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,INTRobuc110N~,

The ana1y51s phaseof ERIE 79 is well underway and enough is

, known about the qua]ity of the data returned to begin an assessment of the

‘ successes and failures of the experiment This report attempts to com-

pare rea1ized performance with the goa]s of the experiment as set out

in the final version of the proposal Such a comparison. at this stage

‘ must be considered as very preliminary since the sc1ent1f1c ana1y51s must

be comp]eted before the rea] value of the work is known

1 have divided the total experiment into a number of

”'sub-experiments. much as the proposa] has done 1 have left aside any :
' considerations as to how well the u. S data when 1t becomes avaiiable,

_i wi1l assist in attaining the goals Nor have T considered the 1arge-scale

circulation experiment which has been the. main thrust of our U S

counterparts and to which our measurements wiil ultimate]y contribute

vWithln each sub-experiment I have based the assessment main1y on the 3

comp]eteness of the data coilection adding where I am abie,an interpretation
of the data itself The causes of instrument faiiure are discussed ina:

separate report

1 shouid like to acknow]edge at the outset the wiliing and

"enthusiastic support we received from Engineering Serv1ce, Technica]
1"0perations. the officers and crew of CSS LIMNOS and CSL ADVENT and water
‘*ifJQuality Branch Quite apart from the serious sc1entific endeavour, but

o perhaps contributing to it in important ways, was the fact that

partic1pating 1n this experiment was both exc1ting and fun



EXPERIMENT 1

~.Goal: To obtain "climatological” data on‘the'coastal.flon regines in

three,Tocations,:

- R Northern Shore of the Eastern Bas1n. the Nant1coke Area

“For the past decade, var1ous agenc1es of the 0ntar1o Government
have been concerned w1th the environmental 1mpact of the large
-,j1ndustr1al concentrat1on now coming into be1ng on the north shore of
 Long Po1nt Bay Nearshore currents and temperatures have been collected for
:a number of years but little is known about how these 1oca1 f]ows connect
or are 1nf1uenced by the large sca]e c1rcu1at1on of the Eastern Basin
litself The present exper1ment des1gned in consu1tat1on with. the
_'Ontar1o M1n1stry of the Env1ronment, supplements nearshore measurements
'made at the Nanticoke s1te itself with measurements of current and-.
| temperature both a]ong shore and offshore (F1g 1), At the backrof the
“m1nd of everyone concerned with the effects of ‘shoreline activity on the
' 1ake'1s the question asjtodhow fast or how far‘contdminants'wi11;be
.carried or disperSed 1nto the main- body of the lake. These questions can -

~,on1y be answered to the extent that the flow - reg1mes, the1r potent1a1 for

- _m1x1ng or transport, are documented

The array of 1nstruments placed in the Nant1coke area must be '
' regarded as a modest effOrt des1gned to exp]ore the main features of the
. nearshore flow (F1g 1). The nearshore data collected by Ontario M1n1stry

: of the Env1ronment was’ supplemented by two bottom mounted CATS systems

. at the s1tes_de51gnated CZ and C].--These systems are des1gned :




specificél1y fbr nearshore lecationshandvemplnyie1ectromagnetic current
meters so as to be able to filter out the substantial wave induced
orbital re1oeitjes. As figure 2 shows, the return frbm’the'cATS
systems was incomplete but nearshore‘data to the eastward of the

