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EXECUTIVE SUMMARY

The integrated Beaufort Observatory (iBO) is a four-year mooring program (2015-2018)
managed by ArcticNet in partnership with Fisheries and Oceans Canada and Golder Associates
Ltd. The project aims to contribute key oceanographic information required for decisions on
development and regulations in the offshore Canadian Beaufort Sea by extending existing time-
series measurements and integrating regional understanding of the shelf and slope
environment through year-round measurements acquired by autonomous measuring systems
on subsurface moorings. iBO builds upon extensive time-series acquired by DFO since the
1970’s and through ArcticNet and related projects (e.g. Canadian Arctic Shelf Exchange Study,
ArcticNet-Industry partnership, Beaufort Regional Environmental Assessment) from 2002 to
2015. Data from the iBO program are available publicly through the Polar Data Catalogue. This
report is composed of a series of four comprehensive Technical Reports which provide
information on the data collection approach, quality assurance/quality control method, and
overview of results.

The main iBO sampling platform is composed of 7 tautline moorings located in waters ranging
from 20 to 750 m depth at key locations from the Mackenzie Canyon, to the mid- and outer
central shelf and slope, up to the remote northwestern area off Banks Island. The moorings are
equipped with state-of-the-art instrumentation, including acoustic Doppler current profilers
from 75 to 2000 MHz to measure current velocity, current direction, ice drift and
plankton/particulates backscattering; ice-profiling sonars for the measurement of sea ice
thickness, under-ice topography and for assessing waves and storm surges; water quality
sensors for salinity, temperature, turbidity, chlorophyll and dissolved oxygen; and automated
sediment traps that collect sinking particles for the measurement of biogeochemical fluxes.
Fieldwork to recover and redeploy the moorings was conducted from the research icebreaker
CCGS Amundsen in 2015 and 2016, and subsequently from the CCGS Sir Wilfrid Laurier in 2017
and 2018. Note that in 2018, heavy ice conditions prevented the recovery of 5 out of the 7 iBO
moorings from the Laurier. These moorings will be recovered in September 2019.

The following are key observations derived from the full dataset:

= The high data recovery rates (>90% on average) reflect the success of the iBO field
program. Attention to quality control detail, continuous application of lessons learned
have resulted in a near-continuous dataset at 7 sites from 2014-2018 with few gaps.

= Sea ice conditions in the southern Beaufort Sea from 2015 to 2018 are characterized by
earlier than normal break up in the spring and near record minimum seasonal ice
coverage each September except for 2018. Available results from the iBO IPS dataset
reflect a similar a trend towards longer ice-free seasons and slightly thinner ice.

=  Current profilers and current meters at the 7 mooring sites provided measurements of
ocean current through the water column from 2014 to 2018 and were used to



characterize currents across the shelf, shelf-break, and slope and provide evidence and
insight into large- and small-scale circulation patterns. Current speeds are consistent
from year-to-year; similar large- and small-scale circulation patterns were observed
from year-to-year with some temporal and spatial variation.

= The temperature and salinity time-series from 2014 to 2018 consistently show that most
of the variability in terms of water mass physical properties occurs in the upper 200 m.
Each year several water mass shifts resulting in the upper 200 m from upwelling or
downwelling were identified primarily on the slope moorings. Below 200 m,
temperature-salinity diagrams show little variability from year-to-year in water mass
physical properties.

= The near-continuous four-year dataset provides important insight into the marine
physical environment of the Beaufort Sea. An initial review of the datasets is presented
in yearly Technical Reports and identifies key features of the physical environment. The
dataset provides the opportunity to further investigate and understand ice-ocean
processes in the southern Beaufort Sea.

In 2018, the iBO team initiated a synthesis work entitled “Variability of the Beaufort Ice-Ocean
Environment Synthesis: A Synthesis Report” to be developed over 2018-2021. The Synthesis
Report will be a building block of the Indigenous and Northern Affairs Canada (INAC) Beaufort
Regional Strategic Environmental Assessment (BRSEA). The goal of this synthesis work is to
develop an informative document summarizing the physical marine environment by
incorporating analysis and review of existing data and new data obtained from the mooring
observatories and state-of-the-art modelling products. The project seeks to continue liaison and
coordination with relevant Inuvialuit and Industry stakeholder in the Beaufort Sea for
communication and delivery of research and data products. The report will provide integrated
perspective on the iBO dataset into a synthesis of 8 years of (2009-2017) of enhanced
observations of the marine physical environment in the southern Beaufort Sea.

In summary, the iBO program consisted in a four-year extension of sea ice and ocean time
series at long-standing sites in the Beaufort Sea: ice drift, thickness and ridging, ocean current,
temperature and salinity, storm waves and surge, plankton presence from acoustic scattering,
and other studied variables. The project contributed to improve ocean and sea-ice climatology
(means, extremes, seasonal cycle, co-variability, etc.) derived by statistical analysis from
mooring observations. The project has enhanced the description of ocean circulation over the
slope of the Beaufort, including upwelling and downwelling, the water-parcel trajectories, the
characteristics and propagation of eddies, and the coherence scale of oceanic motion. New
types of data (e.g. on biogeochemical cycling, downward particle flux) suited to guiding
engineering to mitigate anticipated impacts of Beaufort offshore development were acquired.

The iBO program demonstrates that long-term monitoring is essential to assess and eventually
predict inter-annual variations in oceanographic processes of importance for the development



of offshore resources, including the role of climate change and natural variability. Once
established, the value of long-term observatories, such as those provided by the iBO project,
exponentially increases every year. However, due to a model of relatively short-term funding in
Canada and to rapidly evolving priorities in the Beaufort Sea, a multi-stakeholder approach
should be developed to ensure long-term viability of observations.



RESUME

L'Observatoire intégré dans la mer de Beaufort (OIB) est un programme de corps d’amarrage
s’échelonnant sur quatre ans (2015-2018) géré par ArcticNet en partenariat avec Péches et
Océans Canada (MPO) et Golder Associates Itée. Le projet vise a fournir les données
océanographiques clés requises pour la prise de décisions sur la mise en valeur et la
réglementation dans la zone extracétiere de la mer de Beaufort au Canada, en prolongeant les
mesures de séries chronologiques et en intégrant les connaissances régionales de
I’environnement de plateaux et de talus obtenues par la prise de mesures toute I'année
effectuées par des systemes de mesure indépendants sur les corps d’amarrage sous-marin.
L'OIB mise sur les séries chronologiques obtenues par le MPO depuis les années 1970, par
ArcticNet et dans le cadre de projets connexes réalisés de 2002 a 2015 (I’étude internationale
du plateau continental arctique canadien, le partenariat établi entre ArcticNet et I'industrie,
I’évaluation environnementale régionale de Beaufort, par exemple). Les données provenant du
programme de I'OIB sont accessibles au public dans le Polar Data Catalogue (catalogue sur les
données polaires). Le présent rapport comporte une série de quatre rapports techniques
exhaustifs fournissant de I'information sur la méthode de collecte de données, la méthode
d’assurance et de contréle de la qualité et un apercu des résultats.

La principale plate-forme d’échantillonnage de I'OIB se compose de sept corps d’amarrage par
cordeau tendu localisés stratégiquement dans des eaux de 20 a 750 m de profondeur, a partir
du canyon Mackenzie en passant par le milieu et par la partie centrale externe des plateaux et
des talus, jusqu’a la région nord-ouest éloignée au large de I'ile Banks. Les corps d’amarrage
sont équipés d’instruments de pointe, y compris des profileurs de courant a effet Doppler de 75
a 2 000 MHz pour mesurer la vitesse et la direction des courants, la dérive de la glace, la
rétrodiffusion du plancton et des particules; des sonars d’établissement de profils glaciaires
pour mesurer I'épaisseur des glaces marines, la topographie sous les glaces et pour évaluer les
vagues et les ondes de tempéte; des instruments de mesure de la qualité de I’eau pour en
déterminer la salinité, la température, la turbidité, la composition en chlorophylle et en
oxygene dissous; et des collecteurs de sédiment automatisés recueillant les particules qui
coulent pour mesurer les flux biogéochimiques. Des travaux sur le terrain en vue de récupérer
et de redéployer les corps d’amarrage ont été effectués par le brise-glace de recherche NGCC
Amundsen en 2015 et en 2016, puis par le NGCC Sir Wilfrid Laurier en 2017 et en 2018. Il
convient de noter qu’en 2018, en raison de conditions de glace épaisse, cing des sept corps
d’amarrage de I'OIB n’ont pas pu étre récupérés par le NGCC Sir Wilfrid Laurier. Ces corps
d’amarrage seront récupérés en septembre 2019.

Voici les principales observations découlant de I'ensemble complet des données :
* Les taux élevés de récupération des données (supérieurs a 90 % en moyenne)
témoignent du succes du programme sur le terrain de I'OIB. L’attention portée aux



détails en matiére de contréle de la qualité et I'application continue des lecons retenues
ont donné lieu a un ensemble de données quasi ininterrompu aux sept emplacements
de 2014 a 2018, malgré quelques lacunes.

Les conditions de la glace marine dans le sud de la mer de Beaufort de 2015 a 2018 se
caractérisent par des débacles plus tot que la normale au printemps et par une
couverture de glace saisonniere, en septembre de chaque année, de taille similaire a
I’étendue minimale enregistrée (a I’exception de 2018). Les résultats accessibles
provenant de I'ensemble de données IPS de I’OIB traduisent une tendance similaire, soit
des saisons libres de glace de plus longue durée et des glaces légerement plus minces.
Les profileurs de courant et les débimétres actuels situés aux sept emplacements des
corps d’arrimage ont fourni les mesures du courant océanique traversant la colonne
d’eau de 2014 a 2018 et ont été utilisés pour caractériser les courants traversant la
plate-forme continentale, la rupture de la plate-forme continentale et le talus. Ces
instruments fournissent des données scientifiques sur les schémas de circulation a
grande et a petite échelle et en offrent un apercu. Les vitesses de courant sont
constantes d’une année a 'autre; des schémas de circulation a grande et a petite
échelle similaires ont été observés d’'une année a I'autre, malgré certaines variations
temporelles et spatiales.

Les séries chronologiques de 2014 a 2018 ayant trait a la température et a la salinité
indiquent de facon constante que la variabilité relative aux propriétés physiques de la
masse d’eau se produit en grande partie dans les 200 m sous la surface. Chaque année,
plusieurs changements se produisant dans la masse d’eau située dans les 200 m sous la
surface en raison de la remontée et de la plongée des eaux ont été relevés
principalement en ce qui concerne les corps d’amarrage dans le talus. Sous les 200 m,
les diagrammes représentant la température et la salinité affichent peu de variabilité
d’une année a l'autre quant aux propriétés physiques de la masse d’eau.

L’ensemble de données quasi ininterrompu sur quatre ans fournit des renseignements
précieux sur I'environnement physique marin de la mer de Beaufort. Un premier
examen des ensembles de données est présenté dans les rapports techniques annuels
et indique les caractéristiques clés de I'’environnement physique. L’ensemble de
données offre la possibilité d’approfondir la recherche et de comprendre les processus
océan-glace dans le sud de la mer de Beaufort.

En 2018, I’équipe de I’OIB a amorcé un travail de synthése intitulé « Variability of the Beaufort
Ice-Ocean Environment Synthesis: A Synthesis Report » (synthése de la variabilité de
I’environnement glace-océan de la mer de Beaufort : rapport de synthése), lequel sera élaboré
de 2018 4 2021. Le rapport de synthése constituera un élément fondamental de I'Evaluation
environnementale stratégique régionale dans la mer de Beaufort (EESMB) d’Affaires
autochtones et du Nord Canada (AANC). L'objectif de ce travail de synthése consiste a élaborer
un document instructif résumant I’environnement physique marin en combinant I'analyse et
I’examen des données actuelles et nouvelles obtenues au moyen des observatoires de corps



d’amarrage et de produits de modélisation de pointe. Le projet vise a poursuivre la liaison et la
coordination avec les intervenants pertinents parmi les Inuvialuits et les acteurs de I'industrie
dans la mer de Beaufort en vue de communiquer et de réaliser les produits de recherche et de
données. Le rapport fournira un point de vue intégré sur I’'ensemble de données de I’OIB en
une synthése des huit années (de 2009 a 2017) d’observations améliorées de I'environnement
physique marin dans le sud de la mer de Beaufort.

En somme, le programme de I’OIB consistait en la prolongation de quatre années d’une série
chronologique sur la glace marine et 'océan en des emplacements de longue durée dans la mer
de Beaufort : la dérive, I'épaisseur et I'’encrétement de la glace, les courants, la température et
la salinité de I'océan, les vagues et les ondes de tempéte, la présence de plancton en fonction
de la diffusion acoustique et autres variables étudiées. Le projet a contribué a I'amélioration de
la climatologie des océans et de la glace marine (moyennes, extrémes, cycles saisonniers,
covariation, etc.) établies par I'analyse statistique des observations des corps d’amarrage. Le
projet a permis d’améliorer la description de la circulation océanique au-dessus du talus de la
mer de Beaufort, y compris la remontée et de la plongée des eaux, les trajectoires de I'eau par
rapport a celle des transports, les caractéristiques et la propagation des remous, ainsi que
I’échelle de cohérence des mouvements océaniques. De nouveaux types de données ont été
acquis (sur le cycle biogéochimique, le flux de particules vers le bas) qui sont appropriés pour
orienter les procédés d’ingénierie permettant d’atténuer les répercussions prévues des
activités de mise en valeur au large dans la mer de Beaufort.

Le programme de I'OIB prouve que la surveillance a long terme est essentielle pour évaluer et
en fin de compte prédire les variations interannuelles dans les processus océanographiques
d’importance pour la mise en valeur des ressources au large, y compris le role du changement
climatique et de la variabilité naturelle. Une fois établie, la valeur des observatoires a long
terme, tels que ceux qui ont été fournis par le projet de I’OIB, s’accroit exponentiellement
chaque année. Or, en raison du modele de financement de durée relativement courte au
Canada et de I’évolution rapide des priorités dans la mer de Beaufort, il faudrait élaborer une
approche multipartite pour assurer la viabilité a long terme des observations.
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Executive Summary

This report describes the 2015-2016 activities of the integrated Beaufort Observatory (iBO), a four-year program
(2015-2018) managed by ArcticNet in partnership with Fisheries and Oceans Canada and Golder Associates Ltd.
iBO is supported by the Environmental Study Research Funds and Imperial Oil Resources Ventures Limited. iBO
aims to contribute key oceanographic information required for decisions on development and regulations in the
offshore Canadian Beaufort Sea by extending existing time-series measurements and integrating regional
understanding of the shelf and slope environment through year-round measurements acquired through subsurface
moorings.

The activities described in this report focus on the turnaround of 7 moorings initially deployed in 2014 which
constitute the backbone of the iBO observational program and aim to provide a regionally-integrated ice and ocean
dataset. The main goal of this report is to provide an initial review of the dataset acquired during 2014 -2015
through these 7 moorings. Only the dataset processed thus far is presented, which includes all current meter and
current profiler data, temperature-salinity data at 4 out of 7 moorings, and preliminary biogeochemical flux data
from one sediment trap and from the near-bottom particle-size analyzer. Data from Ice Profiling Sonars 2014-2015
and additional sediment trap data still in process are expected to be presented as an addendum of the present
report to be delivered by March 31, 2017.

For each presented dataset, the spatial and temporal variability is discussed and events of interest that warrant
further investigation are identified. An initial analysis of the mean current patterns near the surface and near the
bottom during the operational season is provided. The concluding remarks provide a summary of oceanographic
phenomena that could be targeted for further studies. Lessons learned stemming from the 2015 operations as well
as objectives and milestones for iBO in 2016-2017 are also defined.




Table of Contents

1.0

2.0

3.0

4.0

INTRODIUGCTION . ... etttiittei ittt ettt ettt ettt ettt ettt ettt ettt ettt te e et ettt ettt e et e et et et ettt et et et et ettt et et et e et e e eeeeseseeeeeseeeeeensesnensnsnnnn 1
1.1 R YCT ool g @ o F- T V4= 1 o] o FON PR 2
1.2 Physical Setting Of the STUAY AFBa..........cocuiiiiiiiiii ettt e e esne e 3
MATERIAL AND METHODS ...ttt ettt ettt ettt ettt ettt ettt ettt ettt e et ettt ettt et e e et e et e eeeeeseseeeeeeesesseeeeseeesnensesnsnnnennnes 4
2.1 TaUL-INE MOOING DESIGN....eeiiiii ettt e e e e e et e e e e e e s et bt e e e e e e e e easaateeeeeeeesssatbaseaeeeessassbaneeaeeenan 4
2 0 R 1 (o o T 1V [ To 1 o To £SO PU PRSP PP PRI 4
2.1.2  SREIFIMOOKINGS .ttt et e b et e bt bt e bt bt b et bt 5
2.2 Compass Calibration and VerifiCatION ..........cueiiiiiiii et e e e nneee s 6
2.3 Mooring Recovery and DEPIOYMENT. ... ...ccuiiiiiiiieeiii ettt sttt e st et e st e ssbeesb e e enne e e 7
PR N R 1 g1 o] o To =T o I @ T o T=T =i [0 o - SO PSPPSR UP PP PPP PPN 8
24 Data Processing and QAJQC ......ooi ittt e e ettt e e e e e ettt e e e e e e et e e e e e e e et —ateeae e e e e abareaaeeeeaanntbreeaeeeaannereeeas 10
2.4.1  Current Meters and CUrrent ProfilErS..........ocuiiiiiiiiiiiiiece et e 10
2.4.2  Temperature-SaliNity LOGOEIS .....euuiiiiieiiieeei ittt ettt e ettt e et e s b e e e e ah bt e e et e e s bn e e e e asbr e e e nnne e e s nnnes 12
243 Ice Profiling SONArs and 168 VEIOCIY ........coiviiiiiiiiie ittt ee e abne e e e 13
P 1= To |11 4 1= oL A I =T o LS PP PP P PP EP P OPPPRO 13
245 PAITICIE SIZE ANGIYZET ...ttt e oo ettt e e e e e e bb ettt e e e e e e s aabbe et e e e e e e anbbbeeeeaeeeaannte 13
RESULTS AND DISCUSSION ....oitiiitiiiiiiiiiiiiiiiiiti ittt ettt ettt ettt ettt ettt ettt ettt et et ettt et e et te e e te e et et et e e et e e s s s s e s s sssssssssssesssssnsnenensnenene 15
3.1 OCEAN CUITEITS ..ttt ettt e e e et e e e e e ettt e e e e e et e e et e e e e e s e s e e et et e e e e e sne e e et e e e e e asnnrn e et eeeneannnrneeeaeeaannnnne 15
311 [ [oTo] g1 aTo I =1 = o R TP PP TP PPPPPPRPPRNt 17
3.1.2 Y oo ] (T pTo I =1 2 o SO PP PP PP P PP PPPPPPPPRPN 29
3.13 Y ool (T pTo I =1 2 E € PP PP PP PP PP PUPPPPPPRPN 40
3.14 Y oo ] (T pTo I =1 2 G PO PP PP PP PUPPPPPPRPIN 52
3.15 Y [oTo] ¢1aTe 1 =@ LT T PP TP PPPPPPRTPROt 58
3.1.6 Y ToTo] g1 aTe [ 1 =@ L PR U T POPPPPRRPRt 63
3.1.7 Y [oTo] g1 aTe 1 =@ Rt PR TP PPPPRRPRNE 67
3.1.8  Spatial Variability of Surface and Bottom Currents in Open WaLer............uveiiieeeiiiiiiiieeee e 71
3.2 TEMPErAtUIE AN SAINILY ......ceiiiiiieiii ettt e ettt e e e e s e bbbt e e e e e e e s abbaeeeeaeeaaaanbaseeeaeeeeansbnneaaeaaan 74
3.3 BiOGEOCHEMICAI FIUXES .....eeiiiiieiit ettt e e et e et et e s e bt e e ekt e e e st e e e sabr e e e s breee s 88
(61010 MU T (0] N PRSP P PP PPPPRPRPR 90
4.1 Concluding Remarks on the 2014-2015 DAtASEL ......cccuvteiiiriieriieee ettt e et e e e sanes 90
4.2 2015 Fieldwork Lessons Learned and RECOMMENAALIONS ...........eieiiiiiiiiiiiiieiiiiee et 91

iBO Technical Report 2015 i



4.3 Objectives and MiIleStoNes fOr 20L16-20L7.......cccceiiiiiiiieeee e e ittt e e e e s et e e e e e s aaarreeeeaeesasstraeeaaeseasnstbeseaaeeessnsnes 92

