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Achiever Cruise Report

October 3-15 2008
Introduction

The Queen Charlotte Sound region is an area in which coastal buoyancy driven currents are a key feature in the Aleutian low pressure driven North Pacific Gyre. Pacific water that spins off from this gyre enters the Arctic is considered a key factor of ice melt.

Review of archives at IOS show that there is very little data collected in this area, especially in fall and winter seasons.  This cruise was a demonstration that this data gap could be filled by the use of small low cost vessels.
Vessel –  Achiever: 66ft sloop owned and operated by the Raincoast Conservation Foundation.  

[image: image33.jpg]M3JA EJEg UB220O

10

Qo o o o o
Qo (= (=] o
~ N ™ A

[w 433em jjes] ypdag

M3JA EJEQ UR320

[w 4a3em jjes] yydag

M3JA g UR320

11

10
90 deg. C]

(=] (=]
(=3 Q
N ™

[w 4a3em jjes] yydag

100
400

Oxygen (SBE 43) [mg/I]

Salinity [PSU]

Temperature [ITS-

maip ereq uesodIA BJEQ UBSDQ

i3
2 ™
3
i3
e
=S
o
i
~N
~
o
() o o o o
=3 (=] (=] (=]
~ N ™ A
[w 1a3em jjes] yydag

M3JA g UB220

[w 4a3em jjes] ypdag

Fiords

53.5°N

52°N

M3JA BJRQ UR3IO m
&
S
S
(=
(=] (= (= (= (= ®
= S S =)
~ N ™ A
[w 4a3em jjes] yydag
e
‘MB3IA BlEQ UBAI0 °W m S
: § 3 2
T8 £ £ 9w
O < © Q
T £ m
s [72] < O -~
o S ) (2]
« Q g
8 W.. S x )
© = S
(o] Q > —
Q Q @ X
2
n
[ g
= 8
o
5

Flouresence

OBS Seapoint Turbidity [FTU]

[%]

Beam Transmission




Photo Curtsy Helen Drost

Personnel – 
Science: 
John Morrison (chief scientist)





Ed Carmack (principal investigator)

Helen Drost, (water sampleing) 
Caroline Fox (zooplankton & bird observation) 
Crew: 

Ian Giles (captain) 
Ian Jansma (mate) 
Lori Constan (cook)

Gear

Rosette – Seabird SBE 55 Eco Water Sampler with six 4 litre bottles.  Bottles triggered by 1 minute stops at selected depths,  (deep casts; bottom, 100m, 50m, 25m, 10m, 2m: shallow casts; bottom or 20m, 10m, 2m)

Samples Collected – Salinity, Chlorophyll, Ba, O18, Nutrients.
CTD – Seabird SBE 19plus, with Oxygen, flourometer, transmisometer and backscatter.
Underway CTD – RBR 420

Backup CTD – RBR 620

Plankton net – Closing type,  mesh 160um opening 20.5”
Underwater video camera – Subsea High Definition Video camera with lights and ranging lazers.

Sounder – IOS dual frequency 50kHz & 200kHz

Winch – IOS Hydraulic winch with 600m 1/8” Stainless Steel wire; 5HP hydraulic power pack

Survey strategy 
Starting at Prince Rupert and working south a series of transects were identified that would sample the major channels and key offshore locations.  Channel transects were 3 or 5 stations depending on channel width,  The near shore stations were within 200m of shore or 20m of water.  Water was sampled at the center station and the east station.  A 100m vertical zooplankton haul was conducted at the center station.  The offshore transects were sampled weather permitting.  They were approximately 20km long with station separation increasing away from shore.  Water was sampled at each end of the transect and 100m vertical zooplankton hauls were conducted at the offshore station.  
It was anticipated that weather would prevent surveying some of the planed offshore lines and this proved to be the case.  Lines off Brown Passage, southern Banks Island and Goose Bank were not surveyed. However, the crew learned enough on the cruise so that it was able, later in the cruise, to complete lines with conditions similar to those encountered off of Banks Island.  Time saved by not going offshore was filled, in part, by adding the fiord casts and an additional transect across Fisher Channel.

 The route of the Achiever on it’s passage from Prince Rupert to Port McNeil is shown if Figure 1.