Nanticoke site was collected throughout the experiment. There appear

 to be some differences in the two CATS sites which may influence results;

the eastern System CATS 1 is reported t0'heve rested in a patch of

- boulders and current data shows weaker currents at the:CATS'1 site

than at‘the’CATS 2 site to the west. The turb1d1ty sensors on CATS 2
alone seem to have produced useable data.
| The Ontario Ministry of the Environment reports that the1r
data collection at the Nanticoke site will provide a»record of current
at a depth of 11 m from May through October. |
Offshore at sites C4, C5, and C7 the data is complete during
the A period'(mid May to the beginning of.AuguSt); The FTP data at

site C6 is complete throughout. The current meters at site C6 appear to

- havebeen entangled in'the}gas-drilling activities. The pinger attached to

the anchor has nqn been located some four miles off station but attempts

- to. locate the equipment have been frustrated by weather. Some hope

'} remains that the instruments and data may be recovered

Dur1ng the B per1od, with the exception of site C6 which

~returned a comp]ete data:set, we may have ‘to facé the loss of data from

sites C4, C5 and C7 at the 10 m level. RCM-12 current meters were used

in these positions in the expectation that-they had been cured of their



earlier faults.. Unfortunately they have not proven to be more re11ab1e

.thah they were in the beg1hn1ng, A quest1on mark hangs over thlS data '

until we can spend enough time on it to detenm1ne what can be

- salvaged.

‘Meteorological data collected at sitefcs abpears to be
complete. - | ' ‘
| Data collected during the A period seem to be complete enough
to attempta"coasta1 boundary layer ana]ysis" (Murthy and Dunbar, 1977).
The doubts about 10 m data at s1tes c4, C5, and C7 dur1ng B period: make

this possibility remote during the second ha]f of the experiment. _Some

: currentvmeter data was collected by CCIW in the Long Point Bay area in

1968 and in 1971. This should be excamined together with the 1979

data in order to produce a more complete current c]imatology of the

" -region. -

1.2 Sduth,Shore‘of Centra1 Basih near Cleveland

Cleveland represents the largest urban/industrial concentration
in the Central Basinvand is presdmab]y the source of a substantial

fraction of the nutrients and contaminants entering the basin, ranking

-next'to the ihputs from the Western Basin The impact of a particular

contam1nant on the basin as a whole depends on the 11fet1me of the
substance 1n the water co]umn and the rate at wh1ch the material is
transported/diffused out of the:coastal zone. Profjttng from the

lakewide COverage provided by the 0.S. experiment, now was'the'appro-

-priate time to co]lect phys1ca1 data from wh1ch we can estimate

diffusivities and coastal residence ‘times. ' (F1scher, 1980) (Figure 3) : ,‘.‘ID



With the exception of data‘from.IO-mrdepth,atdczj,(RCMelé),
the array functioned 100% durino_the A period (jd,May'to_1fAugust) |

(Fig. 4). ‘During the B period'there'is no_lo;m;datagat either €19
'wmmmummhmMMMmTmnnwmmmewA

period’ offers comp]ete enough data for a boundary 1ayer ana]ys1s 'The

' comb1ned data set, A and B periods, appear adequate to estab11sh a
»,cljmato]ogy of major flow events (reversa}s, stagnat1ons, preferred

“directions) during the May to October period.

1.3 NorthAShore of the Central Basin'-’Upwe11fng,Ekoeriment |

 Blanton and Winklhofer (1972) indicate a mean northwest

,drift of hypolimnion water -during the summer'bf 1970. It was not'z

estab]ished where this water moved once it reached the northern shore

but one possib1]ity is upweIIing of bottom water along th1s shore

f'B.ande_eould not offer‘concrete evidence of such a phenomenon-but ‘

alluded to certain surface features'which‘might hefjndicatiue.of:it;

- The current meter array on the north shore of the ibasin |

‘ twas‘estab'_liShedﬂto learn more about the hypolimnion currents near

the.nOrth;shore andrto support a series of launch cruises which'v‘e‘

collected temperature and dissolved oxygen data in the nearshorefione'

(Fig. 5). | | ' - o o |
The return of current meter data from this array 1s

d1sappoint1ng (F1g 6) Once again, we d1d better in the A per1od w1th .

the records below 17 m be1ng relatively complete. The surface (10 m) .

data in the B pertod is comprom1sedrbecause most_of the instruments



used were of the RCM-]Zthpe’