5.0 REFERENCES. ... . tiiiiiiie ittt ettt et oo 44 ekttt et e o444 s Rt h e et e a4 o244 aE b e e et e e e e o4 e a kb bt et e e e e e e e R bbb b et e e e e e e e bbb e r e e e e e e e anre 94
TABLES

Table 1: Summary of Post-calibration Compass Errors of TRDI ADCPS for BR MOOTNGS........ccuvviiieeiiiiiiiieieee e eeciieie e e e e e 7
Table 2: Mean Error of Recovered Nortek Compasses (10 Degree Increment) of BR MOOINGS. ....cceeeiviiiiiiiieeeeiiiiiieieeeee e 7
Table 3: 2014-2015 MOOINNG RECOVEIY SUMIMAIY .....cccciiiiuiiieieeeeeeiiitteteee e e e s eeaaaeeeeeeasaaaaraeeaeeesaaatsseeaeeesaassarereeaessasassseseeaessssnsses 7
Table 4: 2015-2016 Mooring DeployMENt SUMMEAIY ..........uuviiieeeiiiiiiieie e e e e e e ettt e e e e e s et e e e e e e s ee b teeeeeeeseasabareseeeesassstssseeaeessansses 8
Table 5: Magnetic declination values for 2014-2015 iBO MOOIINGS ....uvvviieeeiiiiiiiiieeeeeeiiiiitiee e e e e s eeiabre e e e e e s essttaareeaeesssnsarreeaaeenan 10
Table 6: Angles chosen to describe the along-slope/shelf current component for each iBO mooring..........ccccceveeeiiiiiinieeneenn. 15
Table 7: Selected bin depths to characterize circulation patterns throughout the water column. ...........ccccccceeiiiiieniiene e 15

Table 8: Summary of current profilers and current meters clock drift, first and last good record, and percentage of raw data
return on iBO mMoorings from 2014 £0 2005, ... ..iii i iiiie ettt et e sttt e e st e e s eat e e e et te e e e ettt e e s nae e e e e rbr e e e e nte e e e anneeeeantreeeanns 16

Table 9: Annual statistics of current speed and direction at BR-1-14 from selected bin depths representative of water mass
variability in the Beaufort Sea (see Table 7 for water mass deSCHPLION). .......ciiuuiiiiiiiee e e e e e eeee e eneees 22

Table 10: Annual statistics of current speed and direction at BR-3-14 from selected bin depths representative of water mass
variability in the Beaufort Sea (see Table 7 for water mass deSCHPLON). ........iiuuiieiiiiee i e e e enees 33

Table 11: Annual statistics of current speed and direction at BR-G-14 from selected bin depths representative of water mass
variability in the Beaufort Sea (see Table 7 for water mass deSCHPLON). ........iiuuiieiiiiee i e e e enees 45

Table 12: Annual statistics of current speed and direction at BR-K-14 from selected bin depths representative of water mass
variability in the Beaufort Sea (see Table 7 for water mass deSCrPLION). .......oouuiiiiiiiiiiie e e e 55

Table 13: Annual statistics of current speed and direction at DFO-2-14 from selected bin depths representative of water mass
variability in the Beaufort Sea (see Table 7 for water mass deSCHPLION). ......ooiuuiiiiiieiieiiie e e e 60

Table 14: Annual statistics of current speed and direction at DFO-1-14 from a selected bin depth representative of the Polar-
mixed layer (see Table 7 for water Mass dESCHPLION). ......ueiiii it e e e e e e e e s s bbb e e e e e e e e aanbbeeeeeeeeaannees 65

Table 15: Annual statistics of current speed and direction at DFO-9-14 from a selected bin depth representative of the Polar-
mixed layer (see Table 7 for water Mass dESCHPLION). ......ueiiii it e e e e e e e e s s bbb e e e e e e e e aanbbeeeeeeeeaannees 69

Table 16: Summary of CT data logger clock drift and percentage of raw data return on iBO moorings from 2014 to 2015.....76

Table 17: Summary of valid and flagged data from CT loggers deployed on the BR slope moorings from 2014 to 2015. See
Table 16 for the instrument model associated with each serial NUMDET. .............ooiiii e 77

Table 18: 2016-2017 IBO MIIESIONES .......ceeieeeieiee ettt e e e et e e e e e e e e et ta e eeeeee s e s ata s aeeeessssaanaeeessssssanaaeeesrsssannaaaeaees 92

Table 19: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-1-14
based on the data acquired with the QM ADCP #12699 from 2014 to 2015. Bin depths flagged manually as part of the QA/QC
TSl T o] 1 ITe | g1 (=To I 1o I (=T F PP PP PR PPRPTTN 110

Table 20: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-1-14
based on the data acquired with the LR ADCP #12943 from 2014 10 2015. ...cccooiiiiiiiiiiiee ettt 111

Table 21: Summary statistics of current speed, vector-averaged direction and number of valid records at 591.1 and 733.1 m
depth at BR-1-14 as based on the data acquired with the Aquadopp DW #6270 and #8414 from 2014 to 2015. ................. 112

Table 22: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-3-14
based on the data acquired with the LR ADCP #18785 from 2014 to 2015. Bin depths flagged manually as part of the QA/QC
TSR T o]l ITo g1 (=To I 1o I (=T PP PP PO PPUPPRRPTN 112

iBO Technical Report 2015 i



Table 23: Summary statistics of current speed, vector-averaged direction and number of valid records at 553.1 and 677.6 m
depth at BR-3-14 as based on the data acquired with the Aquadopp DW #8418 and #2756 from 2014 to 2015. ................. 113

Table 24: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-G-
14 based on the data acquired with the QM ADCP #8784 from 2014 to 2015. Bin depths flagged manually as part of the QA/QC
oY=l T o] 1 ITe | g1 (=To I 1o TN (=T P PP UPRRRN 113

Table 25: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-G-
14 based on the data acquired with the LR ADCP #13079 from 2014 t0 2015. .......ooiiiiiiiiiiiiiiee et 114

Table 26: Summary statistics of current speed, vector-averaged direction and number of valid records at 585.3 and 692.5 m
depth at BR-G-14 as based on the data acquired with the Aquadopp DW #9473 and #9847 from 2014 to 2015.................. 115

Table 27: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-K-
14 based on the data acquired with the WHS ADCP #2646 from 2014 10 2015. ........ceiiiiiiiiiiiiee e 115

Table 28: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at BR-K-
14 based on the data acquired with the Aquadopp Profiler #11147 from 2014 to 2015. Bin depths flagged manually as part of

the QA/QC are highligNtEd N FEA. ..ottt e s b e e e et e e et e s s e e e et e e e snre e e e nanes 116
Table 29: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at DFO-2-
14 based on the data acquired with the NB ADCP #586 from 2014 10 2015. .........uuiiiiiiiiiiiiiiiiee e e e 117
Table 30: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at DFO-1-
14 based on the data acquired with the NB ADCP #318 from 2014 t0 2015. ........uuuiiiiiiiiiiiiiiiiee e e e 118
Table 31: Summary statistics of current speed, vector-averaged direction and number of valid records by bin depth at DFO-9-
14 based on the data acquired with the WHS ADCP #18318 from 2014 t0 2015. ....cccooiiiiiiiiiiee et 118
FIGURES

Figure 1: Bathymetric map of the Canadian Beaufort Sea showing the location of iBO mMOOrings. ........cccccoeeuiiiieieiiiiiiiiieeneenn. 2

Figure 2: Time-series of current speed, current direction and along-slope current component at mooring BR-1-14 as obtained
with the QM ADCP #12699. The black line depicts the instrument depth. ............oooiiiiiii e 18

Figure 3: Time-series of current speed, current direction and along-slope current component at mooring BR-1-14 as obtained
with the LR ADCP #12943. The black line depicts the instrument depth. ............ooiiiiiiiii e 19

Figure 4: Time-series of current speed, current direction and along-slope current component at 591 m at mooring BR-1-14 as
obtained With the AQUAAOPP HB270. ........oee ittt e oo ettt e e e e e et b ettt e e e e e e s b bbbt e e e e e e s aaabbbb et e e e e e aannbbeeeeeeeaaannnns 20

Figure 5: Time-series of current speed, current direction and along-slope current component at 733 m at mooring BR-1-14 as
obtained With the AQUAAOPP H#BAL4. ... ettt e e oo oot b ettt e e e e e o e kbbbt e e e e e e e e e bbbb et e e e e e aannbbeeeeeeeaaanntns 21

Figure 6: Seasonal current roses at 28 m depth at BR-1-14 as based on low-pass filtered data from bin cell #21 acquired with
the QM ADCP #12699. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..............oc..... 23

Figure 7: Seasonal current roses at 132 m depth at BR-1-14 as based on low-pass filtered data from bin cell #8 acquired with
the QM ADCP #12699. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ............c.oc..... 24

Figure 8: Seasonal current roses at 223 m depth at BR-1-14 as based on low-pass filtered data from bin cell #14 acquired with
the LR ADCP #12943. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ............c.oe.... 25

Figure 9: Seasonal current roses at 351 m depth at BR-1-14 as based on low-pass filtered data from bin cell #6 acquired with
the LR ADCP #12943. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ............c.ocu... 26

iBO Technical Report 2015 iii



Figure 10: Seasonal current roses at 591 m depth at BR-1-14 as based on data acquired with the Aquadopp #6270. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). .......ooocuviiiiiiiiiiee e 27

Figure 11: Seasonal current roses at 733 m depth at BR-1-14 as based on data acquired with the Aquadopp #8414. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). ........oocuiiiiiiiiiiiiee e 28

Figure 12: Time-series of current speed, current direction and along-slope current component at mooring BR-3-14 as obtained
with the LR ADCP #18785. The black line depicts the instrument depth. ...........eeiiiiii i 30

Figure 13: Time-series of current speed, current direction and along-slope current component at 553 m at mooring BR-3-14 as
obtained With the AQUAAOPP H#BAL8. ... ittt et e e e e e ettt et e e e e e e et beeeeeaee e s e saeeeeeeaeeeaanseseeeaaeeaaannsbneeaaeeaaannees 31

Figure 14: Time-series of current speed, current direction and along-slope current component at 678 m at mooring BR-3-14 as
obtained With the AQUAAOPP H2756. .......eee ettt e e e oo ettt e e e e e e e e tateeeaee e s e saeeeeeeaaeeaanstbeeeaaeeaaannsbeeeaaeeanannnes 32

Figure 15: Seasonal current roses at 53 m depth at BR-3-14 as based on low-pass filtered data from bin cell #24 acquired with
the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........cccccveenee 34

Figure 16: Seasonal current roses at 133 m depth at BR-3-14 as based on low-pass filtered data from bin cell #19 acquired
with the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........c.cceeenee 35

Figure 17: Seasonal current roses at 213 m depth at BR-3-14 as based on low-pass filtered data from bin cell #14 acquired
with the LRADCP #18785. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........cccccveenee 36

Figure 18: Seasonal current roses at 341 m depth at BR-3-14 as based on low-pass filtered data from bin cell #6 acquired with
the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........ccccveenee 37

Figure 19: Seasonal current roses at 553 m depth at BR-3-14 as based on data acquired with the Aquadopp #8418. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). ..o 38

Figure 20: Seasonal current roses at 678 m depth at BR-3-14 as based on data acquired with the Aquadopp #2756. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). ... 39

Figure 21: Time-series of current speed, current direction and along-slope current component at mooring BR-G-14 as obtained
with the QM ADCP #8784. The black line depicts the instrument depth. ............coooiiii e 41

Figure 22: Time-series of current speed, current direction and along-slope current component at mooring BR-G-14 as obtained
with the LR ADCP #13079. The black line depicts the inStrument depth. .........c.cooiiiiiiiiiieci e 42

Figure 23: Time-series of current speed, current direction and along-slope current component at 585 m at mooring BR-G-14
as obtained With the AQUAAOPD HOA73. ... ..o ettt ettt e e et e e s b et e ek b et e e e be e e e s bb et e e asbb e e e eabbe e e e nbbeeeeanbreeenan 43

Figure 24: Time-series of current speed, current direction and along-slope current component at 693 m at mooring BR-G-14
as obtained With the AQUAAOPD HOBAT. ... ...ttt et e e e bt e e b bt et et et e e s bb et e e as b bt e e eabbe e e s nabeeeeanbreeenae 44

Figure 25: Seasonal current roses at 26 m depth at BR-G-14 as based on low-pass filtered data from bin cell #20 acquired with
the QM ADCP #8784. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ........c.c.ccceeennee 46

Figure 26: Seasonal current roses at 130 m depth at BR-G-14 as based on low-pass filtered data from bin cell #7 acquired with
the QM ADCP #8784. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........c.ccceeenee 47

Figure 27: Seasonal current roses at 219 m depth at BR-G-14 as based on low-pass filtered data from bin cell #14 acquired
WITH The LR ADCP 13079, .iiiiiiiiiiiiiiiiiiiiieieteeeeeeeeeeeeeeeeetet et ete e e seeetasesassassesssssssssssssssssssssssssssesssesssasssesssssesssssesssssssssasssessssssrsrnrens 48

iBO Technical Report 2015 iv



Figure 28: Seasonal current roses at 347 m depth at BR-G-14 as based on low-pass filtered data from bin cell #6 acquired with
the LR ADCP #13079. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........c.ccceeenee 49

Figure 29: Seasonal current roses at 585 m depth at BR-G-14 as based on data acquired with the Aquadopp #9473. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). .......ooocuviiiiiiiiiiiee e 50

Figure 30: Seasonal current roses at 693 m depth at BR-G-14 as based on data acquired with the Aquadopp #9847. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September). .......ooocuiiiiiiiiiiiiee e 51

Figure 31: Time-series of current speed, current direction and along-slope current component at mooring BR-K-14 as obtained
with the WHS ADCP #2646. The black line depicts the inStrument depth.............ooiiiiiiie e 53

Figure 32: Time-series of current speed, current direction and along-slope current component at 140 m at mooring BR-K-14 as
obtained with the AQUAdOPP ProfilEr L1147 ... ettt e e e e e e ettt e e e e e e e taaeeeeaeeeeaannetseeeaaeeeaannsbneeaaeeaaannnes 54

Figure 33: Seasonal current roses at 22 m depth at BR-K-14 as based on low-pass filtered data from bin cell #14 acquired with
the WHS ADCP #2646. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........cccccveenee 56

Figure 34: Seasonal current roses at 126 m depth at BR-K-14 as based on low-pass filtered data from bin cell #1 acquired with
the WHS ADCP #2646. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........c.cceeenee 57

Figure 35: Time-series of current speed, current direction and along-slope current component at mooring DFO-2-14 as obtained
with the NB ADCP #586. The black line depicts the iNnStrument depth. ...........ocviiiiiiiii e 59

Figure 36: Seasonal current roses at 20 m depth at DFO-2-14 as based on low-pass filtered data from bin cell #21 acquired
with the SC-ADCP #586. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........ccccveenee 61

Figure 37: Seasonal current roses at 102 m depth at DFO-2-14 as based on low-pass filtered data from bin cell #1 acquired
with the SC-ADCP #586. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........ccccveenee 62

Figure 38: Time-series of current speed, current direction and along-slope current component at mooring DFO-1-14 as obtained
with the NB ADCP #318. The black line depicts the inStrument depth. ...........ocuiiiiiiiii e 64

Figure 39: Seasonal current roses at 23 m depth at DFO-1-14 as based on low-pass filtered data from bin cell #7 acquired with
the SC-ADCP #318. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ..........cccccveenee 66

Figure 40: Time-series of current speed, current direction and along-slope current component at mooring DFO-9-14 as obtained
with the WHS ADCP #18318. The black line depicts the inStrument depth...........coocuiviiiiiiiiiiee e 68

Figure 41: Seasonal current roses at 22 m depth at DFO-9-14 as based on low-pass filtered data from bin cell #7 acquired with
the WHS ADCP #18318. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September). ........c.ccccceeenee 70

Figure 42: Near-surface currents for the open water season as based on low-pass filtered current velocity data from the nearest
bin depth to 20 m. All data between June 15 and October 15 over 2014-2015 were used to construct the current roses. Please
note that the rose of DFO-2 is slightly displaced to the east of the mooring location for visual purpose. ...........cccccveeviiveennnnee. 72

Figure 43: Near-bottom currents for the open water season as based on low-pass filtered current velocity data from the bin
depth nearest to bottom at each location. All data between June 15 and October 15 over 2014-2015 were used to construct
the current roses. Roses indicate toward where the current is flOWINg. ..........cvoiiiiiiiiiiiii e 73

Figure 44: Temperature time-series recorded at BR-1-14 over 2014-2015. The legend shows the serial number and depth of
(2T Tl O B oo [0 =T O O PP PP PO PP PP OUPPPTPPRRN 78

Figure 45: Temperature time-series recorded at BR-3-14 over 2014-2015. The legend shows the serial number and depth of
(=T Tod O I T o 1= PP PPPPPRN 79

iBO Technical Report 2015 v



Figure 46: Temperature time-series recorded at BR-G-14 over 2014-2015. The legend shows the serial number and depth of
(<7 Tl 0 I O I e To o 1= APPSR UPRPU 80

Figure 47: Temperature time-series recorded at BR-K-14 over 2014-2015. The legend shows the serial number and depth of
(<7 Tod o O I o To o 1= PP PPPRPR 81

Figure 48: Salinity time-series recorded at BR-1-14 over 2014-2015. The legend shows the serial number and depth of each
(O3 I (o T T [T PSPPSR PUPRPR 82

Figure 49: Salinity time-series recorded at BR-3-14 over 2014-2015. The legend shows the serial number and depth of each
(O3 I (o T T [T PSPPSR PUPRPR 83

Figure 50: Salinity time-series recorded at BR-G-14 over 2014-2015. The legend shows the serial number and depth of each
(O3 I (o T T [T PSPPSR PUPRPR 84

Figure 51: Salinity time-series recorded at BR-K-14 over 2014-2015. The legend shows the serial number and depth of each
(O3 I (o T T [T PSPPSR PUPRPR 85

Figure 52: Temperature-salinity diagram constructed upon all data acquired with the CT loggers attached to the slope moorings
BR-1, BR-3, BR-G and BR-K over 20142015. CTD profile data taken at mooring locations during the CCGS Amundsen cruise
in 2014 are depicted DY the 4 DIACK INES. .....coiiiiiiiie ettt s et e e et e e sb e e e s s e e e e anbreeenans 86

Figure 53: Zoom on the temperature-salinity diagram constructed upon data acquired with the deep CT loggers (>400 m)
attached to the slope moorings BR-1, BR-3 and BR-G over 2014-2015. CTD profile data taken at mooring locations during the
CCGS Amundsen cruise in 2014 are depicted by the 3 Dlack lINES. .......cooiiiiii i 87

Figure 54: Phytoplankton cell fluxes collected by the upper sediment trap deployed at BR-G-14 along with satellite-derived ice
concentrations in the area above the mooring during the 2014-2015 deployment PEriod. .........cceeiiieeeiniiieiniieee e 88

Figure 55: Time-series of particle size distribution and particle volume concentration as recoded with the LISST 100X deployed
NEAr the DOTOM At BR-K-14. ... ittt e ettt e e e e e e ettt e e e e e e s aataeteaae e e e nsbeeeeaaeeeaansbbeeeeaeeesasnnsseeeaeeeaannnsaeeeas 89

APPENDICES

Appendix A. 2014-2015 Final Mooring Diagrams

Appendix B. Technical Advisory Committee Meeting 2015
Appendix C. Beaufort Sea Collaborations 2015 Meeting Summary
Appendix D. Data deliverable

Appendix E. Summary Statistics of Ocean Currents

iBO Technical Report 2015 vi



1.0 INTRODUCTION

The beginning of ice and ocean monitoring in the Canadian Beaufort Sea can be traced back to the 1980’s when
oceanographic moorings were deployed by Fisheries and Oceans Canada (DFO) in partnership with the oil and
gas industry to understand ice, wave and surge hazards and ocean current variability. During the next two
decades, programs that involved government, industry and indigenous peoples injected funding to maintain year-
round observations through DFO moorings that focused primarily on the shallow shelf region. In the mid-2000’s,
ArcticNet Inc. established the Long-Term Oceanic Observatories (LTOO) project to maintain additional moorings
in the southeastern Beaufort Sea that were initially deployed as part of the Canadian Arctic Shelf Exchange Study
(CASES: 2002-2004) and targeting the offshore slope environment. The LTOO project has been sustained since
then through collaborations with different programs, such as partnerships with the oil and gas industry (2009-2011)
and through the Beaufort Regional Environmental Assessment (BREA: 2011-2015).

