DEEP WATER EXCHANGE IN
FORTUNE BAY, NEWFOUNDLAND

TOTALO

\

BRADLEY STEPHEN DE YOUNG







o
g FOR

NOV g

1988






;
(
!
l}
i

‘AThesis submitted. in partial -fulfillment

of the requirements for the degree of .

Master of Science

' %, . Department of Physics
Menorial University of Newfoundlahd

-
Septenber 1983°




. sensunnl"cicle in the deep water in Fortune Bay, Newfoundland. qud

" methardisms “by vhich the wind can generate the Hﬂfhflcd Slope Wdter

state upwelling model,

ABSTRACT”

Temperature, salinity and density data are presented 'ghcwing a

Lnbrndb\' Curr!mt H&tEr Huws in from Sam(—?:ene Chnnnel an exzenslan .
of the Avalon Chamnel, in the summer. -Varm Modified ‘Slope Water flows
in from Hémiuge Channel in e winter. ’

A descnptmn of the vater stricture in the Forture Bay area for

1981 and 1931 is p:esenud. The transport. of the Lnbr.ndnr CurrAnz in
1

l’.he Salht—?ler:e Ch nnel is del:em!.ned to be 6.4 x 1 "Cold i

wauz axchange in r is fmmd to: be lated with a seasonal

variation in the Lnbndur Currént £lov. Direct current. menu measure-

- menits of, this| d:nn:y currenty mnaw are prnvlded uuh an ﬂna]y:x:al

iscussion! of the lnr_eratho\n between n.e'nm; and the tide.

Warm wvater' exchange in.the winter is found.to 'he',cerreu‘:ed with O

se'asima1 shift in the yind stress

Light, santhuesterly sunhet winds

are feplaced in‘winterby’ sttong nnxtheatterly vinds. | Two possible

“inflow are put forward: ' a, time-dependent upvélling model and a* steady~
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Chapter 1, Introdiction

171 ‘Prologue

This thesis is a ‘study of deep water exchange in-Fértune Bay, a
" three sill fjord, iocated on the. south coast of Newfoundland (Figures 1.1

and 1.2). ABounded by the Burin Penin

to the cast, Saint-Pierre and .

Miquelon to the :uuthve:l: and Hermitage’ Chalmel to the vest, Fortune it
n o g 0
Bay 15 pn:ucululy interesting because @f “its. unusunl geometry. Very N {
] wia a0

few. of the £jords. vhich haye” been studied have had more :thal one sill, —_

perpitting access to the fjord. It is rot ‘uncommon to have sills land-

waxd of thé:main mouth of thé sejord u.'gnby breaking the Ejord up into .’

partlally separated basins but 'in Fortune Bay: the slmnﬁon is much o 0 AR

‘different. ™o of the snl ‘om :he narthwes:am side. of the bay give . H
' access to Hetmltage Channel (sae pigum 1. z) vfule the thud sill to the LT

sounmes: gives access to.the Saim:- xerre Cham\el This unusial g <. % e
geumetty and- the; dme:enz water masses carried into the regum via

thederchannel systems allow the study of a nuiber of 'interesting physxcul

problems. ... . S

1.2 Deep: Water. Exchangs in.Fjords' , ;. =

\Rxchangs of deep ua:ex in fjords Ean oeeur over'a variety of time |, : :

- v
scales i luh may be tegula( or internittent. Exchnn;e oceurs when vater of ot

sufficient density arrives at the :xll to displace water at the bottom of .

“the tjord.

The tenewal may, be partml or l:nmplem d:pnndxpg upon the

trnnspnrt xnd du(n:mn of the inflow and r.h: nature, of thz systnm. A

“ good review of the-proces’s of, deep vater - exchange in: £jords i “given oy

.Gada nnd Eduards (19805 A more.up I.o,duu: nnd :mp‘lete reviow ot the;

genernl dynartics of no:d,uceanngmpny can-be Found in Farver and .
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Freeland (1983).