The launch cru1ses proved to be most 1nterest1ng They

;revealed a curious distribution of temperature nearshore (F1g 7)

‘,tantamount to a th1cken1ng of the thermoc11ne as one moved _.f'

shorewards the 1sotherms assoc1ated with -the top of the thermoc11ne

intersected the bottom. Thys-conf1gurat1on can be_1nterpreted as

'the‘signature‘of an actiye'mixing process oecuring at the lake bottom
'nearshore with bottom wafer moving.shoreWards'and a miXedywater nmving_
'offshore in the thermoc11ne (Hansen and Rattray, 1972) 'The signi-
i, f1cance of th1s phenomenon is not yet understood nor do we yet know
"~ the source of energy for the bottom mix1ng. w1th luck the marr1age

~ of the current meter data with the launch eruise data;w111_make.th1ngs

clearer.

- EXPERIMENT 2

2. Dynam1c Ba]ance in Mid Central Basin

The array in m1d bas1n (Fig. 5) ‘is. des1gned to serve

two purposes.

1. To determine the tempora1 and spatial variability of horizontal
motion in the main body of the basin at scales which could not
be resolved by thel1akewide array. In terms of spatial |
separations.'the lakewide array has an aperture 1engthrsca1e of_
perhaps 20 km. The mid basin array has a minimum separation of

. about 5 km interspaced between elements of -the lakewide array.

We shall be able to form correlations between stations which are 5,




10.:15,'and 20 km apart. ‘This Kind of'informat%on,'which is missing
in the 1972 IFYGL experiments‘ui11.provide\va1uaole physica]i‘
insight into the "meso-scales" - 1nert1a1 type motions for example
and u]timately be a pract1ca1 benef1t in the parameter121ng of.

sub grid scale horizontal diffusion for numer1ca1 hydrodynamica]

models.

GO1ng one step further in the ana]ys1s of the data, we made the
assumpt1on that the energetic port1on of the hor1zonta1 mot1ons in
mid basins would have scales greater than 5 km and therefore we -
designed our array with the 1ntent1ons of decompos1ng the ba1ance h'
of forces which create and destroy these motions. We may write

the balance of forces in: words

Mm@

Local accelerations = advection of momentum + coriolis forces

by horizontal currents

(3) - ) - (5)
+ surface pressure + internal pressure + wind stress
“gradient forces grad1ent forces
‘(6) ~ S
+ horizontal diffusion + vertical diffusion -

of momentun : of momentum

The temperature prof11e in the Central Basin over much of the

summer closely approx1mates a two layered system. As a first approx1- )

’ mat1on, we assume that a single measurement of horlzontal ve]oc1ty in-

the centre of each layer will represent the mean velocity of that

) layer.‘



. Taking the balance of forces term by ‘term on the righthand

side of the equation

1)

2)

3)

Advection of momentum. Assuming\that‘the array‘spacing'is

smal]er:than the energy carrying modespof;motion;»this termA

requires estimates of the horizontal. derivatives of current '

3u 3u 3V BV
ax® 3y’ ax ay

meter stations are required.

A minimum of three close]y spaced current

Coriolis force, can be.estimated'direct]y‘from a knowledge of
mean current. | '

Surface pressure;gradient forces. Requires a knowledge of the
-~ 3h, 3h ' '

X ' oy where hS is the height of

the surface above a fixed reference level. 'Requires a

stope of the water surface

minimum of three tide gauges in a'two'dimensiona1'array about

~ the central point.