With the momentum reached after decades of observations, the need to foster synergy between the different
mooring programs in the Beaufort Sea became urgent. Within this context, the integrated Beaufort Observatory
(iBO) was developed to maintain key time-series and to integrate the datasets collected over the last 30 years.
This technical report describes the activities undertaken as part of the first year of iBO from April 1, 2015 to March
31, 2016. iBO is a four-year program (2015-2018) managed by ArcticNet in partnership with DFO and Golder
Associates Ltd. (Golder). The program is supported by the Environmental Study Research Funds (ESRF) and
Imperial Oil Resources Ventures Limited (IORVL). iBO aims to contribute key oceanographic information required
for decisions on development and regulations in the offshore Canadian Beaufort Sea by extending existing time-
series measurements and integrating regional understanding of the shelf and slope environment through year-
round measurements acquired by autonomous instruments on submerged moorings.

The iBO program will contribute to the development of regional syntheses of ocean circulation, sea ice
observations and biogeochemical fluxes that will include:

m Information on the magnitude, duration and return period of extreme ice features;

m Ice and ocean datasets to document and interpret inter-annual variability of ice circulation, ocean circulation
and particulate matter fluxes in relation to various environmental forcing factors;

m Data to support the development and evaluation of accurate numerical prediction models for operational
ocean forecasting and the validation/verification of regional research models for simulating ice, seawater and
oil spill trajectories.

The activities conducted under the umbrella of the iBO program during 2015-2016 include the turnaround of 4
slope moorings initially deployed in 2014 from the CCGS Amundsen as part of the Beaufort Marine Observatories
project of BREA and 3 shelf moorings deployed in 2014 from the CCGS Sir Wilfrid Laurier (Laurier) as part of the
DFO-PERD Beaufort Marine Hazards program. Together, these 7 moorings (Figure 1) constitute the backbone of
the Integrated Beaufort Observatory (iBO), providing an ice and ocean dataset of regional scope. In a larger
context, iBO activities in 2015-16 also included the organization of two side-meetings at the ArcticNet Annual
Scientific Meeting: (1) an annual meeting of the Technical Advisory Committee (TAC) to review field operations
and data recovery; and (2) a first Beaufort Sea Collaborations meeting to initiate bilateral exchange of data and
joint studies that would feed into the iBO scientific framework.

The main goal of this technical report is to provide an initial review of the dataset acquired during the transition
year of 2014-2015 as based on the 7 iBO installations that prolong key time-series initiated through
ArcticNet/BREA and DFO over the last years. Only the datasets processed thus far are presented, which include
all current meter, current profiler, and temperature-salinity data and part of the biogeochemical flux data. Data sets
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from the Ice Profiling Sonars (IPS) currently being processed will be added to constitute the final 2014-2015 data
record. Salient oceanographic features and events of interest during 2014-15 are discussed in relation to both
long-term observations and recent process-oriented studies. In conclusion, we identify lessons learned stemming
from the 2015 operations and define objectives and priorities for 2016-2017.
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Figure 1: Bathymetric map of the Canadian Beaufort Sea showing the location of iBO moorings.

1.1 Report Organization

This report provides an overview of the physical setting of the study area in section 1.2. A summary of iBO mooring
design, field calibration activities, and shipboard mooring operations conducted onboard the CCGS Amundsen
and CCGS Laurier in 2015 are provided in sections 2.1 through 2.3. Description of the post-processing and QA/QC
procedures applied to the recovered data and samples is presented in section 2.4. Section 3.0 provides a review
of the processed datasets for the 7 moorings shown in Figure 1, with the exception of the data from the IPS for
which the QA/QC is underway (target availability date is December 31, 2016; see section 4.3). Data are presented
by parameters: section 3.1 provides a detailed overview of the ocean current speed and direction recorded
throughout the water column at all 7 moorings; section 3.1.8 provides a review of water mass variability based on
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temperature and salinity records; and section 3.3 presents preliminary data from sediment traps and from the
particle-size analyzer deployed near the shelf edge. Section 4.0 summarizes initial observations on the 2014-2015
dataset, lessons learned from the fieldwork and objectives for 2016-2017. The appendices provide the final
mooring diagrams for 2014-2015 (Appendix A) and summaries of the TAC and Beaufort Sea Collaboration
meetings (Appendix B and Appendix C) hosted as part of the ArcticNet Annual Scientific Meeting, Vancouver, in
December 2015. Appendix D lists the electronic files provided as a data deliverable in addition of this report.
Appendix E provides a tabular summary of descriptive statistics pertaining to ocean currents measured at the 7
iBO moorings in 2014-2015.

1.2 Physical Setting of the Study Area

The Canadian Beaufort Shelf (Figure 1) is a narrow Arctic shelf (120 km width x 530 km length) comprised of a
series of plateaus separated by shallow channels (Blasco et al., 2013).The shelf break is located at 80-100 m
water depth where the slope angle increases to 2-6° toward the deep Canada Basin. The region is largely
influenced by the Mackenzie River, which is the largest Arctic river in terms of sediment load (~127 x 108 t per
year) and the fourth largest for freshwater discharge (330 km?3 yr-1) (Macdonald et al. 1998).

Ice cover in the region exhibits a pronounced seasonal cycle with considerable inter-annual variability. Galley et
al. (2013) recently documented that no significant trends in summer sea ice concentration on the mid-to upper
slope of the central shelf has been measured from 1996 to 2010, although off the shelf to the northwest, a decrease
in old sea ice concentration compensated by an increase in first-year sea ice was detected. Typically, seasonal
sea ice over the Canadian Beaufort Shelf begins to form in October in the coastal sector and by December the ice
cover is consolidated over the region (Carmack and Macdonald, 2002). In winter, landfast ice forms in the
nearshore out to about the 20 m isobath and an ice rubble field (i.e. the stamukhi; Giovando and Herlinveaux
1981), which includes grounded ice, develops at the outer edge of the landfast ice. Beyond the stamukhi, an
intermittently open flaw lead separates the landfast ice from the moving pack ice extending over the outer shelf
that typically drifts westward with the Beaufort Gyre (Macdonald et al. 1995). The flaw lead is part of the Cape
Bathurst Polynya system centered at the mouth of the Amundsen Gulf (Barber and Hanesiak 2004). The summer
retreat of the ice usually begins with the widening of this polynya in June when easterly winds and/or the
anticyclonic (clockwise) surface circulation in the Beaufort Sea moves sea ice away.

On the inner to mid-shelf, ice drift, ocean circulation, and the trajectory of the Mackenzie River plume, are highly
variable and linked to wind dynamics (Melling, 1993; Melling and Riedel 1994; O’Brien et al. 2006). Over the outer
shelf and on the slope, large-scale surface circulation (upper 50 m) is dominated by westward-flowing currents
from the Beaufort Gyre (Ingram et al. 2008). The water mass that occupies the upper 50 m is the Polar mixed-
layer with salinity of ~30-31 on average (practical scale), which is largely influenced by seasonality, river inputs
and ice growth/melt cycles. From 50 to 200 m depth near the shelfbreak, the mean currents reflect the propagation
of an eastward shelfbreak jet in the Canadian Beaufort Sea (Forest et al. 2015; Dmitrenko et al. 2016) as observed
in the Alaskan Beaufort Sea (Pickart 2004; von Appen and Pickart 2012). This current can be defined as a narrow
flow (10-15 km width) trapped to the shelf break and carrying Pacific Water (salinity ~33). This current is subject
to frequent reversals to the west which are normally associated with upwelling (Aagaard, 1984; Pickart et al. 2013).
At 20-30 km from the shelf edge, the eastward shelfbreak jet is no longer present and the mean current vectors in
the upper 200 m are progressively directed to the west in the opposite direction than near the shelf edge, following
again the anti-cyclonic motion of the Beaufort Gyre (Forest et al. 2015). Below 200 m depth on the mid- to lower
slope, currents are bathymetrically steered and flow along the slope to the northeast (Aagaard 1984). Atlantic
Water (salinity 34.8) occupies the 200-800 m water interval. Mesoscale eddies are known to populate the region
especially near the shelf edge, where currents are expected to be the strongest and where shelf-slope exchanges
take place (e.g. Kulikov et al. 1998; Williams et al. 2008).
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2.0 MATERIAL AND METHODS

This section of the report provides detailed information on the tautline mooring design and instrumentation of iBO
moorings (section 2.1), on calibration activities related to current meters and current profiler compasses (section
2.2), as well as on mooring recovery and deployment operations aboard the CCGS Amundsen and CCGS Laurier
(section 2.3). A description of the QA/QC processing chains for each moored instrument is provided in section 2.4.

2.1 Taut-line Mooring Design
211 Slope Moorings

The slope moorings array consists of 3 similarly designed long moorings (BR-1, BR-G and BR-3) located on the
middle continental slope (~700-750 m depth) and one short mooring (BR-K) located on the upper slope near the
shelf edge (~150 m water depth in 2014-2015, ~170 m in 2015-2016; Figure 1). Final mooring diagrams for 2014-
2015 can be found in Appendix A.

The longer moorings on the lower slope consist of the following key components:

m  ASL Ice Profiling Sonar (IPS) was used at approximately 60 m depth to measure ice draft and non-directional
waves during intervals of open water. IPS were mounted in 30-inch spherical syntactic foam floats (Mooring
Systems Inc. - MSI).

m 150 kHz Teledyne RD Instruments (TRDI) Quarter Master Acoustic Doppler Current Profiler (QM ADCP)
were used at approximately 200 m (2014-2015) or 180 m (2015-2016) water depth to profile upper water
column currents at 8 m (2014-2015) or 4 m (2015-2016) vertical resolution and measure ice velocity using a
Bottom-Track feature. The QM ADCPs were mounted up-looking in 40-inch syntactic foam floats (Flotation
Technologies - DeepWater Buoyancy).

m 75 kHz TRDI Long Ranger ADCP (LR ADCP) were used at approximately 450 m water depth to measure
water velocity profiles at a coarser 16 m resolution. The LR ADCPs were mounted up-looking in 40-inch
syntactic foam floats (Flotation Technologies).

m  Two high frequency short-range (<1 m) Nortek Aquadopp DW (AQD) single point current meters were used
to measure water velocity at approximately 600 m and 10 m above the bottom. Each Nortek AQD was
equipped with a vane to hold the heading nearly constant for the duration of each ensemble interval.

m Two Technicap PPS 3/3-24S 24 cup sequential sediment traps were deployed between the IPS, QM ADCP
and LR ADCP to record the annual cycle in vertical particle flux.

m RBR Conductivity and Temperature (CT) loggers were installed at approximately 60 m, 130 m (2015-2016
only), 180 m, and 450 m water depth, as well as 10 m above the bottom. These instruments measure water
temperature and salinity and are used to compute sound speed to improve IPS and ADCP processing.

m Various smaller syntactic foam floats were distributed along the mooring as required.

m Tandem ORE Edgetech acoustic releases were used as the primary locating and recovery devices.

The shallow (upper slope) mooring consisted of the following key components:

m A 300 kHz TRDI Workhorse Sentinel ADCP (WHS ADCP) was used at approximately 140 m water depth to
profile currents with a vertical resolution of 8 m, as well as to measure ice velocity using the Bottom-Track
feature. The WHS ADCPs were mounted upward looking in 33-inch syntactic foam ellipsoid floats
manufactured by MSI.
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m A RBR CT logger with auxiliary sensors to measure turbidity, dissolved oxygen, and chlorophyll fluorescence
was installed at approximatively 18 m above the bed.

m A Sequoia LISST 100X laser diffraction systems was located 18 m above the seafloor to provide
measurements of particle size distributions and associated volume concentrations in the lower water column.
The LISST measurements help to better quantify the seasonal and annual variability of vertical and horizontal
fluxes of inorganic solids.

m A 1 MHz Nortek Aquadopp profiling current meter (AQP) was mounted down-looking below the LISST
instrument to provide details of the flow and acoustic backscatter structure near the seafloor on the upper
slope. The AQP’s measure three-dimensional current velocities and provide a measure of acoustic
backscatter intensity in 2 m range bins from the bottom to about 16 m above seabed. Combined with the
velocity profile information from upward looking ADCP’s the profilers provide a detailed and near complete
view of the water column vertical structure.

m An additional syntactic foam ellipsoid float was located above the LISST cage to provide floatation for the
lower portion of the mooring.

m Tandem ORE Edgetech (Model CART) acoustic releases were used as the primary recovery device.

As described above, a number of improvements were made in 2015 to the iBO moorings with respect to the
previous BREA 2014 mooring designs. This included a fifth CT logger added at approximatively 130 m to monitor
variability in the core of the Pacific Halocline water mass. The QM ADCP was raised from 200 m to approximately
180 m to allow a better resolution of currents in the upper water column. Bin size of this instrument was also
reduced from 8 to 4 m. TRDI ADCP settings were also adjusted to improve the overall data quality and quantity.
Finally, the polypropylene drop line at the three offshore moorings was reduced from 10 m to 5 m to allow a better
resolution of the near-bottom flow and water properties.

21.2 Shelf Moorings

The moorings at all three shelf locations (DFO-9, DFO-1, and DFO-2; Figure 1) have similar design (Appendix A).
They are located in this sequence at approximately the 30 m, 55 m and 110 m isobaths; the last location is actually
just off the shelf at the top of the continental slope. Recording instruments at the two shallower sites (DFO-9 and
DFO-1) are actually placed on two separate nearby (50-150 m separation) moorings so as to keep the equipment
close to the seabed safe from drifting ice and to avoid interference between the two sonar used for observations.
The depth at the third site is sufficient that the recording instruments, one above the other, on a single mooring.

The installations at all three sites support the following instrument:

m ASL IPS was used at 30-50 m depth to measure ice draft and non-directional waves during intervals of open
water. IPS of three types are in use: original IPS4 units operating at 200-kHz acoustic frequency; updated
W-IPS4 units operating at 420 kHz and measuring wave height as well as ice draft; IPS5 units operating at
420 kHz with increased data storage capacity. IPS were mounted in light-weight stainless steel frames each
supported by a collar of four 14-inch spherical plastic floats (Viny Inc. Model 12B3).

m 300-kHz TRDI ADCP was operated from about 4 m above the seabed to measure ocean current velocity at
depths incrementing by 4 m between about 8-m elevation to about 15-m depth, plus ice velocity. ADCP of
two types are in use: old model narrow-band ADCP (NB ADCP) and new model broad-band WHS ADCP.
The former NB ADCPs operating with higher signal-noise ratio and better magnetic compasses are favoured
for Arctic use. ADCPs were mounted in light-weight stainless steel frames each supported by a collar of four
14-inch spherical plastic floats (Viny Inc. Model 12B3).The frames were coupled into the mooring above a

iBO Technical Report 2015 5



swivel and equipped with vanes so that the ADCP was not prone to rapid spinning and remained aligned with
local current.

m CT recorders (Seacat SBE37: Sea Bird Electronics Inc.) were installed on the frame of each ADCP, about 3
m above the seabed. They record the temperature and salinity of water within the bottom boundary layer as
an indicator of cross-shelf up-welling and down-welling.

m Acoustic transponder releases (Model CART: ORE Edgetech) were mounted in tandem 1 m above the
mooring’s deadweight anchor. The CART is the device used to locate each mooring and to enable its recovery
by unhooking the buoyant part of the mooring from its heavy anchor. Two transponding releases are used in
parallel for redundancy in this essential function.

2.2 Compass Calibration and Verification

Compass calibration is an important consideration for current meters deployed in the Canadian Beaufort Sea due
to the reduced magnitude of the horizontal component of the Earth’s magnetic field in the Canadian Arctic, about
one third of its value in southern Canada. Calibration and verification of the current meter compasses near the
approximate geomagnetic latitude where they will be deployed is advisable prior to deployment. Moreover care
must be taken to eliminate all sources of magnetic interference from the instrument-supporting cages on the
mooring and similarly also in the immediate vicinity of the calibration activities. For this reason, calibration activities
cannot take place onboard the Amundsen or Laurier.

Compasses in the instruments recording data during 2014-15 were (in most cases) calibrated before deployment
in 2014. In 2015, three compass calibration/verification activities took place as part of iBO. The first activity was
conducted from June 8 to 10 by Golder personnel at the BBE Expediting compound next to the airport at Inuvik
and consisted of the compass calibration of 8 TRDI ADCPs for BR moorings. The second activity took place from
September 5 to 7 following the ArcticNet 2015 Leg 3a expedition aboard the Amundsen and was conducted by
Golder and ArcticNet personnel. This task consisted in the compass verification of Nortek current meters as a
follow-up activity to the factory calibration conducted by Nortek in 2014. Unfortunately in 2015, three Nortek
instruments recovered by the Laurier could not be verified due to logistical constraints.

The third activity on Herschel Island on September 29 was supported from the Laurier. DFO would normally have
two such shore visits during its Arctic annual campaign so that recovered instruments requiring re-calibration could
be evaluated. Compass calibration only before deployment has been the customary DFO practice for the ADCPs
used at the shelf sites. Moreover because the batteries within the NB ADCPs used at DFO-1 and DFO-2 are widely
separated from the compass, these instruments are not calibrated annually. The residual root-mean-square
departure from linearity in the Beaufort area is 0.7° for NB ADCP #318 used at DFO-1 and 0.5° for NB ADCP
#0586 used at DFO-2. That for WHS ADCP #18318 used at DFO-9, and measured in September 2014, was 0.8".
In all cases a polynomial approximation to the small residual non-linearity has been applied to the indicated
magnetic headings during data processing (see section 2.4.1).