Forcing may come from within the £jord itself or more Somaonly “in

N . the coustﬂ waters beyond the siu. Relle (1978, for example, studied

dhanigds T the waiter stiucture outside ny_]qrd Novudy as a result of,
‘g variations in:the coastal wind field. .Replacement of deep Water was;

observed to take place during‘the summer as a result.of a longshore.

¢ 3% . N
_northerly wind. The exchange Brocesswas intermittent but well co*

Reggie -

related with 2 to 7 day variations'in hé longshere wind stres:

al is related to seasonal-variations in the density of the 'cm':inenm
ghelf source water: Deep wate'r _renewal vas observed o nccut in the sum-

 wbr as & resile offfpelexation of a winter coastyl dwnwellmg coiditite

mne’ renewal/may also be- controll;d by, intra-£ £ jordic events: Tn

)(owa Sound; BE\1(1973) ohserved tenewﬂl to becur at tm\es of mnxlmum
o fushuater runott _and 'to, be_augmented by a dovnt ford wind. Eduards and

i Edels[en (1977) " show that renewul in Loch- Etive is cauged by low

-
freuhwar.er runoff. .'The inflow is descrlhgd n terms of a density current

inflow down a fairly steep slope of, 6° Hatthaus (1681) ‘has also shown
¥ . the effect of freshwater runok'f in an Alaskan fjord where mixing in the

'\ £jord is caused hy 1d511y nduced_ internal vavas. .

I~ I i il length, Goupled vith the tides, can also exert.a cnptrnllmg
mEluence on dqep vat;er renewal - Where thz slll is long, um. respect :o
* the, n,.m exc_ur:lm‘ renz\u;l is expected duzmg neap.tides. - This is

beuuse the ¥educed eriergy available for mxxlng during’ l\eap tide periods

e © leads "td reduced mixing as dénge vater fron outside passes over the sill,

o . e The densxty of the Hatar enr_ermg mg c,md \ull thetefore), be at. R 4

. ) Ic-nnon (1982) mvoke this explanutio 15 it dt Goieaton” of deep'mm
; N :

and Butrell (1981) describe exchange in an Alaskan f£jerd in which renew-.’




¥ 3 . R

M O

reneval in Piget Sound. -For a sill which s .shou, with respect to the

. tidal e)u:ursmn, the ‘effect of nixing over the nu wifll-not be as

lmpnr[all: and exchnnge is mpte Likely duhng spring tides. Stucchi and

P:mgr (1976) provide evidence: for :ms in their study of Rupert uunng

 Taler. . ‘ere :?fs/sxu is short wigh respecl’. £6 the tidal excursion and

. rsﬁnng tide. tunslents are observed. . i | & . .
X«:hange oF .deep vater in q:d will pecur via a density cufrent 4
in: » a phenomenon well descr ed both n\ao:eucany (Smu:h 1975 Bo &Y R

. Pederser,*1980) and in_the Labi)ratnxy (E11isoh’ and ‘Tuzher, 1959). The

oceanic énalogue has béen uudua in dlfierent _situations, most notably

by Bu Pedersm\ (1980) and by’ S\mth (1975) whb. both analyscd the dznse

water. avezﬂw in the Denmrk s:rau

Geyer

Cannnn ‘€1982) Ahd . ’

Eduards and.Edlesten (1977) applymg hz ‘theoreticalia d 1aboratory

b
Alr_hough it.ig well kl\uvn _that densx(y current mflw is generated
s .. during deep vater exchange and has heen identified as @ regular feacure

of ‘many* #30045 this, hes often beén inferred from density Field plots

pmduced £rom CTD' surveys Rately has- the dendity curret: idiflow heen

"

" studied dueuly. g &s result, therefis but a pobr understandmg uf,

many lspe:t5 Df the )nflow, in; pamcula} the naturé: of the- ‘bottom and,

interfacial messes. ey -

. * S
1.3 s:u‘dyAm‘ g TRt £

Channel thrcng)\ the s.u'n:—herre chnnnel w:st to, the “emitagz channel

of water'whose .,

0 Ml ol these chagnels contain nmy large bndm
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-dinensions and subsurface volymes) using the 100 meter contéar as the

‘boundary, ate given in Table, 1.1.