The surface pressure gradient term, the surface

"expression of the barotropic component of motion, may in fact

be better determined by a numerical model (storin surge model)

Such a model would yield the barotropic or vertica]iy averaged

- component of flow. By appropriate differencing between_the

| upper and 1ower layer equations, we obtain the balance of forces

~ of the baroclinic f1ow ‘component and perhaps this is a more

'direct path to the de51red vert1ca1 momentum flux component

Water 1eve1 measurements in mid lake are of course 1nva1uab1e

~-in setting up the.barotropic model. This‘approach may re1ax




8)

5y

6)

‘somewhat Ehe very stringent instrumentation requirements -

necessary ‘to a direct measurement of water surface s]ope

Internal pressure gradient. In a two layered system, this

force acts on the lower layer only and can be est1mated from a

knowledge of the dens1ty d1fference between the two Iayers and
ah, ah,
i i

the slope of the ‘thermocline —- X oy where h 1s the he1ght of

the thermocline (defined as-the he1ght of a representat1ve

isothermal surface.above a fixed referenceleveI).” This s]opeb

~ can be estimated with a minimum of three thermistor arraysp

spaced about the central point.

Wind stress. Based on measurement of local wind speed and

direction qus estimate of the drag coefficient‘ The latter
is known to depend on atmospher1c stab111ty at the water

surface and sea state

’Horizonta1 diffusion of momentum. Assuming that the scale of

motions which carry this flux have approiximately uni form
velocities over each of the mixed layers, these terms can be
calculated from and estimate of the Reymolds stress divergehce

oVer a control volume-centred on the point of interest.

Correlation of the form u'v', u'u', v'v' are develeped at

each of the instrument sites (elements of the Reynold' s stress

tensor) where the primes and bars indicate that these are .

averages of fluctuations about mean quantities.



- 10 -

7) Vertica] diffusion, of momentum 'Since we Cannot:measure'verticel ,

veloc1t1es at the required scales ‘we are unable to estimate the
Reynolds stress terms.assoc1ated with the vert1ca1,f1uxes of
momentum. This term'must be estimated as a residual, once

the other terms are known.

Knowledge of terms 1, 3, 4, 5, and 6 in the momentum
bafonce recipe 1s  very useful in its Own right, however, the
real action insofar as the direct contribution of this experi-
ment to the assesswent of the oXygen and nutrient budgets‘of"
the Central Basin's hypolimnion lies in our ability to extract

useful eStfmates‘of term 7. How well did we do this time?

Terms 1 andre (advection, horizonta1 diffosion) will depend -

~on the eomp]eteness of the current meter data and onithe efficiency

.of the array.. With regard to the fOrmer.'the oerformanCe sUmmary}is,

presented (Fig. 8) in a form which highlights the spatial

completeneSS'of.the'data. For the "A" period (Fig. 8),.mid June to

mid‘July, the data is comp]ete at the two lower depths (19.5 m and

21 m) dnd complete enoogh et the;tno upoer depths ]O‘andv15 m to
form estimates of first derivatives. For the "B" period, mid July

}to mid Augnst (Fig 8b), there has been loss of'data at a11 levels,

minor at 15, 19 5, and 21 2 m, but serious at 10 m where on]y

three out of seven 1nstrumented sites returned data The e

per1od, mid,August to mid 0ctober,,(F1g.«89) returned a full set

of 10 m data, six out of seven meters operated at 15 m, while

five out of seven produced daté_in the two 1ower depths.




B |

‘With the exception of the "B" period 10 m data, the returns
abﬁear good enough to esteblish-eorrelation aﬁ several space scales
and possibly to esfimate‘the horizontal advection and di ffusion
terms. “ | | |

The shrféce pressufe gradient expefimént was not.successful.
Two out of the three'gauges failed, and ohly the gauge at station C23
retufned a complete record. A1though”this'series will be helpful
in establishing spectra and cospectra with the shore stations in

the Basin, we will have to-use indirect-methods"to obtain the

- surface pressure grad1ent for the dynam1c decomposit1on

- With the 1nterna1 pressure grad1ent as determ1ned by FTP
-meaSUrements.vwe face the_same prob]ems as for the currents.
There is'firsf fhe adequacy of the array wﬁth regard to the
energy-carry1ng scales of motion, and second, the comp]eteness
of the records. The FTP array is in the form of an equ11atera1
triangle with'one array- at the centre‘(CII). The spatna]
sepafatiOns are 10 and 18 kn. I have;theasuspicioh. from
- time series temperature deta collected dering the anchof.statioﬁs
(see below) that displacement of the thermocline at the longer time
scaIes one would associate with these separations are quite small.
I doubt that the absolute depths of the sensors ih'eacﬁ.of‘the
fohf arrays are exactly known due to-smali variations in water
‘depth, and possibly due to varia;ions in‘tﬁe-am0unt eath anchor
may have sunk into thé«mud; Given an'accurate ca]ib?ation;of