The TRDI ADCP compasses for BR moorings were successfully calibrated to within the acceptable Arctic limits
suggested by the manufacturer (x5 degrees). Table 1 provides a summary of the post-calibration compass errors
reported by the manufacturer’s software for each TRDI ADCP. The compass readings in increments of 10 degrees
were verified against True North after correction for magnetic declination. The TRDI ADCP compasses provided
consistent results with a constant declination accurate to +4 degrees in all directions. No polynomial correction
was applied to the indicated headings of TRDI ADCPs from BR moorings during post-processing. This is because
the polynomial fit calculated at Inuvik might not be directly applicable to offshore locations over the slope. The
compass reading verification at Inuvik from June 8 to 10, 2015 represented a control test of the compass accuracy
rather than an additional calibration to be applied over the one recommended by the manufacturer (Table 1). Also,
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ADCP WHS ADCP #3778 that does not have the Bottom-Track feature was kept as a spare instrument during
field operations and was not deployed.

Table 1: Summary of Post-calibration Compass Errors of TRDI ADCPs for BR Moorings

Instrument Serial Number Mooring gcr)rf?\:vgrc:anzdzi?eles)
WHS 300 kHz 102 BR-K-15 1.4
WHS 300 kHz 3778 Not deployed 0.8
QM 150 kHz 12698 BR-1-15 1.7
QM 150 kHz 12824 BR-3-15 1.8
QM 150 kHz 12841 BR-G-15 0.3
LR 75 kHz 12942 BR-3-15 1.3
LR 75 kHz 12884 BR-1-15 15
LR 75 kHz 12892 BR-G-15 1.7

The Nortek instrument compasses were successfully verified to within acceptable Arctic limits recommended by
RDI (x5 degrees). Table 2 provides a summary of the post-verification compass errors calculated from readings
in 10 degree increments over 360 degrees. It is recommended that the two Nortek instruments recovered from the
Laurier (#6270 and #8414) should be further verified before redeployment as an effort to complete the summary

provided in Table 2.

Table 2: Mean Error of Recovered Nortek Compasses (10 Degree Increment) of BR moorings.

Mean Calculated Error £
Instrument Serial Number Mooring Standard Deviation around
the Compass (degrees)
Aquadopp Profiler 11147 BR-K-14 0.9+0.7
Aquadopp DeepWater 2756 BR-3-14 0905
Aquadopp DeepWater 8418 BR-3-14 3.7+1.8
Aquadopp DeepWater 9743 BR-G-14 20+1.0
Aquadopp DeepWater 9847 BR-G-14 16x1.1

2.3 Mooring Recovery and Deployment

This section of the report provides details on iBO mooring recovery and deployment operations conducted aboard
the CCGS Amundsen and CCGS Sir Wilfrid-Laurier (section 2.3.1) during the 2015 field campaigns. Coordinates
and depths of the mooring at their recovery and re-deployment are provided in Table 3 and Table 4.

Table 3: 2014-2015 Mooring Recovery Summary
: . Water | 2014 Deployment 2015 Recover
Mooring I(‘V?/tgggi) I(‘V?/ggslgic)je Depth | Date an(?Ti>r/11e Date and Timg
(m) (UTC) (UTC)
BR-K-14 70° 51.747'N 135°01.198'W | 156 Aug-22-2014 16:05 | Aug-26-2015 14:10
BR-G-14 71° 00.128'N 135° 30.565'W | 701 Aug-23-2014 23:30 | Aug-26-2015 21:00
BR-1-14 70° 25.909'N 139° 01.370'W | 757 Sep-01-2014 21:25 | Sep-29-2015 19:40
BR-3-14 73° 24.516'N 129° 21.390'W | 700 Aug-27-2014 13:35 | Aug-31-201517:11
DFO-2-14 70° 59.357'N 133° 44.636'W | 111 Sep-30-2014 16:23 | Sep-26-2015 15:07
DFO-1-14 (IPS) 70° 20.030'N 133° 44.371'W 55 Sep-30-2014 22:17 | Sep-27-2015 14:44
DFO-1-14 (ADCP) | 70° 20.035'N 133° 44.459'W 55 Sep-30-2014 22:14 | Sep-27-2015 15:03
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DFO-9-14 (IPS) 70° 03.537'N 133° 42.922'W 35 Oct-01-2014 02:04 Sep-27-2015 17:44

DFO-9-14 (ADCP) | 70° 03.501'N 133° 42.942'W 35 Oct-01-2014 01:53 Sep-27-2015 18:02

Notes: BR-1-14 and DFO moorings were recovered from the Laurier, while other moorings were recovered from the Amundsen.

Table 4: 2015-2016 Mooring Deployment Summary

Mooring Latitude (WGS84) I(‘V?/r(];gsltslige \(lr\‘r/]a;ter Depth 2235T?£2|?3.T5nt Date
BR-K-15 70°51.763'N 135° 1.706'W 170 Aug-27-2015 14:29
BR-G-15 71° 00.122'N 135° 29.612'W 700 Aug-28-2015 18:53
BR-1-15 70° 25.9435'N 139° 01.2347'W 753 Sep-30-2015 22:33
BR-3-15 73° 24.566'N 129° 21.224'W 690 Aug-31-2015 21:15
DFO-2-15 70° 59.361'N 133° 44.627'W 110 Sep-26-2015 23:30
DFO-9-15 (IPS) 70° 20.029'N 133° 44.371'W 55 Sep-27-2015 15:41
DFO-9-15 (ADCP) 70° 20.035'N 133° 44.459'W 55 Sep-27-2015 15:34
DFO-1-15 (IPS) 70° 03.501'N 133°42.941'W 35 Sep-27-2015 21:46
DFO-1-15 (ADCP) 70° 03.537'N 133° 42.922'W 35 Sep-27-2015 21:40

Notes: BR-1-15 and DFO moorings were deployed from the Laurier, while other moorings were deployed from the Amundsen.

23.1 Shipboard Operations

Steps for mooring recovery aboard the CCGS Amundsen and CCGS Laurier generally included:

pre-operations Job Safety Assessment (JSA) meeting, an operational planning meeting, and a toolbox
meeting (on deck);

confirm mooring presence and orientation with the multibeam sonar and interrogate the mooring to determine
range; multi-beam sonar not used on the Laurier;

maneuver ship into position depending on prevailing drift, wind and sea state;

conduct a conductivity, temperature and depth (CTD) cast to provide overlapping water column data for data
processing; relative timing of CTD cast varies with logistic constraints on Sir Wilfrid Laurier

enable the acoustic release and send a command to release the mooring;

launch the fast rescue craft (FRC, or zodiac) and recover the mooring using the FRC and tow alongside the
port bow;

lift mooring elements onto the foredeck and take instruments off the mooring as they are brought on deck,
then take the mooring apart (i.e., a complete disassembly of the mooring);

inspect and rinse instruments with freshwater and stow in plastic bins;

transfer of equipment onto the 600 level (moonpool area and mooring lab 610) on the Amundsen; equipment
transferred to seacon lab spaces on the Laurier — fore deck and boat deck

download data from the instruments, as schedule permits unless re-using an instrument;

perform preliminary review and visual inspection of the data, as schedule permits unless re-using an
instrument;

store and secure the instruments on board the ship, and
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m service and maintain the instruments, including any required trouble-shooting or field repair.

A safety incident related to a Benthos Locator Model ALP-364/EL (serial #4774) that was recovered from BR-3
occurred during Leg 3a aboard the Amundsen. The incident involved the over-pressurization of the instrument
through the exposure of the internal lithium batteries to seawater and the subsequent blowout of the pinger’'s end
cap following hydrogen gas formation. This blowout resulted in the spillage of seawater and lithium hydroxide into
mooring laboratory 610. It also injured the left hand of one of the science personnel that was standing in the
laboratory next to the pinger at the time of the blowout. Details on the incident can be found in the memorandum
prepared by Golder on September 2, 2015 (Golder, 2015).

Servicing of the mooring instruments involved the following steps:

m opening the housing (if required) and inspecting interior for corrosion, and other damage;
m changing the batteries (if required), and replacing desiccant (if applicable);

m cleaning the o-ring surfaces and re-greasing and replacing or cleaning all o-rings;

m running a trial delayed-start deployment using instrument’s internal power with computer disconnected,
followed by upload and inspection of data record;

m  programming the instrument for deployment;
m completing a record of programming (screenshots and paper record sheets).

Before programming and deployment of instruments on the moorings, standard manufacturer procedures and pre-
deployment tests were followed to provide verification of instrument operation. Instruments were generally
programmed for a 1-year deployment, except for instruments at BR-3 for which a 2-year programming was used
given its remote location north of Banks Island, which might pose challenges for future recovery operations. This
mooring was also equipped with the more robust 8242XS Edgetech acoustic releases that have an extended
battery life of at least 2 years. A contingency phase was implemented for all Ice Profilers in order to continue
measurements in the case that the mooring is not recovered in the fall of 2016.

Steps in the mooring deployment were as follows:

m confirm the design of the mooring particulars to meet the site constraints;

m review lifting plan and JSA,

m assemble the mooring on deck (using the original configuration or a modified configuration, as appropriate);
m toolbox meeting on-deck;

m deploy the mooring;

m enable and interrogate the acoustic release;

m perform triangulation to determine the location of the mooring on the bottom;

m disable the acoustic release;

m perform multibeam survey of the mooring to confirm position in water column (Amundsen only); and

m perform CTD cast.
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Multibeam data collected after deployment confirmed that all moorings deployed from the Amundsen were oriented
vertically in a proper position. Multibeam interpretation concerning moored instrument depth was done by
experienced multibeam professionals whom helped locate approximate instrument depths. The interpretation of
the acoustic data identified the majority of the large instruments except for instruments from the longer mooring
BR-G-15, where some uncertainty concerning some instruments’ depths was noticed. The signal provided by the
M40 floats of the TRDI ADCPs from this mooring was apparently at least 10 m shallower than expected. Although
this should not have any impact on mooring reliability, inspection of existing ropes to confirm their actual length
(and their potential replacement) is warranted. It is also possible that this apparent discrepancy might be due to
the precision\ interpretation of the water column software of the multibeam sonar.

2.4 Data Processing and QA/QC
241 Current Meters and Current Profilers

This section of the report provides a summary of QA/QC procedure applied to current meters and current profilers
deployed on both BR and DFO moorings. The QA/QC procedure of current profilers on BR mooring differs slightly
from that applied to DFO instruments (see details below). Further harmonization of both processing chains is
planned for 2016-2017. For all moorings, pressure sensors on the TRDI ADCPs were zeroed at the time of setup
in order to account for atmospheric pressure in the depth calculation performed by the instrument. Processing
routines were used to convert pressure measured by the Nortek AQDs, to water depth; pressure measurements
in air before and after the instrument deployment were averaged to account for atmospheric pressure. For BR
moorings, processing of the ASCII files from Nortek AQDs or MATLAB® binary files TRDI ADCPs was completed
using MATLAB® software. For DFO moorings, data was processed using the in-house software and routines (the
IOS SHELL suite) from DFO, which produce ASCII multi-line header files and multiple ASCII data files. These
DFO ASCII files were converted into the BR mooring file format (MATLAB® binary and Text files) for plotting,
analyses and to be provided as a data deliverable.

Processing and quality-checking of the current time-series data consisted of the following steps:

1) Measurements made by the instrument while it was out of the water, as determined from pressure readings,
were removed.

2) East and North horizontal components of velocities were corrected to true north based on local magnetic
declination. An annual average magnetic declination was used for the deployment period based on the
Natural Resources Canada numerical model for the International Geomagnetic Reference Field 2012 (IGRF-
12; http://www.geomag.nrcan.gc.ca/calc/mdcal-eng.php). The summary of magnetic declination values each
for each mooring is listed in Table 5.

Table 5: Magnetic declination values for 2014-2015 iBO Moorings

Mooring Magnetic Declination [degrees East]
BR-G-14 23.6
BR-K-14 23.7
BR-3-14 24.4
BR-1-14 22.8
DFO-2-14 24.4
DFO-1-14 24.2
DFO-9-14 24.2
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Compass readings from the ADCPs at the DFO moorings were further corrected using a polynomial fit
calculated from the output of the compass at precise increments of the geomagnetic heading as measured
at Hershel Island during the DFO calibration activity (section 2.2). This additional correction compensates for
the small residual non-linearity (0.5-0.7°) that remains in the ADCP compass’ response to heading. The
Hershel Island calibration site is considered close enough to the deployment locations of the shelf moorings
so that a polynomial correction can be applied. No polynomial correction was applied to the indicated
directions of TRDI ADCPs from BR moorings during post-processing. This is because the polynomial fit
calculated at Inuvik (section 2.2) might not be directly applicable to offshore locations over the slope. The
compass reading verification at Inuvik however showed a constant declination accurate to +4 degrees in all
directions, which is considered as an acceptable error for TRDI instruments (TRDI 2014).

Acoustic amplitude was plotted for each beam to check the quality of the instrument signal return and filtered
for amplitudes below the noise floor for the respective instrument (Nortek 2013; TRDI 2014).

Nominal depths of echo intensity and velocity data from TRDI ADCPs deployed at the DFO sites were
calculated using a spline interpolation along each beam that corrects for the effects of changing pitch and
roll. Nominal depths from the TRDI ADCPs deployed at the BR moorings were calculated using the default
bin mapping method (nearest vertical bin) for TRDI ADCPs (TRDI 2014) that uses the 20° beam slant angle.
The latter approach provides similar results to the spline interpolation method in the cases that the tilt is lower
than 10° (>99.5% of time for each time series).

For ADCPs deployed at the BR moorings, the following steps were applied to filter data and to identify and
flag data that were considered as suspicious:

a) Data were filtered for sidelobe interference using the beam slant angle of the instrument. For the
Nortek Aquadopp profiler at BR-K, this value was 25° (Nortek 2013) and for the TRDI ADCPs this
value was 20° (for all LR, QM and WHS ADCPs) or 30° (for NB ADCPs on DFO-2 and DFO-1). The
filter correction was calculated as the product of the instrument depth and the cosine of the slant
angle plus one range bin. The filtered range approximately corresponds to the top 10% of the range
to surface or bottom depending on whether the instrument was up-looking or down-looking,
respectively. Within iBO, only the Nortek Aquadopp profiler at BR-K is down-looking.

b) For TRDI instruments, data with corresponding Percent Good (PG) 4 plus PG1 values less than 25%
(TRDI 2014; 100S 2015) were removed. The PG value is a data-quality indicator that reports the
percentage (0 to 100) of valid data collected for each depth cell of the velocity profile using the four
beams (PG4) and three beams (PG3). It is an indicator of the following criteria: low correlation, large
error velocity and fish detection (false target threshold) (TRDI 2006).

c) Time series data from ancillary sensors on the current profilers were inspected for QA/QC purposes.
Nortek recommends that the instrument tilt not exceed a maximum of 10° for measurement of currents
(Nortek 2013) and TRDI recommends a maximum tilt limit of 15° (TRDI 2014). Data when tilt was
exceeding the respective thresholds were flagged as part of the QA/QC.

d) Data were further filtered using the error velocity (TRDI instruments only) and maximum vertical
velocity thresholds. The error velocity is a measure of the homogeneity of the water mass that is
measured. The data from TRDI ADCPS on BR slope moorings were filtered for vertical velocities
greater than 0.1 m/s and error velocities greater than 0.15 m/s (i.e. arbitrary values based on error
velocity thresholds developed as part of the BREA program).

e) Additional visual inspection guided the flagging of (subjectively) suspicious bin values.

For ADCPs deployed at the DFO sites, a multi-stage decision tree was applied to identify and flag data judged
to be of little value by a variety of criteria. These criteria include:
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a) Surface interference: Ensemble values masked because they lie in the side-lobe shadow of the least
zenith-pointing beam.

b) Beam-to-beam differences: Ensemble values masked if more than three differences between beams
exceed 8 counts.

c) Extreme strong echo: Ensemble values masked because at least one beam differs from the others
by more than 25 counts.

d) Extr+Diffs: ensemble values masked due to combined conditions of 2 & 3.

e) PercentGood < 25: Ensemble values masked because fewer than 25% of the ping data yielded 3 or
4 beam solutions.

f)  Low Amplitude: Ensemble values masked because 1 or more beams have amplitude of less than 1
counts.

g) Error Velocity: Ensemble values masked because the so-called error velocity (actually the difference
between independent values of vertical velocity) exceeded 2.8 times the standard deviation of the
time series (approximatively the 99t percentile).

h) VertVel: Ensemble values masked because the vertical velocity exceeded 2.8 times the standard
deviations of the time series (approximatively the 99t percentile).

Final QA/QC time-series data from ADCPs are usually gappy and can be difficult to use in some applications. To
generate continuous time series of data at sub-tidal frequencies, the final processing step processing might include
the complex demodulation of the time-series within over-lapping 12-hour windows (e.g. Melling et al. 2001). This
additional step was not applied to the current data delivered as part of Appendix D. However, a low-pass filter
(PL66TN, Beardsley and Rosenfeld 1983) was applied to selected bin depth time-series for each instrument data
(interpolated linearly to 1-hour intervals for consistency) in order to construct seasonal current roses (16 directions,
22.5° bins) of the sub-tidal current component as presented in section 3.1.

2.4.2 Temperature-Salinity Loggers

Data were extracted from the RBR sensors using Ruskin® software (RBR, 2016) and from Sea Bird sensors using
Sea Bird Electronics software. Time-series from BR moorings were processed and plotted using MATLAB®
scripts, whereas the same task was accomplished by DFO using in-house I0S SHELL routines. QA/QC data of
DFO CT sensors is still underway and is not presented as part of this report.

Time series were clipped for out-of-water values and evaluated visually for data quality. In addition, an automated
filter is applied to the conductivity and temperature data to flag potential spikes from the data time-series using a
seven-sample moving window. All values outside of +1.5 standard deviations about the moving window mean that
could be considered spikes are flagged; spikes in conductivity are far more common than spikes in temperature.
Aany spikes identified in the temperature or conductivity time-series cause the corresponding salinity values also
to be flagged because salinity is temperature and conductivity dependent.

In addition, the temperature and salinity data from all moorings were verified for accuracy against nearby CTD
casts acquired at the times of deployment and recovery of the associated moorings. Since appreciable drift in
sensor calibration rarely occurs for temperature, the assessment of calibration drift is normally carried out for
conductivity; it is done on the basis of potential temperature versus salinity plots. Data from the reference CTD
and from the in situ sensor within one week of the CTD cast. For Sea Bird sensors, drift in conductivity calibration
is usually associated with silting or bio-fouling, For the RBR sensors it is most likely associated with interference
from local support structures, electrically conductive or otherwise. .
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At the time of writing, data from the moored CT loggers have yet to be corrected for any offset or drift in the sensor
data. Such correction will be implemented when both conductivity data from the 2014 mission will be available in
a processed format (only temperature and salinity were available thus far) as well as when the site-specific CTD
casts from the 2015 mission will be available in order to assess the drift.

243 Ice Profiling Sonars and Ice velocity

The time-consuming QA/QC process for IPS data is currently underway. The derivation of ice draft from IPS signal
data employs well-established methods that have been developed during the processing many dozens of IPS
datasets over the past three decades (Melling et al. 1995; Melling and Riedel, 2004; Fissel et al. 2008).

There are many steps in the processing of IPS signal data to ice draft. The procedures for detection of erroneous
target data and for calibration of zero ice draft in particular are meticulous and require considerable experience. It
is not useful to document the process here in detail. The interested reader is referred to Melling et al. (1995) and
Melling and Riedel (2004).

