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Abstrta ct 

During the international Field Year on the Great Lakes. 
(IFYGL) ‘a sequence ;of experiments was carried ‘out_on 
Lake oritario ‘wherein it was a'tte'mpt'ed to ‘measure the 
terfinerature Structure a1<}.:.rb§TS t.hr.ee vertical cross se.ction..s 
of the lakeisimultaneously and continuously for periods of 
at least four days. Experiments were carried out in July, 
A.uQ_.U.-St. afld Q¢tO.lj3€T '05‘ 197?‘ .IJ.$iff1Q UP 10 thréé fféfiéaféh 
vessels equipped with standard and towed temperature 
profiling devices. The data have been presented as 
seqju'e'nces of cross sections of the lake showing the 
depths of se,|e_ct_'e_d isotherms as functions of horizontal 
distance and time. The data contain striking examples of 
both large- and small-scale internal waves, standing and 
progressive. A very l'i.r”n‘i.ted d'i§s¢uS.$.ion dfthe data in terms 
of the dynamics of b,as_in.-wide internal st_a,n,d_ing waves is 
given, since it is intended that this publication be. viewed 
primarily‘ as a‘ data report. Time ‘series plots of isotherm 
depths from moored temperature 'pr‘o_'files are included 
where they overlap the ship surveys. Data from the 
coastal chain surveys -have been used to extend the 
measurements shorewards and to verify the ship-based 
fil63SUrelfi6fitS- The iifistfflffifltatiéfi to obt.a'i.h ltfié 
profiles is described, in some det_ail. A considerable effort 
has been expended to make the report. as complete as 
possible to facilitate the ‘interpretation of the data for 
fu'ture researchers.

I Resume 

Pendant |'Ann_ée i_nternat_iona_le_ d’étu_de des G_ra‘_ng;s 
lacs (AIEGL), le lac Ontario a eté l'objet d'une. série 
d'expérienc'es par lesquelles on a essayé de mesurer la 
répartit_iofi de la te’mpéjr’ature dans trois sections trans- 
versales verticales du lac, de .fa.<;on simultanée et co.r_Ltinu.e 
pendant des périodes d'_au moins quatre jours. Les 
expériences ont eu lieu‘ durant les mois de juillet, aofit et 
Octobre 19723: é|J§$ Of?! été effé¢t'ué€S 5! |"5id9 die, tI6lS 
navires de recherche munis d'instruments standard et 
remorqués pour établir le profil de la température. Les 
dpnnees sorit préserrtées sous ferrite de séries de coupes 
du lac montrant Ia proffondeur d_'isoth_errrtes sélectionhees 
en fonction de la distance horizontale et du temps. On 
trouve dans ces don nées desexemples frappants d’ondes 
i.nt§th¢§. St3’tiOITfi3Ai.i"9S 91 PTO§l'§SSiV6j$.. 5 QT5nde— 61 .5! 

petite. échelle. On traite de facon tres succi_ncte des 
données en termesude dynamique des ondes stationnaires 
internes a la largeur du bassin, cette publication étatnt 
d'a.b0.I'd ¢6r"IQt.J.¢ <.-’:0fi"I‘.I"Ii'I_é Ujfi rapport‘ C316 d.oj.r.inée$. Lorsque 
les. courbes, en série chronologique des. profon,deur.s des 
isothermes tirées des profils de la température aux postes 
cfarnarrage recouvraierit les dorjmées desgmrvires, ‘en [es a 
in_c|use_s dans le rapport. Des données tirées des reseaux 
cfitiers ont été utilisées pour prolongerles mesures vers la 
rive et pour verifier les mesures prises a bord des n'a‘vi'res. 
L83 iifi.struLi1e_ntS |ltiliSéS "P01"-Ir O.bte_h.i_r ltr-‘S §f0fi.|§ S.O.I"It 

décritsen detail. On s'est efforcé de produire. un rapport 
aussi complet que possible. afin de faciliter l'interprétation 
des don nées aux futurs chercheurs. 
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-CHAPTER. 1 

Introduction Acknowledgments 

One of the objectivesiof the Water Movements Panel 
in planning the IFYGL program was to improve under- 
standing of w_hole-basin dynamics during the season of 
stratification, payingparticular attention to the lake's 

responses to external forcing by wind stress. The forced 
and free responses occur over various time scales and 
take various forms, incl_uding for example: qufasiésteady, 
geostrophic currents with quasi-p_ers,istent horizontal 
pressure gradients balanced by the Coriolis force; short- 
term upwelli_ng.-downwelling events confined to within 
15 km of shore; andvinternal waves of various frequen- 
cies and wavelengths. Over sufficiently short time 
intervals and at depths removed from the immediate lake 
surface, i.e. the upper 5 m or so, temperature is a 
relatively conservative property of a given water mass 
and can be used ‘as a "tracer" in studying time histories 
of the above-mentioned‘ dynamic responses. Therefore, 
three cross sections of Lake Ontario were selected 
(Fig. 1.1) for repeated scans of the temperature-depth 
distribution, measured with towed, depth-undulating 
instruments or with thermistor chains or bathythermo- 
graphs deployed or towed from research ves'se'l’s (one 
Canadian, two U.S.).,The‘vesse|s shuttled continuously 
to-and-fro across the sections for intervals of five or more 
d_ays: Olcot-t to Oshawa (10-14 July, 9-12 August, 
2-6 October); Braddock Point to Presqu’i|e; a_nd Oswego 
to Prince Edward Point (both 24-28 July, 7-11 Au- 
gust, 2 -6 October). No attempt was made to synchronize 
individ,ua‘l crossings on the three transects. 

On the Olcott-Oshawa section (C.S.S. Limnos, 
research vessel of the Can_a’d_a Centre for Inland iwaters), 
F.M. Boyce used two complementary systems: an undu- 
lating towed body (the "Batfish"') carrying an electronic 
bathythe'r‘mbg'r'a'ph"(EBT) probe; and a towed thermistor 
chain. On the B_rfadd'oc'k Point - Presqu'iIe section, the 
NOAA vessel O.,S_.S, Researcher towed an u_ndulati_ng 
temperature—pressure sensor developed at the Center for 
Great Lakes Studies (CGLS) (Mortimer, 1972) and 
described in Appendix A. On the Oswego to Prince 
Edward Point section, temperature distribution was 
measured from S’.S. Advance II, Cape Fear Technical 
lnst_i't'ute vessel, using‘ mechanical bathythefrmographs. 
The various pieces of equipment and the methods 
employed are described in the next section. 

The plan to use research vessels in continuous shuttle 
operation, producing repeated scans (t,r'anjse‘<j:'t(s) of 
temperature distribution in three cross—lake sections, was 
prompted by earlier detailed findings on thermocline 
dynamics, also derived from repeated temperature 
transects of Lake Michigan (Mortimer, 1968). That 
study was designed (1) to explore the offshore extent of 
the upwelling and downwelling motions disclosed by 
temperature fluctuations at municipal water intakes and 
(2) to test Mortimer's (1963) prediction that the free 
oscillatory responses would be represented, in simplest 
model terms, by internal Kelvin wave dominance’ near 
shore and ‘by internal Poi_ncaré wave dorninajnce further 
offshore. 

The results from Lake Michigan, based on 80 cross- 
ings by a railroad ferry over the127-km—wid_e ,Milw_’au*- ’ 

kee-Muskegon section during a six-week interval start- 
ing mid-July 1963, disclosed a thermocline in a 
continuous state of oscillation, often with large ampli- 
tudes (10 m range) after wind disturbances and often 
combined with a strong downward tilt of the thermocline 
on eithertthe western, or eastern shore, dependitng en ‘the 
previous wind _direction; the thermocline was almost 
always associated with upwelling on the opposite shore. 
The upweII'ing‘=downweIling motions were confined to 
nearshore strips of approximate width 16-20 km; and 
the nearshore thermocline tilts commonly persisted for 
several days after the initiating wind disturbance had 
passed. This was evidence of similar persistence of shore- 
parallel geostrophic currents, until disturbed by the next 
storm. ‘The “nearshore zone“ ch‘ar’a‘cterizjed by domi- 
nance of sho'_re'-paral_lel currents with occasional thermo- 
cline "fronts" moving with speeds characteristic of 
internal Kelvin waves (Mortimer 1963) could be clearly 
differentiated from the "offshore" regions (>20 km from 
shore), in which the dominant pattern of thermocline 
oscillation took the form of a cross—lake standing wave 
with periods in the range of 16 to 17 hr", i.e. a few 
percent less than the local inertial period (17.5 hr). A 
mid-basin nodal region, i.e. a region of little change in 
thermocline elevation, could often be recognized about 
65 km from Milwaukee. Phase relationships between 
thermocline elevation and’the'curr_ent direction at a__midV- 
|a_ke anchor station indicated the dominance of a uninodal
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Lake Ontario sllpwiyg the three tjangeets along w_hich_ the depth distribution of temperatnte was on repeated cfossings: 
Oloott to 0s_haw.a (C.S.S. Limnor-).; Braddock .P9_int to Presqu'ile l(o_‘._s.s._' Researeben; and Oswego to Prince Edward Poiiite ('s.s. 
Ado'a'ii'c‘e II). More, detailed charts of those sections are reproduced’ respectively», as Figures 4.1, _6.4, and 7,1. 

(trantsverse) internal standing wave on one occasion 
(4-7 August 1963) a.nd of a mixture of _ufr.1i-.. tri‘-.. and 
quinti‘-nodal components on another_ occas,i_on (19- 
22 August 1963), in each ;case consistent with the 
theoret_icaI model of-an internal Poincaré wave exhibiting 
a standing wave. pattern across the Lal_<e, Also conforming 
to thedp'redictions.derived from the Poincaré.wave model, 

_ the. vcu|_'I_'e_i")t patt_ejr’n1.at..th_e mid—lake—anchor station 

l 

generally exhibited the «-following~feat'ures: clockwise-» 

; 

rotation. of"direjction,. in phasexwith theinternal wave;- at 

l fairly uniform’ distrijbution of v'elocity« -throughout both 
la'y‘e'rs, one above and one below the tij_ermoclirI'e; lower 
velocities in the lower layer, consequent on the greater 
t_hj<_:l_<_nés’s of that layer. The total transport was the same 
in each layer, but the djirectitons were always opposed, 
with areversal in current direction at the thermocline. 

Mortimer (1968) concluded; "The observations and" 
theoretical considerations combine to'sugge_st-t_l_1_at frfiotjion 
in the Lake is likely to be a complex mixtureof un_ino.daJ-. 
t,rinodal,_ and perhaps‘ higher nodalities of internal 
standing‘ Poi_ncaré waves, "probably combined by internal 
progressive waves (particularly du_ring periods of-wind 
stress) and further complicated inshore by the preserigeof 
slow moving‘ qAuasi=g’eost‘rophic boun'dary'waves-:of:the 
‘Kelv.in"type‘.'These will ir'np’osej'a’ dorh[iAnajfnt,shore—parallel“*

" 

component .'on..the; inshore currents, while ';t_h_6 offshofe-'~ 
currents, in summer‘, will~be-predominantly‘rotating; with . 

intermediate patterns in the transition zone between the 
ifnshoreand offshore regions." In that study, it ‘was only 
possible toexamine the temperature distribution in detail 
by'repéa.te<:_l traverses of one cross section. But a few 
longitudinal sec_tion_s, occupied by another research



vessel and chosen where“ possible to intersect the ‘ferry 
runs, "disclosed a three-dimensional therfriiec’ rjie 10909-i 
raphy consistent with the presence of lon"git‘ui1inal 

internal Poincaré waves of very long wavelength. 

In the hépe that f.urt.he.r light would be thrown on the
' 

longitudinal features of these whole-basin motions, the 
present IFYGL (Lake Ontario) study was designed to 
include three Cross sec‘tioh's and to use the inferrhfation. on 
temperature and flow provided by recording instruments 

_ 

at strategically placed fixed stations. ~ 

Work‘ on the Olco.tt=Oshaw.é. s_ec1.i.en. was c.a.rri.e.d out 
by a teamfrom the Canada ‘Centreifor Inland Wa'ters,‘led 
by FM. Boyce, using research vessel Limnos to tow the 
"Bedf0'rd Batfish" and Theri'nistc_>'r- Array desc'ribed in the 
next sect_ion. The success of the project was due to the 
work of many individuals. J.G. Dessureault of the 

_ 

Bedford Institute of Oceanography ‘was the chief desig'ne'r 
and I.'h6t.iV¢ .fO.rCé Vbéhifld the Bétfiih system.-.; W-.J:- M.O9d.Y 
and J.A. -Bull, CCIW, assisted by CCIW engineering staff 
were responsible for the assembly and testing of the 
measurement;-system used amard L_irhiros.— The programs 

of data analysis and plotting were developed and run by ; 

J_.A, Bull. Willing and cheerful assistance ‘of the offioefs 
and crew of C.S.S. Limnos, of ‘CC'lW Tecfhnical Qperae, » 

tions Section, and of com Scientific .Suppo_n: Staff in 
9en_er'aJ is gr‘ét.efu|.|v ackncywledged-A 

' 

'~ ~ " 

The Rochester (Braddock Point) to Pres'qu'ile and the . 

Oswego to Prince Edward Point sections were eccyipiecjl ' 

by the vessels Researcher (NOAA) and Advance. II," 
respectively, with a scientific team "from the Center for 
Great Lakes Studies, The University ofVWiscon'sin—- 
Miilwaukfele, led DY C-Hv M0ft:i_m¢??.. afid D-Ls CU'I§h:i.fi. ' 

including D:.;N, Baumgartner (responsible for instrument 
design and maintenance),and F.W.N. Bates. Subsequent 
data reduction.was also a team effort, the most difficult

A 

part c;>;f-wjhich (aha.Iysis of the. .m§§néti.c tapes) was; t_ackIiec;! 
by Cutchin and Baatusmgartner. Our special thanksare, due 
to the officers and crew of the above-mentioned vessels 
and also to’ R .A. Scott, who designed‘ and ce‘nst_r'ucted' the « 

mech.a.nica| por.-ti.9n.s of the. towed "Und.ul.a_tor" and; 
winch, described in the next section and AppendixiA, and 
to R.J. Ristic, who prepared the numerous sectional . 

diagrariiéis Drésefitéd‘ later‘.



CHAPTER 2 

Description of Equipment and Procedures 

2.1. THE‘ OLCOTT TO o.sHA'wATR.A_Ns,E'c'r —— 
c.s.s. LIMNOS _ 

Batfish System 

The Batfish vehicle (developed at Bedford Institute of 
Oceanography, Dartmouth, Nova ' 

S_c_otia) is a towed 
streamlined bocly_w_hose depth can be controlled from the 
towing vessel (Fig. vehicle can be towed at a‘ ' 

constant depth or made to undulate between two depths. 
During the transect experiments the Batfish carried a 
standard Gu_ildline EBT package. The temperature and 
depth signals were recorded both digitally on magnetic 
tape and in analog form aboard ship. For the major 
portion of the experiments, the vehicle was made to 
undulate between 0 and 50 m depth with a horizontal 
"wavelength" of about 1 km. The temperature and 
depth signals were sampled and recorded once ‘each 
second. The Batfish system provided the main body of 
data for these experiments.

' 

Streamlined Bathythermograph (SBT) System 

-The purpose of this apparatus (Fig. 2.2) was to obtain 
a record of the temperature fluctuations at a fixed depth 
while the vessel was underway. The data so obtained 
were intended to t;om‘plem‘en't the Batfish data‘, since they 
provide information on temperature structure at horizon- 
tal scales much less than the 1—km wavelength of the 
Batfish trajectory. The system comprised a standard 
Guildline EBT mounted within a ballasted streamlined 
body’ (Fathom Oceanology) that was towed, outboard by a 
faired cable. A winch equipped with slip rings permitted 
the depth to be adjusted while the vessel was underway. 
-The normal procedure was to maintain the ‘within 

the thermocline region. The temperature and depth 
signals from the Guildline EBT were recorded on a 
stjrip‘-chart recorder and on magnetic tape. The SBT 
system was used during the July 10-1 4 cruise only. 

Towed Thermistor Array 
This: system provided information on the small—scale 

horizontal variations of thermal" structure at several

4 

depths. A faired multiconductor cable was towed from 
the stern of C.S.S. Limnos. A depressor fin (Braincon 4-ft 
V—fin) conta_ini_ng_ a_ p_re$sure was fastened to the 
outboard end, and thermistors were mounted at} .4;~—in 

intervals ‘along the cable (Fig. 2.3). Signals from the 
thermistors and the pressure sensor were ~re't':orded on. 

magnetic tape; and two of _th_e thermistor signals were 
recorded on astrip-‘chart recorder. The thermistors were 
lagged ‘to "yield ‘a’ thermal timeaconstantof approximately 
5 s and the signals" were sampi_ed‘iahd recorded at 1'-s’ 
intervals. At. a towing speed of 6 knots] (3 in/°s')?, the 
approximate horizontal resolution of the. system was 
15 m. The depth of -the depressor fin was‘ maintained at 
about 30 ms. Thi_s equiprnent was used" during the August 
and October cruises. 

Procedure 

Seven stations were defined on the Oshawa-O_lic_ott_ 
transect. They are labelled A, B, C, D, E, F, ‘G, in order 
from north to south (Fig. 1.1) and their positions are 
given inTable 2.1. 

Table 2.1. C.S.S. I_.r'p_m_o§ Positions for Texnperactn-c Tran- 
sect ct-ukt.-s (sec Fig.-1,1) 

Station Latitude N. D9!|SiIl!‘19 W. 

Off Olcott , , 

G‘ 43°‘21's4(' 73°-_t3v’58" 

F 43°36'90" 7s°4s'o0'_’ 
E 43°30'26" 78°4{5'_]_,3" 

D 43°34'5 9" 78°47'34" 
c ‘ 43°39'21" 78°48'48" 
B 43°43'38" . 