‘thermistors, we can attempt a-leveling among the array elements'
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by’assuming that the mean slope of the isothernai Surfaces ouer Tong _

per1ods of time is very small. or zero This may’bé prob]ematfc if

: there should ‘turn’ out to be pers1stent currents in the lower 1ayers,

in which case the leveling process wou]d e11m1nate the 1nterna1

_ pressure grad1ents,associated with these movements. Temperature data

collected hy the current meters could also be used to help map the -
t0¢09??Phy of isothermal surfaces at’timesﬁwhen‘theAcurrent‘meter_

- was 10cated‘in the thermocline zone. o

- With‘regard to the:data returns we report_a_progressive

| degradation of data from "A" period to "C" period”due to the-faflure.
of the two 20 m cables at €24 and C11. The failures were ones of
steady degenerat1on of data as the number of “good" channe]s decreased
Returns from the "A" and "B“ period (F1g 8) appear adequate and the
return from the "C" period is marginal. ' |

|  The data_returns from the,meteorological'buoys have not yet
been determined, hUt~knownvfai1ures -appear, to have been few;vit‘seems
safe to assume that the wind speed and direction will be adequate1y
determined at the experiment site. o

To summar1ze the results of the mid-lake array experlment,
we may say that the data is complete enough to give good 1nfbrmat1on
about the scales of motion present and to perm1t the direct’ est1mate
ofstme of the terms 1n the momentum ba]ance'durjng some‘of the
nhpasurementrperiods. ProspectS‘for the,"dynamicvdecomposition"‘are'
~ brighter for the.”A"»period. The loss‘of“theﬂwater Tevel gauoe data

'is_unfortunate_and serves to‘remind'us that greater efforts'wi11'pe.‘




- 13 -

.required to 1ncrease the chances -of successful returnsin the future
Although th1s report intends to d1scuss only the data wh1ch was’
actually collected, we record here our disappointment that the vertfca]
profiling‘curreniiahd'temperature eystem (GVAPS) was ﬁpt operational

" in time for the Erie.'79 experiments. SueceSS'with this .system would

- have elevated the:experimeht from the coﬁmonpiacevto the unique;

 EXPERIMENT 3: ANCHOR STATION EXPERIMENTS

The anchor station work has been reported earlier (Boyce,
1979) but will be summar1zed here for the sake of completeness. With
the extens1ve background information provided by the array of»moqred'
iistruments at the C11 site a number of smaller scale (bOth'time andf
space) experiments seemed profitable. The research vessel LIMNOS was
used as arp1atf6rm'for the experiments during'three‘beriodsr
A July 9-22 (nominal)
T B. 'August_12-22. “For most of this period the ship anchored'
at Cl]. It moved to another Central Basin site for .
" 36 hours and theﬁ returned for a final 24 hours to the
C11 site.
C. September 4-14.

During each episode the following measurements were conducted:

3.1 Short time and space scale variebility in thermal
structure. |
3.2 Structure of near bottom flow.
3.3 Lagrangian meaéurements of’currents using drogues.