[image: image2]
Figure 1 GPS track of the Achiver Oct. 4-14 2008 (Courtesy Svein Vagle)

Narrative 

 Oct. 2  John Morrison, Ed Carmack and Caroline Fox join the Achiever at the Prince Rupert Rowing Club dock.
Oct. 3   Motor to Seal Cove Coast Guard station to load 3 pallets of gear shipped from IOS.  Return to Rowing Club to install gear.  Joined by the cook Lori Constan who provisioned the ship with the aid of the crew.  The winch was slung under the mast end of boom and the counter block was hung from the aft end of the boom.  CTD rosette was positioned on the main cabin top on the port side of the companionway.  A test cast revealed that the pressure of the hydraulic system needed to be increased (by adjusting the pressure relief valves) in order to lift the rosette with all the bottles tripped.  The sounder was installed and tested as was the high definition video camera.  Helen Drost joined Achiever late in the day.
Oct. 4   Depart Prince Rupert for Chatham Sound at dawn.  Sample at stations on transects from Ryan Point to Melville Island to Stephens Island.  The creep prevention valve caused the system to chatter and was removed. Securely positioning the boom to make the casts was difficult to manage in a seaway.  Strong winds were predicted for the 5th so that it was decided to return to Prince Rupert and attempt to resolve the problems with the rosette while the heavy weather passed through. 
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Chart 1 Chatham Sound
Oct.5    Spent the day at Rowing Club dock.  An A-frame was fabricated by bolting 2X4s to make legs.  The A-frame was lashed to hand holds on the transom and supports were lashed to the radar arch.  Motored to anchorage in Porcher Inlet.
Oct. 6   Surveyed transect (Stations 8-12) off Porcher Island and then the transect (Stations 13-15) across Principe Channel inside Banks Island.  Anchored in north finger of Patterson Inlet.  Large number of jellyfish in water.  Deployed the subsea camera and took two sequences of videos before camera failed to reset after which the used lights for still photos.
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Chart 2 Browning Entrance & Chart 3 Principe Channel
Oct. 7  Attempted to survey transect off south end of Banks Island.  Hove to under reefed main and genny.  Boat moving too fast to deploy rosette.  Hand cast RBR (Station 16), very high stay, with about 50m of line out instrument only down 17m.  Sail back to Nepean Sound for stations 17-19.  Eddy made a presentation on the Canada’s Three Oceans project and outlined Achiever’s role in gathering data on the near shore freshwater distribution on the B.C. coast.
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Chart 4 Nepean Sound
Oct. 8  Drop Ed Carmack at Hartley Bay.  Make casts of opportunity in Douglas Channel (Station 20) and Granville Channel (station 21).  Finnish the Nepean Sound transect (Stations 22, 23).
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Chart 5 Squally and Whale Channels
Oct. 9 Caamano Sound Transact (Stations 24-29) Beaufort 3 sea state at station 24 rising to Beaufort 4-5 at station 26.  Near the limit of where we can deploy the Rosette.  Leeway due to wind makes net tow more oblique than vertical.
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Chart 6 Caamano Sound
Oct. 10  Laredo Sound transects inside (Stations 30-32) and out (Stations 33-37).  Rosette hit transom at station 37 and broke spigot on bottle 5, fixed with zap strap.
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Chart 7 Laredo Sound                                 
Continued on to Milbank Sound offshore transect (Stations 38-42).  13 Stations in one day.
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Chart 8 Milbanke Sound

Oct. 11  Finished inside end of Milbanke Sound Transect (Stations 43, 44)  Added a cast (Station 45) in Seaforth Channel on the way to Bella Bella.  Noticed that the sounder wasn’t working and wouldn’t restart.  At Bella Bella we topped up fuel and provisions and scrounged sample bottles.  Started recording the route with Fugawi. Finished the day with a cast in Dean Channel (Station 46).
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Chart 9 Bella Bella
Oct 12   Added a transect across Fisher Channel (Stations 47-49) and a station in Burke Channel (Station 50)
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Chart 10 Fisher and Burke Channels

Started Hakai Pass transect (Stations 51-56) at Koeye.  Reduced the number of stations on the line due to time constraints. Station 57 was done after dark with the aid flashlights and headlamps.
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Chart 11 Hakai Pass
Oct. 13
Conducted transect across Fitz Hugh Sound (Stations 58-60) and added station 61 in Rivers Inlet.  Continued south to Port Hardy.  Special Thanksgiving dinner due to Lori followed by a science presentation describing the measurements taken on the cruise.
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Chart 12 Fitz Huge Sound
Oct. 14  Our cook Lori left the ship enroute to her next cruise.  We proceeded to our final transect across Queen Charlotte Strait and then on to Port McNeill. 
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Chart 13 Queen Charlotte Strait
Oct. 15
Dismantled equipment, unloaded Achiever, rented mini-vans and returned to IOS.