78°49'53" 
Off Oshawa 

43°48'59" 78°51'16" 

The turning‘ points on the line were located inshore of 
station A and station G but ‘were not precisely defined 
and indeed were varied depending on depths'.'of towed 
a‘r'ra__y cable streamed. For practical purp9$é$. then, 
stations A and G mark the ends of the transect lines.
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Measurements began at a point offshore in water of 
sufficient depth to allow the towing cab|_es to be payed out 
with the vessel stopped. The ship then proceeded alidng 
the transect line at constant speed (between 6 and 
8 knots depending on conditions) turning in wide 
semicircles i_n_shore of stations A and G. At-each of the 
stations, the officerion watch" made‘ an accurate fix of the 
ship's position with the Decca navigation system. and 
recorded both time and position in the bridge log. This 
information was subsequently used to convert the clock 
time recorded by the ADDS (Analog and Digital Data 
System) data logger into a. Qejogrjaphical position, along 
the transect line. As each_ of t,he._statidn_s were passed, the 
strip chart ‘recorders were marked and an analog trace of 
the vertical tedmperature profile was made with the X-Y 
recorder hooked up to the Batfish system. This collection 
of traces served as material for preliminary cruise reports 
and as a backup in the event of afailure of the automatic 
data‘ loggin'g system. A weakness inherent in this system 
is the fact that correct operation of the logger cannot be 
established until the magnetic tapes-have been read on 
the CCIW computer. -

‘ 

As the ship approached the turning points, the 
maximum d_ive depth of the Batfish was progressively 

reduced to keep the vehicle a safe distance from the 
bottom. This was a delicate _prooed_g're, since the exact 
depth under the Batfish at the end of its dive cculd‘ neti. be 
foreseen. An overcautious handling meant that valuable 
data wouldlje lost-, while excessively bold maneuvers 
risked fatal collision with the The Batfish did 
st_rike‘the bottom on at least two occasions, as evidenced 
by minor damage to the fibreglass ‘h,ou§ijng‘ and the 
lodging of. small rocksain the sensor tunnel, These were 

‘ 

lgcky Once inshore of stations A or G_ the. B,3!fi$h 
was brought to the surface and, as the ship turned, the 
automatic data collection was interrupted while and —of- 
file marks and header information were written on the 
magnetic tape. As soon as the ship was abreast of 

station A or G, automatic data collection was rejs'u'm_ed. 

This procedure was carried out during the greater part 
of -thecruise periods. Interruptions are neted’ in the log 
extracts which precede the transect diagrams in 

Chapter 3. 

A descriptionof the data processing sequence, 
starting with the field data recorded on magnetic tape. 

. and ending with_the~ plots of isotherrn depths versus 
time-distance, isgiven in Appendix Bf.



2.2. THE ROCHESTER (BRADDOCK PT.) TO 
PRESO.U'|LE TRANSECT — O.S.S. RESEARCHER 

The Towed Temperature-Depth Recording System- 
Description of the CGLS Undulator 

The Utndulator System used on the Rochester- 
Presqu'iIe transect was a modified and improved version 
of the system described by Mortimer (1972). A detailed 
description of the system and its operation, as modified 
for IFYGL, is found in Appendix A_. Designed for the 
scanning of Great Lakes temperature fields from moving 
vessels, the system consists of the following components 
(Fig. 2.4): an electric winch with single-conductor 
armored cable; a towed sensor package (later referred to 
a_s the "fish") and an on -deck electromechanical control 
and recording console. As it moves through the ‘water, 
the fish samples the temperature and hydrostatic pres- 
sure around it, relaying this information via the towing 
cable to the on-deck eq‘uip'men't for recording and real- 
time monitoring. Together the submerged and one-deck 
packages make up a semiportable system that can be 
operated from any vessel, providing there is enough deck 
space for the winch and adequate electrical power. 

The sensor package offers a different approach to 
previous systems incorporating vessel—towed, undulat- 
ing-depth sensors, for example the "iBa'tfish" described 
in section 2.'l. lt has no moving parts, or moveable 
control surfaces, or servomotors. It is in essence a 
continuously operating electronic bathythermograph 
with depth control derived entirely from the winch on the 
towing vessel. It appears to be capable of operating at 
higher towing speeds than was possible with previous 
designs. 

For the IFYGL surveys, two sensors (transducers) were 
mounted in the fish, one to. measure depth (pressure) and V 

the other temperature. Each depth and temperature 
measurement made up one data sequence, repeated 
approximately four times a second. The recording‘ and 
cont_rol console on deck, provided for real-time monitoring 
and perm_anent storage of the data coming from the 
sensors, and also permitted the path of the towed fish to 
be followed and controlled by manual operation of the 
winch. Normal operation required a two-man crew, one 
to operate the winch and the other to monitor sensor 
depth and supervise the data acquisition process, de- 
scribed in more detail in Appendix A. 

Operational Procedures with the Undulator on 
Board O.-S.S,. Researcher 

After the vessel's boom had been extended and the 
fish connected to the towing cable (C) through the slip- 

ring swivel (S, Fig. 2.6), the cable was threaded through 
a measuring sheave (MS, Fig. 2.7), then through -the-tvvcja 
towing sheaves (T S), and the fish was lowered into the 
water. The towing sheaves were provided with cable 
guides (Fig. 2.5) to keep the cable on the sheave at all 
speeds and tensions, an essential precau'tion; The outer 
towing sheave also carried an "e,nd—of-cable” afilarrji 

device (E, Fig. 2.5), tripped by a projection ‘on thecable, 
as a warning to the winchman to stop before the fish 
came out of the water. 

It was routine drill to alert the vessel navigator‘ (the 
bridge officer) whenever the fish was being ‘put into‘ or 
taken out of the water. With the vessel in __motjion and 
about 25 m of cable payed out, the fish towed just under 
the water surface. If its towing attitude appeared normal 
and if the recording system was i_ndicati_hg correct data — 
i.e. 4 m depth and ajsurface water temperature close to‘ 
that shown by the ship's thermograph,.alsoiat about 4 m 
depth —-' the recorders (tape and X—Y) were switched on, 
the dive was started, and the GMT time was recorded iri 
the cruise log book. 

The normal procedure for each dive was as follows. 
The control of each dive was in "the hands of the operator 
sitting atthe control panel, assisted by the operator at the 
winch (Figs. 2.8 and 2.7, respectively). In the "ready to 
dive" position, the fish was travelling just below the 
surface and the winch brake was on. On comrfnand (time 
recorded-and recorders switched on) the winch brake was 
released. allowing the fish toldive with the cable paying 
out as fast as it would go. ’When the depth indicator 
showed that the desired dive depth had been reached, 
the control operator signalled to the winchman to apply 
the bra_ke and end the dive. Immediately thereafter the 
winch was powered to pull in the cable until the fish was 
again near the surface, so that another dive could be 
started. The time of each dive was recorded, and the cycle 
was repeated continuously during a cruise as long as sea 
state and bottom conditions allowed. At the end of each 
transect, the time was again recorded, as were all times of 
interruptions in the continuous data record. Details of the 
cruise log are not reproduced here, because all the 
relevant information on position and time is included on 
the transect diagrams in Chapter 5. 

The output from the fish, translated into‘ analog 
voltages corresponding to pressure (depth) and tempera- 
ture, took the form illustrated in Figure 2.9.." This 
displays, with a time scale, three extracts from consecu- 
tive dive-ascent sequences, serially numbered. The 
pressure trace (scaled in depth) can be recognized by the 
sharp downward -facing "spikes" produced by the rapid 
transition between descent and ascent coinciding with 
the instant of application of the winch brake. Each



Figure 2.4. CGLS Undulator System for recording depth distribution of 'tetnpe.tntn_re below a moving 
vessel. The towed unit (the 'unde'fwa'ter‘ “fish")' is shown on the left with a thennist'or' 
(tempegature sensor) mounting at T and a pressure ~r'éé6tdifig' at P. The_.= is, con- 
nected thxongh (i) a cnnlnlntating swi..vel:(i1)j an towingcable (C.With a single 
conductor)’; and (iii) special towing sheaves (TS) mounted on 2:. t.9.wi,ns bo91n.(B)eft9 1:. 

winch on the vessel's deck. The winch, dfiven by 'motox' and clutch M, is fitted with a 
level-wind device L. The inboafd end of the cable ‘is’ connected tlifough a.é6nimutating 
swivel cs, to the r_ecor_d_ing=gnd control console R. Further? detéils are in 2.5, 
2’-6; and Appendix A. — -

' 

Figure 2.5. The special Undulatgs Towing “sheave is suspended from 
a swivel at the outboard end of the towing boom and 
is provided with cable guides G_G.— ensue‘ that 
cable C stays on the sheave, in spite o'fvariations_i_n the 
tension and angle of the tow. A bldék, attached to 
the cable near its dlitboard tefn'1'ina‘tion at th,e'fish, trips 
the »‘—‘end-of’-cable” warning device ‘E, to so’un‘d_anla:la’n_n 
when the fish reaches a preselected umsér towing level.



Figure 2.6. The Undulator towed bojdy (fish) being lowered on the 
towing é_ab_l_e (C) from the towing sheave on the 
of O.S.S. Researcher. lnset: details of the fish: S, 

‘ 

Slip-"ring swivel; P, pressure port; T, thermi_stor_. Details 
or the towing sheave are illustrated in Figure 2.5.~ 

Details of the fish are illustrated in Appendix B. 

numbered dive started with a steep descent from a 4-m 
plateau to typically 60-70 m‘, followed by an initially 

rapid rise to typically 30-40 m and then a slower steady 
rise back to the plateau level, at which the fish was towed 
between dives. The temperature traces show broader 
t_roughs corresponding to the time spent by the fish at 
subthermocline depths Norm_a,l_|y during the ascent the 
temperature rose at first slowly and then rapidly as the 
fish passed through the thermocline. A striking exception 
is shown by dives 41 Sand 420 at the top of Figure 2.9. 
At that time, a storm had caused downwelling with a

' 

.. sharp thermal front 9 km from Bradd_ocl< Point coinciding 
with dive 419 (see transect No. 017, Julian day 223). 
The ascent after dive 4 19 was uiniqiue among our records 
in that the temperature fell steadily as the fish was rising. 

As explained in Appendix A, the particular thermistor 
used in the Undulator (Yellow Springs Instruments,

~ 
No. 44206) possessed a thermal time constant of 1 s in 
stirred oil. What we did not realize, until tests were carried 
out on board O.S.S. Researcher, was that the. method 
of mounting the thermistor bead in epoxy resin increased 
the time constant nearly fivefold. This large value (greatly 
reduced in a later version, Baumgartner, 1976.)rfor,ced us 
to ignore the data obtained during the rapid descent 
portion of the dive and to use 0.fl.|Y the data obtained 
dur'in'g’the relatively slow ascent. Even, so, app_rec_i_able 

errors were introduced into the estimates of thermocline 
depth at normal rates of ascent, if the thermocline 
gradient was steep. The natu_re and magnitude éftthefse 
errors are discussed in Chapter 6. which follows the 
pre‘sen_t'ation of the Rochester-_Presqu'ile temperature 
transects in_ Chapter 5. 

During some dives, for example those shown in the 
lower sections of Figure 2.9, the winch was stopped 
during the ascent to tow the fish for 1 to 4- min at 
constant depth in the thermocline region, to gain 
information on short internal waves and to permit ,a better 
definition of mean thermocline depth. All the data were 
recorded in digital form ontape. As a backup and to 
provide real-time visualization, X-Y plots of temperature 
agai_nst depth were made during the descent and ascent 
portions of each d_ive. 

The control operator was also responsible for collect- 
ing and registering, in the cruise log and on the tape, 
information on ship's position, time signals, buoy 
references, and other data. Buoy references were inserted 
in the log book and on the tape at times (received by 
phone from the navigation bridge) when the ship passed 
the various fixed-instrument moorings placed along the 
section, at the positions shown in the Chapter 5 tran- 
sects. The moorings, at these known positions, provided 
spatial check poi_nt_s; and temperature data from instru- 
ments at these moorings have been inserted for compari- 
son at the appropriate point on each transect. It was also a 
prime duty of the control operator to monitor the bottom 
depth, particularlywhen approaching the coastal shelves, 
to prevent the fish from striking the bottom. This 
happened on one occ_asion, nece_:ssitati,ng a 24.-hr repair, 
while mechanical bathythermographs were continued. 

The ship's speed was normally maintained at 
10 knots. The.pe_riod_ between dives varied from 4 min to 
10-15 min depending upon the dive depth and whether 
a tow at constant, near-thermocline‘ depth was included. 

Performance Vfieliajnlfilzity and Subsequent 
Improvements in the Undulator System Design 

Apart from two brief interruptions, following a cable 
break and the above—mentioned 24—hr interruption for
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~

~ Figure 2.7. Winch and towing agrangertjents fbr the undulatorv on 0." S. R,,e:se.ar_t_:ber.s TS, towing sheaves; MS, 
rheastlring slieave; W, wingh drum; 1., l_evel-wind guides, M, winch moto ; D, ‘depth liimt indicator; 
C, towing cable thickerned in "photo. « 

2.8. Undulatdr ‘and control console‘. T,‘ tape lock; 1, indicator and keyboard pairef; 

R, X-Y recorder.

~



~ 

, ‘t . . _. 

Figure 2.9. Extract of data tape plots obtained-wi__tlt the Undulator on the Braddock Point to 'Pr"esqu’ile ‘transect during the»?-ll 1972 
cruise."As"explained"in*the‘text,ftl1e“trace‘witlt"downward-pointiigg, sl1grp‘pea,ks»belowAeaclI ‘dive number iiidicates depth (pres- 
sure). The 'I.'l"p'pér tr'acé-ifidic'a'tes'"'tiriIe in 1- and 10-inin steps; and the remaining trace is that of temperature. - 

repairs after the fish hit the bottom, thesystem performed 
well for 89% of the possible time, completing 3740 km 
of t_0vvi_ng distance with 1 500 dives, during July, A‘ugu'st, 
and October cruises-co,m,bin_ed,. During the brief i_nterrup- 
tions in undulator operation, t'he"transects were continued 
using a mechaniical 5athythe'rmeg'raph. There was also a 
tape-deck malfusnctsion-, first discovered in later process- 
ing. But very fortunately this occurred on the last day of 
the last cruise, and only. J 2 hr of data were lost. A 
re_cord—p|a__yback system, omitted to reduce overall cost 
and complexity, would have disclosed this malfunction. 

In spite of the experimental nature and, |ow—cost 
design, the Undulator System performed well, as the 
transect diagrams in Chapter 5 attest. The principal fault 
was t.h.a.t;.the tsirfté con_js1”a_n.t of the t.h.e.rmi.stor was too "long- 
The experience gained has enabled design of an im- 
proved version (Ba'u‘mg_ar't'n'e"r, 1976) that provides 
station d_a_.ta. p|'a.yba..cik: cap’ab_il,it,ies, v_vhi.|_e retai.ni.ng the 
desired low-cost‘ and portability features. In that instru- 
ment, frequency modulation of the sub'car‘rie‘r‘ bands 
transmits continuous analog d_ata from the submerged, 
sensor to the on-deck electronics, enabling X—Y plotters

11



or strip chart recorders to be driven. The regenerated 
carrier frequencies are recorded,- 'a,|0_f.I9 with a reference 
frequency, using a low-cost magnetic tape cassette 
recorder. The reference frequency channel can carry 
other keyed-in information and is used to eerregt for tape 
speed va_ri_at_ions during data playback. Compared with 
the Undulator System used in 1972 (Fig. 2.8) the 
console size has been reduced by’ a ‘factor of 30, total 
power consumption and the thermistor t_i_me constant has 

12 

been reduced by 10. and the noise i_m.rjniu§nfit.y has been 
increased. 

2:. 3. THE oswE,Go TO PRINCE _E..DfwA.RD POINT 
TRANSVEGT — S.S. ADVANCE II 

The PT6CedLTré.. 'uS:iri9 fi16C.hé_fi.iC.a| b.a,tfiythérm0~ 
graphs, does not warrant detailed description (see. 
Chapter 7).



Temperature Distributions in the Olcottlto Oshawa Transect 

The depth dist_ribut_i,orji of temperature across the 
Olcott to Oshawa section was scanned" by the ‘Bedford 
B_atfis,h" towed by C‘.S.S. Limnos, as de_scribed i_n 

section 2.1, following the cruise pattern outlined in the 
log entries listed later. Each crossing‘, alternately north to 
south and south to north, usually occupied between 31/2 
and 4 hr. We present the ‘resultsin the form of isotherr'n 
depth diagrams, with a thousandfold exaggeration of the 
vertical scale and with isotherms plotted for the 5° and 
6°C isotherfms and for every 2° above that. Surface 
temperatures are entered‘ at the top of the diagram and 
the GMT time scale is pltaced at the bottom. The 
temperatujre and pressure“ (depth) data obtained by the 
Batfish on successive descents and ascents were used as 
input to a compu_tferi_zed interpolation and plotting 
program, of which the fo_l,|ov,v.ing c_liag'r‘an1s were the 
output. interpolation was linear between data points; and 
no attempt was made to smooth the occasionally ‘spiky’ 
appearance of the plots, in contrast to the hand smooth- 
_i_ng applied to the plots in Chapters 5 and 7. 

"Three transect cruises were completed. The first 
cruise (10-14 July) did not coincide with the cruises of 
24-28 July on the other two transects (Rochester to 
Presqu’i_le and Oswego to Prince Edward Point); but the 
second and third cruises (9'-12 August, 2-6 October) 

CHAPTER 3 

coincided. The total numbers of tra,n_sect_/s cornplleted 
during the July, August, and October cruises were 123,- 
21, and 24, respectively, corresponding to a total track 
length of about 3300 km. The resuiltsvfori each crossing, 
identified by date and transect number, are presen_te_d in 
three groups i_n tirne seq‘uenc'e, with each cruise prefaced, 
by the relevant entries from the ship's log. We have 
t_here'fore concluded that it is unnec.e$S§.ry to aI’Ioca'te' 

Table 3.1. Julian Dat'e.Table' for IFYGL Ttansecr Crqises 1972 

July 10 
' 

192 August 7 220 
11 193 8 221 
12 194 9 2-22 
13 195 10 223 
14 196 11 

' 

'2-24 

12 225 
July 24 206 

25 207 October 2 276 
26 208 3 277. 