Ice velocity is derived from data provided by TRDI’s patented bottom-track firmware in the WHS and QM ADCPs
(see section 2.1). It can also be derived from binned water-column data recorded by LR ADCPs if certain conditions
are met. The procedures for deriving reliable estimates of ice velocity from ADCP data are quite involved. Moreover
a certain level of subjectivity must be tolerated in the analysis because greatly varying conditions at the target
(rough or smooth ice; continuous or broken ice cover; rough seas or calm seas; other targets yielding plausible
echoes; etc.) generate ambiguity. The interested reader is referred to more thorough discussions provided by
Melling and Riedel (2004) and ASL (2015).

244 Sediment Traps

Each longer slope mooring is equipped with two automated sediment traps (at approximatively 125 and 310 m
depth) to record the annual cycle in vertical particle flux (inorganic sediments, organic carbon and particulate
nitrogen) and plankton community composition in the upper water column. Sediment trap samples from BR-G-14
and BR-3-14 moorings were recovered aboard Amundsen and were retrieved at the ship demobilization in Québec
City in November. Sediment trap samples from BR-1-14 were recovered aboard the Laurier and were shipped to
Québec City from in January 2016. All traps functioned properly and provided a complete time-series, except for
the upper trap at BR-1-14 (~120 m) that was affected by a failure in the rotating mechanisms of the motor. No
samples were recovered from this trap.

Analyses on the sediment trap samples are underway at Université Laval. As a first step, sediment trap samples
were splitted to prepare a subsample for the measurements of total particulate matter (TPM), particulate organic
carbon (POC), and particulate nitrogen (PN). In the coming weeks, subsamples will be filtered, weighed and
processed on the CHN elemental analyzer for TPM, POC and PN values. In addition, zooplankton actively entering
the sediment traps (named “swimmers”) and that are present in the subsample were removed. Zooplankton
organisms collected at the upper trap at mooring BR-G-14 trap were identified to the lowest species possible to
monitor the seasonal and inter-annual fluctuation in the zooplankton community structure. Aliquots of the upper
trap at BR-G-14 were also used for the enumeration and identification of phytoplankton cells to indirectly assess
the magnitude, timing, and composition of the phytoplankton spring bloom.

245 Particle Size Analyzer

Post-processing of the LISST 100X data from BR-K-14 was done using MATLAB® following Sequoia (2008). The
raw data (binaries) were first read and extracted. Scattering inversion and volume concentration calculations were
performed using both the spherical and random mathematical models. The spherical model assumes that particles
that scattered light are all spheres (Mie solution); while the random model assumes that particles are randomly (or
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irregularly) shaped. These steps were performed following Sequoia (2008) processing routines and guidelines. In
situ background scattering measurements that correspond to periods of very low particle volume concentration
were used instead of the background scattering obtained when the instrument was out of the water. This approach
compensates for biases introduced within the background scattering measurements over a long term-period (~1
year) due to dirt or biofilms that can accumulate on the sensor despite the use of a BioBlock (Sequoia, pers. comm.
2016). The following QA/QC filtering was also performed on the corrected data:

m Data with laser reference equal to O were removed,;
m Data with associated laser transmission less than 0.1 (10%) or superior to 0.995 (99.5%) were removed; and
m  Additional manual filtering was done to remove erroneous data (spikes).

Statistics and characteristic parameters for each model (including total volume concentration, mean particle size,
standard deviation and silt density) were calculated using Sequoia’s MATLAB® routines (Sequoia, 2008). Total
volume concentration represents the cumulative volume concentration of particles measured in all 32 size classes.
The mean particle size and standard deviations are weighted with the volume concentrations of all 32 class sizes.
Silt density is the estimated volume concentration ratio of silt particles (particles smaller than 64 um) to the total
volume concentration.
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3.0 RESULTS AND DISCUSSION

This section of the report provides detailed summaries of the available QA/QC datasets from current profilers and
current meters (section 3.1), CT loggers (section 3.2), as well as from sediment traps and the particle-size-analyzer
(section 3.3) deployed on iBO moorings during 2014-2015. Processing of IPS data (from all moorings) and CT
logger data (from shelf moorings DFO 2, 1 and 9) was still in progress at the time of completion of this report and
is not presented here. It should be noted, however, that all the IPS at the 7 iBO moorings and all CT loggers at the
DFO moorings functioned properly and provided complete datasets over 2014-2015 with a total of 100% of raw
data return. Processing and QA/QC data from IPS 2014-2015 are expected to be presented as part of upcoming
complementary reports provided by ASL Environment.

3.1 Ocean Currents

Processed data for all current profilers and current meters from the 7 iBO moorings 2014-2015 are presented in
this section of the report. For each instrument, a time-series plot of current speed, current direction and along-
slope/shelf current component is presented. The along-slope component was chosen based on the angle of the
bathymetric contours at each mooring location (Table 6) with respect to True North. It was also chosen for
consistency with previous mooring studies that described the along-slope/shelf flow, the current component that
typically dominates current variability in the offshore Beaufort Sea (Williams et al. 2008; Forest et al. 2015;
Dmitrenko et al. 2016). Annual statistics of current speed and direction for selected bin depths (nearest available
bins to those listed in Table 7) are also provided to characterize the net behaviour of ocean currents with depth.

Seasonal current roses based on the sub-tidal component of current velocity were constructed for the same
selected bin depths (Table 7) to contrast the temporal variability of ocean circulation patterns in relation to the
distinct water masses and water mass boundaries. The sub-tidal component was obtained by applying a low-pass
filter with a half-amplitude period of 33 hours to each selected time-series linearly interpolated over 1-hour intervals
(PL66TN, Beardsley and Rosenfeld 1983). In addition, a complete tabular summary of current speed descriptive
statistics, vector-averaged direction and number of valid records is provided for every bin depth of each instrument
in Appendix E. Meta-data for each instrument (i.e. serial number, mean instrument depth, date and time of first
and last good record, and percentage of raw data return) is provided in Table 8.

Table 6: Angles chosen to describe the along-slope/shelf current component for each iBO mooring.
Mooring Angle, degrees True North (TN)
BR-1 78
BR-3 0
BR-G, BR-K, DFO-2, DFO-1, DFO-9 52

Table 7: Selected bin depths to characterize circulation patterns throughout the water column.

gf)nplrjoex;ma(trlr\]/)e Rationale (based on Lansard et al. 2012)

20 Near-surface circulation within the Polar-Mixed Layer (salinity = 31-32)

130 Core of the Pacific Halocline water mass (salinity = 33)

220 Boundary between the Pacific Halocline and Atlantic water

350 Mid-depth of the water column over the slope, core of the Atlantic Water mass (salinity =
34.8)

550 Deep circulation over the slope, lower portion of the Atlantic water mass

700 Near-bottom circulatio_n_ at the boundary between the Atlantic water and Canada Basin
deep water mass (salinity = 34.9)
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Table 8: Summary of current profilers and current meters clock drift, first and last good record, and percentage of raw data return on iBO
moorings from 2014 to 2015.

Mooring Instrument Serial Depth (m) Cloc!< Drift | First Good Record Last Good Record Raw Dalua
number (mm:ss) (UTC) (UTC) Return
BR-1-14 TRDI QM ADCP 150kHz 12699 199.8 00:10 fast Sep-01-2014 21:33:00 Sep-29-2015 19:36:00 100.0%
BR-1-14 TRDI LR ADCP 75kHz 12943 455.8 02:20 fast Sep-01-2014 21:30:00 Sep-29-2015 19:30:00 100.0%
BR-1-14 Nortek Aquadopp DW 2MHz 6270 591.1 00:20 fast Sep-01-2014 22:00:00 Sep-28-2015 13:30:00 99.7%
BR-1-14 Nortek Aquadopp DW 2MHz 8414 733.1 00:27 fast Sep-01-2014 22:00:00 Sep-28-2015 13:30:00 99.7%
BR-3-14 TRDI QM ADCP 150kHz 12823 179.2 00:13 slow Aug-27-2014 13:50:05 Sep-14-2014 6:18:40 4.8%
BR-3-14 TRDI LR ADCP 75kHz 18785 445.6 00:37 slow Aug-27-2014 15:15:00 Aug-31-2015 16:45:00 100.0%
BR-3-14 Nortek Aquadopp DW 2MHz 8418 553.1 00:12 fast Aug-27-2014 14:00:00 Aug-31-2015 17:30:00 100.0%
BR-3-14 Nortek Aquadopp DW 2MHz 2756 677.6 01:20 fast Aug-27-2014 14:00:00 Aug-20-2015 20:30:00 97.1%
BR-G-14 TRDI QM ADCP 150kHz 8784 190.0 09:08 slow Aug-23-2014 23:57:00 Aug-26-2015 20:37:52 100.0%
BR-G-14 TRDI LR ADCP 75kHz 13079 451.5 00:18 fast Aug-24-2014 1:15:00 Aug-26-2015 20:15:00 100.0%
BR-G-14 Nortek Aquadopp DW 2MHz 9473 585.3 00:35 fast Aug-24-2014 0:00:00 Aug-26-2015 21:30:00 100.0%
BR-G-14 Nortek Aquadopp DW 2MHz 9847 692.5 00:49 fast Aug-24-2014 0:00:00 Aug-26-2015 21:30:00 100.0%
BR-K-14 TRDI WHS ADCP 300kHz 2646 136.1 06:03 slow Aug-22-2014 17:45:00 Aug-26-2015 13:00:00 100.0%
BR-K-14 Nortek Aquadopp Profiler 1Mhz 11147 140.0 00:23 fast Aug-22-2014 17:00:00 Aug-26-2015 14:00:00 100.0%
DFO-2-14 TRDI NB ADCP 300kHz 586 108.0 08:17 slow | Sep-30-2014 16:40:04 Sep-26-2015 13:28:07 100.0%
DFO-1-14 TRDI NB ADCP 300kHz 318 51.0 10:04 slow Sep-26-2015 22:30:09 Sep-6-2015 4:39:22 81.5%?
DFO-9-14 TRDI WHS ADCP 300kHz 18318 31.0 10:02 slow Oct-01-2014 01:53:00 Sep-27-2015 17:09:52 100.0%

INote: The raw data return is based on the number of records (including bad data) during the period from the mooring deployment to the mooring recovery.

°Note: Data loss at site DFO-1-14 was caused by intermittent failure of the data recorder
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3.1.1 Mooring BR-1

Time-series plots of current speed, direction, and along-slope current component from the QM ADCP, LR ADCP
and the two Aquadopp DW deployed at BR-1 over 2014-2015 are provided in Figure 2 through Figure 5. The data
in the QM and LR ADCP plots are filtered for bins with PG4+PG1 values less than 25%, bins affected by sidelobe
interference and for error velocity thresholds as described in section 2.4.1. The first valid bin depth for the QM
ADCP at BR-1-14 after removing sidelobe interference was 19.5 m (bin cell 22), although this bin depth contains
only 8% of valid data (Appendix E). Bin depths 123.5 and 131.5 m (bin cells 8 and 9) of the QM ADCP were
affected by the presence of the upper Technicap sediment trap, which resulted in reflection observed in the echo
intensity (not shown) and a general decrease in current speed at these depths. Accordingly, bin cells 8, 9 and 22
of QM ADCP #1299 were manually flagged as part of the QA/QC and data from these bin depths should be treated
carefully before being used in further analyses.

The LR ADCP #12943 did not show any suspicious bin cells due to interference with other parts of the mooring
(Figure 3). The first valid bin depth for this instrument was 47.1 m (bin cell 25) with a percentage of valid data of
96.6% (Appendix E).The percentage of valid records was slightly less than 90% at bin depths 95.1 and 79.1 m for
this instrument (bin cells 22 and 23) due to partial loss of data in the fall 2014 and during spring-summer 2015
(Figure 3). This data loss has been linked to high intensity of ambient sound generated at the surface due to ice
floes passing over the mooring, although it is not clear yet why this phenomenon did not affect bin cells 24 and 25
(47.1 and 63.1 m) to the same extent as cells 22 and 23. The deep Aquadopp current meters #6270 (591.1 m)
and #8414 (733.1 m) provided complete time-series with a percentage of valid data return of 96.8% for each
instrument (Figure 4, Figure 5 and Appendix E).

Mean current speeds at BR-1-14 ranged from 9 to 14 cm/s in the upper 200 m of the water column; and from 4 to
8 cm/s below 200 m (Table 9, Appendix E). Vector-averaged directions were typically to the west-southwest (220-
250°TN) for all bin depths down to 431 m. However, both lowermost Aquadopps at 591 and 733 m showed an
averaged direction to the east-southeast (210-130°TN). Maximum current speed for un-flagged bins was 87 cm/s
on October 7, 2014 at 27.5 m depth. Strong current speeds (>60 cm/s) were generally detected over October 4-
7, 2014 throughout the upper 200 m. Periods of stronger currents approaching 50 cm/s were also recorded over
October 17-20, 2014 and April 24-26, 2015. These strong current events corresponded to strong negative along-
slope currents, meaning a westward flow (i.e. upwelling conditions) presumably driven by strong easterly winds.
Moderate to strong eastward-directed currents (up to ~30 cm/s, confined to the upper 200 m) were primarily
detected in late February/early March 2015 and early August 2015. Both events appear to correspond to the
passage of eddy-like features with noticeable reversals in the current direction from the north-northeast to the
south-southeast over a 10-14 day period (Figure 2 and Figure 3).

Seasonal current roses (low-pass filtered) for selected bin depths at mooring BR-1-14 are provided in Figure 6
through Figure 11. The strong westward current events (>50 cm/s) detected in the upper water column in October
2014 (fall) and April 2015 (spring) are particularly visible when looking at the current roses for the Pacific Halocline
(132 m, Figure 7). Also at this depth, the presence of moderate north-eastward currents in summer 2015 reflects
the passage of eddy-like features mentioned above. In the Atlantic water mass at 223 and 351 m depth, low-pass
filtered currents were generally weak (<10 cm/s) and variable around the compass (Figure 9 and Figure 10). In
the lowermost layers of the water column at 591 and 733 m, currents were also weak, but showed more variability
in their dominant direction over time. Near the bottom at 733 m, most frequent currents were in fact repeatedly
directed to the south (across the slope toward the shelf; Figure 11), a pattern that contrasts with what has been
recorded at all the other depths at BR-1 over 2014-2015.
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BR-1; Quartermaster Broadband 153.6 kHz; 70.4318 N, 139.0228 W; 2014-2015; Instr. #12699; 199.8 m depth
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Figure 2: Time-series of current speed, current direction and along-slope current component at mooring BR-1-14 as obtained with the QM ADCP #12699. The black line

depicts the instrument depth.
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BR-1; Long Ranger Broadband 76.8 kHz; 70.4318 N, 139.0228 W; 2014-2015; Instr. #12943; 455.8 m depth
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Figure 3: Time-series of current speed, current direction and along-slope current component at mooring BR-1-14 as obtained with the LR ADCP #12943. The black line

depicts the instrument depth.
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BR-1; Aquadopp DeepWater 2-MHz; 70.4318 N, 139.0228 W; 2014-2015; AQD. #AQD 6270; 591.1 m depth
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Figure 4: Time-series of current speed, current direction and along-slope current component at 591 m at mooring BR-1-14 as obtained with the Aquadopp #6270.
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BR-1; Aquadopp DeepWater 2-MHz; 70.4318 N, 139.0228 W; 2014-2015; AQD. #AQD 8414; 733.1 m depth
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Figure 5: Time-series of current speed, current direction and along-slope current component at 733 m at mooring BR-1-14 as obtained with the Aquadopp #8414.
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Table 9: Annual statistics of current speed and direction at BR-1-14 from selected bin depths
representative of water mass variability in the Beaufort Sea (see Table 7 for water mass description).

Bin Debth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
27.5 0.09 0.11 0.14 0.26 0.41 0.87 0.08 251.7
1325 0.07 0.10 0.12 0.26 0.36 0.53 0.08 233.4
223.1 0.05 0.06 0.08 0.13 0.17 0.30 0.04 250.9
351.1 0.05 0.05 0.07 0.11 0.14 0.43 0.03 194.4
591.1 0.02 0.03 0.04 0.06 0.09 0.13 0.02 128.6
733.1 0.03 0.04 0.05 0.09 0.12 0.20 0.03 108.7
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BR-1 -28m BR-1 -28m
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Figure 6: Seasonal current roses at 28 m depth at BR-1-14 as based on low-pass filtered data from bin cell #21 acquired with

the QM ADCP #12699. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 7: Seasonal current roses at 132 m depth at BR-1-14 as based on low-pass filtered data from bin cell #8 acquired with
the QM ADCP #12699. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 8: Seasonal current roses at 223 m depth at BR-1-14 as based on low-pass filtered data from bin cell #14 acquired
with the LR ADCP #12943. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 9: Seasonal current roses at 351 m depth at BR-1-14 as based on low-pass filtered data from bin cell #6 acquired with
the LR ADCP #12943. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).

iBO Technical Report 2015 26



BR-1 - 591m BR-1 - 591m
Fall 2014 Winter 2015

SwW

Current Speed (cm/s)
B G, > 40
[ ]30=<C <40

| J20< CS <30
BR-1 - 591m I 10 < CS <20 BR-1 - 591m

Spring 2015 Summer 2015
B0 <C <10 :

NE

S S

Figure 10: Seasonal current roses at 591 m depth at BR-1-14 as based on data acquired with the Aquadopp #6270. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 11: Seasonal current roses at 733 m depth at BR-1-14 as based on data acquired with the Aquadopp #8414. Roses

point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.1.2 Mooring BR-3

Time-series plots of current speed, direction, and along-slope current component from the LR ADCP and the two
Aquadopp DW deployed at BR-3 over 2014-2015 are provided in Figure 12 through Figure 14. Data from the QM
ADCP #12823 at BR-3-14 are not presented since this instrument stopped recording on September 8, 2014 due
to water leakage in the external battery housing. Investigation revealed that the leakage likely occurred through
the connector on the dummy plug side of the housing. This unexpected leakage should not be confounded with
previous corrosion problems (identified over 2010-2011) that affected the impulse bulkhead connectors that
connect the housing to the transducer on TRDI ADCPs, a problem that has since been resolved.

The data in the LR ADCP plots are filtered for bins with PG4+PG1 values less than 25%, bins affected by sidelobe
interference and for error velocity thresholds as described in section 2.4.1. The LR ADCP #18785 at BR-3-14
provided a complete annual dataset, although a suspicious bin cell at 326 m depth (bin cell 7) was manually
flagged as part of the QA/QC process (Figure 12, Appendix E). This bin depth was likely affected by the presence
of the lower Technicap sediment trap, which resulted in reflection observed in the echo intensity and a general
decrease in current speed at this depth. However, it is not clear why the lower Technicap trap interfered with the
signal of the LR ADCP #12785 at BR-3, whereas this was not detected at the other slope moorings BR-1 (Figure
3) and BR-G (Figure 22). The first valid bin depth for the LR ADCP #18785 at BR-3 was 54.0 m (bin cell 24) with
a percentage of valid data of 99.2% (Appendix E). The percentage of valid records remained near 99% at all bin
depths for this instrument. Partial data loss possibly linked to high intensity of ambient sound generated by sea
ice at the surface was observed only briefly in early October 2014 at this location (Figure 12). The deep Aquadopp
current meters #8418 (553.1 m) and #2756 (677.6 m) provided complete time-series with a percentage of valid
data return of 98.3% for each instrument (Figure 13, Figure 14 and Appendix E).