Small Craft Oceanography
This cruise was clearly successful in demonstrating the viability of small craft oceanographic data collection.  The bulk of the sampling was done with a 3 member science team with the aid of two crew members.  CTD data was collected at 64 stations.  100m vertical net tows were conducted at 17 stations and one net tow was conducted on a 30m-40m layer indicated by the sounder.  Water was sampled at 32 stations.  The underwater camera was deployed at one anchorage.  
Rosette on boom 



Rosette on A-frame
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Courtesy Helen Drost
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Deploying Sounder Leg
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Courtesy Unknown Crewmember Aug. test cruise

During the cruise it was found that simple CTD casts and water sampling casts could be made with no difficulty in anything up to Force 4 conditions.  At Force 4 the high leeway resulted in a very high stay on the wire so that the net tows started to take on the characteristics of an oblique tow.   Between Force 4 and Force 5 deployment and recovery of the rosette became difficult due to the amount of swing that was induced by the Achievers roll.  It should be noted that as a sailboat the Achievers roll would likely have lower accelerations than that of a similar sized power vessel.  This means that we were able to work in conditions that would have been impossible in a small power vessel.  Both the captain and the chief scientist felt that we would have been able to deploy a smaller instrument package, say a 25kg CTD rather than the 75kg rosette, in at lease full Force 5 conditions.
Marine mammal sightings included Grey Whales, Killer Whales (with 2 opportunities for recognition photos), Pacific White Sided Dolphins, Dahl’s Porpoise, Sea lions and seals.  Caroline Fox made 605 bird sighting and was able to identify 38 different species.  With a total of over 5000 individual birds sited the largest flocks were approximately 2000 scoters and several flocks of hundreds of migrating snow geese.  The surprise sighting was a Short Eared Owl that flew past while we were at station 60.
Snow Geese


        

        Orca Recognition photo        
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Photos Curtsy Caroline Fox/www.raincoast .org

Lifting off





C. Fox’ on effort’ counting birds
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Photo Curtisy Helen Drost
Although it is not clear at this point, one of the features of small craft oceanography that may prove to be important in coastal waters is the ability to make observations at the top of the water column.    The Achiever with its shallow rounded bilges would not be mixing the upper layer to the same extent that a larger vessel would. It was a simple matter to soak the instruments with the bottle tops at the waterline. That meant that the down cast started from approximately 0.75m.  In the coastal water where fresh surface water plays an important role in determining the circulation characteristics the ability to reliably sample the upper few meters of the water column may prove to be critical.

It should be noted that having a full time cook on board was critical to the success of the cruise.  The high level of effort and the moral of all those on board the Achiever could not have been sustained for the duration cruise with out the timely availability of hot, tasty and nutritious meals, drinks and snacks.
Preliminary Observations 
The SST shows a high degree of special variability (Figure 2) ranging from just below 9C in Queen Charlotte sound to just below 12C off Laredo Sound.  In the north there was a tendency to find warmer water off shore.  In the south (below 52N) the Achiever did not make enough lines offshore to establish if offshore warming was a coast wise or local phenomenon.  The sea surface salinity shows the characteristic gradient from inshore to offshore (Figure 2).

            
[image: image23]            
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Figure 2 Surface Temperature and Salinity from the underway CTD. (courtesy Svein Vagle)

Figure 3 shows a temperature-salinity diagram as well as the temperature and salinity profiles for all stations.  The colors correspond to the latitude in an attempt to identify any distinct water masses within the cruise area.  Not surprisingly the offshore lines such as the Porcher line (red) the Caamano Line (yellow), the Larado Line (olive green) and the Milbanke line (bright green) are clustered on the right  face of the T-S diagram due to the higher salinity levels found off shore.
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Figure 3 T-S, temperature and salinity profiles for all stations.  Colors correspond to latitude.
Below are a series of figures that show anomalies that have been observed in the data.  These are areas that will merit further investigation once the water samples have been analysed and the data has been processed.

Figure 4 shows unstable water found between 100 and 200m in the vicinity of Pitt and Campania Islands.  The station 19 was the last station on one day and although spatially adjacent station 22 was sampled over 22 hours later.  The temperature and salinity profiles have the same general characteristics but examination of the TS diagram shows several instances where instabilities occur.  These instabilities are emphasized in the bottom two graphs of the figure where the depth-density plot zooms in on the 100 to 200m depth and the TS plot also zooms in on the instabilities by narrowing the temperature and salinity domains.  Although not all stations were examined, other stations show graphs with the density monotonically increasing with depth indicating that the water columns were more stable that were found at stations 19 and 23.
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Figure 4 Unstable water near Pitt and Campania Islands as shown by various temperature salinity and density graphs