27 209 4 27_§ 
28 210 5 279 

6 280 

additional figure nuumbers to the transect diagrams. All 
times are shown in GMT, and Table 3.1 ‘will assist the 
conversion from transect cruise dates to Julian day 
numbers used t,hrou'gho'ut the IFYGL project.
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Extract from the Log Narratiye, C:.S.S, Li_mnos Cruise, 72-00064 
10-14’-'01)’ (lllliiill Days 192-196) 1972 

Instruments deployed: Batfish, SBT 
Transeets completed_:. 23 
Major interruptions: None.; Times are GMT. 

10 July 
1450 -‘Depart CCIW 

Start Transect 1 at Station G (Fig_. 1.1, 
2018 Table_2.1). 

Towing at 8_ knots, 60 m of cable payed out and 
Batfish diying to 51 in below surfage every 

1] July Station Start of Trans. No. 
0004 A 2 
0353 G 3 
0746 A 4 
1 135 G 5 
1152 Stopped to free SBT from an Olcott‘ yacht club 

buoy snagged en route. 
1 21 2 Underway 
1546 A 6 
1941 G 7 
2008 Stoppedtoinspect towed gear. Batfish slightly 

damaged by contact with bottorn. Lower 
portion of fairing somewhat disarranged. 

2045 Underway —. 75 In of cable payed out, maximum 
depth for Batfish of 62 m. 

12 July Station Start of Trans. No. 
0004 A 8 
049.6 G 9 
0750 A 10 
1 136 G 1 1 
15 23 

g 

A 12 
1553 New tape on ADDS 
1934 G 13 
2245 A 14 

l 3 July Station Start of Trans. No. 
0305 G 15 
0653 A 16 
1037_ G 17 
1422 A 18 
1819 G 19 
1840 Stop to examine towed ins'truments and replace 

fairing. 

A ' 20 
New tape on ADDS 

14 July 
0216 G 21 
0608 A 22 
0954 G 23 
1337 A — Recover instruments and set course 

for CCIW (alongside 1930). 
Transects 1 to 23 follow. 

14 

SBT towed near’ depth of'10°C isotherm.
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Err_t1a_ct__fro1n bog Narrative, C._S,s. linruo: 72-00-V016,. ll August 
, 

p 

8-12 August (ltrlian Days 221-225) 1972 0035 
(amended to conform with the r1umb.€1‘iIIg‘0f the following 0416 

transect Adiagrams) 

lnstrumentsldeployedz Batfish and.Tov_Jed'I'hermistor Array 1523 
Transects comP1§ted_: >21 _ 

1827 
Major irrterruptionez 2045 to 2350,: 9 A'1ig'ust,1put into Oshawa to 

~ transfer personnel; ~ 
V 

.

a 

f 
. . 2000 

8 August 2340 
1000 Dep'a'ft.CCIW . 

- -- I ". 
. 

. 
12 August 

. 

_ 
1610 Assembling towed array eableoff Olcott. 0311‘ 

' 

. 
1850 

, Towin§-tests thermistor array‘-at 6,.8, and 
10 knots. - 

' 

' 2 
' 

A 

_ 

«- 

-2015 Array recovered and: electrical ’cont_i_nuity ‘of cable 0651 
‘ conductors checlged. Pressure case rewired to 1017 

corfipensate for three of the. lower leads that 1407 
, hpriéar to be faulty. Final towing cqnfigvtafion 

sets breakout. 8, 1 ,m below surface,-Batfish 
deployed with 65 in of cable payed out. 1447 

S.t3,Ii0,I| 

1 

Start of Trans. No.
A 

A 

1 0135 Towing at 8 knots, scanning underway, V—Fin at 
V 

‘V 
3 

25‘ m and Batfish diving.t_o 47 m at 5-min 
I. 

- intervals. 
’ 

' 
'

' 

025; C 1 

03.49. A 2 - 

.07.4.0..: . 

G 3 
1922 A 4 
1531 

_ 

G ; 5 
. 1__ _End of tape WE60. 

1517 Resume scanning, "tape W370 at station F 
, 

- _(re-start 5). 

Q 

, 

1945 

i 

5°45 4
1 

1 

: 

I 
it h_it bottom again; damage ‘slight. 

‘1_Unde'r.wa'y to Oshawa; cable check-out and 

- ‘Depart Oshawa for sta. A. 
I‘ 

« A, deploy the towed array, V-Fin to 26 m. 
‘. 31/Jwnderway at 8 knots and scanning, transect 

2105 

22.3.0 

l 

‘ 2350 

;l0August 
0409 
08!3 
1154 
1301 

_ .1306. 

1 1608 
2021 
2143 

"38 

Stop at-sitla; .3 to haul in tflov/e_darray_. "Oil seal on 
hyfclra11li_e_array winch failed, ’for'cir‘1g recovery 
by hand. .'

_ 

llnderway to A, towing ‘Batfish. 
'Sta.':A, st0i> 1,0 Igcover the Batfish, and note that 

6. 

» Station sum of Trans, No. 
G 7

' 

A 3. 

G 9 

Power on ship. Run 10 off here. 
R_unjl0 restarted, scanning resurned, 

' A ' 

1 

0 

1o
‘ 

G 11 

Sta. E, stop to inspect Batfish; fairing replaced and 
s_t;r_a_ighter1ed where necessary. Underway 2217, 

A 12 
G 13 
A 14 
G 15‘ 

A 16
E 

Stop to_ examine towed ansivreplape 
New t.a1>.e._ (W513) on A_D_DS. 

G 17 
A 18 

G 19 
Notethe short time for this ship 
better than 8 lrrrots. 

A 20 
G 21 

End of -tape,’ 5 EOF’s. to deep water to 
haul aboard towed equjpr_r1e_r_it_.; 

Batfish and 'I,'h.e.n.rsist°i: Array ’réct>'ve'i'e‘,cL Underway 
to Bllrliirgton: Alongside 2015. ' 

Transects 1-21, 9-12 August, follow.
'
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Extract from the Log Narrative, C.S.S. Cruise 72-00-022, 
2-6 October (Julian Days 2-776-2'80‘) I972 

(amended to conform with munhorirlg of following 
transect diagrams) 

Instruments deployed: Batfi_sl_: and Towed Thermistor Array 
Transects completed: 24 

_
. 

Major interruptions: Data interrupted 2204-2334, 3 October; 

60 

2 October 
0130 

.1900 
2000 
2047 

2052 
2115 

3 October 
0056 
0523 

0504 
‘ 0803 
1132 
1209 
40

I 

1618 
1647 
1915 
2204 

2232 

2350 

4 October 
0258 
0531 
1005 

1340 
1732 
2043 
2103 
2212 

northern part of run 7 missing. 

Depart CCIW 
Set out Satellite Buoy 
Set out equipment in deep water near station G 
Underway and towing; system checkout 
on line at sta. F and moving North. Batfish 
streamed With 65 Ill of cable; towed afrdy With 
breakout. #11 just below Lsurfaoe. Tape WE62 

Commence scanning-; transect No. 1 

Stop .to inspect a poorly performing Batfish. 
Sections-of fairing ‘found to bein-state of total 
disarray. Speculate that we have run afoul of a 
submerged loge Underway 2-303; 

2St'at_ion Start of Trans. No. 
A 2 

Depth signal from towed army malfunctioning; 
suspect trouble with lower splice. 

G 3 
A 4 
G 5 

Stop to repair Batfish fairing. Underway 1241. 
, A ~ 

- Stop for launch “Sturdy”. Underway irnmediately. 
' A 6 

G 7
B 

3 Stopped to inspect Batfish, and found hydraulic oil 
leak. Batfish named aboard. 

A Underway to A with towed array only. Batfish 1 
. ‘readied for service. Disregard Batfish channel to 

. 
‘end of run. Stop to deploy Batfisli‘ I. Underway 

' 2334. 
' C 8 

G 9 
A 10 

_v 

G 
‘ 

11 
(New tape WE 63) 

A I 
G 13 

Thermistor in breakout is malfunctioning 
A 14 
C 14 

Stop to inspect Batfish and find om again the 
expansion teat has‘ failed. Batfish 2 pressed into 
service. Resume steaming 2257. 

5 October 
0117 
0452 
0§46 
1227 
1522 
1926 
2154 

2332 

6 October 
0255 
0541 
1014 

1337 

1342 
1404 

15 
16 
17 
18. 
19 
20 

l"‘1>O>-63>-Cl 

Stop to repair fairing- Underway .2-22.8.5. 
‘ G »- 21

‘ 

New tape(WE 54) on ADDS starts run 21'. 

A U 

22 
G 23 
A 4 24 

New tape (WE 65) on ADDS starts run 1241-; 
G

_ 

End of. scanning; head for deeper-water; ‘ 

Stop to re eover ‘to.we'd equipment.
' 

Underway to nurrngpon. Alongside '1'9_00f.' 
" “ '

» 

Transects 1-24, 2-6 October, follow, -
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CHAPTER 4 

Intercomparisons of the Ol.c,ott—0shawa Temperathur,’e_:(,l.:‘l‘i-.'
A 

A 

Transects and Contemporary Measurements at *"'jCoast 
Chains" and Fixed RecordingStations, ’ 

7 

'1 “ 

4.1. INTERPOLATED IISOTHERM DEPTHS AT 
STATIONS U13 AND C6-T 

As planned at the outset of IFYGL, fixed recording 
instruments (current meters, thermog'raphs, and therm- 
istor chains) were moored or placed on towers a_|ong or 
near the temperature transect lines.'The letters C and U 
are here used to distinguish Canadian ‘and United States 
instruments; ,respect_ivel:y. The numbers are IFYGL station 
numbers, not to be confused with earlier" Tl (Texas 
Instrument) numbers used for the U.S. moored stations.‘ 
For the Olcott to Oshawa transect Figure 4.1 shows two 
U.S. moored stations, U12 and U13, and a Canadian 
moored thermistor chain at C6-T. (Suffixes T and C 
indicate thermistor chains and current meters, respec- 
tively, at Canadian stations‘) Unfortunately, data were 
unavailable from U12 for any of the peri_ods covered by 
the C.S.S.‘Limnos transect cruises. Water temperatures 
were available at 6-min intervals from the following 
depths at U13 during the Lirrinos cruise 2-6 October: 0, 
5, 10, 15, 20, 25, 30, .35, 40, 50 and 60 m_. Using an 
interpolation and plotting program devised by 
Mr. D.J. Schwab, hourly mean temperatures were com- 
puted and correspo_nd_ing ,isot_'h,e,rrr_i_ depths were i_nterpo- 
lated (Fig. 4.2) for those isotherms available from station 
U13 during July, and are plotted here (Fig. 4.3) for the 
10-14 July cruise, but for the interval 24-28 July 
(Fig. 4.4) coinciding with cruises on the other two 
transects. No i_'n_for'mation was available from U1 3 during 
the August cruise. 

Also available for the 10-14 July and the 2-6 Octo- 
ber cruises, but not for the August cruise, are interpolated 
isotherm depths derived from hourly averages of temper- 
ature readings every 10 min at station C6-T, a vertical 
chain of i_ndividua| thermistors secured at the following 
depths in metres: 0.2, 1.0, 2.5, 5.4, 9.4, 13.4, 17.4, 
21.4, 25.4, 29.3, 34.3, 39.3, 46.2, 52.4, 59.4, 59.9, 
63.1, 69.9, and 73.1. The interpolated isotherm depths 
are plotted for 10-14 July and for 2-6 October in 