3.4 Surface wave measurements.
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3.5 Time series measurements of d1sso]ved oxygen, nutrients,
- optical propert1es |

Each of these will be discussed in turn;

3.1 §hort;tjme,and“space_sca]e,variability‘inrthe_thermal_structure

From a heat budget study of the Central Basihjh&po]imnion,
Burns and Ross . (1972) conCIude that thermocline water is'at times ‘
:entrained 1nto the hypo]1mn10n and that th1s mechan1sm const1tutes an
episodic resupp]y of dissolved oxygen to the lower layer In the
same volume, Blanton and Winklhofer (1972), reporting on the physicaT-
1 measurements, 'suggest that this reverse entrainment process fo]]ows a
er1od of re1at1ve calm during which the thermoc11ne reg1on appears to
become th1cker_(reduct1on of the temperature grad1ents). 4They_further
indicate that the spacing of wind events in time is critical to the
.'onset ot,the "reverse entrainment" observed by Burns and Ross. |

Although we can imagine a varietp of p1aUsib1e mechanisms
for both the reverse entrainment and the pre]iminary relaxation_of
the temperature/density gradients;}we have no firm data indicative}of
what is actually happening. MoreOVer the data which we do'possess |
is 1arge1y der1ved from a sequence of bas1n-w1de ship surveys and is
thus integrated in space and b]urred.1n t1me. The shipboard exper1-
'ments were intended to document changes 1n the m1dbas1n temperature ;
profi1e should we be 1ucky enough to be at anchor during an ep1sode of
e1ther thermocljne‘th1cken1ng or reverse entrainment and also to explore

one of the mechantsms'which might provide a substantial portion‘of,the
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vertica] m1x1ng energy, the growth and break1ng of sma11 scale 1nterna1
waves. | o o |
| In order to surmount the prob1em of adequate reso]ut1on in
'the vertical as well as in time, a two-pronged samp11ng was employed EBT
casts were made at 20 minute intervals and an arrayvof therm1stors was
hung,from the ship. A]] senéors, the th\EBT'Chauhels,‘fhe 12
thermistors, and a pressure sensor at the bottdmuof'tue‘array, were
: semp1eu and recorded at two second (nominal) intervals. The thermistors
were separated vertically by a nomina]_distaﬁce of”1<m'and the array uas
"-adjusted from time to time to ensure that one or more thermistOrsvwere
placed in the thermocline zone. Often the thermocj{ne wae‘éo\sharp that
~the entire regioh encompassed less than 1[mVertiee1 distance. Thef
nominal EBT vertical speed'(deSCeuding) wae about O{S"m/s;‘the-VertiCal
resolution bf‘each profile is thus about~0'2lm, half thatVOf tue'
' therm1stor array,. but obtained only three t1mes per hour

The system operated faithfully dur1ng the three anchor station
periods; the quality of the data returned is thus affected only by,the
design of the apperatus_ahd“the condition§ of dep1oyment.i it is certain
that‘the data is degraded somewhat by the motion of the ship at anchor,
as she pitched tq the'seas{aud as‘she'yawed about her anchou. 'The
former motions were coupled strongly.into”the recorded‘temperature signals
as the thermisfors<were}psc111ated.at the surface wave perfods through
regiohs of strong gradients. The pressure sensor will have responded to
a-combinatien‘of the imposed vertical motion and the subsurface pressure -

- field imposed by the waves themselves. -The'Iafter (unkndwn)wili be
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attehdated significantly at the sensor depth so that there is sbme
hope for e]iminatjon’of_a good bobtfbn of this'error.~vThe’yawing
motions, having a period of several'mihutes; ean'be'eXbeeted to cause
some Dopp]er sh1fting of 1nterna1 wave per1ods in the short term wh1ch
will be e11m1nated in the spectra] ana]ysis of su1tab1y long portions
of the record The danger is that the yawing per1od may co1nc1de with
':a dominant wave period and thus contaminate the spectra |