Table 1.1 WATER BODIES IN THE FORTUNE BAY AREA

Area . Length G Width (m) Nean Depth (m)”  Volume' (m?)
st.Pierre 275 7 By i0 - 15k 102
Fortune Bay 128 ' 2 . 120 4.0 x, 10t
““F”?tage Ghamnel 137 . ) I RS T

/The largest vokume of ‘water is.confaired in the,Saint-Piérre Channel (as
far’ eait as 53° 30' W) with ‘the least, down by'a factor of four, in -
Fortuhe Bay, u'.uli. :

.+ Fortune Bay is oriented along a sv NE Ning vith a humber of, small *

bays-aléng it mmm touards the heud of the bay.’ T\\e maxioum depth of

. zhe b;y is. 525 meters in nene Bay, sepnrated from [he rest of the bay by .

a sili 195 meters deep.’ 'l'he mean. depth of Fnr(une Bay is 120 meters, the:
maximum !ep:h in the main pare of the bay is azu meters. o the ce!\ter’

of .the bay is a, bank is- Kilémeters long'and' about 180 meters deep with an.
7.2
Do

arcn of 8 .x . On v_)ther side of this bank are two c}aannels: one
on the northweshern side ‘of -the bdy ‘and the other of the ‘Southeastern
side. The maximum depth . 1n the northwestérn channel is 360 meters, and .

that in the southeastern chAnnel is: 320 meters. - The bey has e sills:

one to the sau;hucst and two to the nor:hwes:. These ;xlls shall be

called the Snxn:—yxgrre, Miquelon and Sagona sills -ccur‘f to their
5

‘ .
geographic location. The limiting sill depths are 125, and 100
meters respectively. 5 B . ..

Very little.is known.of the geology of this area: In neighbouring™
Placentia Bay vork has been done on both the geology and oceanography
lthough very litéle of the latter has been published. The shores.

surrounding Fortunc-Bay and along the ‘south coast are for thé most __
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X part fa: In some places cliffs rise from the beaches to »

g v ke : ’ ) 2 . 0
hundgeds of feet in the air and’are topped by rundra-liks vegatation. The: ' 1
shores of the south coast area north of the Hernitage Channel have a =

mean elevau.nn of nheut 500 to 1000 feet. The uland of quuelan is an '

exception to this in that it is surrounded by and composed of numerous 1
sand banks.

The Langlade, a sand bat joining the two major’ land: masses,

of Miquelon, is a relatively récent geological ‘feature having ‘béen forped
at some time in thé last century. The hydrographlc charts of .the _area
- reveal that -hazéom‘ types of the area range from sand to gnv=1 with
clay pr:damuur.xng in many areas. In Fortune Bay u:self the charu )

indicate many sreas of gra\'el and gnvel and \nnd mixtures.

I:c very rarely forms i Forttne Bay and does so anly in the head
of the bay.

Loc:l ‘fishermen report, that-only & fev times in the 1usz

twenty years has ice ‘been observed anywheré in the bay.
.

The small locll
harbours often fretre over! by mid-February But” this cover does not: extend-
into the bayitself.