In spite of the close proximity there are some notable differences in the water properties observed in Chatham Sound and Brown Passage (Figure 5).  Brown Passage has a much lower gradient in the salinity profile being both saltier at the top and fresher at the bottom.  Chatham Sound is an area that is close to the mouth of the Skena River, the largest fresh water source on the North Coast.  This large source of water would play a role in the fact that Brown Passage had the lowest salinity water below 100m found in the whole survey.  This water was also much warmer at depth.  Almost a full degree below 125m.  The only other place where water this warm was found at this depth was far to the south in Queen Charlotte Sound.
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Figure 5 Brown Passage and Chatham Sound salinity and temperature profiles
As was to be expected the lowest salinity water was found at the mouths of the fiords.  Figure 6 shows that the salinity profiles are almost identical.  However, Douglas Channel stands out among the fiords.  The most notable feature is in the Oxygen profiles where Douglas channel has a much higher Oxygen signature below 100m and its profile still has a gradient all the way to the bottom.  It should also be noted that there are turbidity and beam transmission gradients in the bottom 30m of the Douglas Channel profiles that were not evident in the other fiords..
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Figure 6 Fiord  CTD profiles.  Fiord stations were located on the centre line of the fiords a few kilometres in from where they joined the “Inside Passage”. They were expected to be major sources of fresh water for the costal system.
On the Caamano transect (Figure 7) (and to a lesser extent at Koeye) it is easy to see that the bottom offshore water is very different than the inshore and channel bottom water.  The offshore bottom water, shown on the left side of the graphs, is cooler, has higher salinity and has less oxygen than water at similar depths further inshore. In fact this was the both the highest salinity and lowest temperature observed on the cruse.  This observation raises the question about deep water renewal in the deep channels.  Does deep oceanic water reach the inside passage and if so under what conditions?  In the same vein Figure 8 is a series of density surfaces that show that the surfaces are deeper inshore.  
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Figure7 Caamano Sound transect 
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Figure 8 Sigma surfaces.  In the first two panels the surfaces plunge at the north and south ends of the domain.  In the third panel the surface dips sharply from west to east along 53 N latitude
Perhaps the most surprising observation is in the surface salinity gradient found in the channel transects.  In Principe Channel, Laredo Sound entrance, Milbanke Sound entrance and Fisher Channel the surface salinity gradient increased from west to east not the expected east to west.  The only other comparable transect was at the south end of Fitz Hugh Sound and in that case there was a surface salinity minimum mid channel.  The Port Hardy transect across Queen Charlotte Sound also had a mid channel salinity minima.  Tidal currents or the bifurcation of low salinity currents entering the channels could account for these unexpected observations.  Good sampling design could illuminate the reasons for these unexpected observations.  The sampling design of future cruises along this coast should take these observations into account.  

Recommendations 
The following are a set of recommendations for changes to equipment and methods that would solve current problems and/or avoid similar problems on future cruises.
Rosette – The method of attaching the guide ropes to the rosette,  reaching out and dropping coils of rope through the outer ring on the rosette, could be made safer and possible faster by using mooring pickup hardware.  Either the carabineer attachment or the pass through methods would be applicable.   Tests should be made with a view to damping the swing of the rosette in a seaway.  A cannonball weight suspended below the rosette on a tether long enough so that the ball is still in the water when the rosette reaches recovery height may be sufficient.  If swing damping is successful rosette deployment would be feasible in higher sea states.
Rosette Platform – The rosette platform rests on the top of the propane locker.  To facilitate access to the locker the platform could be attached to the support beam with hinges rather than nails or screws.  With the rosette in the water the platform could then be ‘flipped’ out of the way to gain access to the locker.

A-frame – The bolted and lashed A-frame proved itself on this trip.  It should be replaced with a frame made from aluminium pipe and fittings use in scaffolding and pipe frame construction.  Care should be exercised in the placement of the upper compression members to keep the site lines to the counter block clear for the winch operator.
Timing – Instrument settling and bottle closures were based time delays.  A suitable stopwatch or interval timer would give the operator a better method of measuring the wait times.  With accurate interval measurements the operator could eliminate the interval extension used to guarantee that enough time has passed.  This type of timer would useful on all vessels doing CTD casts.
Instrument Leg – The instrument leg should be set so that is toe in.  This would generate a small lift toward the centerline of the boat and force the leg against the hull.  An alignment pin should be added to the horizontal pipes that would eliminate any inboard-outboard movement at the top of the system.  (This would also eliminate the requirement for the inhaul.)   If the Leg is to be deployed with the observation platform a method of bolting the guide pipe to the platform legs should be developed.
Sounder Instrumentation – Shipping and small craft are rough environments.  Equipment sent on this type of cruise should be able to handle rough treatment.  (Domestic electronics are designed to survive one 30” fall; who hasn’t pulled a desk phone off their desk.  Carmanah navigation lights can survive 10 drops from 60”; the sounder electronics did not survive shipping.)  Short power supply and GPS cords limited the placement of the electronics box to under the companionway ladder.  In this wet location the box could not be opened to test alternate grounding methods.  Longer cords should be supplied and ground contacts should be available on the outside of the box.  At some point in the cruise the GPS plug was broken by a seat cushion stowed under the companionway.  More robust plugs should be used or they should be guarded. 
Winch Level Winding – The IOS hydraulic winch does not have an automatic leveller.  Levelling is done manually by one on the science team.  A set of rollers on a short pole would allow the winch operator to manage the whole winch operation reducing the crew requirement for the up haul by one.