From a'read1ng'of the stripchart reeords of selected
thermistor channels . made ihgqarallel_to the main digital records, we -
'learned}that short befiod internal waves afe almost always bresent inuthe'
main thermocline. 'Typical periods are of the order of one to six d
minutes. Amplitude and frequency both respond quickly to changes'in -
- wind forcing; the amplitudes grow from avbackgroand Tevel of 10 cm erf
so to 100 cm and the periods lengthen as the wind increases-above‘TS_
knots. The time»of.reSponse to changes in wind is abdutdhehaIf;heah.
trhis last result itse]f.may be useful in'gauging_the length of time .
needed for the wind stress to produce shearedic0rrents.at the thefmdcline
| leve1; | o " | | |
| The shipboard system will yield fair1y'eomp1ete onebdimenstohal
'-spectra of the short per1od 1nterna1 waves wh1ch may then be related to
w1ndjspeed,and currents. The next step in the study of these waves is to
detehmine their phase speeds and\d1rections of propagat1on. Th1s was_
- attempted dur1ng per1ods B and C of the anchor station ‘experiments |
) mod1fy1ng the original M-CATS system (see be]ow) to include outr1gger

_thermistors (Fig. 9). The idea was to create an array of three
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thermistors located vertically in the thermocline and fOrming an
equilateral triang]e in_thelhorizohta]. :The.array spacing was chosen
“to be 30 m, based on observed waye'pertods and theoretical estimates
of phase speed; This setup is the minimum required to give‘a rough
estimate‘of the speed and direction of propagation of the interna1
| wave trains. - | | | » |

| " Two exper1menta1 d1ff1cu1t1es were encountered The'first'
was the pos1tioning of the outrigger therm1stors into the proper
horizontal conf1gurat1on and determining the or1entat1on of the
triangle. From LIMNOS we were ab]e to Tower the M- CATS frame to the
bottom and to dep1oy the outriggers in such a way asvto avoid tang]es.
Later on, at the first opportun1ty, we dragged the outr1ggers into
pos1tion w1th respect to each other and the main frame as best we
| "could with the Boston Whaler. A hand-held compass was used to take
bear1ngs of the array arms. Th1s was not easy to do and we must
_ accept the poss1b111ty of an error +15° 1n array orientation.
‘ The second problem concerned the p1ac1ng of the thermistors
-~ in the thermocline. We could position themnat equa1.heights above
the bottom (20 cm) read11y enough but were limited to a d1stance of
four metres by the_max1mum he1ght of the M-CATS mast. Dur1ng a11 of
the B period;'the thermociine was more than 4 m above the bottom, and
consequently the temperatore variations measuredtby the array are
very,sma11. During the C pertod the thermoc]ine was'deep enough to
intersect with the'array and we have some records worthy of analysis.
- This experie_nce _has led to a redesign of the system to allow greater

flexibility in the positioning of the thermistors. As with the
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shipboard array, the data return is 100%; the limitations are imposed

by experimental design,

3.2 Structure of near bottom fiow

The - exchange of mater1als across the sediment water 1nterface.
1s an 1mportant component of the overa]] nutr1ent or disso]ved oxygen
',balance. Such exchanges are more active when the flow over the bottom
1s rapid and turbu]ent, and more active aga1n when there 1s suff1c1ent |
energy in the near bottom flows to resuspend the recent sedlments vThe
proper framework of study for such matters is thatprov1ded by boundary
layer theory. A ve]oc1tyrprof11e synthes1zed fromrat 1east_three levels
of measurement above the bottom can be used to infer bottom’streSS_and
roughness length, and to construct eddy viscosities as a function‘of
distanceiabove the bottom’ The M-CATS system referred to athvérious
places in this report is designed to collect ve10c1ty and temperature
measurements close to the bottom. The system compr1ses threé current
meters at l; 2, and 3 m above the bottOm and an array of thermistors
speced over a four metre vertical distance above the bottom. The
instruments are mounted on-e'guyed aluminum mast whtch is stepped'in
a bottom "platform". The platform carries‘batteries'and data logger.
The sampling interval is 16 seconds;'endurance at this rete is. |
11 days. Conventtonal | impeller driven current meters are not
'accepteble.because of their high thresho]d:velues. We have used two
electromagnetic current’meters»at the 2.0 and 3.0 metre levels,'and-
an acoustic current meter at the 1.0 m level. These instruments are .

able to measure flow speeds as sma1T as 1 cm/s.