Sea ice_can exist. in the Sainé- Piérre and )lemltuge‘
. channels.. This ice is not locally produced but is advected “fron either
the.cast or the west. 'In vety heavy, ice. years, sta fce fomed nlong the

nnﬂ;h coast of Neuﬁnundland is carried by the vmd and prev.ulmg currents

southiards eventunlly p.’.\ssxng Cape Race uherz it can be carried as fax

west as Szlnt-l’xerre. leevme ice formed' in the Gulf ef St: Lawrence can 1

be :dvected eastwards actoss Bntgén Bank and into Hemltnge Channel. Tee
would geriexglly be obsgrved {n these aress in the late winter or the

early s{rlng “and is. nlmol[ llvays first year ice Ao ‘very lov
oncen

rations. '

reshwater Runoff

The. main source ‘of freshwater is from the Bay du Nord River wvhich ~

B . i




runs into Belle ‘Bay in the northwest corner of -4 bay. The mean annual
Elow for this river is 39.7,0% ) vith to peak flow periods, one in the
spring the other in the fall. . No inflow'data were obtainable for other
rivers but it is estimated, based upon the work of Murray andHatmon
(1969), that the average total frestwater input into the bay is about
100 a’sd’. 1t'is of interest to compare the relative .freshvater inflow
of ‘this system with that of a more typical fiord. Helle (1978) presents
data for Byfjord located on the west coast of No'rw.!y‘. This (jutd ){.s a
total area of 55.x 106-“2 and a freshvater runoft of 320 n%") uhieii

S |

gives a runoff tn sutfuce area ratio of 5. B x lO ms . For cumpﬂriaun

the total aréa of Fortune Bay is'3: 3 x lo u? which coninneﬂ with runoff
“gives a ratio of 3.0 1070 n's7L

One can-also Look at the. total yearly- freshwtet nw 1are Mhe bly

which, expréssed as o, percentage of the volume of thé bay; is 0.6%. We.
found no‘evide;\ce that this inflow had any controlling snfxuen‘c; on
the dynamics of exchange 4n vor:uné Bay. u;neiheless,' eabal Jedrly
inflov.of 3 x 107 m® does have sone ef\uc: wion 8 appeE - vatdse of the
R bay and this can be seen in some of [he CTIJ (Cunducthty»Temperature-

Depth) transect ‘1ines..

1.5 Regmnal Oceanography. ;

Akénhead et al.: a8y nmysfd 9 years of monthly adjusted u/a

.1eve\ data from'rwo coastal s:anons and monthly steric height ang

"at station 27. (Figure 1:1) e shoued that fresh vater ‘ran-of. £
" porthern regions gives Tise,to a'fréshwater pulse which :ruvels[nlong ’

. 'the “Labrador, and Nuwinuudl?nd :oasls. Sea level vas' found to tise néat

- ~
Station 27 m:?, and. to_ peak, in Dcl.uber. This analysis agrefs well
: with the: seasofial vnnaunnn at Station'27 as documented by eley 1981) *

and Huyer, and Verney (ms)

4
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The Labrador Current Water. mass has a temperature Tange of 1.7 to"
3°C and'a salinity range of 32 €o 33 x 107

according to the SUN Report, IUGG.Publication Office, Paris, 1979)

Petrie and Anderson (1976) escimate the mean flow of this current west-

ward mmugp the, Avalon Channel to be 1% 10° m? 5™} with fluctuating
Flov speeds of 0.05 to 0.2 m s rle . /

TH! flow of water within the Laurentian Channel has been studied

by El-Sabh 917, Trites (1971) and earlier by Ladzier and Trir_gs (1955)

Water in_the strait betveen Nova Scotia and Newfbund.und has 2 two-1ayer.

\mucme. The wpper 1ay=r above. 100 meters ids & lempenture range

& “1.7 :g 3% in winfer and -1.7 to 17°C i sunmer.

