Eddy (2003) work plus other line R stations were abandoned as the ship sailed through. We were able to pick up some stations near Hecate strait - NEW2, SS1, SS2, SS3, SS4 and SS5 for 10 meter surface samples for iron and UBC trace metals.

Notes

1) #10 12 Litre Go-Flo's bottom valve was closing (turning 180 degrees rather than 90 degrees when air vent popped). Therefore all data prior to repair (Sept 4th 0830) are suspect. This includes P18 and lower.

2) All 4 Go-Flos were compared to the pump at 30 meters at P12, P16 and P20. Samples for P12 were acidified. At P16 #12 compared well with the pump and Wilbur was only slightly higher but # 10 and BB looked contaminated so were soaked further to clean. At P20 all bottles looked clean enough to use for anything other than very low level surface waters.

4.  Salinity Calibrations Aboard the CSS John P. Tully 

Ron Perkin

Salinity is of fundamental importance to all oceanographic. Much of the work done at IOS, particularly Line P, involves deep casts to the bottom of the ocean. Extremely high accuracy is required in the deep ocean if the effort to obtain these numbers is going to be of any use at all.

All salinity measurements at IOS are archived and made available to the public so that the reputation of our institute is maintained by a continuous flow of high quality data to researchers around the world. Long time series of reliably accurate data are increasingly valuable in studies relevant to long term changes in the Eastern Pacific relevant to climate and weather variability. 

IOS has chosen to use the Portasal for salinity analysis. It has been the experience at IOS that the Portasal can reach the highest level of accuracy if it is operated with care and that its portability is a necessary feature for the way we work. This is an investigation of its capability of delivering that accuracy while being operated at sea on the Tully.

Salinity Measurement Standards

WOCE Methodology

It’s not really a mystery what is required to make good salinometer measurements. The WOCE manual on the subject states that a salinity accuracy of .002 can be expected if the instrument is in a temperature controlled environment with samples equilibrated to the same temperature. That accuracy degrades by .001 for every 1 degree Celsius of temperature excursions in the room housing the instrument. Beyond that, it is necessary to follow good sample collection protocols and the recommended procedures can be found outlined in the manual.

Portasal Specifications

The manual specifies an environment between 1 and 2 degrees lower than the regulated temperature of the instrument. The specified accuracy of the Portasal is .003 but this is a worst case. Standard deviations in the order of .001 should be attainable.

Past Performance of the Portasal aboard the JP Tully

Problems were experienced in 1999 when WOCE quality data were collected along 47N in cooperation with Japanese researchers. As usual, the Portasal was housed in the lab adjacent to the aft deck. Although this space is air conditioned, the doors are necessarily opened frequently for access to the aft deck as well as the wet lab and the interior of ship. With outside temperatures as low as 8º C, the wild swings in temperature made it impossible to regulate the temperature at all and the instrument was unusable except during  periods of inactivity lasting more than a day. Much of the calibration data had to be thrown away, a sharp contrast to careful work of our Japanese colleagues.

Recently, many other cruises have returned with questionable calibrations and it has been suggested that IOS stop trying to analyse these samples at sea. This robs researchers of the ability to spot problems at sea and fix them before too much damage is done. During cruise 2003-27, a leaky CTD sensor cable caused salinity offsets of .01. Since both conductivity cells were affected to the same degree, the error was detectable only by comparing CTD and bottle salinities. Similarly, leaky bottles can be found by analysing bottle salinities at sea.

Line P, Sept., 2003 ( Cruise 2003-27)

Some space away from traffic is available on the port helicopter deck of the Tully and has been used in the past for salinity analysis. It was decided to study the suitability of this space.

Temperature control

The room is thermostated with a heater but there is no air conditioning. The large and numerous windows allowed sunlight to heat the room to nearly 28º C, even with the door open in September when the cruise began. Conditions improved once the ship reached the colder waters offshore where the weather was generally cloudy. These conditions allowed the test to proceed but changes would be necessary if this were to become the designated salinometer room. . Because it is unused most of the time, the room can be kept sealed except for occasional traffic. The air temperature was maintained within a narrow range so that the bath could be regulated within a few milli-degrees. Even with the good air temperature regulation, the bath took about a day and a half to settle to its final value.

Calibrations using Standard Seawater

During the transit of Line P, the following calibrations were done on the salinometer using Standard Seawater Batch P141. These track changes in the conductivity cell as well as the rest of the instrument. One bad standardization was encountered resulting in errors of .002 in salinity. This aberration was corrected by going back to the logged values of the standby resistor and correcting the instrument to agree with subsequent calibrations. This may have reflected a real change of some kind because the cell constant shifted at just this point. Unfortunately, the procedure for cleaning the cell cannot be done conveniently at sea as it involves opening and re-sealing some glued tubing connections.