Mean current speeds at BR-3-14 ranged from 5 to 8 cm/s throughout the water column, taking into account that
the near surface layer above 50 m remains unresolved (Table 10, Appendix E). Vector-averaged directions were
uniformly to the south (160-190°TN) from 54 to 150 m depth, but rapidly veered to the east and to north in the
interval between 150 and 198 m. At the bin depth of 198 m and below, mean currents were consistently to the
north (between 330 and 30°TN), as also showed by the data recorded by both lowermost Aquadopps at 551 and
678 m depth. Maximum current speed at BR-3-14 was 48 cm/s on October 13, 2014 as recorded at 310 m depth
(Appendix E). Another brief event of 47 cm/s was recorded at 54 m depth on May 15, 2015. These elevated current
speed events were however of very brief duration each (<30 minutes) and should be evaluated with caution. Less
than 1% of the entire current speed dataset at BR-3-14 was greater than 20 cm/s (Appendix E).

Seasonal current roses (low-pass filtered) for selected bin depths at mooring BR-3-14 are provided in Figure 15
through Figure 20. The current roses further illustrate that current speed at this location is steadily weak (typically
less than 10 cm/s). However, current direction at BR-3 is more variable over time than what the annually-averaged
vector direction showed. In particular, a discernable pattern in the lower portion of the water column (341 to 678
m) is that northward currents are more frequent in winter and spring than during the summer and fall when more
southward currents are recorded. Another event of interest was the recording of relatively strong northward
currents (slightly above 30 cm/s) recorded near the bottom at 678 m depth on March 2, 2015. This event was seen
throughout the water column (Figure 12), but was strongest at the lowermost depth monitored. It also occurred
approximately 6 days after a similarly along-slope current pulse measured at BR-1, which was strongest around
150 m depth and linked to an eddy-like feature (Figure 3).
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BR-3; Long Ranger Broadband 76.8 kHz; 73.4086 N, 129.3565 W; 2014-2015; Instr. #18785; 445.6 m depth
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Figure 12: Time-series of current speed, current direction and along-slope current component at mooring BR-3-14 as obtained with the LR ADCP #18785. The black line

depicts the instrument depth.
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BR-3; Aquadopp DeepWater 2-MHz; 73.4086 N, 129.3565 W; 2014-2015; AQD. #AQD 8418; 553.1 m depth
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Figure 13: Time-series of current speed, current direction and along-slope current component at 553 m at mooring BR-3-14 as obtained with the Aquadopp #8418.
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BR-3; Aquadopp DeepWater 2-MHz; 73.4086 N, 129.3565 W; 2014-2015; AQD. #AQD 2756; 677.6 m depth
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Figure 14: Time-series of current speed, current direction and along-slope current component at 678 m at mooring BR-3-14 as obtained with the Aquadopp #2756.
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Table 10: Annual statistics of current speed and direction at BR-3-14 from selected bin depths
representative of water mass variability in the Beaufort Sea (see Table 7 for water mass description).

Bin Debth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
53.0 0.07 0.08 0.10 0.15 0.20 0.47 0.04 186.5
133.0 0.06 0.06 0.08 0.13 0.17 0.33 0.03 171.0
213.0 0.05 0.06 0.08 0.12 0.16 0.33 0.03 16.3
341.0 0.05 0.06 0.08 0.12 0.15 0.26 0.03 350.4
553.1 0.04 0.05 0.07 0.12 0.16 0.22 0.04 332.1
677.6 0.06 0.07 0.10 0.17 0.23 0.34 0.05 346.7
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Figure 15: Seasonal current roses at 53 m depth at BR-3-14 as based on low-pass filtered data from bin cell #24 acquired

with the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 16: Seasonal current roses at 133 m depth at BR-3-14 as based on low-pass filtered data from bin cell #19 acquired

with the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 17: Seasonal current roses at 213 m depth at BR-3-14 as based on low-pass filtered data from bin cell #14 acquired
with the LRADCP #18785. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 18: Seasonal current roses at 341 m depth at BR-3-14 as based on low-pass filtered data from bin cell #6 acquired
with the LR ADCP #18785. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 19: Seasonal current roses at 553 m depth at BR-3-14 as based on data acquired with the Aquadopp #8418. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 20: Seasonal current roses at 678 m depth at BR-3-14 as based on data acquired with the Aquadopp #2756. Roses

point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.1.3 Mooring BR-G

Time-series plots of current speed, direction, and along-slope current component from the QM ADCP, LR ADCP
and the two Aquadopp DW deployed at BR-G over 2014-2015 are provided in Figure 21 through Figure 24. The
data in the QM and LR ADCP plots are filtered for bins with PG4+PG1 values less than 25%, bins affected by
sidelobe interference and for error velocity thresholds as described in section 2.4.1. The first valid bin depth for
the QM ADCP #8784 at BR-G-14 after removing sidelobe interference was 25.9 m (bin cell 20) with a percentage
of valid data of 97.9% (Appendix E). Bin depths 113.9 and 121.9 m (bin cells 8 and 9) were affected by the
presence of the upper Technicap sediment trap (as at BR-1), which resulted in reflection observed in the echo
intensity (not shown) and a general decrease in current speed at these depths. Accordingly, bin cells 8 and 9 QM
ADCP #8784 were manually flagged as part of the QA/QC and data from these bin depths should be treated
carefully before being used in further analyses.

The LR ADCP #13079 did not show any sign of suspicious bins due to interference with other parts of the mooring
(Figure 22). The first valid bin depth for this instrument was 43.1 m (bin cell 25) with a percentage of valid data of
47% (Appendix E). Data from this bin depth were of high quality and did not show any suspicious spikes in the
speed or echo intensity. Partial data loss possibly linked to high intensity of ambient sound generated by sea ice
at the surface was observed only briefly in spring and early summer 2015 (Figure 22). The deep Aquadopp current
meters #9473 (585.3 m) and #9847 (692.5 m) provided complete time-series with a percentage of valid data return
of 99.0% for each instrument (Figure 23, Figure 24 and Appendix E).

Mean current speeds at BR-G-14 ranged from 9 to 14 cm/s in the upper 200 m of the water column; and from 5 to
8 cm/s below 200 m (Table 11, Appendix E). Vector-averaged directions were typically to the southwest (200-
245°TN) for all bins down to 187 m depth. Beginning at 203 m, currents veer progressively to the south, southeast
and east until 427 m depth. Further down below in the water column, data from the deep Aquadopps at 585 and
692 m showed that the annually-averaged direction was to the northeast along the slope (37-42°TN). Maximum
current speed at BR-G-14 was 92 cm/s on October 9, 2014 at 19.5 m depth. This maximum current speed at BR-
G-14 occurred exactly 2 days after the maximum current speed recorded at BR-1 (see section 3.1.1). Strong
current speeds (>60 cm/s) were generally detected over October 8-10, 2014 throughout the upper 100 m. Periods
of stronger currents of ~50 cm/s were recorded near the surface over October 20-21, 2014. Within the 100-200 m
water interval, strong currents were also recorded in late December 2014, early January 2015 and late February
2015 (e.g. Figure 21). The December-January event was associated with a sustained current direction to the
southeast (across the slope toward the shelf) whereas the late February event was to the west (although current
direction is marked by several reversals around this period). In the first half of April 2015, a large eddy-like feature
was detected at BR-G between 50 and 250 m depth with rotating currents of 20-30 cm/s (Figure 22).

Seasonal current roses (low-pass filtered) for selected bin depths at mooring BR-1-14 are provided in Figure 25
through Figure 30. A seasonal pattern in current speed can be first identified with stronger near surface currents
(26 m, Figure 25) in summer and fall and stronger subsurface currents (130 m, Figure 26) occurring in winter and
spring under ice cover. Current direction is also variable on a monthly basis and strong current speeds (>40 cm/s)
cannot be directly related to one particular direction at these depths. Below 200 m, currents are relatively weak
and below 10 cm/s, although episodic increases in December 2014 and January 2015 were characterized by
cross-slope currents approaching 30 cm/s around 200 m depth (Figure 22). Current speed and direction in the
lowermost section of the water column (585 and 692 m, Figure 29 and Figure 30) were generally similar, although
they were more uniformly to the east-northeast than at mid-depth (347 m, Figure 28) where no clear trend in the
current direction can be identified.
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BR-G; Quarter Master Broadband 153.6 kHz; 71.0021 N, 135.5094 W; 2014-2015; Instr. #8784; 190.0 m depth

[ I I I \ I I I I I I
05 m/s
’ “‘ l""\, ‘ pr—
50 w | 04
s [ |
E || 0.3
A
£ 100 I + o2
[
e 0.1
150 .
0
! | | | | | | | | | | i Current speed
01-Sep 01-Oct 01-Nov  01-Dec 01-Jan 01-Feb  01-Mar 01-Apr 01-May 01-Jun 01-Jul 01-Aug 01-Sep 01-Oct
0 T T I I \ | T | T T | {
M
50 ‘ - degﬂees
g ]
£ 100 ‘ - w
[} )
a
s
150 |
| ™ 7 | | | . { & i , . |Current direction
01-Sep 01-Oct 01-Nov ~ 01-Dec 01-Jan 01-Feb  01-Mar 01-Apr 01-May 01-Jun 01-Jul 01-Aug 01-Sep 01-Oct
[ [ I I [ | [
m/s
| | ‘ \ 0.3
o ] I T | ‘ N |
ORI LD TR
| " | 1 | 1 ‘ | | 0.1
| i | ‘ Al 4 o
| ey U o
N l ;| -0.2
k (1 | 03
| | i i i Along-slope component
01-Sep 01-Oct 01-Nov ~ 01-Dec 01-Jan 01-Feb  01-Mar 01-Apr 01-May 01-Jun 01-Jul 01-Aug 01-Sep 01-Oct

Figure 21: Time-series of current speed, current direction and along-slope current component at mooring BR-G-14 as obtained with the QM ADCP #8784. The black line
depicts the instrument depth.
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BR-G; Long Ranger Broadband 76.8 kHz; 71.0021 N, 135.5094 W; 2014-2015; Instr. #13079; 451.5 m depth
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Figure 22: Time-series of current speed, current direction and along-slope current component at mooring BR-G-14 as obtained with the LR ADCP #13079. The black line
depicts the instrument depth.
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BR-G; Agquadopp DeepWater 2-MHz; 71.0021 N, 135.5094 W; 2014-2015; AQD. #AQD 9473; 585.3 m depth
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Figure 23: Time-series of current speed, current direction and along-slope current component at 585 m at mooring BR-G-14 as obtained with the Aquadopp #9473.
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BR-G; Agquadopp DeepWater 2-MHz; 71.0021 N, 135.5094 W; 2014-2015; AQD. #AQD 9847; 692.5 m depth
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Figure 24: Time-series of current speed, current direction and along-slope current component at 693 m at mooring BR-G-14 as obtained with the Aquadopp #9847.
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Table 11: Annual statistics of current speed and direction at BR-G-14 from selected bin depths
representative of water mass variability in the Beaufort Sea (see Table 7 for water mass description).

Bin Debth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
25.9 0.11 0.13 0.18 0.30 0.39 0.92 0.09 245.9
129.9 0.12 0.14 0.19 0.32 0.41 0.55 0.09 230.6
219.1 0.06 0.08 0.10 0.18 0.25 0.35 0.05 182.8
347.1 0.05 0.05 0.07 0.10 0.14 0.21 0.03 128.9
585.3 0.03 0.04 0.05 0.08 0.11 0.21 0.02 37.3
692.5 0.04 0.05 0.07 0.13 0.18 0.30 0.04 42.6
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Figure 25: Seasonal current roses at 26 m depth at BR-G-14 as based on low-pass filtered data from bin cell #20 acquired
with the QM ADCP #8784. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 26: Seasonal current roses at 130 m depth at BR-G-14 as based on low-pass filtered data from bin cell #7 acquired

with the QM ADCP #8784. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 27: Seasonal current roses at 219 m depth at BR-G-14 as based on low-pass filtered data from bin cell #14 acquired

with the LR ADCP #13079.
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Figure 28: Seasonal current roses at 347 m depth at BR-G-14 as based on low-pass filtered data from bin cell #6 acquired
with the LR ADCP #13079. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 29: Seasonal current roses at 585 m depth at BR-G-14 as based on data acquired with the Aquadopp #9473. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 30: Seasonal current roses at 693 m depth at BR-G-14 as based on data acquired with the Aquadopp #9847. Roses
point toward where the currents are going. Seasons are defined following the meteorological convention (Fall: October-
December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.14 Mooring BR-K

Time-series plots of current speed, direction, and along-slope current component from the WHS ADCP and the
Aquadopp Profiler deployed at the upper slope mooring BR-K over 2014-2015 are provided in Figure 31 through
Figure 32. The data in the WHS ADCP plot are filtered for bins with PG4+PG1 values less than 25%, bins affected
by sidelobe interference and for error velocity thresholds as described in section 2.4.1. The first valid bin depth for
the WHS ADCP #2646 at BR-K-14 after removing sidelobe interference was 22.2 m (bin cell 14) with a percentage
of valid data of 85.7% (Appendix E). Percentage of valid data below the uppermost valid bin depth ranged from
96.8 t0 99.7%. No bin depth was manually flagged due to possible interference with other parts of the mooring for
this instrument as part of the QA/QC procedure.

The down-looking Aquadopp Profiler #11147 at BR-K-14 provided a complete annual dataset of bottom currents
on the upper slope (Figure 32), although a suspicious bin cell at 142.4 m depth (bin cell 2) was manually flagged
as part of the QA/QC process (Appendix E). This bin depth was likely affected by the presence of the acoustic
release tandem kit located approximately 2 m below the Aquadopp, which resulted in reflection observed in the
echo intensity and suspicious current direction at this depth (Figure 32). The data from other bin depths down to
the bottom were of high quality with a percentage of valid data of 99.5% for all bin cells.

Mean current speeds at BR-K-14 ranged from 12 to 16 cm/s throughout the water column (Appendix E, Table 12,
which represents the strongest ensemble of mean currents recorded throughout the 7 iBO moorings over 2014-
2015. Vector-averaged directions were uniformly to the west-southwest (256-271°TN) from 22 to 46 m depth.
Between 54 and 78 m, a rapid transition from a westward current to a northward current and eventually a north-
eastward current can be identified in the mean vectors (Appendix E). From 86 m (the approximative depth of the
shelf break) down to the bottom (153 m), currents are uniformly to the northeast along the slope.

Maximum current speed at BR-K-14 was 84 cm/s on October 29, 2014 as recorded at 38 m depth. Numerous
relatively strong current speed events (>50 cm/s) were recorded at BR-K in the fall of 2014 and at other occasions
from winter to summer 2015. Most of the strong current speeds during the fall of 2014 were typically surface-
intensified while the other events were depth-intensified with stronger speeds around 80-100 m (Figure 31). The
strongest current speed that was recorded near the bottom at BR-K was 54 cm/s on October 11, 2014, similarly
to other slope moorings that recorded strong currents around this date (see section 3.1.1 to 3.1.3). Another strong
event of 45 cm/s was detected on March 2, 2015 just above the seafloor at the same time as an along-slope
current pulse appeared to have propagated to the northeast.

Seasonal current roses (low-pass filtered) for selected bin depths at mooring BR-K-14 are provided in Figure 33
and Figure 34. The differences in the most frequent current directions between the upper (22 m) and lower bin
depths (126 m) at this location demonstrates the existence of a narrow and steady north-eastward current along
the upper slope up to the shelf break depth (i.e. consistent with the presence of a shelfbreak jet propagating to the
northeast on average, see section 1.2). In particular, please note the maximum frequency percentage of
occurrence associated with each monthly current rose at 126 m, which is around 60% (Figure 34). This provides
evidence that the most unidirectional currents recorded throughout the 7 iBO moorings were recorded in the lower
portion of the water column at BR-K. By contrast, current directions are much more variable in the upper water
column above the depth of the shelf break (Figure 33), although they also generally follow the along-slope
geographical axis.
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BR-K; WorkHorse Sentinel Broadband 307.2 kHz; 70.8624 N, 135.0199 W; 2014-2015; Instr. #2646; 136.1 m depth
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Figure 31: Time-series of current speed, current direction and along-slope current component at mooring BR-K-14 as obtained with the WHS ADCP #2646. The black line
depicts the instrument depth.
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BR-K; Aquadopp Profiler 1-MHz; 70.8624 N, 135.0199 W; 2014-2015; AQD. #AQD11147; 140.0 m depth
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Figure 32: Time-series of current speed, current direction and along-slope current component at 140 m at mooring BR-K-14 as obtained with the Aquadopp Profiler

#11147.
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Table 12: Annual statistics of current speed and direction at BR-K-14 from selected bin depths
representative of water mass variability in the Beaufort Sea (see Table 7 for water mass description).

Bin Debth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
22.2 0.10 0.12 0.17 0.30 0.43 0.71 0.09 256.2
126.2 0.12 0.14 0.20 0.34 0.43 0.69 0.10 38.8
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Figure 33: Seasonal current roses at 22 m depth at BR-K-14 as based on low-pass filtered data from bin cell #14 acquired
with the WHS ADCP #2646. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 34: Seasonal current roses at 126 m depth at BR-K-14 as based on low-pass filtered data from bin cell #1 acquired
with the WHS ADCP #2646. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.1.5 Mooring DFO-2

A time-series plot of current speed, direction, and along-slope current component from the NB ADCP deployed at
the outer shelf mooring DFO-2 over 2014-2015 is provided in Figure 35. The data in the NB ADCP plot are filtered
for bins with PG4 values less than 25%, bins affected by sidelobe interference and for error velocity thresholds
and other masks as described in section 2.4.1. The first valid bin depth for the NB ADCP #586 at DFO-2-14 after
removing sidelobe interference was 20.0 m (bin cell 22) with a percentage of valid data of 91.0% (Appendix E).
Percentage of valid data below the uppermost valid bin depth ranged from 97.5 to 100.0%. No bin depth was
manually flagged for this instrument as part of the QA/QC procedure.

Mean current speeds at DFO-2-14 ranged from 7 to 12 cm/s throughout the water column, with the stronger mean
currents typically near the surface (Appendix E, Table 13). Similarly to the pattern observed at BR-K-14, vector-
averaged directions were uniformly to the southwest (246-254°TN) from 20 to 74.8 m depth, followed by a rapid
shift to the northeast at the lower bin depths. In the case of DFO-2-14, the transition between the southwest and
northeast mean currents is very sharp and takes place within a 4-m water interval only. Already at 78.7 m, the
mean current had veered to the northeast (45°TN) and remains steadily in this direction (49-54°TN) until the
lowermost bin depth located 10 m above the bottom (102 m water depth).

Maximum current speed at DFO-2-14 was 76 cm/s on October 26, 2014 as recorded from 32 to 40 m depth
(Appendix E). This strong current speed event is part of the general increase in current speed observed at DFO-
2-14 over October 2014. This period was characterized by strong negative along-shelf current component (to the
southwest) throughout the water column (Figure 35). A similarly strong current event to the southwest was also
detected in late September 2015. Both events that occurred in open water were typified by a surface-intensified
flow. Depth-intensified flow was recorded at times at DFO-2-14, such as on March 3, 2015 at midnight UTC when
a marked, but relatively quick, increase in the along-slope component (~40 cm/s, to the northeast) was recorded.
This event is consistent with similar north-eastward-directed current pulses recorded at depth a few hours earlier
on March 2 at both moorings BR-K and BR-G (Figure 21 and Figure 31).