"The salinity
538 B B v t . X ¥ 5 [
rarige i¥ Between 30 and '33% 1072 On’the Nova Seotia side. there is-a’

concentrnted wtf!ou, vltl'/ mﬂow Tong the’ New[oundland side at 1rn:er—

mediate depths and pear the botton, Haxiaun flnws vere obierved o

becir in Jure anid August. -

Spme ai th: Russ:.an survey work, capried wt along the east mnsr,
has extended up the L.uurm’\n.'m Chamrel to”the mnllﬂ! of the Hermltuge

. Channel:» Kmlln and lurmakln (1972) hava compn:ed the. dynamu: to

'vgraphy‘
relative to 200" dbat whiet "indicates inflow along, the ‘northside of the

channel ith outflou alnng the south side. ‘They also shcw a cmed

§ umnanun pattern within the chénoél mﬂhmg vater crosses the

. channel, and- then £lows autwa?ds. Their datn )mwevet, do not nm)ear to

'Jusnfy this conclusion.

No evidence for -sucl\ a um:ulatmn i !ound

in, the | present ttudy‘ Mso shown in-Kudlo and Burmakin is muou\o:&
vnl'.er up into llernumgq Ghnsts

This~is in Agu!ement vith qur mum

- Thére appeats to be-an inflow of cold Labrador Gurrent Water along the

side of the

Channel if the uppet lnycr of 'the”
water colump. ok I

(Salinity will be expressed




units of kg m

-10~

1.6 Oceanography of the Fortine Bay Area

Figure. 1.3 shows the stations occupied during the course of this

Vo = “ B
.study. The Station numbers indicated in'the figure will be referred to

both"in, the ;:ext and on the plots of temperature, salinity and densityT’
A list of the s(nc‘ion positions and depehs can be found in Appendix I
together with the station number’s». x B N I

A single section running from outside the Saint=Pierre sill

Fortune Bay and .thea out into Hermitage Charinel is,presented in Figure .

14 lhowlng R — salinity and dew a-t expressed in .

=3,

"Mere are two distifet vate masses: present at.or below sill dep[h

* outside _l{onune Bay: w m (3 éo 7 c), saline (34 to 35 x 107 )

'+ ‘Modified Slope Water <uc\‘\gusn, 1957) Extendu\g from the bttom to

depths, of 125 to'175 meteks in Hermitage cr.am.el and cold (-1 to 1°C),

5 - "
relatively fresh (32 to B x 10 3) Lahrndor Cuzrent Water (xeeley,lgel)

5. Two d)snnc:, shysically separaied, vater

in the Avalen

" masses héving,simmneous access to.a single fjord across different

sills fs unusual and has important consequences for the dezp vater
exchange process in Fortune Bayu_ | - = 3
If the density of the water at sill depth 1s great enough then

deep water renewal will occur.’ ¥or cxﬁmple, if the dense vater at thg

» were to be driven over the sill

botton of mn‘mf’si, in Figu e .

then it would aisplace’ the 1ess dénse vater at che botton of- the bay.

Tl“s process is possible at any of ‘the three sills. fvo things are

requued uater at the sil] ‘with a density greater. i THOE -of E

daep vater in the bay and n machumsm to drive the water Gbu the sill.
A torigue of culd water can be seen m Figure'124 ndmg ‘up over -

the Saint-Pierre-sil] and djm ‘into Fortuné Bay. ‘Althoush rot as
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" sumarize the mpar:an: results GF thig work,

_for the' Fotmne Bay area in Chapter, 3.

3
dramatic as inflows observed in urer surveys, the cold vater (less
thgn 1°C) vu)bl: at mid depths in the bay ;s,. resulr. of inflow of Labrador
Cuﬁen: Water over the Saint-Pierre :uu.
There is a’ z;:rong density gradient separating both the Labrador '
Cu:}an: and the Modified éupe Water\Erom the overlying water outside
. thé Sdint-Pierre and Miqielon uus respectxvely By contrast, the
vertical, density gradient s very. mcL weaker throughout, the water- colum
|

in Fortune Bay. This s\lggests that intense vertical mixing acnempaniu

the’ d‘gep water ‘exchange prosess (Pick d, 1963).