	Date
	Standardization
	Date
	Standardization

	
	
	
	

	Sept. 1
	4.22525
	Sept. 4
	4.22516

	Sept. 2
	4.22525
	Sept. 5
	4.22515

	Sept. 2
	4.22524
	Sept. 6
	4.22512

	Sept. 3
	(bad) 4.224871
	
	

	
	
	
	


Continuity of the Standby Resistor and Bath Temperature

The standby resistor monitors the calibration of the instrument by showing changes between calibrations and its constancy between calibrations shows the stability of the electronics.

	Date
	Standby
	Tbath
	Tair

	
	Before
	After
	
	

	Sept. 1
	1.268754
	1.268532
	23.957
	23.9

	Sept. 2
	1.26854
	1.268537
	23.955
	23.3

	Sept. 2
	1.268537
	1.26853
	23.956
	

	Sept. 3
	1.26848
	1.268651
	23.958
	

	Sept. 4
	1.268643
	1.268573
	23.956
	22.9

	Sept. 5
	1.268573
	1.268575
	23.956
	22

	Sept. 6
	1.26855
	1.268562
	23.956
	24.1


Bottle vs. CTD comparisons

Normally bottles are compared to CTD measurements to correct the CTD. However, if the CTD is working well, the variations of the bottle vs. CTD salinity differences can tell you how accurate the bottle salinity method is. Below is the table of results for Station P, the last two columns showing the difference between bottle salinities and the results from the two sets of sensors on the CTD. The precision of bottle salinity determinations was .0012 assuming that the CTD was perfectly stable. Similar results were obtained for other stations except for P2 and SI03 (Saanich Inlet) where the CTD was destabilized by an electrical leak. The leak was immediately apparent in the salinometer results. The fact that we had some initial reluctance accepting the bottle results at the test station shows the damaging effects of a loss in confidence in the calibration data.

	Sample Number
	Bottle Number
	Pressure, dbar
	S00
	S11
	T0
	T1
	Scan Number
	S(Bottle)
	S(Bottle)-S00
	S(Bottle)-S11

	210
	1
	4276.627
	34.6869
	34.6884
	1.5132
	1.5146
	99633
	34.6844
	-0.0025
	-0.004

	211
	2
	3999.598
	34.6839
	34.6853
	1.4999
	1.5013
	110937
	34.6805
	-0.0034
	-0.0048

	212
	3
	3501
	34.6751
	34.6763
	1.5119
	1.5134
	154447
	34.6706
	-0.0045
	-0.0057

	213
	4
	2999.547
	34.659
	34.6604
	1.5765
	1.578
	166470
	34.6529
	-0.0061
	-0.0075

	214
	5
	2498.459
	34.6315
	34.6329
	1.7163
	1.717
	178679
	34.626
	-0.0055
	-0.0069

	215
	6
	1998.045
	34.5902
	34.5918
	1.9197
	1.9203
	190886
	34.5862
	-0.004
	-0.0056

	216
	7
	1501.141
	34.5107
	34.5123
	2.2988
	2.3001
	201081
	34.5063
	-0.0044
	-0.006

	217
	8
	1249.358
	34.4551
	34.4566
	2.5613
	2.5623
	207490
	34.45
	-0.0051
	-0.0066

	218
	9
	1001.447
	34.3838
	34.3854
	2.8791
	2.8798
	213081
	34.3792
	-0.0046
	-0.0062

	219
	10
	800.43
	34.3081
	34.3095
	3.1971
	3.1976
	219320
	34.3046
	-0.0035
	-0.0049

	220
	11
	599.599
	34.2076
	34.2095
	3.6022
	3.6014
	224012
	34.2014
	-0.0062
	-0.0081

	221
	12
	399.448
	34.0209
	34.0223
	4.0094
	4.0116
	229068
	34.0173
	-0.0036
	-0.005

	222
	13
	302.517
	33.9052
	33.9066
	4.1713
	4.1729
	232440
	33.8993
	-0.0059
	-0.0073

	223
	14
	250.63
	33.827
	33.8282
	4.1191
	4.1212
	234725
	33.9005
	0.0735
	0.0723

	224
	15
	200.019
	33.7942
	33.7948
	4.6449
	4.6428
	236710
	33.7884
	-0.0058
	-0.0064

	225
	16
	175.642
	33.7518
	33.751
	4.7045
	4.709
	238981
	33.736
	-0.0158
	-0.015