1 Note that slightly diffe_rent lettering was used to label the fixed station 
positions on the transects presented in Chapter 3. TI is equivalent to 
U: OC6 is equivalent to C6-C; and 0T6 is equivalent to C6-T. 

~~~ 

~~

~~ Fi‘g’u'res 4.5 and 4.6, respectively. Although‘ 
4’ 

tion is not the primary objective at 'thie*"repert, a‘ 

comparison of Figures 4.2 and 4.6 is of interest in 
showing‘ a 146- to 17-hrthermoclineoscillationtinternal 
Poincare wave) out of phase between‘ stations U‘13"a_n‘d 
C6 -T, respectively, near the south and north enr'!s'of the 
t‘ran'se"ct. This comparison is made in Figure 4.27.

' 

The times at_wh_ich c.s.s. Limnos passed “tat‘ion-s 
U13 and C6-T during July and Octobercru see are 
shown by vertical lines in Figures 4.2," 4.5 and 4-.6§.j The 
station positions are also marked on the transects in 

Chapter 3.2 It is therefore possible to compare the 
isotherm depths interpolated from the Batfish data in the 
transects of Chapter 3 with the hourly mean interpola- 
tions in Figures 4.2, 4.5, and 4.6. The value of such 
comparisons is limited by the fact that "instantaneous" 
Batfish results are being compared with fixed-station 
results derived from hourly means. 

4.2. TRANSECT - COASTAL CHAIN 
COMPARISONS 

A more direct comparison is possible where the 
transect measurements overlap in space and time with 
those made from small boats occupying the buoyed flag 
station_s of the Coastal Chai_ns at either end of the transect 
(Fig. 4.1). The techniques and the results "of the Coastal 
Chain measurements are described for the Oshawa Chain 
by Csanady and Pade (1 973) and for the Olcott Chain by 
Scott et al. (1973). Direct Transect - coastal Chain 
coincidences, which we have defined to be within, 1 (km, 
on the cross-lal_<e scale and within 10 min in time, 
occurred once with the Olcott Chain (Figs. 4.8, 4.9) and 
five times with the Oshawa Chain (Figs. 4.10 to 4.19). 

Where Transect - Coastal Chain coincidences (inter- 
cepts) occurred, isotherm depths in the corresponding 
portions of the Transect and Chain are compared (on 
differing time and depth scales) in one diagram, and the 

2 See footnote 1 . 
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profiles -?derived from Transect and Chain appear on the 
same page, T he_re were no intercepts during the July‘ 

A cruise. During the August cruise there was one intercept 
with the ’OlcottChain;_. (Figs. 4,8, 4.9) and three with the 

Ghaiha 
4.1,

'

~ 

the Coastal Chain stations, the data from that station; as 
tabulated in Csanady and_Pade (1973) a_nd Scott et al. 
(1973), were used and shown as crosses in the profile 
comparisons. Where the intercept fell between two Chain 
stgtignsv data, f'r_om'..» bath-.»Sta.tiohs« were plotted, as ,Pa.i_.red. 

theprofile comparisons.~ 

,_=n?l§h_eV._‘largest difference. between Transect and Chain 
profilestoccurredd atthe 1-1 August 0l_cott interc_ep_t, The 
Transect profile ran.‘about_ 3: _m _high'er..t'han the Chain 
profile in the lower part of the therrno‘t_:line. Agreement at 
the Oshawa i.ntercepts was much closer. geherélily wit,h.i.n. 
1 m. The Olcott discrepancy may have arisen because of 
overestimation.:- of "Chain isotherm depth in ‘a region of 
strong:o_ow‘nweIIjing,.from which strong, geostjrofphic 

.86 

V rgure 
'oair's‘4'.1'o‘ and" '4..1'1;' 4.12 "and 

_ A 

_jan_d_._4.15)f‘ln thofse cases(inthyis‘ch_apter.a,nd Z’ 

Chapters 6 and 8) for which the intercept fell near one of " 

east-going currents can be inferred, a situation‘ also noted 
' 

for the Oswego Chain in Chapter’ 8. Under those circum- 
s1a.nfceS.— the cable siIfp‘porting_the Whitney thermometer 
prob_e may have dspaneqisutfigiently from the vertical ts": 

“give rise to an overestimation ofldepth», particularly‘ in the 
lower part of the profile. Scott et al. (1 973) noted that the

' 

.g_"ma_iin probIem.with_the Whitney ei.riI'Qst.'r'u.iji1éfi.t lwithwhicih 
depthis estimated by -length offcable payed out) is in 
determining‘ sensor depth. This was difficult on rough 
days because it wés diiffijéult f0 the liilié Véfl..iCé|- lit 

the thermocline region a depth error of a few metres 
causes a temperature difference 'ofabo’ut afdegree.’-" 

4.3. ADDITIONAL INFORMATION FROM 
cQA§‘TAL.CHA|N'S A 

The Chain surveys for /August. and October 
(iFig“s..4:.20 to 4.41) provide useful information on 
isot.he.rLr'h dilStriibut_i9n r‘I..ea.r §h.o.re. Iflfpblefitéfitifig‘ firjid 
extending the transect diagrams, even _,when_ dj_re_ct 
coincidences may have: been missed by as much as, 2 hr.’
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Temperature Distribution in the Rochester (Braddock Point) 
to; iP'resqu’ile Tratnsect 

As described in section 2.2, the CGLS undulator was 
used to ob_,t_a‘i:n repeated scans at the depth distribution of 
temperature across the Braddock Pt. (Rochester) to 
Presqu'ile transect on a continuous to-and-fro shuttle 
du_ri_ng three‘ cruises: 24 to 28 July (24 tra'ns'ects);‘ 7 to 
1 1 August (26 transects); 2 to 6‘ October (22 transects). . 

The results forveachwtransect are‘ presented in the 
fgiifgiwing 71 diag“ra_m‘s, with avverticals-exagge'ration of 
_1o,0o:1._ As each dijajgra.m is jideritified by’ transect 
number and Julian day, no additional figured niumberingis 
‘jneeessary. At the head of each diagram are shown: (i) the 

CH‘APTE“R 5 

vessel track for that particular transect, with the starting 
' position of each ‘undulator dive, numbered sequentially; 

(ii) the positions of fixed mie;asfu'ring' stations, i.e. instru- 
mented moorings or towers, located on or near the 
transect route; (iii) the lines (dotted) occupied by the 
Rochesterr‘ and Pr'esq'u'iIe coastal chains (Scott at a/;, 
1 97 3;; Csanady and Fade, 1. .97 31): and (iv)? the -time 
scale for the particular transect. Official IFYGL niumbHe_ri_ng 
is shown for the fixed stations, but we have found it 

convenient to adopt the ‘prefix C for Can'adia‘n‘ instruments 
(for whichthe suffixes -T, —C, and 2M signify moored 

Table 5.1. Depths (in) of Temperature Sensors‘ at Fixed Stations in or near 
' ' 

the Braddock Pt..to‘Pre_squ’ile Transect " i 

U.S. stations, 6-min intervals Canadian stations, 10-min intervals 

towers mooring moorings: T therriiistor chain; C current meter 

_- U27 U26 U16 C10-T C10-C C9-T C9-C 

surface 0.2 0.2 
‘ 

1 1 1 
2‘ 2 
3: 

, 
3 3 3 

44 ‘ 4 
5 5 

6 6 
‘7

9 
10 « 10 10 10 

l I 
I3 14 14 
15 15 15 
1 7 1 8 18 
19 20 

22 22 
25 26 26 
30 .30 30 30 so 
35 35 35 

40 40
V 

50 - 46 50 46 50 
49 

60 55 55 
v 61 
64 64 

75 74 
35. 

100 100 

' Data from those sensors are entered, as in the transect diagrams, according to availability and aslsrlixorgvn in the time tbles, 
and 5.4. 

110 

oj'r't-:_: iieiuperatm also measured at surfiice at C9-M and C10-M,'an_d at 10 in in css.—C and cs 9-c.



thermistor chai_ns__, cgrrent meters, and meteorological 
buoys, respectivelv), and U for the United States mooring 

1‘ 6 and instrumented towers U26, U27. 

Because of the .un,d,uly l_arge t_herifna_| time constant of 
the temperature sensor, on the CGLS undulator (see 
section __2;;,;2 and more detailed discussion in Chapter 6), 
only the‘inform,a,tion_ on the slow ascent‘ portion of each 
dive was ‘used. The: depths of the 4°,~5°, 6*’ and all even= 
nvurhsbered i_s_othe‘r’ms‘abov‘e 6°C were determined for each 
dive .and en.tered as 3 §:1.61té.tt}f1¢ ¢Qf’r.éS‘F50fidiifi'9id9Pth and 
horizontal distance on, the diagram," S_m_ooth_ed iisotherms 
were then ‘drawn in by hand. i 

. The Llnduvljator did not normally provide temperature 
’ 

information, at levelsabcve 4 (the d‘er>:th at which the 
fish was towed between‘ dives) or at the i_ns_hore ends of 
the t'ranse‘ct, where the water was too shallow to operate 
safely..Th_erefor’e,- to prjoivi_de a more complete tempera- 
ture picture for each transect and to facilitate comparison 
between‘ the Undulator results‘ and those from fixed 
i_nstArur'fiefn,ts', ja/I av‘ailab'l‘e fixed —station temperature data 
(Table 5:1) were. extracted from the‘ IFYGL Lqlajté files for 

the times closest to those at which the vessel passed 
nearest the stations_ concerned, i.e'. "coincidence" to the 
nearest‘ 6 min for mooring U16 and for towers U26 and 

7' and to the nearest 10 min for the Canadian stations, 
as set’outrijn Tables 5.2 (July’cr’uise), 5.3 (August), and_ 
5.4 l(O_ctober). These coincident temperature {readings 
are entered, for all available depths, as tria_n,gle_s in each 
trasnseot dtifagrafrjh, as are also ‘surface temperatures, when 
available from the ship's" t_her_rhograph. The isotherm 
depth‘ contours, however, are based on the ',lJ_r_i'du,l_ator 

data. ajloné agnd do not take the fixed station data into 
account. Comparisons b.etWeen;th_e two sets of data and 
the"infere'nces to be drawn are treated in Chapter 6;. 

_.It should noted t_h'at near the end of the 2—6 
October cruisethere was a breakdovvn in the té_mpe_ra___=. 
tg,reere;c;rird'ing ‘section of the fish, later repaired. _Transect. 
19 was trherefforé _ru.fi u$ijh9 6} ifiéCh3|‘\i¢3l b3'thiYth'eT’m0l- 

graph. During the‘ remaining transects, 20 to the fish 
was working, butthe data could not begextracteds from the 
tape because of an undetected breakdown in the record- 
ing head of one:-.t.aPe c.hannél:" For tTr3h$é¢fS. the 
temperature-depth information was read, less accuse 
ra1e'ly, from the X-Y recorder graphs.
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"Table 522; Tirn_esv(GM'I') of Temperature R,eadi11gs4at>Fixe2cl Stations:a11d Depfl,Is(Fig.1_S.'l)A.;Ente1e_d on the
V 

Braddock Pit. to |.’r.e.s.qI1’I‘le di§sr.am.s= 24-28 My (1. Days 12.061-2_1.0. see Diasrarns) 

Tréfiséét 
1 

U27, . 

C'10-‘T; C'9-T',
; 

No. 
L 

. 

Z 
_ 
U26 U16 C10-C ,c10-M 

A 

c9-‘(: C9-M 305540 

1 164,81 1742 1900 _ 1350 2000 . 2000 2030 
2 0012 2336 2220 2220 2120 2100 2050' 
3 0012 0042 

. 

0200 0200 0300 0310 0.330 
4 

2 V 0712 _ 
05 30 04-30 0420 0.400 

4/1* 1148 1254 1500 1640 
1 

1650 ' 1730 
4/2* 2354 2330 

_ 
2130 1840 1830 1800 . 

4/3*‘ 0136 022.4 0440 0610 0620 ’ 

0620 
5 1 0936 0906 0750 0700 0650 0630 
6 0942 1018 1140 1240 1250 1320 
7 - 1654 1624 1500 1400 1400 

‘ 

1330 
. 8 1700 1743 1910 2010 2020 2040 

9_ . 0024 2354 2240 2140 2140 ’ 2140 
1.0 0030 0106 0240 .0349 

' 

0350 0.420 
11 » 

_ 0806 0936 0610 3 _. 0520, V 0510 0440 
12 \ 0818 2 0854 . 

V 1010 . 
_ 

1100 1110 1130 
13 1506; 1442 

‘ 

1:320" 12.20 1220 11.59 
14 1,518 1548 17101 

‘ 

1810 1820 1840 
15 2224 2154 2030 1940 1930 19,00 
16 2236 2306 0030 0130 0140 0150 
17 0500 0430 0310 0220 0210 0200 
13 0506 0536 0710 - 0800 0800 ‘D820 
19 4 1218 1148 1040 0940 0930 0910 
20 1224 1254 1400 1450 1500 1500 
21 . 1618 1618 1610 1520 1510 1510 

" Bathythermograph casts. 
fVN6 c_l_:‘1'ta from U26 fyol-_'1'n311sects 1 to 4/1. 
:[:No data _ffro‘n1 Clo-T fa‘: Tr§n§?fcts 14 to 21 .
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Table 5.4.Times (GMT) of Témperathfe Readings at Fixed smiohs and Depths (Fig. 5.1) Entered on the 
Braddock Pt. to Pr§squ’ile Transect Diagrams: 2-6H0ct_gl:Ve§ I_):aVy5_277‘6_-_2_80’, 

H 

AT1'a'nsect U27, C9-T, C055-C’, 

Np. U26 U16 C10-T C10-M C9-C C9-M C59-C 

1 1924 "2012 2200 2150 2310 2310 2330 
2 0324 0242 0110 0120 0000 2350 2340 
3 0330 0406 0630 0550 0740 0740 0740 
4 1142 1106 0930 0940 0820 0810 0800 
5 1154 1224 1400 1350 1510 1520 1520 
6 1906 1830 1700 1710 1550 1550 1530 
7 2048 2124 2250 2250 0000 0010 0010 
8 0400 0330 0150 0200 0040 0030 0030 
9 0430 0500 0630 0620 0740 0750 0750 

10 1136 1100 0930 0940 0820 0810 0810 
11 1200 1224 1410 1400 1520 1530 1530 
12 1936 1900 1720 1730 1600 1600 1600 
13 1954 2018 2140 2130 2250 2300. 2310 
14 0400 0330 0.209’ 0200 2340 2330 2320 
15 0424 0500 0640 0630 v 0750 0750 0800 
16 1200 1124 « 0940 0950 0820 0820 0810 
17 1224 1300 1430 1420 1540 1550 1600 
18 1954 1912 1740 

7 
1750 1630 1620 16_10 

19 Bathytl1e'fii1'ogi‘iph Trailsect 
20 0442 0400 0230 0230 0110 0110 0110 
21 0500 0530 0700 0650 0800 0810 0810 
22 1154 1130 1000 1010 0850 0850 0840 
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CHAPTER 6 

lntercomparisons of the Braddock Point to ,Presqu'ile 
‘T‘emperature Transects and Contemporary ;_Me”asur.e‘ments* 
at "Coastal Chain_s'l’ and Fixed Flecordilng Stations 

6.1. THERMOCLINE DEPTHS ESTIMATED BY THE 
UNDULATOR COMPARED WITH 

ESTIMATES FROM FIXED STATIONS’ 

On the Braddock Pt. to Presqu'ile section the vessel 
track passed close to three U.S. stations (towers U27, 
U26, mooring U16) and eight Canadian stations (C9-T, 
.C9-C, C9-M, C10-C, C10—T, C10—M, C59-C, C55-C), 
the positions of which are shown at the head of the 
transect diagrams in Chapter 5. and in Figure 6.3. The ‘ 

temperature data from various depths (T able 5.1) at ’ 

these fixed stations are ente,red,.as explained in Chap’- 
ter 5, on the transect diagrams at times (Tables 5.2, 5.3 
and 5.4)coinciding as closely as possiblewith‘ the times 
of the vessel's passage. It is therefore possible to 
compare temperatures or, more specifically, thermocline 
depths determined by the Undulator and by the fixed 
thermographs at the stations along the transect, i.e. 

principally at U16, C9-T, and C10—T. This comparison 
is made in Figure 6.1 for all three cruises and for all 

cases in which a temperature data point from a fixed 
station lies at or close to a thermocline isotherm, as 
determined by the Undu_lat_or. Only those cases where 
close. comparison is possible have been selected, but 
even so some scatter is to be expected, because the fixed 
station readings were only available at 6—min intervals 
at U1_6 and_ at 10-min intervals at the Canadian sta- 
tions. ‘Also distances of the vessel tracks from the fixed 
stations ranged from less than 100 m to 4 km in the 

' 

exceptional case of C10—T and Transect 1 7 (day 223). 
(Usually the station-to-track distances were about 
1 km. Even at such small distances, short internal 
waves could be expected to produce occasional differ- 
ences of a‘ metre or so in thermocline depth between the 
station and" the ‘nearest transect point-. Scatter must 
therefore be expected in the Figure 6.1 comparisons_. 
However, if the Undulator showed no bias in estimating 
isotherm depth, relative to the estimates from fixed- 
station readings, the best—fit regression line through the 
points in Figure 6.1 should fall on the 45° lines, shown 
broken. But the actual regression lines (unbroken) lie 

' 

roughly parallelito but above the 45° lines by 1 m or 
186 

less in July, 2 m in August, a_nd 1.5 to 2.5 m in 
October. If the measured temperatures and the assumed 
sensor depths at the fixed stations are taken as correct, 
the conclusion from Figure 6.1 is that the Undulator 
underestimated thermoc_li_ne dept_hs by 1 or 2 m. On 
the assumption that this was the consequence of the 
undesirably long thermal lag in the response of the 
Undu|ator’s sensor as mounted in its epoxy resin support, 
the following analysis was carried out. 1 

For this analysis the following experimental results are 
relevant. First,- the thermal time constant of the thermis- 
tor, as mounted, was determined_ in the laboratory to be 
about 5 s in well-stirred water. Second, when the 
Undulator was made to d_ive i_n Lake Ontario following the 
procedure described in Chapter 2 and with a well- 
developed thermocline present, the profiles plotted from 
data obtained during the rapid descent and the slower 
ascent showed thermoclines differing i_n depth by about 
5 m (examples in Figure 6.2). We assumed that the 
thermal lag of the Undulator sensor led to a large 
overestimate of thermocline depth ‘during the rapid 
descent; and we therefore used the ascent data only in 
preparation of the transect diagrams i_n Chapter 5. -The 
question is, to what extent do those transects underest_i_.-* 
mate thermocline depth? In one attempt to answer» this 
question, we compared Undulator data from specific. 

dives with contemporary pro'files_ obtained with 0.S.S. 
’Researcher’s XBT (Expendable B_athythermog'raph, Sip- 
pican Corporation). Two typical comparisons are _i'l'lu's- 

trated in Figure 6.2, made during transect No. 22», 

10 August, when a thermocline‘ of moderate gradient 
‘deepened as the vessel approached the southern shore. 
The expected differences in estimate of isotherm déliths 
from the descent and the ascent of the Undulator are 
evident; but the surprising result is that, although the 
XBT ‘temperature-depth trace lies between the djejscen_t 
and ascent traces of the Undulator, it is closer to the 
descent trace. Looking at all the evidence, including that 
presented in Figure 6.1 and later figures, we must 

’ conclude that during its very rapid descent that pafrticular_ 
XBT also overestimated Lake Ontario thermocline depth’ 
by several metres.



~ 
6.2. RESPONSE OFSENSORS ASCENDING 

I THROUGH MODEL THERMOCLINES 
To analyze further the Undulator response to changes 

in ambient temperature during the slower ascending 
phase, the following model was considered. Three 
temperature sensors of respective thermal time constants 
of 5, 10, and 20 s are assumed to ascend at a uniform 
rate through the model "thermoclines" illustrated by 
thick lines in Figure 6.3. The computed responses at the 
sensors are shown by thin‘ lines in that figure. The rate of 
rise chosen in Figure 6.3 is 10 cm s“, representativelfor 
the Undulator as used in Lake Ontario, where the rates 
ranged from 5.3 to 6.2 m min" (see Fig. 2.8). 

The hypothetical thermoclines in Figure 6.3 possess 
uniform temperature gradients, shown as thick lines 

separati_ng a "hypo|im’nion€‘ of uniform temperature 6° 
from an "epilimnion"' of uniform temperature 16°. 