Fnr the tempa(aturu and sal u:y »'ange of “the w.nuxn ubservgd here !

the densxty £ prlmarlly & Fiasrio of\the salxmcy. nm, the salinty

" aid e danslty ;ﬂm :untam :ssenuai\ly the" saine infornation, For this.

rason, aod to’ conserve. sp.-.c;, only the Eemperature and dmslty plots will

1
be discugssd dn thetext, The: ullmty plots not in the text are in

Appendix- i1 V

In this “Work it.will, be shown that mnnw Jover each of r.he sills is

|

seasonal with the warm vater inflow over) - the nurthveitem sills nccur')ng

in the ‘winter period and cold vater inf1bu over the sulnt-herm si1l

in thé summer, period. ‘A desn(lpt)\m of the field ytogtm and data

unalysxs (Chapter 2). will. be follawed by ‘a discussion of 1ong tern data.

A g cussum,of the tempenture,

satinity and dengity ddfa. forthe area will then be given in Chipter- 4.

 Density. current inflow will, then be reviewed in the l:cmtext of these data,

togethér with some theoretical anuym 5). mxmg and flow: over

the Miquelon sill will be discussed in Chxpter 6 fullowed, in Chnpter 7
by an analysis of upuening in Hermitage Chﬂnnel a5 it relates ta mntu

axchAnge over the northucsten\ sills, The eightt and £inal phnpr_er will®

!
|
i




" . Pigure 1.4 T
. o

= -

e e
o

enperatur
{erre Ch

igma-t (density) and salinity from the Saint- , °
el -across Fortune Bay to Hermitage Chatnel:
Station numbers are indicated along the top (am = 1.25um) .

.
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4 CHapter 2 ‘Field Program and Data, Analysis- .- g -
3 ) . S 5 o . k
0 2.1 station Plan v B KR = N
The' ¢m and curredt nater data ‘presented hefe ‘vere coll=ct¢d on 8

| cises e by Mesorial u-uversny Bnthy:henwgtaph dgta

loxthwest Athmtu: mnerm Center (NAEC) persomel
;V“)
on cruises conducted by them. .TabTe m summirizes the cruises canducf.ed

vere collected %

v g fron 1981 up until Novewser ‘1982, Tn this chaptex. gane’ of u.g_,gechmques

empluyed in l:cllectl.ng thé data on :hes! Crujses -will be

"’rms 2.1 cxuxszs

cmusa SHI? DATE LU0 A
811 ChS PANDORA i .5 16 Jun 108 "Gl ks, Vottine i.j Aves

Seony ' - -t Ges SHAMOOK & 7-198% 1981 - Fortume Bay L

iy 8241 CGS SHAWOOK 24 FEB, 2 MAR 1982 ' Fortine Bay '

“§22 ° oos DAWSN ' 4-14 QN 1982 ' Fortune BayAren
82-3 CGS SHAMOOK - 2‘-1L“ju_n 1982 - . Eortu;xe.!iay hrea "
‘arc ¢S SHAHOOK 1213 g0 19wz - For[une‘l;ay
B2 008 teaRniUS i Vi pov-om Fortue Bay B

. Fxgpre J 3 shows moét of the statmns occupied m the south coast

inthe course’ of this study. The numbers beside each station will ba ”

referréd to in the,text and will also be found on the figures, ol
Appendix I gives-the latitude, longitudé and depth fox all the stations e

discussed. ) I .

" pats fion nineteen criises will be presented, Tuilve of these.
cruises were conducted by NAFC personnel - part of an-._angoiflg lntvn_l. Ce
l:nerr.ing and®capelin survey.of Fortune Bay andittaken by E. b'-l_ley._ The *
six _He;norixl University chiises were dedicated to a study of the ‘pn‘ygin;l .