	226
	17
	149.997
	33.6932
	33.6947
	4.9473
	4.949
	240587
	33.678
	-0.0152
	-0.0167

	227
	18
	124.794
	33.5462
	33.5479
	4.8524
	4.8533
	242443
	33.5414
	-0.0048
	-0.0065

	228
	19
	100.585
	33.2981
	33.2991
	4.7499
	4.7516
	244390
	33.2898
	-0.0083
	-0.0093

	229
	20
	74.523
	32.7055
	32.7063
	5.4922
	5.5081
	246421
	32.6983
	-0.0072
	-0.008

	230
	21
	49.784
	32.5436
	32.5454
	8.3818
	8.3964
	248994
	32.5421
	-0.0015
	-0.0033

	231
	22
	22.619
	32.418
	32.4212
	13.281
	13.2824
	251718
	32.4195
	0.0015
	-0.0017

	232
	23
	9.747
	32.4191
	32.4215
	13.2835
	13.2846
	253068
	32.4181
	-0.001
	-0.0034

	233
	24
	2.421
	32.4125
	32.4166
	13.2835
	13.2844
	254911
	32.4183
	0.0058
	0.0017


	
	
	
	
	
	Deep Average (400 m and down)
	-0.00453
	-0.00603

	
	
	
	
	
	Deep S.D.
	
	
	0.001152
	0.001215

	
	
	
	
	
	Shallow Average (300 m and up)
	0.0009
	-0.00066

	
	
	
	
	
	Shallow S.D.
	
	
	0.022614
	0.022483


A summary of offsets for the two sensor pairs, S00 and S11 is given below, one table for each sensor pair.

	S(b) – S00
	Cast
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Average
	Std. Dev.

	Bottle
	P12
	P13
	P15
	P16
	P18
	P19
	P20
	P26
	P8
	P9
	
	
	

	1
	-0.0045
	-0.0029
	-0.0049
	-0.0042
	-0.0047
	-0.0045
	-0.0042
	-0.0025
	-0.0048
	-0.0044
	 
	-0.0042
	0.0008

	2
	-0.0047
	
	
	-0.0077
	
	
	-0.0062
	-0.0034
	-0.0069
	-0.0046
	 
	-0.0056
	0.0016

	3
	-0.0049
	
	
	-0.0069
	
	
	-0.0073
	-0.0045
	-0.0066
	-0.0072
	 
	-0.0062
	0.0012

	4
	-0.0061
	
	
	-0.0059
	
	
	-0.0076
	-0.0061
	-0.0066
	-0.0061
	 
	
	