Reading from the bottom of the figure, the thermocline 
thickness (and temperature gradients) are: zero (infinite) ; 

1.25 m (8° m"); 2.50 m (4° m“);' 5 m (2° “); 
10 at (1° m"); and 20 m (0.5 m").’lt is assumed 
that, rising through the "hypolimnion", all three temper- 
atu_re sensors have had time to equilibrate to 6°. When 
they pass through the "thermocline" of zero thickness, 
the sensor temperatures‘ rise exponentially, as shown, at 
rates determined by the time constant. The other model 
thermoclines possess finite thicknesses; and the expo- 
nentia_l phase of the sensor temper'atu're rise does not 
begin until the sensor has risen to the top of t_he 

thermocline and enters the "epi|imnion", i.e. to the 
levels indicated by horizontal broken lines in the figure. 
Below these levels and" within the thermocline, the rise in 
sensor temperature lags ‘behind the rise i_n true ambient 
temperature. That lag, initially small at the bottom of the 
thermocline, ‘approaches a constant vaIueAin the upper 
portion, so that the temperature-depth profile, as 
indicated by the sensor, paraI_IeIs the t_rue t_hermocline in 
slope but is ra_is,e'd'above it by a distance equal to the 
vertical distance travelled by the sensor during aninterval 
equal to its own time constant. This result, as Figure 6.3 
shows for the more realistic thermocline models illus- 
tjrated near the top of the figure,‘ is independent of 
ttte_rmeel_ihe s_lo;ee;. In otherwords, for" the middle of linear 
thermocline slope, the error’ in thermocline depth esti- 
mated by a sensor of time constant C seconds rising at a 
speed of x cm s‘‘ will be Cx cm. Near the bottom of the 
ther_mocl_ine the error is less than Cx; near the top it is 

greater’ than Cx.
I 

For a ternper.a_t.u.r<.: s.en.so.r of time constam CI...t.he 

general equation for the sensor temperature Ts(t) as a 

function of time is 

Ts(t) = T,,,(t) — C(dT,/dt) (1) 

in which Twl is the (true) ambient temperature as a 
fu_nct_ion of time. For linear variation of Tw,’ assumed for 
Figure 6.3, Tw(t) = kt, and Equation 1 yields 

Ts(t) = kt + kC(e"’° — 1) , (2) 

It follows from Equation 1 that T,,,,(t)_ can be derived frem 
mt) and on/at. This we attempted to do; ‘but the 
unsmoothed Ts(t) record from the Undulator was too 
"noisy" to permit a reliable estimate of dTs/dt. We did 
not resort to a laborious smoothing procedure because, as 
we conclude below, the Undulator error in estimation of 
thermocline depth is acceptable for most purposes and 
the order of magnitude of the correction is known. 

Figure 6.3 shows that, under the conditions of that 
model, a sensor with a 5-s time constant would underes- 
timate thermocline depth by 0.5 m. This result is i_n 

agreement with the findings for July. in Figure 6.1, but 
not with the findings for August and October, which are 
consistent with an error of 2 m_. If Figure 6.3 is" repre- 
sentative of the Lake Ontario thermoclines, the thermal 
time constant of the Undulator as used may therefore 
have been greater than the 5 s estimatedffor the 
mounted thermistor bead in the laboratory. The position 
of the beadand/or the cooling effect of the Undulator 
casing may have had some influence. Also to" be 
considered in future designs is the intensity of turbulence 
around the temperature sensor during descent a_nd 
ascent. 

6.3. ADDITIONAL TRANSECT - FIXED STATION 
COMPARISONS 

A further source of evidence is to be found in 

intercomparisons of temperature-depth distriybutions 
determined by transects and at fixed stations. Therefore, 
isotherm depths were interpolatedfrom hourly averaged 
temperature readings at various depths (see Table 5.1) 
at U16 (,6-rrtin intervals), C9—T, and C10-T (10-min 
intervals). Those three stat_ion_s lay close to the Braddock 
Pt. to Presqu’iIe transect (see Fig. 6.4)._ interpolated 
(hourly mean) isotherm depths are also included for two 
nearby stations, _U1 4 and U1_5, respectively 24 and 
20 km from the transect. On the figures which follow (as 
listed in Table: 6.1), thetimes of nearest passage ofthe 
transect vessel are .m,a_rk'ed with_vertical lines_. It should be 
noted that vertical hatching on isotherms in the diagrams 
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Table 6.1. Numbering of the Hourly Mean isotherm Depth 
Diagrams According to Station and Cruise Dates; 
see Figures 6.5 — 6.16 

Cruise dates 

Station No. Jul 10-14* Jul 24-28 Aug 7-11 Qct 2-6 

U14 6.7 6.11 6.13 
U15 6.8 
U16 1 6.9 6.11 6.14 
C9~T 6.5 6.10 6.121‘ 6.15 
C10-T 6.6 6.16 

‘Dates of C.S.S. Limnos July cruise. 
1'8-12 August, concurrent with the C.S.S. Limnos cr'u'se_. 

from C9—T and C10-T indicates that interpolation 
extended over a range greaterthan 4°C, which occasion- 
ally occu_rred, for example when data were missing from 
one or more thermistor channels. The hourly averaged 
isotherm depth diagrams are listed according to station 
number and cruise dates in Table 6. 1 . 

6.4. TRANSECT - COASTAL CHAIN 
COMPARISONS 

The remaining category of checks on Undulator 
accuracy are direct comparisons between temperature 
profiles obtained independently by the Undulator and by 
surveys along the Rochester and Presqu'ile Coastal 
Chains, when there was coincidence in space and time. 
We have arbitrarily defined coincidence to be within 
3 km in space and 20 min in time. The comparisons are 
shown in the following figure pairs: Figures 6.17 and 
6.18, 6.24 and 6.25, 6.26 and 6.27, 6.28 and 6.29, 
6.30 and 6.31. The coincident Transect and Chain 
temperature profiles are shown on the right; the iso- 
therm distributions in, the whole Chain section and in a 
larger corresponding portion of the Tra_nsect are shown, 
on the same distance and depth scales, on the left. 

Coincident Comparisons with the Rochester Chain 

There was only one coincidence for the Rochester 
Chain: 2110 GMT at 12 km on the Coastal Chain and 
2120 GMT at 1 1 km on Transect 7, Julian day 277, 3 
October 1972 (Fig. 6.17). With data ‘available at 
21_24 GMT (T able 5.4) from the fixed mooring U16 at 
1 2 km, it is therefore possible to compare three indepen- 
dent estimates of the temperature-depth profile in 

Figure 6.18. The agreement is raemfariltably close. The 
transect profile (dots) would fit the other points better if it 
were moved down 1 m. 
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There was ne_a_r-coincidence on 27 July (Ju_lian_ day 
209, Traansect 14, Fig. 6.19). Both the Coastal Chain 
and the Transect, although an hour or more apart, show 
strong downwelling in the region 3 to 13 km, with the 
Transect t.hermo<:|ine showing a steeper gradjient and 
lying a little higher than the chain thermocline, but with a. 
similar slope. Very near shore (not traversed by the 
Transect)-there was a narrow band" of "upwelling", also 
shown on the fixed thearrnographs at U275. Thfis is a_n 

example of the way in which Chain and Transect 
information can be combined to provide a more ‘complete 
picture of the whole section. The same statement applies 
to the comparisons in Figures 6.20 to 6.2-3. 

2 A 

Coincident Comparisons with the Presqu‘il_e Chain 

If, for the Presqu'ile Coastal Chain, we again define a 
Tra_nse'ct-Chain coincidence as falling ‘within a time limit 
of 20 min and a distance limit of 3 km, Ihave -three 
rsuchcoincidences and one near-coincidence. In each 
case, data from the moored thermistor chain C-9-T 
fortunately also fall within or nearly within the coinci- 
dence limits, so that three independent estimates of the 
temperature profile can be made. In the first example 
(Figs. 6.24, 6.25) the C9—T points show divergence 
near the top and in the lower part of the profile‘. Note, 
however, that there was a 30-min tirrfe difference 
between the C9.-T and Chain, observations.; The :Tra_n_s‘e(:t 
and Coastal Chain profiles show close agreement in the 
therimocline region; again this agreementwould be closer 
ii the Transect profile were lowered by 1 m. 

In the second example (Figs. 6.26, 6.27) all three 
profilescoincide closely in space and time, and apart from 
one aberrant point on the Transect- profile, (excellent 
agreement would again beobtained if that profile were 
lowered by‘1 m. The third example (Figs. 6.28, 6.29) 
shows the T_ran,seet and Chain thermocline profiles 
running fairly close" together with no systematic offset, 
but with a divergence at 30 m. In the nea,r-coincide,nce 
(Figs. 64.30, 6.31) there is coincidence in distance, but 
the Chain measurements were made an hour later than 
those in the Tra_ns_ect and at C9 '-T. Lowering the Transect 
profile by 1.5 m would produce a better fit with the Chain 
and C9-*T data points. It may be noted that had 
Figure 6.31 been '_c_l,r‘a‘wn to produce the best time 
coincidence rather than space coincidence, thé Tl'5f.1§9C1.- 
Chain discrepancy would have been much (greater, 
because of the pronounced dip in the Chain isotherms 
between 12 and 16 km, a situation, reminiscent of that 
found in the Figure 4.10 comparison referred to _i_n 

Chapter.4.



Near-Coincident '|;rfar‘isect—Chain Comparisons 

‘The nearfcoincident Transect-Chain compa_ri§9n§_.- in 
Figures 6.32 to 6.42 help,-as‘ in Chapter 4, to complete 

. the transects and connect the offshore and nearshore 
pictures of isotherm distribution. However, in making 
these con_necti'ion's, attention must be paid to relative 

timing. Although there is a spatial ov‘e'r|a'p in the region 
1 6 to 19 km from shore, the t__i,r',fi_ej gap is.'som'e‘tim‘es great 
enough to allow large changes in isotherm depth to occur; 
the 3'—hr gap in ,Figure 6.36 is an example. In .l'=‘i'g-- 

ur'fe 6.40, on the other hand, there is almost coincidence 
‘in time éfid $9.306.‘ but the Transect shows a thermocline 
which is much na_r'rfoWeri than that shown by the Chain, 
with only a 4-km gap bélwéén them.

' 

6.5. coNci._usIoiiis FROM A.I..;I_.. 

i,Nfi:iicoMPAni:soNs 

Combining all the evidence from the Transect - fixed 
station ‘comparisons in Figure 6.1, "from the model in 

Figure .6.3, and from the Transect 2 ,Co"asta'l Chain 
"coincidences"" (Figs. 6.17, 6.18, and 6.24} to 6.31‘) 
we conclude that the transect diagrams ‘in Chapter 5 
generally underestimate ithermocline depths by 0.5 to 
2.5 m, with 1.5 m as the most probable difference. 
Where oscillation in thermocline depth is the _r_r‘_'i_'_aji'n 

interest, this error is not _i,mgpor’t'a'nt. Where precise 
thermo_c_l_i_n_e depth is the prime consideration, in heat 
budget stud_iese'for example, a correction of 1.5 should 
beapplied. 

.189



7-ll Aug. 

~~ 
4 6 B 10 I2 I4 l6 I8 0 I I I I I 1 I I I I I I 

J: 

Dive No. 570 / I6 20 20- ..I_I_I:‘ —. ,.0-‘"1

~
~ 40- 20- 

Depth 

(‘mi 

eo- 

desceni x — Unduiator 
, V

— 
ascent —.— 

so- so- 

—4 — 
I 

I I I I I I 

eo_ Bottom at 8.3 m. SO_ 
/7777 

190 

Figure 6-L Comparisons of thermocline 
d_epth~ estimates made on select 
ed occasions when the Undu- 
K1a__tor (producing a depth esti- 
mate. Du) pa.s_s,er_l. <_=!9,s.e to a find 
.sta.fl'9.n (producing a depth esti- 

= mate, Dt). A group oI‘"cr’o ‘s, . 

each eross representing aii iIidi- - 

.vid'I'IiIl’ estimate pair, is plotted 
for e_ach of the cruises; 
5e§t'fi1.!°8m.55i0flflI!¢3a_I_9dI3Wfl 
(unbroken) through each group. 

4 The sig’nific§'nce of the broken 
line is explained in- the text, 

Figure 6.2. Comparisons of ténuierature-depth profiles 
obtained (i) during the descent, (ii) the 
subsequent aseent of the Irndirlator on two 

dives‘!,~.and (iii) from a contemporary 
XBT cast (see text). 
‘Dive No. 570, 1938 GMT (bo_tto_I_I_I gt 135 ng, 
temp-. 3.-9°C.) and N9. -575,; 19.5.8 GMT. 
Julian day 223, 10 August 1972, both on 
Transect No. ~2’2.~



Figure 6.3. Resiionses of three tempe1_atg;'_e se_1_1s_Qrs=whi_le-ascending 
at a rate of: 10 cfii s" through mode] {hen-_r_noclines 
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5.1) at station C9-T, Lake gxitario, 10-14 July 1972. The time s_ca!_e ig GMT the Julian‘ day numiiei isin 
parentheses after the date. The significance of the vertical hatching one some isothe’fm"'s‘is eiplaifieti in Figure 4.5. 
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parentheses aftenthe date. The significance of the vertical hatching on some isotherms is explained in Figure 4,5.
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COMPARISON OF TEMPER_ATUREj DIASTRIBVUTIONS DETERM|NE_D FROM TRANSECTS 
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IFYGL (LAKE ONTARIO I972) 

COMPARISON OF TEMPERATURE DISTRIBUTIONS DEZTEORMINEAOVFROM VESSELVTRANSEOTS 
AND COASTAL CHAIN OBSERVATIONS 
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CHAPTER. 7 

Temperature Distrib_ut_ion in the O'swe‘gO to 
Prince Edward Point Transect 1 

While the Braddock Pt. to Pr‘es_c|u'i'le ‘Undulator tows 
were in progress d_uri_ng July, August, and October (see 
Chapter 5), temperature distribution in a section near the 
eastern end of the basin was‘ explored on a contin'u‘ou‘s to- 
and-fro shuttle by S.S. Advance II: 24-28 Ju_|y (16 
transects); 7 -1 1 August (1 7 transects); 2-6 October (22 
transects)- The vessel occupied (slowed down at) 18 
stations (positions shown in Fig'u'r'es 1.1 and 7.1) to 
o_bt_ain vteinperature profiles with a mechanical bath_yther- 
mograph (BT). From these the following transect iso- 
thermvdiagrams were prepared with a vertical exaggera- 
tion of 10001: 1. As each diagram is identified by transect 
number and Julian day, no additional figure numbering is 
necessary. At the head of each diagram are shown (i) the 
vessel track with the 18 stations shown as dots; (ii) the 
positions of fixed measuring stations, i.e.- instrumented 
moorings located on or near the transect route‘; (iii) the 
line (dotted) occupied by the Oswego Coastal Chain 
(Scott et a/., 1973); and (iv) the GMT time scale for the 
particular transect. Official IFYGL numbering is shown for 
the fixed stations, but we have found it convenient to 
adopt the prefix C for Canadian instruments (for which 
the suffixes, -T, -C, and -M signify moored t_herm_istor 
chains, current meters, and meteorological buoys. 
respectively), and U for the United States moorings U19 
and ‘U20. The depths ‘of the 4°, 5°, 6° and all even- 
n_u_mbe_red isotherms above.6°C were det_er_mi_ned from 
each BT cast and entered as a dot at the corresponding 
depth‘ and horizontal distance on the diagram. Surface 
temperatures, measured by a mercury thermometer in a 
dip bucket, were entered for each BT station. Smoothed 
isotherms were then drawn in by hand. 

To provide a more complete temperature picture for 
each tra_n_se_ct and to aid comparison between the BT 
profiles and those obtained from the moored recorder 
i,nstru‘m'ents, all available fixed-station temperature data 
(Table 7.1) were extracted from the IFYGL data files, for 
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the times when the vessel's track "coincided" with a 
station, and entered as triangles at appropriate depths on 
the transects which (follow. However, isotherms on those 
transects are derived solely from the B’? lirtifiles rim: do 
not take fixed-station measurementsllinto. account. 
Station sensor depths are listed in Table 7.1; and the 
times of vessel-station coincidences to the ,nearest 
6 min for mooring U19 and (U20 am’! to the n.ea.r.e.st 

10 min for C1 1 -C — are assembled, for all three. cruises, 
in Table 7.2. Comparisons between transect (BT) and 
fixed-station temperature profiles are made in Chapter 8,. 

Table Depths (m) of Temperature at Fiired Stations 
in or near the Omega to P0.i.l1..t._ Stcfion 

U.S. s'tati'o'n's, 6-min intervals Canadian st'a'tio'n", 10-riiin:ii1terv§J.s 

Moorings ‘ 

U19, U20 ‘ Mooring C11-CT 

surface 
5

. 

10 10 
15 l_5 
20 
25

_ 

30 30 
35 
50 5.0 
60 
75 

100 

‘Data from those sensors are entered, as ‘triangles in theitrahsect 
diagrams, according to availability and as shown in the time-' 
table, 7.2 . 

'l‘Surface temperature also measured at C1 1-M. 

The transect diagrams appear on the followingpages: 
227-2142 (2.4-_28 July, 16 tl"'a'nsects);' 24.3:.~+259 
(7-11 August, 17 transects); 260-281 (2-6 October, 
22 transects).
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Table 7.2. Times (GMT) of Temperature Reading at Fixed Stations and Dep'ths‘« 
on the Oswcgo to Edward Paint Transe.c.t Diagtarns 

(see these for dates) 
"

, 

Cruise and day (I) * 

24528 July, 7-_l_1 August, 2-6 October, 
20.6-210' » 

A 
222-224 

V _ 
276-280 

-Transect No. U19 c114:+. U20 C11-CT 
. U20 U19; .C11-C1- . 

1 23421 0240 ‘ 2300 1918 I 21.48 2240 . 

2 0600 j 0448 0150 0448 " 0248 0140-. 
3 1306 1410 . 0636 0920 0600 0736' I 

' 0830‘ 
4 1754 1650 1412 1200 1342 1212 

‘ ' 

1120' 
5 23224 2320 _‘ 1536 

‘ 
1750 1542 H 1724 " 1810 

' 

6 0306 0150 ‘ 

2212 ’ 1940 2218 2054 82010 
7 1318 1430. 

J 

2336 40240 2324 ._ 0106' 0230'" 
8 1748 1700 0730 0530 ' 0554 0510 
9 2236 0030 

L 0848 1110 0812 ’ ' 

1050 
10 0430 0330 

Q J 

1624 1350 1530 1348_'_" 1310 
11 0900 1000 . 1724_ 1800 1642 1818 - 1850 
12 1336 1240 1454 1800 2254 2130’ 204.0 
13 18544 1950 2248 2010 0012 0206 0300 
14 2248 2150 0018 0320 0830 0718 0620 
15 04.18§ 0520 0724 0530 0954 1118 1200 
16 0824§ 0730 0836 1126' 1618_ 1454 1410 
17 1530 1320 1712 1830 

‘ 

1920 
18 2318 2200 ' 

2130 
19 0236 0340 
20 0624, 0550 
-21 1036 11,20‘ 
22 1412 1320 

226 

V‘ De”pIhS,enterfe'd in Table 7.1.1 
'1' Surface temperature also entered for C11-M at times within 20 min of those shown for C11-C; 

"»:]: Station U20, Transect 1'. 

§For 15 and 16 the U20 regdings were for 0206 and 0954 GMT, Julian day 220, re_'spec1ively.