5 b p o




and biolgical Gceanography of the region. £

*- gtatiohs were Flaced - atrors the axes of thie’ channels, “The transect

15~

Te station grid was desigued £o piovide bith general.and specific
cnverage of the area. The stations in the Hermitage Ch:mnel were cl\o!en .

both to 1aok at’ the water szructura xn the chamel and to permit the ,

of the

éosputation of te dynasic y for
pattern. In'Fortune Bay and the other chatinels most.of the stations vere
plated along the axis of the chamnels and were app'npri'a:’exy spaced to

pmvlde go0d synoptic “coverage. Within Portune Bay and in the channel ©

between the Asland uﬁ Snlnt—l’xe"e and-tie. Burin Peninsuia, closely a{mced
L]

Line TT was chosu\ to i fgate the bay. di £fere nd

c)rculazlen wlthm ‘the- bay while the Imes T2; 5 and Q were nhosgn to
ook at' the detailed structure of the. density current flow into Fortune '

Bey. T . ;|
fhree curcent.meter moorings were deployed; M1, M2 and M3, 'The first

two vere placed on'the Miguelon siIl té-look at the exchange ang mixing

there while the third, ¥3, was plnced inside ‘the Sa;nl_ i

detect the dense wat&e mflaw over l:hat sille

2.2 BT and CTD Data .

The main data set. provided from the' NAFC cruises vas buthythermngraph

(1) tempexat re-data con;cted uﬂng thls).co b:r.hy:hermngrapnu The

muxmnm depth to which thue probel could be 'Lwered was 270, meters, (his

llmls. Thi:se B’l"s were eallbrned

hcmg a Tinitation of the pressurs

L‘onduc[\vl[y—Tﬂmpetﬂture—De})th (crn) aurvc;s were urned mu: by '

atems

Memnrhl i u‘suy pevsam\zl using ;2 Neil Brown Instruned




7

*
@ .
od by the
nanufacturer are; glvm in ble 2.
TABLE 2.2 - NEIL BRU"I‘ MK IIIB cTD SmIFICATIONS b ) - . .
SENSOR RANGE AccuRacY RESOLUTTON :
Presure | 0-1600x 10kPa  L6'x 10kPa  0.0% x107km O
Temperature =32 fo 32°C co 2005°C 0.000s°C : S g 3
Conductivity 1 to 65 ki }/em o. 005, ks Tem 0.00L K0 M en Rl !
pierd disede of thiie nstiaent wwre carcded qut using reversing 3 ¢
thexmoneters and Niékin-.bctxles on a aene'nl Oceanics sodel 1’015-15 o e
rosette to vhich the CTD was also sttached. Water sasples and temperamres o g
- were taken in regioms with y_eAk gradientS of :,mpgza:ure .md sanm:y v
at _every third or favrth station: Water samples vere almlysed for salinity 5
using a Guildline Model 8400 Autosal which was calibrated using'standird = 2 il

ua water obtained }rmn’:hg Instifute of Ocean .Sciences in Wormley,

England. The sectiracy of this instrument s rated by the manufacturer to i

be 1 part per aillion, 'The reversing thermoneters, made by Watansbe Keiki,

-are ratefi by the manuf cturer to Be accurate to 0.01°C  although in

w1 that an accurady of 0.02°C" is more realistic. i

Tlhl 2.3 presents the results nf the callhra:l.on ‘analysis for Elve PNy
. cnn(mn conducted during :h(ig study. In Table 2378 and T are the. mean
errors in salinity at temperature respectively. The standard devuner, : 4

¢ is also shown. e ol N .o :




o e ¢ ®

of Berteaux ‘(1376) uan}ergnued.“ Stainless steel shackles, stainless i
 otdff® thrust bedring svivels and galvanized shackles at & iimuad ‘number 5

‘inzs were us‘ed. Gllvaluud wire uas usxd with. Samson pover brazd

to 1solute wmpunems of the mnormg. Mesutech 501-AR acoustic releases -
vere uled, singly" in Hnor)ngx 1 and.2 and paxred in Mooring 3. AlL of the
moorings vere déployed huoy firat and bécause ‘of , the shallow!water depth,
by *llwlng the douPle train uheal anuhprs t\ £ree fall to the buttmn