	5
	-0.0047
	
	
	-0.0064
	
	
	-0.0079
	-0.0055
	-0.0057
	-0.0081
	 
	-0.0064
	0.0014

	6
	-0.0036
	
	
	-0.0053
	
	
	-0.0063
	-0.0040
	-0.0067
	-0.0060
	 
	-0.0053
	0.0013

	7
	-0.0032
	
	
	-0.0044
	
	
	-0.0060
	-0.0044
	-0.0059
	-0.0040
	 
	-0.0046
	0.0011

	8
	-0.0037
	
	
	-0.0043
	
	
	-0.0053
	-0.0051
	-0.0038
	-0.0042
	 
	-0.0044
	0.0007

	9
	-0.0026
	
	
	-0.0053
	
	
	-0.0050
	-0.0046
	-0.0031
	-0.0054
	 
	-0.0043
	0.0012

	10
	-0.0047
	
	
	-0.0055
	
	
	-0.0057
	-0.0035
	-0.0036
	-0.0050
	 
	-0.0047
	0.0009

	11
	-0.0036
	
	
	-0.0059
	
	
	-0.0078
	-0.0062
	-0.0045
	-0.0064
	 
	-0.0057
	0.0015

	12
	-0.0210
	
	
	-0.0085
	
	
	-0.0057
	-0.0036
	-0.0024
	-0.0043
	 
	-0.0076
	0.0069

	13
	-0.0033
	
	
	-0.0047
	
	
	-0.0056
	-0.0059
	-0.0109
	-0.0076
	 
	-0.0063
	0.0027

	14
	-0.0781
	
	
	-0.0049
	
	
	0.0440
	0.0735
	
	-0.0038
	 
	0.0061
	0.0576

	15
	-0.1638
	
	
	-0.0076
	
	
	-0.0041
	-0.0058
	-0.0253
	-0.0045
	 
	-0.0352
	0.0635

	16
	-0.2828
	
	
	-0.0048
	
	
	-0.0054
	-0.0158
	-0.0467
	-0.0069
	 
	-0.0604
	0.1101

	17
	-0.3430
	
	
	-0.0010
	
	
	-0.0134
	-0.0152
	-0.0111
	-0.0049
	 
	-0.0648
	0.1364

	18
	-0.3260
	
	
	-0.0027
	
	
	0.0050
	-0.0048
	0.0075
	-0.0049
	 
	-0.0543
	0.1332

	19
	-0.3475
	
	
	-0.0111
	
	
	-0.0092
	-0.0083
	0.0011
	-0.0054
	 
	-0.0634
	0.1392

	20
	-0.3122
	
	
	0.0193
	
	
	0.0016
	-0.0072
	0.0000
	-0.0053
	 
	-0.0506
	0.1285

	21
	-0.1999
	
	
	-0.0119
	
	
	-0.0010
	-0.0015
	-0.0012
	-0.0049
	 
	-0.0367
	0.0800

	22
	0.0025
	
	
	0.0027
	
	
	0.0020
	0.0015
	
	-0.0053
	 
	0.0007
	0.0034

	23
	 
	
	
	0.0001
	
	
	-0.0013
	-0.0010
	
	-0.0048
	 
	-0.0017
	0.0021

	24
	 
	
	
	-0.0006
	
	
	
	0.0058
	
	-0.0103
	 
	-0.0017
	0.0081

	(blank)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Note:
	 No P2
	
	
	
	
	
	
	
	
	
	
	
	


	S(b) – S11
	Cast
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	Bottle
	P12
	P13
	P15
	P16
	P18
	P19
	P20
	P26
	P8
	P9
	
	Average
	Std. Dev.

	1
	-0.0067
	-0.0051
	-0.0067
	-0.0062
	-0.0067
	-0.0064
	-0.0062
	-0.0040
	-0.0070
	-0.0066
	 