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lntercomparisons of the Oswego to Prince Edward Point. - s 

Temperat.ure Transects and Contemporary I\lIe]’<Ti$l;.Il"e’h"1eht}s 

at the Oswego Coastal Chain and at Fixed‘ Recording 
Stations 

8.1. THERMOCLINE VDEPTHS ESTIMATED BY 
BATHYTHERMOGRAPH 

COMPARED WITH ESTIMATES FROM FIXED 
STATIONS 

On the Oswego to Prince Edward Point section the 
vessel track passed close to two U.S. stations (moorings 
U19 and U20) and two Canadian stations (C1 1—C and 
C1 1 —M3), the positions of which are shown at the head of 
t_he transect diagrams in Chapter 7 and in Figure 7.1. 
The temperature data from various depths (Table 7.1) at 
these fixed stations are entered, as explained in Chap- 
ter 7, on the transect diagrams at times (Table 7.2) 
coinciding as closely as possible with the times of the 
vessel's passage. It is therefore possible to compare 
temperatures, or more specifically thermocline depths, 
determined _by the _ba’thythermo‘graph and by the fixed 
thermographs at the stations along the transect, i.e. 

principally at U20, U19, and C11-C in south to north 
sequence. This co’m‘p‘a'rison is made in Figure 8.1 for all 
three cruises and for all cases in which a temperatu‘re 
datum point from a fixed station lies at or close to a 
thermocline isotherm, as determined by the bathyther- 
mograph. Only those cases where close comparison is 

possible have been selected; but- some scatter is to be 
expected, because the fixed—station readings were only 
available at 6-min intervals at U19 and U20 and at 10- 
min intervals at C1 1 -C. The distances of the vessel tracks 
from the fixed stat_ions were usually less than 1 km; but 
even at such small dista_nces, short internal waves could 
occasionally produce isotherm slopes large enough to 
appear as differences in thermocline depth between »a 
station and the nearest point on the transect. 

If we assume that the temperatures were meas_ured 
correctly at each station and the sensors were in fact at 
the depths indicated in Table 7.1, then Figure 8.1 
suggests that the bathythermograph underestimated 
thermocline depth by about 2 m (with scatter) during the 
July and August cruises, but that the diascrepancy‘ was 

3The thermistor chain C11—T vv_a_s not in operation during any of the 
transect cruises. 
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1 m or less during the October cruise. For- July and 
August, there are too few points for a definite’ conclusion, 
while the October results appear to justify a‘ correction of 
+1 m to the thermocline depths as sjhgvif/"n in the 
transects in Chapter 7. The reason for this difference, if 

real, is not obvious. When, as was often the case, the BT 
slide showed two traces (ascent and descent) the mean of 
the two was taken, which should have rni_rii iied any 
effect of thermal lag.

A 

~~ 

8.2. ADDlTlONA_L TRA_[\lS_ECT — F'l_)(E,lfi):::—-‘$‘|'_5A1_'_'[():|_\| 

COMPARISONS 

Addit_ion,al compa_ri_sonjs, between isotherm depths‘ on 
transects and the time. variation of isotherrfi defpths 
interpolated from hourly averages of 6-min readings at 
stations U19 and U20, are provided by Figures 8.2 to 
8.9. The. positions of the fixed st_at_i@ns are "shown in 

Figure 7.1. Two of those stations (U19 and U20) lie on 
the vessel track, and the times of vessel passage are 
indicated by vertical lines for the July cruise (Figs. 8.2 
and 8.3), the August cruise (Fig. 8.4) and the October 
cruise (Figs. 8.5 and 8.6)-. 

lnterpolated hourly averaged isotherm ‘depths are also 
illustrated (in Figs. 8.7 to 8.9) for two nearby s,tatj_ons, 
U18 and U21 (see Fig. _7. 1), respectively 27 and 22 km 
from the section. 

8.3. OSWEGO COASTAL CHAIN AND TnA,NsECT 
coM,PA_ai'soNs 

The other two tr_a_nset:t sections, Olcott to Oshawa and 
Braddock Pt. to Presqu'il’e, provided .severa| Coastal 
Chain _a_nd Transect "coincidences", for which indepen- 
dently det,ermi'ned temperature profiles could be com- 
pared. For the Oswego to Prince Edward Point section 

only one Coastal Chain (Oswego) was available';? and in 
only one case was there coincidence in space‘ and time 
(Figs. 8.10, 8.1 1);. In that case, and in more than three-



quarters of the transects presented in Chapter 7, there 
was strong downwelli_ng of the" isotherms near the 
Oswego shore, evidence of a strong eastward-going 
coastal‘ current for most of the time of the cruises. Using a 
Whitney thermometer and estimating depthfromi length 
of cable payed out under t_hese circumstances, it is 

possible that the Chain investigators overestimated 
isotherm depths. That is speculation, but in the single 
Transec't=Ch_aj_i:n cojnefidence presented here (Figs. 8.10, 
8.11) isotherms derived’from the Chain prof_i_les were 
estimated to be about ,5 m deeperthan those. derived 
from the Transect. The same is‘ true of the near- 
coincidences on the same Julian day‘ (209, July,- 
Figs. 8.12, 8.13) and in an August case (Fig. 8.14») that 
shows a Transect-Chain time separation of 1 to 3 hr. The 
agreement between Transect and Chain estimates of 
isotherm depth was better in October (.F.i’gs’;. 8.15 to 
8.17) when the thermocline was deeper and the coastal 
downwelling weaker. Figure 8.1 also shows better 
Tra.n.s.ect fixed st.a‘t.i.o'1r”1 agreement .i.r’i. October (with manv 
points) than in Julyand August (with few points). 

Measured against the Transect - fixed statijon and 
Transect — Coastal Chain comparisons made in Chap- 
ter 6, the m"a't'erial p'res‘ented‘ in this ‘section is much less 
extensive, and some of the réSU.|.tS are i.nf|.uen9éd. DY 159 
presence. of. strong downwelling at-Oswegot. We .do.no.t 
feel able, therefore, to ‘recommend any systematic 
correction to the therimocI’in‘e depths estimated by 
bathythermograph on the Oswego to Prince _E<}_lvva_rd_ 

Point section. It will be noted (Figs. 8.1, 8.15 to 8.17) 
that, in ‘the ab‘s‘e'nce of strong downwelling at the Oswego 
end .of the section. égrieerhent betwéeh Transect ariid 

fixed station or Coastal Chain resultswas on average fairly 
close. The large discrepancies (for example, Figs. 8.10, 
8.11) _appea_i_'ed,— "in the form of lower (:hairi-estiriiated 
isotherms, during periods of strong downwelling. Errors 
in depth estimation, arising when the cable was not 
vertical in the Chain mea"surerrie‘ms, were likely" to be 
greatest when the thermocline was deep and when there 
was a strong current running. Therefore, it appears likely 
to us that the Transect measu're'rn“ents can serve to correct 
the Chain meagsuremegnts, ratherthan vice versa, 
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Figure 8.1. Comparisqn qt’ thermocline depth estimhtes nude on selected occasions 
when the vessel's bgtljytherrnograph (producing a depth estirnate Db) was 
cast close to a fixed station (w_hjc_h produced an indepénderit‘ depth estimate‘ 
D‘). A group‘ of crosses-, each c_ro_s_s representing an estirhatej 

pair, is plotted for: each of the three erugrses; arid best’-fit lines 

are d_r;_I_w_n (unbroken) thrqugh. each group. The significance of the broken 
line is explained in section 6.1.
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CHAPTER 9 

Objectives and Anticipated uses of This Report 

Of the physical variables measured in Lake Ontario 
during Wéléf téfftfiéfatljfé W55 the one explored 
most intensively by var_iou_s methods and for diifferentg 

purposes. Research vessels devoted most of their effort to 
a lakfeswide monitoring (90 stations occupied at two- 
Week,'Y .in.te.rvai|.$) -97 the §€3S_5|‘!3' ¢h’3V"99.'S in he?" 
distribution. Aircraft equipped with infrared r_a_d,iati_on, 

thermometers obtained "truly synoptic and very detailed 
pic_tu_res of surface skin temperature over the whole lake, 
giving clues to subsurface motions, the natu_re of which 
was explored by other methods. 

One such. m_e.thod.- de§ciriLbed in Chapter 2. was based 
on continuously repeated scans of temperature distri- 
bution in three selected cross-lake Transects (Fig. 1.1, 
Q|t;_ott_ to Qshawa, Braddock Pt. to Presqu'ile, and 
Oswego to Prince Edward Pdi.ht) silmultan90u§|.v Occu- 
pied for five-day periods: during July, August, and 
October 1972. The results of those scans are assembled 

as 126 transect diagrams in éhapters 3. 5. and 7. 
respectively. 

Painstaking editing of the transect re‘sults—th'rough 
comparison with all available contemporary data from 
recording instruments. moored in or near the transects, 
and (in Chwapters 4, 6, and 8) from the Coastal Chain 
surveys made by other invest_igators for other pujrpofses at 
the inshore ends of each Transect—has .delayed publica- 
tion of the report. But this complete edited assemblage of 
all temperature data penai_nfing to the three crossalake 
sections enables the user to interpret the ''continuous_'’ 
records at ‘fixed ‘stations (Chapters 4,. 6, and 8) and to 
follow internal rtictjjens-on time scales. of hours or days, 
i.e. short enough for watertemperatureto be accepted as 
a conservative label of water masses. The report will- 

serve, with the Coastal Chain reports, as a data bank for 
the study of upwelling"-downwelling events, quasi-. 
geostrophic flow, and internal waves. . 

2'97



References 

(a) Related to Transects and Associated 
Methodology 

Baumgartner, D.N., 1976. An‘underwater'temperature- 
depth data collection device. Center for Grea't~'Lakes 
Studies, Spec. Rep.-, No. 26, 15 pg, 15 figs. 

‘Boyce, F.M., 11972. -Temperature transects of Lake 
“ Ontario; 3 preliminaryanalysis. lnt.-Field Year.Grea 

- l;al.<s"3s‘(|.‘FYG|-5) Bull... No: 5.'.23-—34.. 
,_ 

» 
-

— 

Csanady, G.T.\.and Pade, B. H-G., 1973. The Coastal Jet 
Project: Canada Centre Inland Waters,‘ Univ. Water'- 
-loo‘, Ontario, Er’ivi"r.—F|u'id Mach. lL_!ab., Dep. Mech. 
.Eng.,w‘Annu. Rep. 197.2 to Canada Centre lnland 

‘_ Waters, Ser. ‘No. OGR2-0050, 495 p. 
Morti’rner’,vC.H-.-‘, 1968; Internal waves and associated 

‘currents observed in Lake Michigan“during the 
‘summer of» 1963. Univ. Wisconsin—Milwaukee, 
»Center for Great Lakes Studies, Spec. Rep., No. I, 

m_irneo,— 24 p., 120 figs. ‘ 

Mortimer, C.H., 1972. Developmentiofan automatic 
«avessel-‘operated temperature‘ depth profiling sys- 
tem. Center Great Lakes Studies, Univ. Wisconsin- 
Milwaukee, Completion Rep. under'U.S. Army 
Corps Engineers Contract DACW-35-38-C—0071, 
89 p. 

Mortimer, CH. and Cutchin, D.L., 1974. Internal wave 
responseof the Lake Ontario the,r,moc_li,ne to the 
passage of astorm, 9-10 August 1972. Trans. Am. 
Geophys. Un..Vol. 5.5, No. 4. 

Scott, J.T., Fenlon, M., Jekel, -P., Landsberg_, D. and 
Lem'rni_n, U., 1973; U.S.— IFYGL Coastal Chain 
Program: (la) Basic data for the oswego Coastal 
Chain‘; (lb) Basic data for the Rochester Coastal 

298 

Chain; (lc) Basic data for the‘ Olcott Co'asta|‘Chain'. 
State Univ. New York, A_Ipan,y, Sci. 
Center Rep. Nos.':22.7a,' 2.79 p; v22;7,b,w‘23f2 p: 
-227c,-306p. ~ 

- 
- ,1 « ... .- .- 

V (b) Background. and Information Sources V 

Boyce, F.M., 1974. Some aspects of Great Lakes physics 
of importance to biological a.n_d”chemicZa;| processes: 
J. Fish. Res‘..Boar,d Can., Vol.- 31, 689-730. 

Csanady, G.T., :1971._ On;the equilibrium shape. ofgthe 
thermocline in the sh'o'r'e'.-’"z'on’e.. J. Phys. O.ce'ano‘g'r.,_ 
Vol. 1,263—270. .. ,. ..

. 

Csanady, G.T., 1972. The coastal boundary layer in Lake 
‘ Ontario: I, The"sprin'g ‘regime; II, The summer and 

- -fall regi_me.= J. ’P'h‘y"s.. Ocea’nogri., Vol. 2, 41-53, 
168,176. ' 2 ~~

. 

Mortimer, C.H., 1963. Frontiers in physical limnology 
with ‘particular reference to long waves in rotating 
basins. Proc_. 5th Cont-. Great Lakes Res, Ljnrivv. 

Michigan, Great Lakes Res. Div.,:Publ:.;'- No. 9, 9-42. 
Mortimer, C.H., 19,71. Large-scale oscillatory motions 

and seasonal-te’mperatu're changes in.Lake Michigan‘ 
and Lake Ontario. Pt. I, text, 1 1,1”p_.;, _P_arfti I[-,- fil],ustr‘a-: 

tions, 106 p., with the collaboration, in Chapter rlll 

on internal waive theory, of M.A. Johnson. Center 
for Great Lakes Studies, Univ. Wisconsin—Milwau- 
kee, spec. Rep., No. 12. 

Sweers, H.E;., 1969. St_ruct'u‘r‘e, dyn’amic's and chemistry 
of Lake Ontario. Mar, Sci. Branch. Dep. Energy, 
Mines and Resources, O‘t_tawa,’Ca_nad_a, Ms. Rep‘. 

Ser. No. 10, 227 p.



APPENDIX A 

eta'i‘led Specificat_i;ons‘_an"d Description of the CGLS 
gUnd’ulator 

The towed .ter_npe.rature-depth ,r_ecc_,>.r,d.in9 System, as 
used on the Braddock Pt. to Presqu'ile Transect, was a 
modified version of the instrument r.epor‘te_di on. by 
Mortimer (1.972). A general. description of the system 
and its operation is to be found earlier in, this report 
(section 2.2, including Figs. 2.4 to 2.8). Detailed 
specifications and descriptions of particular components 
of the system are assembled in this appendix. 

wmcu, QABLE. AND TERMINATIONS 
The winch (W) was a modified Hydro-Products model 

HR-60, gasoline-powered winch. The gasoline engine 
was replaced by a 5 h.p;.«, threeephase, a.c. electronic 
motor fitted with a fixed centre, variable diameter pulley 
transmission system} A simple hand—operated level wind 
device (L) was placed above the winch dr‘un"_\_ in easy reach 
of the wi_nc‘h oper‘ator,: to faci]_i_tate cable handling _(see 
Fig. 

_ 

I d 

The cable used was 1000 m of 3'—.r'nm—’dia_meter, 

c_oun_terspira_l wound, armored steel_ with a_. single insu- 
lated centre conductor. It was terminated at the towed 
unit (fish) end by a swivel connector with ‘a watertight 
rotating contact, from which a watertight _con_ne_t:tion was 
made ir'It'o_.th.<i§ fish. ln_$.pi..te ot .t.h.e ¢0u,n.terspira.lf§9n5"UC4 
t_i_on of the cable armoring, torque changes occurred‘ at the 
fish end when large changes in tension occ'u”rr‘ed during 
the dive cycle. The swivel, spec_ially—,constructed at the 
Center forifireat Lakes Studies, w_'_as.therefoire neces_sary 
to prevent breakagehof the connection between, the ca ble. 
end and the fish (see Fig. A.2). " 

,The.3-mm-diameter steel cable with a single centre 
conductornot only provided the mechanical link between 
the control system on the towingivesfsel and the fish, but 
it also constituted the electrical link_. The "inner conductor 
and the _:__spiral-wound’ outer a_rmoring were used to 
conduct power,_fr.o_m the on-_deck.p‘ower supply to the 
sensor electronics and "as the transjmission medium for 
transmitting data from the fish to the on-deckvmonitoring 
and re9ordi.n9 equipment. 

To complete the electrical connections for power and 
data transmission, a slip—ring commutator was provided 

on the winch. This particular model possessed seven" 
rings each with a bronze. brush. in an attempt to minimize 
slip—ring noise, four ring-brush sets were connected in 
parallel for the g'ro‘und and three setshwere connected in 
parallel for the data power, 

THE Towsjin SENSOR HOUSING rrH_E .FisH) 
The sensorhousing or fish is shown in Figures A.1 

and A.2 (see also the photograph in ,‘l"-figure 2.6). 
Specifications are given in Table dA.,1,. This housing 
served as a vehicleifor the temperature and pressure 
sensors, and their associated electronics. 

Table A.1. Sensor_ Housing ltI_easiuerneri_ts 

Body 
K d 

- Steelvtubing, %wall, 3% in; o.d., nickel plated, 
. 

, 
Wt» 25 1b,1e.fl§t.h (With. 1,1935%) 2_2:i.n.- 

Nose piece Machined steels, 3_‘fi in. diameter; 6% in. _long,- n_icl<_el 
_ 

plated, wt. 1.6% lb 
g

. 

Fins (um) 
_ 

. Steel plate, t_hick_, nickel plated, we1ded_to 
body, all fins demouiitable to’ permit 'p‘1jesst'1‘re 

testing of therbody in an ava'ila_b_le vessel 

is 

, _The. towing cable was __attached: "to the housin_g just 
forward of the vertical fin. S_eve_ra__l attach'rhe‘n_t h_oles_were 
provided; the best one for towing was_ch_osen' by trial and 
error.

' 

.‘At'the, front of the sensor housing the_reh.wa_s a solid 
bulkhead with _a_ hole ,dri'l-led "and t_h_rea_d_e,d toreceive a 
Marsh'—Marine RM-44FS';—l5,_watertigh,t_ connector. Over 
thisiconn’e‘_ctor_was fitted he'avy"nose piece, ‘attached to 
the front of the housing by four set screws. 

’ ' " 

Pressure Sensor 

The specifications of the pressure transducer (Stat- 
ham _ln‘s_tru'ments, ‘model PA50_5_—2QQ, 3 x 1 i_n,1)were 
as follows (data supplied manufacturer) :' 

O-200 psi (maximum overload, 400 psi) 

Transduction; resistive, balanced, fully active strain gage 
bfidge ' 
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Power requirements: 28 :l:« 4 V d.c. (25 mA at 28 V d.c.) 
Output voltage: 0.1 to 5 V d.c.. nominal. Output noise: 
<5 mV rms 
VNon—linearity and hysteresis: less than 10.75% full 

scale 

Compensated temperature range: 0 -65°C 

The pressure sensor (Statham Instruments) was 
housed inside the fish, connected to the ambient environ - 

ment via a tube emerging through the rear cover cap, 
passing upward along the rear" edge of the vertical fin, 
and term_inati'_ng at a hole drilled in the fin edge (P in 
Figs. 2.4 and 2.6). That hole was also connected to 
se'veral_other holes, drilled ‘in the fin and directed 
perpendicular to the direction of water flow over the fin. 
This tarrangerflnent was designed to ensure that the effect 
of variation in towing speed on the measured (hydro- 
static) pressure could be neglected. 

Temperature Sensor 

The temperature sensor was a composite thermistor 
bead (Yellow Springs Instruments No. 44204) with 
linear response. The accuracy guaranteed by the manu- 
facturer was :l:0.15°C, with a time constant in stirred oil 

_ 
of 1 s. The bead was mounted in epoxy resin at the end of 
a ‘/4-in. galvanized iron U"-.s_haped' pipe, the other end of 
which carried the electrical connection, through a 

watertight_ seal in the end-cap, into the fish body. The 