Seasonal current roses (low-pass filtered) for selected bin depths at mooring DFO-2-14 are provided in Figure 36
and Figure 37. The differences in the most frequent current directions between the upper (20 m) and lower bin
depths (102 m) at this location further illustrates the general circulation pattern at the outer shelf/upper slope that
is characterized by south-westward currents near the surface and north-eastward currents at depth. The current
roses at 102 m at DFO-2-14 were however not as narrow and unidirectionaly-directed as at BR-K-14 where the
shelfbreak jet steered by the bottom topography of the upper slope is centered. At DFO-2, it is possible to surmise
that the subsurface circulation is looser and less trapped to the bottom due to the gentler slope topography at this
site when compared to BR-K, thus less prone to the generation of a jet. As a result, current speed is also less
intense near the bottom at DFO-2 than at BR-K.
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DFO-2; NB ADCP 300kHz; 70.9893 N, 133.7439 W; 2014-2015; Instr. #586; 108 m depth
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Figure 35: Time-series of current speed, current direction and along-slope current component at mooring DFO-2-14 as obtained with the NB ADCP #586. The black line

depicts the instrument depth.
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Table 13: Annual statistics of current speed and direction at DFO-2-14 from selected bin depths
representative of water mass variability in the Beaufort Sea (see Table 7 for water mass description).

Bin Debth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
20.0 0.10 0.12 0.17 0.30 0.39 0.56 0.09 253.71
102.1 0.06 0.07 0.10 0.17 0.22 0.41 0.05 49.85
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Figure 36: Seasonal current roses at 20 m depth at DFO-2-14 as based on low-pass filtered data from bin cell #21 acquired
with the SC-ADCP #586. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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Figure 37: Seasonal current roses at 102 m depth at DFO-2-14 as based on low-pass filtered data from bin cell #1 acquired
with the SC-ADCP #586. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.1.6 Mooring DFO-1

A time-series plot of current speed, direction, and along-slope current component from the NB ADCP deployed at
the mid-shelf mooring DFO-1 over 2014-2015 is provided in Figure 38. The data in the NB ADCP plot are filtered
for bins with PG4 values less than 25%, bins affected by sidelobe interference and for error velocity thresholds
and other masks as described in section 2.4.1. The first valid bin depth for the NB ADCP #318 at DFO-1-14 after
removing sidelobe interference was 11.0 m (bin cell 10) with a percentage of valid data of 58.8% (Appendix E).
Percentage of valid data below the uppermost valid bin depth ranged from 84.8 to 86.3%. Approximately 14% of
the dataset at DFO-1-14 was lost due to an intermittent malfunction of the NB ADCP internal data recorder for 47
days between May 7 02:36:05 to June 23 01:37:20 and again for the last 20 days of the deployment. However, no
bin depth was manually flagged for this instrument as part of the QA/QC procedure.

Mean current speeds at the mid-shelf site DFO-1-14 is about 8-9 cm/s throughout the water column, with no
discernable vertical pattern in current speed intensity (Appendix E, Table 14). Vector-averaged directions are also
steadily oriented to the south (160-188°TN) at all bin depths. Maximum current speed at this site was 53 cm/s on
February 25, 2015, as recorded in the lower portion of the water column at 42 m depth (Appendix E). This relatively
strong current speed event appears to be related to the general increase in north-eastward currents observed at
depth at several mooring locations around late February and early March 2015.

Seasonal current roses (low-pass filtered) for one bin depth (23 m) in the middle of the water column at mooring
DFO-1-14 are provided in Figure 39. These plots show that currents over the mid-shelf are typically weak to
moderate (<20 cm/s) and that stronger currents in 2014-2015 occurred primarily in fall. It should be noted however
that the current rose for spring 2015 does not reflect the actual range of current speeds and directions prevailing
during that season due to the bad data recorded by the NB ADCP #318 in May-June 2015.
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DFO-1; NB ADCP 300kHz; 70.3339 N, 133.741 W; 2014-2015; Instr. #318; 51 m depth
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Figure 38: Time-series of current speed, current direction and along-slope current component at mooring DFO-1-14 as obtained with the NB ADCP #318. The black line

depicts the instrument depth.
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Table 14: Annual statistics of current speed and direction at DFO-1-14 from a selected bin depth
representative of the Polar-mixed layer (see Table 7 for water mass description).

Bin Depth Median Mean 75%ile 95%ile 99%ile Max Standard ngtrzr-ed
P Speed Speed Speed Speed Speed Speed Deviation . 9
(m) (mis) (mis) (m/s) (m/s) (mis) (mis) Speed (m/s) | Direction
(deg TN)
23.0 0.07 0.08 0.10 0.17 0.30 0.42 0.05 176.94
iBO Technical Report 2015 65



DFO-1 -23m DFO-1 -23m
Fall 2014 Winter 2015

25% . . . 5%

SW

S Current Speed (cm/s) S
EC, > 40
[ ]30<C <40
[ ]20<C <30
DFO-1 - 23m I 10<C. <20 DFO-1 - 23m
Spring 2015 S Summer 2015
B0 <C <10

NE

S S
Figure 39: Seasonal current roses at 23 m depth at DFO-1-14 as based on low-pass filtered data from bin cell #7 acquired

with the SC-ADCP #318. Roses point toward where the currents are going. Seasons are defined following the meteorological
convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).
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3.1.7 Mooring DFO-9

A time-series plot of current speed, direction, and along-slope current component from the WHS ADCP deployed
at the inner shelf mooring DFO-9 over 2014-2015 is provided in Figure 40. The data in the WHS ADCP plot are
filtered for bins with PG4 values less than 25%, bins affected by sidelobe interference and for error velocity
thresholds and other masks as described in section 2.4.1. The first valid bin depth for the WHS ADCP #18318 at
DFO-9-14 after removing sidelobe interference was 3.8 m (bin cell 25) with a percentage of valid data of 40.8%
(Appendix E). Percentage of valid data below the uppermost valid bin depth ranged from 45 to 96%. The relatively
low percentage of valid data at DFO-9-14 is primarily related to low echo intensity between beams and abnormally-
high vertical velocity and error velocity, a measure of the consistency of current velocity across the ADCP beams.
Investigation is ongoing to determine what caused the low echo and high vertical/error velocity in this dataset,
something that has not been seen in earlier deployments at this site.

Based on the valid data collected at DFO-9-14, mean current speeds at this site range from 7 to 14 cm/s throughout
the water column, with the stronger mean currents typically near the surface (Table 15, Appendix E). Vector-
averaged directions were all in the south-eastern quadrant (101-172°TN) from 3.8 to 27.8 m depth. Maximum
current speed at DFO-9-14 was 100 cm/s on September 1-2, 2015 as recorded from 4.8 to 8.8 m depth (Appendix
E). The direction of this strong current was to the east-southeast (106-127°TN) throughout the water column.
Similar strong current events to the east-southeast were detected on November 11, 2014 and on March 1, 2015.
The early March event is consistent with similar eastward-directed current pulses recorded at BR-G, BR-K, DFO-
1 and DFO-2 (Figure 21, Figure 31, Figure 35, and Figure 38).

Seasonal current roses (low-pass filtered) for one bin depth (22 m) at mooring DFO-9-14 are provided in Figure
41. This bin depth was selected to provide a representative overview of current speed and direction at this location
since the percentage of valid data at this depth was greater than 90% (Appendix E). The rose plots show that
currents over the inner-shelf are typically weak to moderate (<20 cm/s) and that stronger currents in 2014-2015
occurred primarily fall 2014 and summer 2015.
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DFO-9; WHS 300 307.2kHz; 70.0584 N, 133.7157 W; 2014-2015; Instr. #18318; 31.0 m depth
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Figure 40: Time-series of current speed, current direction and along-slope current component at mooring DFO-9-14 as obtained with the WHS ADCP #18318. The black
line depicts the instrument depth.
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Table 15: Annual statistics of current speed and direction at DFO-9-14 from a selected bin depth
representative of the Polar-mixed layer (see Table 7 for water mass description).

. . . . Vector-
Bin Depth I\S/Iedl(ajn Meand 75%||§ 95%||§ 99%|I§ Max Speed Standard Averaged
(m) p/ee Sp/ee Sp/ee Sp/ee Sp/ee (mls) gewa(;lon/ Direction

(m/s) (m/s) (m/s) (m/s) (m/s) peed (m/s) (deg TN)
21.8 0.07 0.08 0.11 0.18 0.27 0.61 0.06 168.0
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Figure 41: Seasonal current roses at 22 m depth at DFO-9-14 as based on low-pass filtered data from bin cell #7 acquired
with the WHS ADCP #18318. Roses point toward where the currents are going. Seasons are defined following the
meteorological convention (Fall: October-December; Winter: January-March; Spring: April-June; Summer: July-September).

iBO Technical Report 2015 70



3.1.8 Spatial Variability of Surface and Bottom Currents in Open Water

Near-surface and near-bottom currents (low-pass filtered) during the open water season (June 15 to October 15,
from both 2014 and 2015) were mapped as current roses in Figure 42 and Figure 43 to provide an overview of
ocean circulation patterns during the operational season in the southeastern Beaufort Sea. The currents roses
illustrate that the dominant surface circulation pattern over the outer shelf and on the slope (BR moorings and
DFO-2) is in accord with the anti-cyclonic (clockwise) motion of the Beaufort Gyre. Moorings BR-3 and DFO-2
provides compelling evidence for the predominance of a south-southwest surface current along the slope and
outer shelf. By contrast, near-bottom currents along the slope flow generally to the east, while over the mid- to
inner shelf bottom currents are similar to surface currents.

Near-surface currents during the open water season at BR-1, BR-G and BR-K were more variable than at BR-3
and DFO-2 (Figure 42). Currents at BR-K were aligned with the bathymetric contours, but frequent reversals of
the south-westward flow to the northeast can be discerned in this dataset. This contrasts with what was measured
at the nearby DFO-2 mooring. At BR-G, episodes of northward currents were detected in addition of the
predominant south-westward flow. Ocean circulation at BR-1 in the outer Mackenzie Trough is the most variable,
with a spreading of the current rose in various directions although the westward component still dominates at this
location. The presence of southward and northward currents at this location is symptomatic of the enhanced eddy
activity that apparently developed in the Mackenzie Trough in summer 2015 when compared to other moorings
(see section 3.1.1).

Near-bottom currents at DFO-2, BR-G, and BR-K were similar to each other with a flow predominantly toward the
northeast and a few reversals to the southwest recorded at BR-K (Figure 43). As seen previously, currents at BR-
K are also stronger than at BR-G and DFO-2 on the average. Near-bottom currents at BR-1 and BR-3 follow the
bathymetric contours at their respective location, with a dominant flow to the south at BR-1 up the Mackenzie
Canyon, and a dominant current to the north at BR-3 along the slope near Banks Island. More frequent stronger
currents (>10 cm) were measured near the bottom at BR-3 when compared to BR-1.

On the mid- to inner shelf at DFO-2 and DFO-9, surface and near-bottom circulation during the open water season
is relatively weak and variable, with more frequent currents to the east-southeast toward the coast throughout the
water column. This may be related to the wind conditions observed during the sampling period as westerly winds
in the region are known to advect surface toward the coast (e.g. Dmitrenko et al. 2016) which generate
downwelling-favorable conditions. The environmental context of 2014-2015 (i.e. wind, large-scale ice conditions,
storm activities) remains however to be investigated to confirm any trend.
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Figure 42: Near-surface currents for the open water season as based on low-pass filtered current velocity data from the
nearest bin depth to 20 m. All data between June 15 and October 15 over 2014-2015 were used to construct the current
roses. Please note that the rose of DFO-2 is slightly displaced to the east of the mooring location for visual purpose.
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Figure 43: Near-bottom currents for the open water season as based on low-pass filtered current velocity data from the bin
depth nearest to bottom at each location. All data between June 15 and October 15 over 2014-2015 were used to construct

the current roses. Roses indicate toward where the current is flowing.
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3.2 Temperature and Salinity

The summary of CT logger data recovery success on iBO moorings 2014-2015 is provided in Table 16. All CT
loggers provided a complete dataset, except for the RBR CT-FI-Tu-DO #22044 attached at 141 m depth on BR-
K-14. This instrument stopped recording on September 7, 2014 due to a battery failure possibly linked to short-
circuiting (unidentified cause). This instrument was sent to the manufacturer for further inspection. Data processing
for DFO CT logger is still in progress and is not presented here. Summary of valid and flagged data (suspicious
spikes) for each processed CT sensor is provided in Table 17.

Processed temperature and salinity data from all CT loggers deployed on BR moorings over 2014-2015 are
presented using time-series plots of temperature and salinity at each mooring. Temperature time-series recorded
at moorings BR-1, BR-3, BR-G and BR-K are presented in Figure 44 through Figure 47. Salinity time-series for
the same moorings are provided in Figure 48 through Figure 51. Data from temperature-salinity time-series
presented below were filtered for spike-like values that were detected using the method described in section 2.4.2.
Missing data were replaced by linearly-interpolated values in the time-series plots. A temperature-salinity diagram
is also provided in Figure 52, which combines all QA/QC data from the moored CT loggers (also filtered for spikes,
but not interpolated for missing values) as well as water column profile data from CTD casts conducted at mooring
deployment in 2014 aboard the Amundsen.

The temperature time-series recorded at discrete depths varying from 38 to 693 m on the slope illustrate the typical
vertical layering in temperature in the Beaufort Sea (e.g. Lansard et al. 2012 and references therein), although
marked temporal variability was observed, especially at BR-G (Figure 46). Temperature was most variable in the
upper 200 m of the water column, with temperature varying from around 0°C down to around -1.7°C. Rapid
transitions from relatively warm to relatively cold (and vice-versa) temperature were often detected in this water
interval. For example, a sudden increase from -1.4 to 0.4°C was recorded at 96 m at BR-K in late October 2014
(Figure 47). At BR-G, marked decreases in temperature (from -0.8 to -1.5°C) were successively measured at 192
m from January to April 2015, concomitantly with modest increases (from -1.7 to -1.5°C) at 43.1 m (Figure 46).
These events when the upper 200 m of the water column was quasi-homogenized in terms of temperature
correspond apparently to the passage of eddy-like features over the mooring (see section Mooring BR-G).
Warmest waters (near 0.5°C) were recorded at the deep moorings with the ~450 m CT loggers located in the
Atlantic water mass. At the lowermost CT logger depths (about 600-700 m), temperature was approximately 0.5°C
colder than at ~450 m due to the progressive transition to Canada Basin deep water that occupies depths below
800 m in the region (Lansard et al. 2012).

Likewise temperature, salinity time-series showed that most of the variability in terms of water mass physical
properties occurs in the upper 200 m (Figure 48 through Figure 51). Contrary to temperature, salinity is
monotonically increasing with depth in the Beaufort Sea. Over the slope in 2014-2015, salinity from 450 to 700 m
depth occupied a very narrow range from 34.7 to 34.9, while salinity in the upper 200 m ranged from 29.5 (BR-3,
39 m in early July 2015) up to 34.8 (BR-K, 96 m in late October 2014). The rapid increase in salinity observed at
the upper slope mooring BR-K at both 96 m and 59 m in late October and November 2014 (Figure 51) is likely a
sign of upwelling of deep waters taking place at the shelf break. The general trend of negative along-slope current
component observed at moorings BR-K and DFO moorings in October-November 2014 is also consistent with
upwelling conditions (see section 3.1.3). The successive eddy-like features observed at BR-G from January to
April 2015 are also well depicted by the salinity time-series at this location (Figure 50). The pinching of salinity
time-series (toward salinity = 33) seen at this location during winter possibly illustrates the successive passage of
cold-core anti-cyclonic eddies filled with water of Pacific origin (Figure 50). Such a phenomenon was also observed
at BR-1 in early August 2015 (Figure 48), although the deployment of two additional CT sensors between the IPS
and QM-ADCP at BR-G in 2014 (at 83 and 150 m) provided key data that enabled better resolving the moving
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eddy-like features. In 2015, all lower slope moorings were equipped with a CT logger between the IPS and QM
ADCP at deployment (at approximately 130 m). This decision was taken on the basis of a trade-off between
equipment availability and a wish to better resolve the upper water column temperature-salinity structure, including
eddy dynamics.

The temperature-salinity diagram combining all data from the CT loggers provides a further way to characterize
the different water masses occupying the water column at mooring locations over 2014-2015 (Figure 52). This
diagram provides compelling evidence that most of the variability in the water column is taking place in the upper
200 m. It also illustrates that all datasets from CT sensors deployed in the upper 100 m contain at least some
periods when seawater was near the freezing point (as a result of winter processes). The visual comparison
between CTD cast data from 2014 and the moored CT sensor data provides a preliminary assessment of the
accuracy of the CT sensor data. It is reminded that no CT logger data was corrected yet for drift or instrument
offset, since processed CTD cast data from 2015 are not available yet. However, instruments in the upper 200 m
did not appear to be affected by any visible bias given their consistency with respect to the freezing line and the
expected variability in the shape of the halocline (i.e. between ~32.0 and 34.7 salinity) that changes over time due
to upwelling/downwelling and other mixing processes. Further examination of the CTD casts data collected in 2015
will enable confirming if these instruments were affected by any bias.

However, the deeper CT logger instruments (>400 m) do show already some offsets with respect to the CTD cast
data collected in 2014. A zoom on the narrow domain of the temperature-salinity variability in the lower portion of
the Atlantic water mass is shown in Figure 53. Although such a zoom exaggerates the discrepancy between the
moored CT data and the CTD cast data, it illustrates that the deep CT sensors might be affected by individual
instrument-specific offsets (e.g. temperature sensor of CT #15272, to be verified) or miscalculation in the
relationship linking pressure to conductivity and potential temperature. It is reminded that the RBR CT loggers do
not have their own pressure sensor. Depth of RBR CT sensors needs to be estimated on the basis of other nearby
instruments. Such miscalculations are likely to be the case of the observed biases and investigation is underway
to resolve them.
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Table 16: Summary of CT data logger clock drift and

ercentage of raw data return on iBO moorings from 2014 to 2015.

Mooring Instrument Serial Depth Clock'Drift First Good Record Last Good Record Raw Data
number (m) (mm:ss) (UTC) (UTC) Return (%)

BR-1-14 RBR XR420 CT 15262 51.8 00:22 fast Sep-01-2014 21:40:00 Sep-29-2015 19:40:00 100.0%
BR-1-14 RBR XR420 CT 15279 201.8 00:32 fast Sep-01-2014 21:40:00 Sep-29-2015 19:40:00 100.0%
BR-1-14 RBR XR420 CT 15267 457.8 00:01 slow Sep-01-2014 21:40:00 Sep-29-2015 19:40:00 100.0%
BR-1-14 RBR XR420 CT 15268 591.1 00:42 fast Sep-01-2014 21:40:00 Sep-29-2015 19:40:00 100.0%
BR-3-14 RBR XR420 CT 15264 38.7 00:38 fast Aug-27-2014 13:50:00 Aug-31-2015 17:10:00 100.0%
BR-3-14 RBR XR420 CT 15263 181.2 01:17 fast Aug-27-2014 13:40:00 Aug-31-2015 17:10:00 100.0%
BR-3-14 RBR XR420 CT 15281 447.6 00:51 fast Aug-27-2014 13:50:00 Aug-31-2015 17:10:00 100.0%
BR-3-14 RBR XR420 CT 15275 677.6 00:25 fast Aug-27-2014 13:50:00 Aug-31-2015 17:10:00 100.0%
BR-G-14 SBE 37SM Microcat 12236 43.1 00:13 fast Aug-23-2014 23:50:00 Aug-26-2015 21:00:00 100.0%
BR-G-14 RBR XR420 CTD 17352 82.7 00:53 fast Aug-23-2014 23:45:00 Aug-26-2015 20:45:00 100.0%
BR-G-14 RBR XR420 CT 15273 150.0 01:08 fast Aug-23-2014 23:40:00 Aug-26-2015 21:00:00 100.0%
BR-G-14 RBR XR420 CT 15280 192.0 01:22 fast Aug-23-2014 23:40:00 Aug-26-2015 21:00:00 100.0%
BR-G-14 RBR XR420 CT 15266 453.5 00:23 fast Aug-23-2014 23:40:00 Aug-26-2015 21:00:00 100.0%
BR-G-14 RBR XR420 CT 15272 692.5 00:51 fast Aug-23-2014 23:40:00 Aug-26-2015 21:00:00 100.0%
BR-K-14 SBE 37SM Microcat 12235 58.6 00:18 fast Aug-21-2014 16:20:00 Aug-25-2015 14:10:00 100.0%
BR-K-14 RBR XR420 CTD-Tu-DO 10419 95.9 01:10 fast Aug-22-2014 18:00:00 Aug-26-2015 14:00:00 100.0%
BR-K-14 RBR XR420 CT-FI-Tu-DO 22044 140.8 Not available Aug-22-2014 18:00:00 Sep-07-2014 4:00:00 4.2%
DFO-2-14 SBE 37SM Microcat 05890 105 01:52 slow Sep-30 2014 16:30 Sep-26-2015 15:02 100.0%
DFO-1-14 SBE 37SM Microcat 04992 52 01:31 fast Sep-30-2014 22:15 Sep-27-2015 14:49 100.0%
DFO-9-14 SBE 37SM Microcat 09973 31 02:31 fast Oct-01-2014 02:15 Sep-27-2015 17:45 100.0%

INote: Data from DFO CT loggers is still in process and QA/QC dataset from these instruments is not presented here.
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Table 17: Summary of valid and flagged data from CT loggers deployed on the BR slope moorings from 2014 to 2015. See Table 16 for the
instrument model associated with each serial number.