Underway Instruments – An instrument carrier should be developed that would allow instruments to be deployed and recovered (for cleaning) at any time the boat is in the water.  This can be done through a standard sea cock (in the process industry this is referred to as ‘hot insertion’).  Conductivity, temperature and pressure, should be measured in the water together with air temperature, wind speed and possibly PAR.
Spares – Spares for the rosette should be carried.  When the rosette hit the transom on deployment it broke a spigot.  Fortunately it was possible to repair the damage with a zap strap but spare parts should have been included.  It was not possible to address a small leak in bottle 6.
Zooplankton Net – Only one 10lb cannonball weight was available for the net.  This was not enough weight to keep tension on the wire when the Achiever was pitching in the Force 4 seas.  A second weight should be available for use when conditions dictate its deployment.  The weight was attached directly to the Cod end and in retrospect it would probably been easier to manage if it had been on a 1 to 1.5 metre tether. 

Preparation & Planning – Planning and Preparation needs to be improved.  Authority and responsibility were not clearly defined during the preparation for the cruise.  This resulted in some critical items being missed from shipping.  The missing items were: 

· RBR software for the underway and backup CTDs.  The RBR software was on the original cruise computer but was not copied to the new cruise computer when it was substituted at the last minute.  Fortunately a copy of the necessary software was found on the chief scientists PC in a form that made it possible to install on the cruise computer.
· The RBR data cable was left with the originally designated cruise computer. A backup cable was packed and eventually located.  Note. The shipping list was not detailed enough to indicate that the backup cable had been included.  
· An insufficient number of sample bottles were shipped. Some substitute bottles were scrounged by the crew in Bella Bella and sampling was reduced at some stations.

· An insufficient number of chlorophyll filters were shipped and sampling was reduced at some station.

Second CTD – If possible a CTD with a full set of sensors should be carried.  It would be possible to use this instrument in conditions where deploying the rosette was not advisable.   This instrument would also act as a backup if the primary CTD failed.
Defect List – A defect list should be included in the formal cruise log.  Science crew would note failures deficiencies and problems.  After the cruise IOS technical support could review the list and 
· repair or replace equipment in a timely fashion
· modify systems and procedures to manage the deficiencies

· design solutions to overcome problems.

Appendix A - Files on the shared drive
Below is the folder structure and file descriptions for the Cruise Files located at

…\Share\2008\2008-Achiever\Cruise-Oct 3-15

Data

· Chemistry 


Files to be added as samples are processed

· CTD

· Converted



Seabird cnv files (ASCII files from the casts)


Seabird ros files (ASCII files with 3 scans at bottle closure)

· Casts



Binary event files (Seabird hex,  amf and BL files)

· Processed



Processed CTD data

· IOS



Converted CTD data with IOS Shell Header 
· GPS_track



GPS track files 




GPSOctdd.TXT from Ships GPS via Fugai




xxxx from Sounder GPS 

· RBR



Octdd.dat files – Underway CTD files


Event30.dat RBR CTD cast off Banks Island



CTD inter comparison casts Oct 13

· Sounder



*.dat - Raw sounder files

· Zooplankton


Files to be added as samples are processed

Logs


Excel files of event logs


Stations.kml file (shows stations etc on GIS like Google Earth)

ODV

· CTDEvents.csv – Raw CTD downcast data
· graphs



ODV produced graphs from raw data including graphs in this report

· sections 


ODV sections used to produce graphs above

· SB2ODV.xls - Seabird CNV to ODV conversion (downcast)
Photos


Photos provided by crew members

PreCruise


Files from the Strickland test cruise includes calibration file

Achiever Cruise Report.doc – this report
Note.  All charts produced with Google Earth, Figures 2-8 produced with Ocean Data View V3.2
CTD & Samples


Plankton Net


CTD