thermistor end ofthe pipe was bent, under the fish body, 
to face forward into the water flow, so that the partially 
exposed t_herrnistor'bead would respond as quickly as 
possible to temperature changes. The surface of the bead 
was reduced to about one-half by the method of 

mounting in epoxy cement; the actual time constant of 
that component was increased by a factor of approx- 
i_mately five. As explained in section 2.2, the unduly 
large time constant of this particular instrument meant 
that the data acquired during the rapid descent portion of 
the dive had to be discarded entirely and care had to be 
exercised in interpreting data obtained during the slower 
ascent (see, Chapter 6). 

Electronic Sections and Data Flow within the Fish 

The electronic sections within the towed fish are 

displayed in Figure A.3. Three parameter voltages- 
temperature, pressure (depth), and a reference voltage- 
were time multiplexed according to the format illustrated 
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in Figure A.4, and converted into digital ‘form for 
transmission to the onedeck recorders via the towing 
cable. The analog multiplexer used field effect tI’.3.nSiS.t.0rS 
which were turned on individually to sequentially. select 
the threelanyalog inputs. 

2 
' "

I 

The analog-digital convertor was a linear ramp 
comparator (gated oscillator) design. Under logic control 
it generated a burst of pulses, the number of which was 
proportional to the voltage bei_ng selected’ by the analog 
multiplexer. The pulse burst was~converte_d by the line 
driver into current pulses, which were de.tected'at “the 
other end-of the line by the on-deck electronics. 

ON-DECK ELECTRONICS‘ AND RECORDERS ‘

- 

All data generated by the system were recorded on 
magnetic tape by a Precision Instrument tape _recorder, 
model Pl-.1177 (R in Fig. 2.4). The recorder‘ generated 
internally the required IBM‘:-compatible loadpoint gaps, 
inter-record gaps, longituditnal redu_ndancy check char- 
acters and end-of—file marks. 

Each, character ‘was recorded on the tape as a parallel 
seven-bit byte, according to the standard. IBM seven- 
track EBCID code. The Inter-Record gap c'orn_‘man‘d was 
generated by the on -deck electronics a_s the :lRG signal. 
The End—of-File» command was generated by a manual 
push-button on the tape deck. 

The on A-deck system performed the following func- 
tions (see Fig. A5): 

(a) detected "serial pulse trains from the submerged 
sensor andconverted the pulse train into parallel 
binary coded decimal (BCD) data; 

'
‘ 

(b) formatted the BCD data and recorded it on 0.5-‘in. 
computer-compatible magnetic tape with proper 
blocking: 

(c) convened and demultiplexed the BCD data into three 
analog channels for display and analog r,ec.or_d,in9 
purposes (e.g. with the depth and temperature 
analog outputs applied to an X-Y recorder); 

(d) sampled the analog data and generated 
information on high—low depth limits for use by the 
winch operator; and 

(e) provided for manual entry of miscellaneous data and 
insertion of such data between sampled sensor 
data on tape.

p



~ 
The detected and conditioned pulse trains were used 

to generate timing signals, with which the system 
synchronized its operat_ion_s.; The pulse train was "also 
accumulated in a three—digit BCD counter. Under control 
of the central control logic, the three-digit BCD data were 
muIjt_iplexjed, ehe digit at a time, through the character 
encoder, whe_re..a beginn_i_ng.e.of,—word character was 
added. The central control logic also gave synchronous 
commands to the "write sequence" control, to enable 
each encoded character to be written onto ‘magnetic tape. 

‘Logic-and external controls (Run/Hold switch) were 
provided to stop the system manually in one of two 
modes; (i) at the end of a jsaihplfirig sequence, and (ii) 

when the block length cou_nter initiated an in_ter—.record 
gap sequence. The second mode (ii) was used prior to the 
e'nd—of-file sequence generatedby the manual -controls 
on the tape deck. A third ‘manual i_n'pu't (Sample Fre- 
quency Select switch) selected recording rates of four, 
two, and one data points per second. For each of these 
recording rates the towed sensors continued to sample at 
a fixed rate of four sarhplies a seeerid. - 

A. block—len’gth counter accumulated the number of 
write cycles and, ate predetermined number, stopped 
the write cycle and‘ .céirfirfi.a.nfc.:led the tape deck to generatfe

~ 
an inter-record gap. Upon completion of gapgeneration, 
a signal from the tape deck permitted the system to rejtu_rn 
to the w‘rite.seq‘ue'nce. 

The data (parametegresergialized and bit-parallel) was 
converted to an analog voltage and demultiplexed by a 
three—channel sample—and-hold circuit. The three ana- 
log data cha.nn_el_s were then diisplaved on panel rfiéters 
and could be used to drive X—Y or other strip-'ch_art 

recorders.- 

The depth analog channel was monitored tovgive 
warning to the operator when ‘preselected high and low 
Ii,miitjs we're‘. exceeded. As an additional safeguard, the 
towing cable carried a prfo'iec.t.i.Lon whijch tfirigéered the 
"end -of-cable" warning switch E on the towing sheave 
(E in Fig. 2.5), described inthe legend of Figure 2.5. 

- An external data entry system was incorporated-, 
which could insert on the tape a record of navigational 
ilnfoifmatioh, time and other- miscellaihedus data. These 
data were entered and stored in a memory from the panel 
keyboard. Upon operator command, the data were read 
from memory and written-ohto the magnetic tape without 
stopping or .interrur5.t.i.fi9 the data. sampling p.rb¢_éé.S.. 
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APPENDIX 3 

Specifications of CCIW Batfish Systemiiand. Description 
of Data Reduction . 

.Techniq"ues 

_ 
BATFISH SYSTEM—DES¢RlPTlON AND 

SPEClFIcATlONS ' " ~ 

§ea_ion 2.1 contains brief descriptions of the Batfish, it 

the array and the systems together with their 
modes of operation. However, the CCIW transect datarh 
presented in this report were collected’ entirely -with‘- the 
B_at_fish system, and for ‘this reason a more complete 
description isappended.“ ” ' 

0
‘ 

The system may,’ be bro:ken.down.‘into the following 
compo,n_ent_s:i (1) Bat_lish' vehicle; (-,2)" sensors; (3) ‘tow 
cable; (4) winch; (5). anatlogfidavta display; (6) analog to , 

-- 

digital converter and recorder.“ 

Batfish Vehicle (Table 3.1)! 

The Batfish vehicle was ‘developed at the Atlantic 
Oceanographic Laboratory (Bedford Institute of Oceanog- 
raphy,_ Da'rtrn‘outh, j_N.S.)= and manu_fa_ct'u_r'ed by Hermes 
Electronics pf. Dartmouth, N.s.' The fish is made of. 

reinforced plastic (Fig,__B_._1). rnain fuselage contains the 
sensor payload and‘ elements ‘of the control system. "On 

this ‘fuselage are attached two active lifting surfaces 
(hydrovanes), stabilizing fins, a roll-stabilizing rudder. 
and a‘_ rotating i_mpel_ler. Depth control is achieved through 
varying’ the angle of attackcfthe hydrovanes; very littleof , 

the forcerequired to opposethe lift generated 
by the tow gable obtained fromthe weight ‘or the l 

vehic'le.and load. 

The angle of attack of the _hyd_rovanes is varied by 
means of a hydraulic system comprising a pump driven 
by impeller, a small hydraulic ram, and an electrically 
operated servo—valve. The v'fja|v'e controls both the 
direction and rate of d1ange'of‘the’hydrovane angle of 
attack. 

The electrica_l comma_nds to the:servo-valve are 
provided by a control unit which consists of a vehicle- 
mounted pressure sensoi arranged 5t"cl:output. a d.c. 

‘ The Batfish s_ystem is now manufactured and marketed by Guildline 
Ltd." at Ontario. 
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voltage (O-2.5 V) proportioned to vehicle depth, and a 
shipboa_rd electronicVcommandrdevice‘. The command 
signal is a d.c_. voltage of tlie§sa‘me range and ipolarityas 
the output from the pressure :tr,ansd,uc_er, and this voltage 
is proportional to the'desire1dorcommand; depth of the 
vehicle. The difference between the command voltage 
and the pressure tr_a_nsdu_ce_r output (desired depth and 
vehicle depth) forms an error"sign_al, which, suitably 
amplified, activates the _hydraulic-servo-vt'alv_e_. A small 
alternating "di't_her" signal is added to the error signal to 
overcome a tendencylof the valve "to, stick and thus 
improves the response of the vehicle to.srnallAt‘;ha'hges in 
the error signal. When the command voltage is held 
constant, the vehicle seeks to fly at a constant: depth. 
Because the dynamic responsejcharacteristics of the 
system.’-.dep'end on the depth of towvand, t_he.a,rr‘1fou'nt of 
cable streamed, the gain and bias of the err.0i._ ahiplnifler 
must be adjusted -m_anually to ensure ‘stability of flight. 

* Correct adjustment is a matter of trial and error, but is 
rapidly achieved by an experienced operator. . 

Table «B.l.- Vehicle Specifications 
.. 

Dimensions: Height: . 

' 0.9 m 
. 

length , 1.3 m 
Wingspan 0.7 In 
weighuin air), 70 leaf 
Weight (iilwater) .50 kgf 

Range of towspeeds j 
3-14 knots 

, 

Range of depths attainable 
with falred cable at 10-knot . 

I
. 

V 

tow. speed 
‘ 

- 0-200 m 
1 m/s at 10 lmpts 

' 5 nt’/_s at— 10 knots 
Interior of _'the vehicle will 
accommodate, a ‘cylindrical case of ' 

12.5 cm in diameter, and 62 cm 
in length "

~ 

Maximum dive rate 
Maximum ascent» rate 
Payload 

Thelcommandl voltage may be varied manually or 
introduced via aisignaligenerator. In the latter case, a 

sawtooth wave form is generated, the analog of the 
desired flight path of the vehicle. Controls 'pr‘o’videfor 
variation of the maxinjum and minimum of the omil_lating 
command voltage (maximum and minimum depth), and 
for the rates of change between the two (rates of ascent



and descent). Because of the complexity of the system 
transfer fu'nctio'n (essentially non -linear), the vehicle does 
not follow exactly the command ‘signal, but can neverthe- 
less be made to oscillate between selected depths, at 
rates consistent with the collection of reliable data. The 
presence of an operator is required to ensure that the 
vehicle flies correctly, since the adjustments are some- 
what unstable in t_ime. His presence is particularly 
required in shoaling water, since the maximum command 
depth must be reduced progressively to avoid collision 
with the bottom. The instantaneous depth of the vehicle 
is displayed atall times to the operator. 

A third control mode exists wherein the command 
voltage alone is fed to thevservo-amplifier (open feedback 
loop mode). Depending on polarity, a ma'ximum—'rate dive 
or ascent isproduced. This rhodeican be used to initiate 
an emergency ascent when collision with the bottom 
seems imminent. 

A novel gravity-operated rudder maintains stability of 
the vehicle about its roll axis, making unnecessary the 
carrying (of heavy ballast. A small vertically hinged rudder 
is attached to the rear of the fuselages, and from the 
rudder a pendulum projects horizontally and rearwards. 
If, while u_nder tow, the vehicle starts to roll off the 
vertical, the pendulum swings the rudder in the direction 
which produces a righting-moment. With the vehliclfle on 
the surface of the water, this mechanism no longer acts, 
and the "fish tends to assume a large roll angle and to yaw 
or paravane to one side or other of the ship's track. Since 
the direction of yaw seems to be very consistent with a 
particular vehicle, the tow point on the ship can be 
arranged‘ so that the vehicle yaws clear of the ship's wake 
when on the ‘surface. In this way, the dive cycle of the 
flight carries the vehicle through water which is undis- 
turbed by the presence of the ship. 

Sensors (Table B. 2) 

The vehicle sensor package is a Guildline (Smiths 
Falls, Ontario) model 8250 B electronic bathythermo- 
graph (Fig. B.2). This unit carries a pressure sensor in the 
form of a dviaphragrjn strai_n—gauge type transducer and a 
temperature sensor consisting of a Formel copper ele- 
ment spirally wound inside an oil-filled stainless steel 
tube. Through a synchronous switching device, the 
sensors and theirlajjrnplifiers operate with an alternating 
square wave signal, while the outputtis a d.c. voltage 
from a relatively low source impedance. The switching 
circuitry and amplifiers are carried in a pressure case 
aboard the vehicle, while the power supply and control 
panel remain in the ship's laboratory‘ space. 

Table 3.2. Sensor Specifications 

Vehicle sensors. Model 82503 EBT Guildline, 
0ntario.- Modified to permit remote mounting of 
the temperature sensor , 

Temperature Resistance thermometer using Formel copper wire 
spiral inside steel tubing; Thermometer ele-

_ 

ment wound into 5-cm-diameter spiral about 7 cm 
long.

, 

Signal level 0-3 V d.c.; 150 ohm output 
Linear output at 100 mV/°C. Range_0-30°C.

V 

Accur2‘1l:’y' ‘.':0.0l°C 1 0.1% Nominal 
accuracy: i0.05°C. 
Time constant 0.ls in still water. 

Pressure Strain gauge diaphragm type. Viaflan model 
PTB-207C-1 

Range 0-100 ml-I20 
Output 0-2.5 V d;.c;; output impedance of 150 ohms 
Accuracy fl % of reading 
Nominal id mH20 
accuracy 

Tension Woods model 191 2-5]( strain gauge type trans- 
ducer. 0-2300 kgf (O-500.0 lb) 
Daytronics model 870 gauge and 
amplifier 0-10 V d.c., output: linear response 
Output impedance: 50 ohms 
Accuracy tl% full scale 

Since the Batfish vehicle is designed to accommodate 
plankton samples, fluorometers, etc. requiring a flow of 
water, the nose of the -vehicle terminates in a and a 
water tunnel passes through the centre ottheifuselage. 
The temperature sensor is remotely mounted from the 
alurni_nur'n_ (pressure caseand is located at the entrance to 
the water tunnel, where it receives the full flowof 
undisturbed water. A strain-gauge type tension trans. 
ducer is incorporated into a_ sling w.h.ioh«ti_es the flange of 
the winch drum to the frame. This link is attachedonce 
the tow cable. has been payed out, whe'reu'pon the winch 
motor and brakes are disengaged, .al]owin'gthe cable 
tension to be measured by the transducer. 

Tow Cable (T able B.3) 
The tow cableoserves fojur functions: (1) mechanil 

support of Vehicle: (2) t.ransmi.sSi_on. or power ‘to vehicle
' 

sensors and- amplifiers; (3) transmission of pressure and 
temperature signals to the ship: 0(1) transmission of 
commands to servo-valve. The cable is 
of a central core containing seven copper conductors.‘ 
individually insulated, uponhwhich are wrapped two 
layers of. galvanized steel wire.» The wrappingis 
designed, to minimize the tendencies for cable to twist 
or to crush the inner conductors when a isfapplied. 
The overall diameter of the cable is O. 75 cm (0. 3' in.). A 
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Table B.3. Cable of Fairing Specifications 

Cable ‘ Amergraph (U. S. Steel) type 7J30SB 
Two-layer armour wrap of galvanized steel 
Seven No. 2-2 AWG tinned copper conductors 
with polypropylene insulation 
Overall diameter 0.75 cm 
Resistance of individual conductor 0.06 
ohms/in 
Total breaking strength: 3000 kgf 
Weight of cable in air: 0.20 kgf/m 
Fathom Fle'xno'se (Fathom- Oceanology), Port 
Credit, Ontario. Nylo_n_.lea_d_ing edge with plastic 
tailpiece 
Chord length: 4.4 cm 
Individual module length: 10 cm 
'I'hickness: 1.25 cm (Frontal) 
Drag coefficient: 0.10 

Winch to lab Belden 8426, 6 conductors (18 AWG) plus 
cable shield (used as 7th conductor). Rubber 

insulation neoprene jacket. 30 m long 

Fairing 

The water drag on the cable must be held to lim_its 
dictated byithe negative lift characteristics of the vehicle, 
and to reach depths of 60 m at tow speeds of 10 knots 
with less than 100 m of cable streamed, it is imperative 
that the cable be faired (Fig. B.3). Moreover, the 
strumming induced by the vortex shedding from an 
unfaired cable accelerates the deterioration of the cable 
and the mec_l'ianical integrity of the sensor package. 
Accordingly, the tow cable is faired with "Flexnos_e" 

fairing developed by Fathom Oceanology (Port Credit. 
Ontario). This fairing is applied in 10-cm—long elements, 
"each e|_ement comprising ‘a rigid plastic tailpiece and a 

f|exi:ble_’nylon leading edge. Plastic fairing stops are 
Imoutlded on the cable itself at approximately 3—m 
intervals to oppose the "component of drag force acting 
along the _ca_bl_e’. The tolerance of fit between, tow cable 
and fairing permits free rotation of the fairing about the 
cable. The leading edge of the fairing sections joins the 
tailpiece via'a longitudinal groove. ‘Thus by overlapping 
the leading edges so that they link up adjoining tailpieces, 
the fairing is applied in continuous modules of length 
equal to the gap between fairing stops ‘(3" m). This linking 
is adopted primarily to reduce damage to the fairing 

' 

caused byllvvinching the’_cable_ over pulley blocks. Out of 
the water, the fairing tends to rotate about the cable‘ so 
that the tailpieces hang dovvnward. _As the fairing passes 
over a pulley it must rotate so that the leading edge lies 
againstthe surface or thejwheel. There is a p‘oss’i'b’ii‘iiy"tnai 

a "piece or fairing approaching a sheave with its tail 

downward ‘may jam" momentarily with enough force to 
shatter the ’p,lja:s_t_iTc’ of the tailpiece. By joining the 
indivi'dua_l iairing's_e'ci'_ion_s into longitudinal modu_les, this 

risk is confined tolthe first ‘tairing section to encounter the 
pulley in alriysuchi module.

I 
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Wi_nch (T able 3.4) 

The winch was made in the CCIW shop and is 

intended to accommjodate a si_ng'le wrap of large- 