	-0.0062
	0.0009

	2
	-0.0069
	
	
	-0.0099
	
	
	-0.0081
	-0.0048
	-0.0089
	-0.0068
	 
	-0.0076
	0.0018

	3
	-0.0070
	
	
	-0.0089
	
	
	-0.0093
	-0.0057
	-0.0089
	-0.0094
	 
	-0.0082
	0.0015

	4
	-0.0082
	
	
	-0.0079
	
	
	-0.0098
	-0.0075
	-0.0087
	-0.0084
	 
	-0.0084
	0.0008

	5
	-0.0069
	
	
	-0.0086
	
	
	-0.0097
	-0.0069
	-0.0078
	-0.0101
	 
	-0.0083
	0.0014

	6
	-0.0058
	
	
	-0.0073
	
	
	-0.0084
	-0.0056
	-0.0094
	-0.0082
	 
	-0.0074
	0.0015

	7
	-0.0053
	
	
	-0.0065
	
	
	-0.0080
	-0.0060
	-0.0084
	-0.0063
	 
	-0.0067
	0.0012

	8
	-0.0062
	
	
	-0.0061
	
	
	-0.0072
	-0.0066
	-0.0058
	-0.0065
	 
	-0.0064
	0.0005

	9
	-0.0051
	
	
	-0.0074
	
	
	-0.0065
	-0.0062
	-0.0055
	-0.0078
	 
	-0.0064
	0.0011

	10
	-0.0068
	
	
	-0.0073
	
	
	-0.0073
	-0.0049
	-0.0059
	-0.0072
	 
	-0.0066
	0.0010

	11
	-0.0059
	
	
	-0.0076
	
	
	-0.0093
	-0.0081
	-0.0068
	-0.0086
	 
	-0.0077
	0.0012

	12
	-0.0234
	
	
	-0.0104
	
	
	-0.0070
	-0.0050
	-0.0048
	-0.0064
	 
	-0.0095
	0.0071

	13
	-0.0056
	
	
	-0.0067
	
	
	-0.0071
	-0.0073
	-0.0146
	-0.0099
	 
	-0.0085
	0.0033

	14
	-0.0805
	
	
	-0.0066
	
	
	0.0425
	0.0723
	
	-0.0060
	 
	0.0043
	0.0581

	15
	-0.1670
	
	
	-0.0096
	
	
	-0.0057
	-0.0064
	-0.0263
	-0.0069
	 
	-0.0370
	0.0642

	16
	-0.2844
	
	
	-0.0070
	
	
	-0.0067
	-0.0150
	-0.0417
	-0.0093
	 
	-0.0607
	0.1104

	17
	-0.3449
	
	
	-0.0027
	
	
	-0.0141
	-0.0167
	-0.0138
	-0.0071
	 
	-0.0665
	0.1365

	18
	-0.3249
	
	
	-0.0045
	
	
	0.0028
	-0.0065
	0.0035
	-0.0070
	 
	-0.0561
	0.1318

	19
	-0.3492
	
	
	-0.0121
	
	
	-0.0105
	-0.0093
	-0.0025
	-0.0076
	 
	-0.0652
	0.1392

	20
	-0.3163
	
	
	0.0165
	
	
	-0.0015
	-0.0080
	-0.0030
	-0.0077
	 
	-0.0533
	0.1291

	21
	-0.2045
	
	
	-0.0102
	
	
	-0.0005
	-0.0033
	-0.0033
	-0.0072
	 
	-0.0382
	0.0816

	22
	-0.0018
	
	
	-0.0017
	
	
	-0.0025
	-0.0017
	
	-0.0077
	 
	-0.0031
	0.0026

	23
	 
	
	
	-0.0031
	
	
	-0.0048
	-0.0034
	
	-0.0071
	 
	-0.0046
	0.0018

	24
	 
	
	
	-0.0031
	
	
	
	0.0017
	
	-0.0220
	 
	-0.0078
	0.0125

	(blank)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	


P2 and the Saanich inlet station could not be used because of a leaking connector which resulted in bad salinities.

Analysis of Results

Salinity offsets and standard deviations suggest that the CTD was stable once the connector problems were solved. Comparisons above a depth of 400 m were strongly affected by gradients so should be treated separately. The differences for the upper levels with high gradient could be improved by accounting for the fact that the CTD is sampling 1 m below the centre of the sampling bottles.

The average corrections for the rest of the data were:

S00: -.0052 with a standard deviation of .0013

S11: -.0072 with a standard deviation of .0014

Somewhat tighter fits could be made if a correction were determined for each station.

The CTD seems to be reading somewhat lower than it should in the surface mixed layer where gradients should not be affecting the results. Observations of air bubbles at the stern suggest  that perhaps some air may be mixing into the water due to the action of the ship’s propeller and breaking waves.

Do the Bottles Have Slight Leaks?

The systematic differences between the results for the various bottles raise a niggling worry of small but detectable leaks in the bottle seals. After all, it would be rather remarkable if they didn’t leak at all.

The previous two tables shows that each bottle gives a slightly different correction for the CTD. The lower bottle salinities are associated with higher standard deviations in the estimate of CTD offset, consistent with the notion that all these bottles could be leaking to some degree. The more a bottle tends to leak, the more deviation there is as the seals are broken and re-established with each cast. If all of the variance were caused by leaks (no CTD or bottle errors), the zero-leak correction would be the intercept at zero standard deviation, shown by the arrows in the following graphs.
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On balance, the evidence is strong enough only to raise the question, not to prove anything.
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Conclusions and Recommendations

Calibrations as good as any other research ship’s can be done with the Portasal on the upper decks of the Tully. The added burden of carrying the bottles up and down the stairs was not significant and can be done safely by carrying the rack in one hand and holding the railing with the other hand. Conditions in the main lab are prohibitively unsuitable given that the Portasal has to remain in a stable temperature for a day and a half before its bath is stable.

Air conditioning is necessary to maintain the temperature within 1 º C over any 2 day period. This can be accomplished easiest in the smaller of the two rooms on the port side helicopter deck beneath the bridge. The ship’s engineer should be approached to see if a unit could be installed as soon as possible. Window insulation panels are also recommended – something better than the present screens to block the sunlight and prevent drafts. In heavy seas, the upper decks can present an uncomfortable amount of movement, however, the salinity analysis can be postponed without loss of accuracy.

        DATE			             OPERATIONS





 Aug 29		load Tully at Pat Bay


 Aug 30		finish loading, test cast in Saanich Inlet.  Debark for Line P


 Sep 1 to 6	Line P survey


 Sep 8		3.5 kHz of seamount area NE of St P.  No coring site found


 Sep 9		Search for a failing ARGO float called off due to weather


 Sep 10-11	Return along Line R.  Abandon eddy survey due to weather


 Sep 12-13	Surveys on shelf and in central coast inlets


 Sep 14		to Pt Hardy for crew change


 Sep 15		Crew and scientist changes


 Sep 16-17	Juan Perez coring and hydro survey completed


 Sep 18		Milbanke Sound core and water sampling


		Recovered Rivers Inlet mooring, sampled zooplankton in area


 Sep 19		Tribune Channel recovery of mooring, rosette cast.


 Sep 20		Return to Pat Bay, offload





Increased density layer
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