. Number of Valid Number of % of Valid and Number of Valid Number of % of Valid and
Mooring Serial Depth Conductivity Flagge'd' Un-flagge.d Temperature Flagged Un-flagged

number (m) Records Conductivity Conductivity Records Temperature Temperature

Records Records (%) Records Records (%)
BR-1-14 15262 51.8 56,580 26 99.95 56,580 83 99.95
BR-1-14 15279 201.8 56,580 0 100.00 56,580 0 100.00
BR-1-14 15267 457.8 56,580 1 100.00 56,580 0 100.00
BR-1-14 15268 591.1 56,580 0 100.00 56,580 0 100.00
BR-3-14 15264 38.7 53,155 9 99.98 53,155 34 99.98
BR-3-14 15263 181.2 53,157 3 99.99 53,157 2 99.99
BR-3-14 15281 447.6 53,157 1 100.00 53,157 0 100.00
BR-3-14 15275 677.6 53,157 1 100.00 53,157 1 100.00
BR-G-14 12236 43.1 52,976 22 99.96 52,976 58 99.96
BR-G-14 17352 82.7 35,316 0 100.00 35,316 66 100.00
BR-G-14 15273 150.0 52,976 0 100.00 52,976 0 100.00
BR-G-14 15280 192.0 52,976 0 100.00 52,976 0 100.00
BR-G-14 15266 453.5 52,976 13 99.98 52,976 1 99.98
BR-G-14 15272 692.5 52,975 0 100.00 52,975 0 100.00
BR-K-14 12235 58.6 53,124 34 99.94 53,124 47 99.94
BR-K-14 10419 95.9 17,707 13 99.93 17,707 13 99.93
BR-K-14 22044 140.8 371 0 100.00 371 1 100.00

INote: The percentage of valid data is based on the total number of records returned by the instrument from deployment to recovery.

iBO Technical Report 2015

77



I
1 Temperature BR-1 ——BR-1-15268 - 591.1m
BR-1 - 15267 - 457.8 m
——BR-1-15279-201.8 m
——BR-1-15262-51.8 m
05— ' T
o
2 O .
e
g
=
o
)
£
g 05
}_
o
=
9
[$)
o
-
1.5+
| | | | | | |

-2
01-Sep-14 01-Oct-14 01-Nov-14 01-Dec-14 01-Jan-15 O01-Feb-15 01-Mar-15 01-Apr-15 01-May-15 01-Jun-15 01-Jul-15 01-Aug-15 01-Sep-15 01-Oct-15

Figure 44: Temperature time-series recorded at BR-1-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 45: Temperature time-series recorded at BR-3-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.

iBO Technical Report 2015 79



[ | | [
——BR-G - 15272 -692.5 m Temperature BR-G
1 BR-G - 15266 - 453.5 m
——BR-G-15280-192.0 m
——BR-G-15273-150.0 m
——BR-G-17352-82.7m
——BR-G-12236-43.1m

0.5

Potential Temperature (deg C)

'
—_

_lJ

e | ‘ wulh Al i i

\ | | \ \ | | | | |
-2
01-Sep-14 01-Oct-14 01-Nov-14 01-Dec-14 01-Jan-15 01-Feb-15 01-Mar-15 01-Apr-15 01-May-15 01-Jun-15 01-Jul-15 01-Aug-15 01-Sep-15 01-Oct-15

Figure 46: Temperature time-series recorded at BR-G-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 47: Temperature time-series recorded at BR-K-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.

iBO Technical Report 2015 81



35

T
34 - o
3= =g
T
0
©
o
&30
o
£
©
w
3= n
——BR-1-15268 - 591.1 m
BR-1 - 15267 - 457.8 m
——BR-1-15279-201.8 m
——BR-1-15262-51.8 m
30 —
Salinity BR-1
29 | | | | | | | | | | |

01-Sep-14 01-Oct-14 01-Nov-14 01-Dec-14 01-Jan-15 01-Feb-15 01-Mar-15 01-Apr-15 01-May-15 01-Jun-15 01-Jul-15 01-Aug-15 01-Sep-15 01-Oct-15

Figure 48: Salinity time-series recorded at BR-1-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 49: Salinity time-series recorded at BR-3-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 50: Salinity time-series recorded at BR-G-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 51: Salinity time-series recorded at BR-K-14 over 2014-2015. The legend shows the serial number and depth of each CT logger.
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Figure 52: Temperature-salinity diagram constructed upon all data acquired with the CT loggers attached to the slope moorings BR-1, BR-3, BR-G and BR-K over
20142015. CTD profile data taken at mooring locations during the CCGS Amundsen cruise in 2014 are depicted by the 4 black lines.
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Figure 53: Zoom on the temperature-salinity diagram constructed upon data acquired with the deep CT loggers (>400 m) attached to the slope moorings BR-1, BR-3 and
BR-G over 2014-2015. CTD profile data taken at mooring locations during the CCGS Amundsen cruise in 2014 are depicted by the 3 black lines.
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3.3 Biogeochemical Fluxes

This section of the report provides a preliminary assessment of biogeochemical implications of the physical
oceanography setting presented in the sections above. Within iBO, automated sediment traps are deployed at 2
depths on the longer slope moorings (see section 2.1.1) to provide insights on the biological regime and cycle of
marine productivity in the offshore domain of the southeastern Beaufort Sea. This includes the export of organic
carbon as well as information on the planktonic food web, the community of small organisms that supports upper
trophic levels, such as fish and marine mammals. The patrticle size analyzer LISST 100X deployed at BR-K-14 is
rather used to report on lateral sediment transport events and seabed erosion near the shelf edge.

Phytoplankton cells (millions cells m-2 d?1) collected in the sediment trap deployed at 125 m on the BR-G-14
mooring indicated the onset of phytoplankton production and export in early May (Figure 54), with a peak in
phytoplankton export (almost exclusively diatoms) in early June. Phytoplankton export remained relatively high for
the remainder of the ice-free season. Zooplankton (swimmers, individual’'s m-2 d-1) mainly carnivorous copepods,
were abundant at the beginning of the deployment in October (data not shown). This peak possibly reflected the
descent of copepods for overwintering, with the carnivorous copepods following the herbivorous copepods down
even though the latter were not found in high numbers. No clear patterns were observed in spring and summer,
but further investigation will be done at the species level.
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Figure 54: Phytoplankton cell fluxes collected by the upper sediment trap deployed at BR-G-14 along with satellite-derived
ice concentrations in the area above the mooring during the 2014-2015 deployment period.

Particle size distribution and particle volume concentration recorded with the LISST 100X deployed near the
bottom at BR-K-14 are provided in Figure 55. The valid size range for this time-series was identified as being from
10 to 100 pm (equivalent spherical diameter), which corresponds to silty-clay particles and fine sand that typically
dominate bed sediment composition at the outer shelf edge. Peaks in particle volume concentration were observed
primary in fall 2014 and spring-summer 2015, but an unusual mid-winter peak in early March 2015 was also
detected. This event corresponds to the widespread eastward current intensification noticed with the current
profilers at the central shelf moorings over late February-early March 2015. Further investigation of the changing
patterns of the particle size distribution over time should provide additional insights on horizontal and vertical
sediment transport at the shelf edge in relationship to the ocean circulation regime.
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Figure 55: Time-series of particle size distribution and particle volume concentration as recoded with the LISST 100X deployed near the bottom at BR-K-14.
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4.0 CONCLUSIONS

This section of the report provides additional discussion on the 2014-2015 QA/QC dataset available thus far.
Concluding remarks on features of interest are provided in section 4.1. Lessons learned from the 2015 field
operations are listed in section 4.2. At this stage of the project, the lessons learned and recommendations are
currently being addressed to make more robust and secure future mooring deployments in 2016; and to increase
the overall quality of the dataset. Objectives and priorities for 2016-2017 are also presented in section 4.3,
including an outlook of the foreseeable milestones for the second year of the iBO scientific program.

4.1 Concluding Remarks on the 2014-2015 Dataset

The core of this report aimed at providing an initial review of the available QA/QC data from the 7 iBO moorings
recovered in 2015. Valid data and various quality indicators have been presented for current meters and current
profilers deployed at all moorings; as well as CT loggers from the BR moorings. The QA/QC dataset for these
instruments is readily available as formatted Text files (ASCII) provided as a data deliverable (see Appendix D).
In addition, an initial outlook on sediment fluxes (particle size distribution) and plankton community structure over
the slope was presented using the preliminary LISST 100X dataset from BR-K and part of the sediment trap data.
A number of features of interest were recorded that warrant further investigation:

m A consistent pattern of stronger currents flowing to the west-southwest (typically stronger at the surface than
at depth, up to ~0.8 m/s at DFO-2 and BR-K) was generally measured at all moorings in October 2014.
Variability of temperature-salinity recorded concomitantly suggests that shelf-break upwelling occurred during
this period. Data should be investigated further to determine the chronology of this event regionally and to
understand the larger physical context, including the atmospheric forcing factors.

m A general increase in the along-slope current component was recorded around late February/early March
2015 at all moorings. This general increase was seen as a depth-intensified current (up to 0.4-0.5 m/s at BR-
K at ~100 m) flowing to the east-northeast. At BR-3, stronger currents during this event were recorded in the
lower portion of the water column (>300 m), suggesting a vertical dissipation of the along-slope velocity
component as this current propagated northward. Further investigation of this phenomenon could be
undertaken to decipher its nature and determine its characteristics (period, amplitude).

m Eddy-like features were identified visually in the current speed/direction and temperature-salinity time-series,
especially at BR-G-14. This latter dataset could be used to further characterize and investigate the dynamics
of these features and discuss their implications in terms of vertical and horizontal transport.

m Current speed and direction data at BR-K-14 provide evidence for the occurrence of a unique narrow jet-like
current trapped to the shelf break and characterized by relatively elevated mean current speeds (~13-16
cm/s) not measured at any other mooring. The variability of this narrow and energetic current should be
investigated, including his possible role in eddy formation and its impact on seawater trajectories and
particulate matter fluxes.

m Temperature-salinity and current speed time-series showed small-scale high-frequency fluctuations (<1 day)
that resemble internal tide oscillations that could be analyzed using power spectral density estimates. Such
processes are important to understand the oceanic variability occurring within the mesoscale frequency band,
encompassing periods of one hour to one day.

m The strong peak in phytoplankton cells observed at the upper sediment trap at BR-G-14 in early June 2015
appears to be unusually early for the onset of the productive season in the offshore domain of the Beaufort
Sea. This peak should be analyzed in a larger spatial and temporal context to identify if 2015 was an unusual
year in terms of vernal ice melt and biological activity.
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4.2 2015 Fieldwork Lessons Learned and Recommendations

This section of the report identifies lessons learned and recommendations from work on the Amundsen and Laurier
during the 2015 iBO Program that are currently being addressed to improve future mooring deployments and
recoveries. The list of recommendations has been finalized following the iBO TAC Meeting that was hosted as
part of the ArcticNet Annual Scientific Meeting, Vancouver, on December 7, 2015 (see Appendix B).

m Following the overpressure and spillage of a benthos pinger during leg 3a onboard the Amundsen, it is
recommended that the benthos pingers should not be redeployed as part of any further redeployment of iBO
moorings. Alternative location devices, such as Sonotronics pingers should be evaluated to replace the
Benthos pingers. Extra care should be taken in the handling of any pingers to be recovered in 2016.

m Although sediment trap motors have proven to be robust and reliable instruments over the years, the
unexpected failure of one of them at BR-1-14 underscores the need to carry spare trap motors as part of
every future expedition.

m The damaged TRDI battery housing from the TRDI QM ADCPs that stopped recording prematurely require
complete refurbishing before further usage. Inspection of the connector on the dummy plug side of all TRDI
housings in stock should be inspected and replaced to prevent future leaks. However, the use of silicone
grease and duct tape to protect impulse bulkhead connectors from corrosion of the power pin on RDI ADCPs
appears to be effective and should be continued.

m Battery packs for the TRDI ADCPs and Benthos acoustic releases fabricated by Batteries Experts and
provided by Crobel Electronique were found to have a very poor fit in their respective housings. It is advised
that proper batteries from the manufacturer should be bought in future years.

m Given the discrepancy between some target instrument depths and instrument depths measured in situ by
upper instruments on the lower slope moorings (e.g. the IPS at BR-1-14 was 10 m shallower; the SBE 37SM
at BR-G-14 was ~15 m shallower; and the TRDI QM ADCP at BR-3-14 was ~20 m shallower than expected),
the lengths of the Kevlar rope segments dedicated to the longer offshore moorings should be thoroughly
verified before being reutilized in 2016. In place, the progressive replacement of ropes for longer BR moorings
in 2016 is recommended given that some of them have been used since 2011 or possibly earlier.

m It has been noticed that the calibration date of RBR CT instruments is outdated (3 years old). All recovered
RBR CT loggers and SBE 37SM CTD should be calibrated before re-deployment in 2016. RBR instrument
#22044 (that stopped recording prematurely) should be particularly inspected for any problem as the cause
of the battery failure within this instrument was not identified.

m Changing the galvanized steel shackles above RDI & Nortek ADCPs for stainless steel shackles (316 grade)
should be considered to minimize perturbations of the magnetic field near the ADCP compasses.
Alternatively, the effect of the galvanized steel shackle above the ADCP could be verified by testing the
compass accuracy with and without the shackle above it (as part of the routine maintenance activities
conducted at Laval University for example).

m Consider buying additional M40 floats or stainless steel cages from Squarewave Marine Technologies to
duplicate TRDI ADCPs floats for longer slope moorings and facilitate turn-around at sea (i.e. in the case that
the Laurier is used to turnaround lower slope moorings).

m Titanium bars should be preferred to stainless steel bars on sediment traps to avoid corrosion with shackles.
An inventory of the amount of traps with stainless steel bars is needed before considering changing the bars.
In place, changing the stainless steel bars for in-line ropes could be evaluated.

iBO Technical Report 2015 91



m Nortek instruments on BR-1-14 that could not be verified as part of the compass verification activity conducted
in Inuvik in the wake of the Amundsen expedition should be verified at Laval University for consistency with
other equipment.

4.3 Objectives and Milestones for 2016-2017

Objectives of iBO for 2016-2017 are centered on the recovery and redeployment of the 7 iBO moorings from the
Amundsen and Laurier icebreakers. Foreseeable milestones for 2016-2017 are listed in Table 18. This includes
the finalization of the QA/QC for 2014-2015 data and the upcoming processing of 2015-2016 datasets. Ancillary
activities like the verification of ADCP compasses and several TAC meetings to address field logistic and
operations are planned to ensure a timely development of the project in 2016-2017. Outreach activities to
disseminate the results of the program (peer-reviewed publications and conference presentations) and to foster
collaborations with the larger Beaufort Sea community will also be undertaken assuming that iBO will be supported
by ESRF and industry partners in 2016-2017 at least to the same extent as in 2015-2016. In addition of the
milestones listed in Table 18, we aim at pursuing a certain number of secondary objectives, which also depends
on the total funding available for data processing and analyses within iBO. These include:

m A further harmonization of the QA/QC methodology used to process data from current profilers and CT
loggers from the shelf moorings (processed by DFO) and slope moorings (processed by Golder/ArcticNet).
Bin depth mapping, bad data masking and filtering as well compass correction represent key elements to be
addressed.

m Potential development of a common data format aligned with the NetCDF format and conventions, including
the development of a conversion tool between DFO and Golder/ArcticNet respective ASCII formats. This
would allow iBO data to be better aligned with international conventions, thus providing an improved archiving
approach.

m Topical studies that would specifically address the iBO science objectives, including the documentation of
poorly resolved processes (e.g. mesoscale eddies) or extreme ice and ocean features (e.g. storm surges)
and their impact on the marine environment and biogeochemical fluxes.

m Initiation of a “Status of the Beaufort Sea” report that would build on published studies and results, existing
data (but unpublished), as well as newly-acquired datasets to review the ice-ocean setting and provides new
knowledge on the functioning and seasonality of the region. The timeline and scope of this status report
remain to be established.

Table 18: 2016-2017 iBO Milestones

Milestone Date
Pre-field 2016 Operational Conference Call Meeting April 29, 2016
Instrumentation maintenance completed at DFO and ArcticNet May 15, 2016

Presentation of the iBO program and preliminary results as part of the session

“Monitoring marine ecosystems and climate” of CMOS 2016, Fredericton June 1, 2016

Finalization of 2014-2015 CT logger dataset, including correction for offset and drift August 1, 2016

Technical Advisory Committee Conference Call - Summer Meeting August 10, 2016
Recovery and redeployment of slope moorings onboard the Amundsen September 15, 2016
Post-field verification of Nortek and TRDI ADCP compasses in Inuvik September 20, 2016
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Finalization of 2014-2015 current meter and current profiler QA/QC dataset

December 1, 2016

Recovery and redeployment of shelf moorings onboard the Laurier

October 20, 2016

Publication of iBO paper (project description) as part of the Arctic Journal

November 1, 2016

Annual Technical Advisory Committee Meeting, ArcticNet Science Meeting, Winnipeg

December 5, 2016

2nd Beaufort Collaborations Meeting, ArcticNet Science Meeting, Winnipeg

December 6, 2016

Publication of iBO paper as part of the project update section of the Eos Journal

January 15, 2017

Finalization of data processing of IPS 2014-2015 and related reporting

January 31, 2017

QA/QC of ADCP and CT logger 2015-2016 data

March 31, 2017

iBO Technical Report 2016-2017 Submitted

March 31, 2017
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Appendix A.  2014-2015 Final Mooring Diagrams

The final mooring diagrams 2014-2015 are provided below. Instrument depths correspond to the mean depths

measured (for instruments equipped with a pressure sensor) or estimated for each instrument throughout the
deployment period.
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140.0
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COMPONENT

ICE PROFILING SONAR IPS5 #51108
ASL DUAL CAGE

8 12B3 FLOATS
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