The current meters used; A.nndexaa RO, vere calibrated post cruise

at the bedtord Tnstitute of ociin rap‘h Gulqhu:ivns verg carried out *
¢ graphy

¥ g sfor’ ; irecti ,mx

'l'zble 2. % gives the 7,

:pauh ahons suppuea hy‘the fo: Lhese i

¥ rsewsor M .+ Ravc .
2 2 RGM4 Speed RSN to zsn o s
: gl R e
. Row Tety/ »z 46 :a 21 an'c

KCMA Cand ° o 0 to 77 k' /cm-

o nan Dir PR T 1 L

ReM4, Prgs - 650 x 10 kpa

. M “
] B . 'Therm Chain —2 46' to Zl‘kc

L ‘:omponenn ih, the moonng : S |
) B : /f N
g The fhermistor chams used, also of Aatdecaa mnufuctum vere alss . g
o A post N hg .Bedford natitute of Océanography. The - A A
% is xar.her I\O'-’ “ :hue lunutei Y)u!‘.




c . -17-

TABLE 2.3 | CTD CALIBRATION RESULTS

Cruise &5 (xi®) o . ' B¢ - o
811 0.0011 . o 0.012 --0.008 0.023
81-4 0.0071 KT .03 oo ©
82-2 0.002 © 0.0% 0.0040° ©  0.044
“oE . . 82F 0.0000  '0.011 " -0.0037 0.018
E - 82 0.0080 0.0080 . -0.0040 0.026 o
| ;
i

‘L_ v . as checks to ensure that the. dnskrugent vas i uubnuun. laud ‘upon’

‘this r.-ble, ve can say that 'the maximum errors in tempan’e and .

~ salinity vould be g.01° C and 0:01 % 107 uspmiveiy. The large Yaluas

|
I
! of the standard deviumn aré felt, to be a-result of the calibration
| .

technique itself m\ not’ instrumental errar. ‘In January of; 1982 the CTD

. went “through'a, parhu !‘-1 ration at the factary and vas ‘found to be

vtyclosato cifications in and ré. The maxims

_error in temperature was iuuml tu be ten -ﬂhdggreu A: ﬂut[n.ue a

nnly calibrated conductivity. sensor was mmued because of damage done

to i earlier oné. 5 . e

n-n frm the CTD were recorded at 31.25 Hz on & Svny TC= 339 anxlog

tape m‘rdex and, on crui es vhere p\mm.. on a MINC 11/0F t\un floppy

i . diskette drive mnxcoupuux. ummtny all CcmD m'lysn was carrled =

... . éut using’ the. MING 11/03 ﬁys:em. .

2. 3 Cuxrenc Hater Haanngn

nu;ranu fnr the :hree current. meter mx(n&l are shown on hgnm

2.1, Thand;

" the buoyancy in poinds (1 pound = 0.454 kilograns). 'Bo copputer. analys

\ vas carried out ifi the design of these ioorings although the wark™

1
) /
These aco o seanc to be {numemd as stxict alibrations but rather

.a.,lmmn inmediately to. the'left of the mooring m.m.n_



MOORING 1 °
6-12 MAY 1982 .
. Water Depth 144m

ORE.. SPHERE

78m - ?95 t
8m §'Power Braid '
100 ) BENTHOS SPHERES
Sm_ §Power Braid
38 5358]  Rcma

65m-

4lm= 20 &

J10m=

‘&m -

“Figure 2.1:

3m § Power Braid e

., 2im Galvanized Wire -

30m THERMISTOR CHAIN -

' BENTHOS. SPHERES
“3.5m § Power Broid - -

Zm ‘ Power Braid *

MESOTECH Acousnc
¢ RELEASE
] Sm ‘ Power Srald 2

noonng 1. The' measurements at ‘the extrm Le(( are hnlgh::
_above the bottom. Figures.to the right 'of these'heights give. .
“the buoyancy of edch component in pounds- €L poind = 0.354kg).
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