diameter faired cable (Fig. B.4).' The wi_nch is (hydrauli- 
cally operated via a motor and gear box originally 
intended for a gill-net drum,-.j The drive ‘permits rotation in 
either direction under power, ‘a’ free vvhe_el_in,g‘ mode’, and 
is also equipped with a locking friction, brake._ A rnanumalily 
operated level-wind device is attached. The tow cable is 
mechanically terminated at the drum su'rface, while the 
electrical conductors lead to a set of slip rings a||'o‘wi‘n‘g 
electrical communication with the vehicle to main-V 

tained while the winch is operating. 

Table 15.4. Winch Specifications 

Drum diameter: 76 cm (30 in.) 
Drum length: 76 cm (30 in.) 
Gear Matic Hydraulic Drum Drive (Gearmatic Co., North Surrey, 
B.C».) 
Pull of 450 kgf (1000 lbs) when driven by 8250 kPa (1200 psi) 
Speed: 0-1 m/s H 

- ~ 

Slip rings: Guildline (Srniths Falls, Ontario) 
Oil-soaked steel wool btush on brass; commutator 
Sheave: 90 cm diam. magnesium wheel with throat diameter of 10 

cm. Pull_eyv_"su'rfac'e lined with polyurethane plastic (Timber- 
land and Elliott, Woodstock, Ontario) 

The cable is led over a large-diameter pulley attached 
to the tow point. The pulley wheel groove is relatively 
wide to avoid damage to the fairing.

7 

Analog Data Display 

The pressure-depth signal and the temperature signal 
(d.c. voltages in the ranges 0-2.5 V and V, 
respectively) are, recorded in analog form on a ‘two- 
channel strip-chart recorderi (Table B.5). This record is 
intended as a backup measure in the case of failure of the 
digital recording system. The signals are also fed to an 
X-Y recorder which serves as both a visual monitor of:the 
system perforrna_nce and a means, of obt_a’i‘ni'n"g a further 
analog record. in the latter mode, the recorder‘ pen is 

Table B.5. Speciliartions of Analog Recorders, 
in 

Two-channel strip chart recorder: Hewlett Packard Model 7100B 
electric writing»; input impedance > 1‘ Mohm 

X~Y recorder: Hewlett Packard model 70053 ink writing 28 X43 
cm (11 x 17. in.) table includes Hewlett Packard l700SA chart 

_ 
advance accessory . 

- 

‘ 

,4 
3

- 

Input impedance ‘>1 Mohm 
Accuracy 10.2% full scale‘ 
Lineally 10.1% full scale .



~ 
engaged as the Batfish begins a dive and daisengaged at 
the attainment of maximum depth. A temperature-depth 
profile is produced along a slanting trajectory encom- 
passing a _horizontal distance of one-half the Batfish 
wavelength (500 m). 

The tension signal is not usually recorded but is 

displayed on a dial readout ‘voltmeter. 

Analog to Digital Convertor and Digital Recorder 
(‘T able B. 6) 

The final repositories of temperatu_re—depth informa- 
tion are reels of computer—compatible %-in. magnetic 
tape. To this end, the analog voltage signals are input toa 
scanner-recorder system manufactured by The Analog 
Digital Data Systems Company of Rochester, New York-. 
A digital clock paces the operation and provides time 
information. On receipt of a pulse from the clock,_ a 
serializer—control|er initiates .a sequential scan of up to 20 
input channels, connecting each of them in turn to an 
A/ D converter. A sequence of binary decimal-encoded 
words is produced for each scan, starting with a four- 
character time word (day, hour), the number of the first 

Table B.6. Specifications of Automatic Data Logging System‘ 

Inputs Up to 20 d.c. voltage signals in 0-10 V 
non-floating», plus a manually encoded l2-charac- 
ter word 

Input Alternates between open circuit and 4000 ohms 
impedance when connected to the A/D converter. 

Resolution (least significant figure) 1100 mV or 10.1% full 
scale 

53mP1in8 0.1 s to 1 hr in several discrete steps 
Interval .

' 

Output 12-character manual word (optional), time word 
(hour, minute), first channel number, one 3- 
character word for each channel sampled. Output 
repeated for each scan and blocked into records. 
Record length variable. 

Output BCD ‘encoded 7-track ‘/z-in. magnetic tape. Records 
format separated by %-in. blank inter-record gaps. End-of- 

file marks are manually initiated 

Systern assembled in modular form 
. Digital clock (ADDS, model 015,012) 

Se'rializ'e:r'-control._ler (ADDS, model 016020) 
. Reed-relay s'caI'fi1¢F (ADDS, model 012126) 
. A/D convertor voltmeter (ADDS, model 013012) 
. Analogue amplifiers (CCIW) and filters 
. Tape recorder (Digi Data, model l‘35F Incremental) 
. Fanunit (ADDS) -

' 

and is mounted in standard 19-in. relay rack 6 ft high. 

qmuawpn 

'M3ll“f3¢tufed bY Analog Digital Data Systems, Inc. of Rochester, New York to specifications prepared by‘CCIW.

~ 
channel sampled. and cont_in,u.ing with a three-.c.h.a.ra.ct.er 
word for each input channel» (three significant figures). 
This sequence is written on magnetic tape in a common 
seven —track BCD code. The sampling interval is variable 
from 0.1 s to 1‘ hr, and any sequentially ordered block of 
channels from the 20 inputs available may be recorded. If 
required, an additional manually coded 12—ch'aracter 
word may be inserted ahead of the first time word. This 
word is composed via a set of thumbwheel switches, and 
is used to "insert coded information concerning tape 
identification, format specifications, chann'el‘iden‘tific'a- 
tion, calibration data, time information, and navigation 
pa_r_a_m_eters, A provision is made for the blocking of the 
data into records of suitable length for subsequent 
computer processing. 

The sampling interval used for all the transect cruises 
was 1 s. This is long compared with the time constant of 
the Batfish temperature sensor, so that some aliasing of 
higher frequencies into the record is inevitable, The 
sampling interval was chosen to minimize the amount of 
data collected while‘ ‘still -retaining good=qualit_y ‘records 
from the towed array. The high -frequency aliasing of the 
Batfish data is thought to add a noise level which is small 
compared with that incurred by the 500+m s'pat_ia_l 

sampling interval. 

BATFISH SYSTEM PERFOBMaA_l\|C_>E 

Mec_ha_n_ical Performance 

With three exceptions, to be explained below, the 
mechanical components ofthe system gave excellent

_ 

service throughout the experiments. 

The tow cable fairing became disarrayed with time, 
necessitating interruptions at about 12-‘hr intervals to 
straighten it out. The fairing elements, which were joined 
by overIappi_ng nose-pieces. tended to separate," to ride 
up on one another, and thus to destroy the hydrodynami- 
cally smooth performance. This deterioration caused an 
increasingly erratic behaviour of the‘ve[h_icl_e, requiring 
frequent adjustment of the servo gain and bias controls to 
maintain the desired operating cycle. The deterioration of 
the fairing occurred mostly in the lower one-third of the 
cable (portion nearest the vehicle). ‘It is thought that the 
damage occurs when the vehicle is on the water surface 
and the flow past the fairing is mainly along the cable, 
rather than at right angles to it. Under these Conditions, 
the orientation of the fa‘i_‘ring is unlikely to be steady, and 
one can envisage situations where two adjoining ‘ele-. 
ments tend to counter-rotate once they are forced apart 
at the tail. The nose-piece alone must resist this torque, 

309



and since the grooves into whichthe nose—pieces fit are 
relievedover a portion-.o_f theirlength to ease -passage of 
the cable over pulleys; it is not surprising ‘that the fairing 
begins to separate. The performance of the fairing would 
be improved. by joining the links at the tail (flexibly) and 
by elirn_in_ating the relief at the '-tailpiece grooves. "Subse- 
quent versions ‘of the fairing incorporate both features 
with success. ‘

. 

The second fault was the repeated-failure of -the 
rubber expansion nipple placed over the hydraulic‘ oil 
reservoir port on the vehicle control mechanism. When 
this occurred, water entered the hyd_rauI_ic ci_rcuits and 
formed a thick emulsion, which in turn affectedthe 

V 

operation’ of the servo-control valve. The failure seemed 
to due rnainly to incompatibilities between the oil and 
the material of the expansion nipple. Al finger from a 
neoprene rubber glove worked better than anything else 
tried, and this small but important item‘ is now checked 
regularly. 

The Batfish vehicle struck bottom at least twice during
A 

the éxperirnentjs despite careful attentionlto "the max- 
imumdive ‘depth and the depth of water indicated by the 
ship's echo sounder. On both occasions, damage was 
slight but could easily have been total. The problem arises 
because the depth indicated by the echo sounder when 
the maximum depth control is adjusted does not always 
correspond with the depth‘ found below the Batfish on the 
next dive. Some forrn of active bottom ‘avoidance device is 
highly desirable for use in -coastal waters. At the time of 
this writing, such a device has been constructed at the 
Bedford Institute. 

Electrical Performance 

All sensors worked reliably throughout. Some initial 
difficulties were encountered with electrical grounding as 
a result, _in -‘part of the ship's electrical system, which 
provides 1 _l,Q__ V, 60 cycle d.c. via two oppositely phased 
55-V supplies instead of the usual single 1 10-V supply 
and .a neutral conductor. One side of the inputs of the 
ADDS is at instrument ground (non-floating). Isolating 

amplifiers were required for some of the inputs to the 
scanner.

' 

Data L_o'ggi:’ng 

The collection of analog temperature-depth profiles 

proved toibe very valuable not only as a backup to the 
digital, system, but also for the information they 
contain the ‘vertical thermal structure of the water 
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column, information that is less well-documented inthe 
digital record-because of the finite jsjarhpI'ihg interval. 

The ADDS system is prone to operator errors mostly in 
the maneuvres required to introduce coded manual data 
via -the thurnbwheels. This was not discovered until the 
data processing stage, where‘ the errors caused rnuch 
initial confusion. It was concluded that only a tape- 
identifying code need be entered, and that all additional 
information was more accuerately retained in a written log 
book. - 

'
» 

The ADDS system now represents a somewhat 
antiquated technology, and while still serviceable, could" 
profitably be replaced by more reliable and flexible 
equipment. 

DATA REDUCTION TECHNIQUES 

The analog data have been used in conventional ways 
in preliminary cruise reports and need not be discussed 
further. 

The main body of data can be viewed as two strearns 
of information, one consisting of temperature-depth 
samples recorded as their voltage analogs together with 
time information on magnetic tape, and the other 
comprising the ship's position at fixed tirne, format 
specifications, and calibration information, written orig- 
inally in laboratory notebooks andvthe ship's log. Each 
crossing of the lake con_stitutes a "file" of data which 
forms the input to the process generating a- transect 
diagram. We shall briefly describe this process. 

In a first stage the data are run through program 
T(DWPR1, a program which decodes raw data from the 
ADDS system tapeand prints out selected records for 
verification. Any inconsistencies with "that ‘which is 

expected to be on the tape are revealed at INS» P05?“ 
(parity errors, faulty data‘, ‘errors in‘ formation or coding, 
etc.) and decisions can be made on how tocprocess further 
or to delete doubtful (passages. 

In the next stage, the data are fed to program 
T(l)WPRO together with information on punched cards" 
concerning calibration inforrha.tiO.n. formatting specifica- 
tions, records to be deleted, and.ship'S position. The 
ADDS values_ (voltages) are now converted ‘into physical 
variables (temperaturesf and depths) and the ship's 
position‘ along the transect line is computed for each scan 
time. In this last o'pe'ration, the series of navigational fixes 
made on the crossi_ng- of the lake (latitudes and lon- 
gitudes) are converted into rectangular coordinates



(origin at the Olcott shoreline) X and Y, with X being the 
distance along the transect line from Olcott (positive 
northwards), and Y being distance to the west of the 
line. The Y ‘values were checked to make sure that the 
ship had not strayed significantly from the intended path 
but were otherwise discarded. Given the X values and 
times of the fixes, the X values for each of the scans were 
computed by linear interpolation. The output from 
TQWPRQ was stored on a separate magnetic tape. 

A third program, PLOBAT, operated with-the con— 
verted data produced by TQWPRO, calculated the 
isotherm depths for each transect. The family of even- 
degree Celsius isothermal suriacejs is chosen for this 
repre'sentat_ion. The isothermal su_rfa_ces are defined by 
the sequence of triplets of temperature 9, (Z9, X9, to), 
where 29 is the depth of encounter of the surface at 
diesta_nce X, along t_he 'trar_iser;:t li_ne,- and at t_irh_e to. These 
triplets are constructed, by scanning the sequence of 
temperature, depth, time, and distance quadruplets. of 
the primary data, (0i,Zi,ti,Xi), and determihihgthe»-pcihts 
at vvhicjh the. vehicle nms through tjhe.i.sot.he.rmal Surface 
in question, an event signalledby

' 

0“ S 0 S 95 or 9i_., 2 9 Z 9,, 

The values of Z9, X9, and t3 are then determined by 
straightforward linear interpolation. The output of 
PL@BAT comprises a sequence. of triplets fo'r;ea‘ch desired 
isot_herma_| surface and is c_omm_itted to another magnetic 
tape. 

Finally, a simple routine driving the CALCOMP Plotter 
I 

reads data from the PLQBAT output tape and plots the 
trace of each isothermal surface along the transect line. 
The plot is achieved by drawing straight lines between 
adjacent points of encounter‘ as d_efin_ed _by the:z,,x,,_ 
values of the triplets (Z9-, X9, to). Recognizing that the 
horizontal distance between successive encounters of an 
isothermal surface may be as large as 1000 m (Batfish 
"wavelength") and thus introduce considerable aliasing

~ 
of theshorter wavelength thermal features, we feel this

V 

display to be more informative than an artificially 

smoothed curve. A jagged, uneven trace. of an isothermal 
surface is then to be considered indicative of Athe Presence 
of horizontal scales of variation of thermal structure 
improperly resolved by the Batfish’ system but effectively 
resolved by the towed array system. This substructure is 
to be the topic of a future report. 

OVERALL ACCURACY OF THE ‘BATFISH SYSTEM 

The individual temperature and depth readings are 
thought to be accurate to within :l:O.1°C and d: 1.0 m. 
The errors introduced in digitizing the signals and in 
interpolating between pairs of teimpe'ratu‘re depth points 
are liikeely. to be much :SfiT:1a_>llel_' so that the error in 
computing an isotherm depth is essentially 

8, 7? A,.0(dl7/d2)"‘ 

where 8, is the depth error, A5 the temperature error, 
an_d d'0'/dz is the mean vertical te’mp'er'atujre gradierff1t_. 

The arrow ever the plus sign. intfites that quantitiesiare 
cofimbined as the root of .aW sum of their squares. Taking 
d9/dz to be 1°C-/m_, the‘ total depth errer is about 
i 1.5 'm‘ in the therrhoclihe regio’h.A;hy regular bias 
due tofithe f_in_ite ;ti_me.-eresponse of the instruments 
should be much ‘smaller than this. 

The uncertainty in horizontal location is difficult to. 

estimate. The navigational fixes were made with a Decca 
System and should be accurate to within 200 m. 
However, individual fixes are located’-so‘m_e to jkfrrfi a_pa_rt 
or % hr in time. As long as the ship made-steady progress : 

along the line, the uncertainty in estimating its absolute 
position at any instant should not_ exceed‘ a_ ‘radius of 

‘ 1000 an ac<_?ept’a.ble a1m:ura.cy for dijsplaying’-.the_-major 
features of the therriial structure across a 60 km_ transect - 

line. 
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IFINS e 

‘ e MAIN FUSELAGE 
ROLL STABILIZING RUDDER 

(storage position) TOWING BR IDLE. 

IMPELLER STOFQAGE CART

~ F'LOWTHR,OU.G.H TUNNEL HYDROVANES 
Figure B..~l.v The Batfigh vehicle as seen from the side in storage can. The t_o the amnel is at the nose Of the yehiclfi (fish! 9? 

photogaph) gngl i_.g?.—obec‘ured by the hy'diovane.‘The bar to as the roll rixddéi ‘which is g0_fi9l!_.e€! 

P€l’Pefl,diculaIly t9 the plgne of the stabilizing fins, i§'r'btate'd in'1_‘.o the planegof t_l_1e_ fing while the vehicle is under tb'W.
‘ 
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ANTI-SHOCK AND
p 

VIBRATION MOUNTS 
~~ 

INSTRUMENT 
CASE 

OIL FILLED N,E4OPRiENE TEMPERATURE IhhsENpsoIF*I ~ 

NIPPLE OVER PRESSURE ' 
‘ 

' 

' ” " h 

SENSOR INLET ‘ 

I‘ 

Figure B_.2. Front three”-qn’a'rters fiew of the package and its shock-prbof: nmnnting, package is installed above the‘ flow- 
thrpugh gunnel with the temperature sensor ptojecting into the t'fiiinél. some insulin’ 

" 
“'ti6‘ix§, the teinpefatfire senso’ 

" 
'1' is 

mounted ;e_1not_ely tj;-o_n:I_ the sensqr packgge and mm to the entrance of the tunnel. 
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—-AMERGRAPH CABLE 

—FLE'X|BLE URETHANE NOSE PIECE 

RIGID “TAIL PIECE 

343; A View of_ the tow cable. and taitinga some faiting has been removed to show the central Amergtaph cable. Note file 
staggered appljcation of nos_e;and pieces. .

' 
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LEVEL -WIND - 

DRUM (30"dia)-= -HYDRAULIC DRIVE 
SLIP RINGS -1 . FAIRED CABLE 

Figure 13.4. A simple towing Winch developed for faiied cables. Note the ofaerited le’ve'I-wind device".
‘ 
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