-9 -

-Such high sensitivities aré'paid for with a loss of $tdbi1ity of the .

inStruments. Both the electromagnetic and thé acOustic"cufrent1meter
are subject to drifts of zero offset and gain. The weakness of the

system then will be in the abi]ity to detect and confirm small veloéity

Jdifferehcés'between the various levels. - Interference from the eddies
created by flow around the structure is also a source of potential-

‘contamination of the data.

‘DUr{ng the A and B anchor station experimenfs, the entire 

system lay within the lower layer; the measurements then can be -

interpreted as boundary layer profiles. During the C4périod'theAuppefl

instrument was in the thermocline, a region which can support strong
velocity gradiehts as well as temperature gradients. The data return -
seems complete. - - '

3.3  Drogue tracking

The measurements which are most useful for estimating

‘turbuleht mixing are those in which the paths of marker water particles

can be tracéd"(Lagrangian description of the flow field) water‘

particles may be tagged in a continuous fashion with a soluble tracer -
(often a dye) or ih a discrete fashion using clusters of drifting
objects such as drogues. Such experiments are difficult and costly

to perform. On the other hand, an Eulerian description‘of the'f1ow

in tefms of measurements of the currents at fixed points,ih space,

" such as is provided by an array of current meters is more easily

produced. To use Eulerian measurements to 'characterise diffusion

processes is not straightforwafd because of the separations of the

instruments is almost always greater than somé of the eddy scales
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'_ involved in the mixing Appropriate'»statisti'cal treatment- of Eulerian-type ‘

data can help to br1dge the gap and a. number of techn1ques have been pro- .

posed The number of exper1ment sets where both Lagrang1an and Eu]erian )

_ measurements have been made s1mu1taneous]y dre few and therefore va]uab]e
The drogue measurements,made while the sh1p lay.atAanehor dur1ng_

the_three periods are described fully in the earlier cruise reports

(Boyce, 1979). . We exper1enced d1ff1cu1ty in track1ng the drogues by radar

in rough seas, as might be expected,and therefore some of the records are

,'_'gappy in time, The present drogue design is 11ght, cheap, and easy to

| deployfbut perhaps not sufficiently robust for the demandsfwe make~of it.
We antic1pate neverthe]ess that the drogue data comb1ned with
the current meter data will y1e1d some va]uab1e 1ns1ghts into the |

‘PPObIembof,deduc1ng mjxing propertles from current meter data alone.

R 4 Surface wave measurements

The wind stress act1ng on the water surface activates the o
surface wave f1e1d as well as drives the currents and vert1ca1 m1x1ng
The 1nput to the last two processes must be v1ewed therefore as a. funct1on
vof'the surface waveaf1e1d, part1cular1y under rapidly chang1ng w1nd
conditions (Doneian, .1979)' :The'waveffield,win its own right; is of |
"h more than paSS1ng 1nterest to nav1gators and coastal eng1neers There '
has been a flurry of recent efforts to produce wind wave pred1ct1on
| mode]s}which treat.the variable Great Lake-sttuat1ons (e.g. Donelan,
i978) MeasurementS'of'offshOre sea state,'particular1y when there is
a support1ng network of meteorological observat1ons, are va]uable test

data for wave prediction models
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| At the beginnfnomof each anchor period, a wave rider buoy
. was 1nsta11ed as the C11 s1te ‘The buoy was recovered immediately
,before 1eav1ng the - ‘station at the end of the anchor per1od The wave
rider rece1ver,1data logger and programmable tjmer were mounted aboard
LIMNOS. The programmer turned on the receiter.and recorder once eyery
three hours for an.interval of 40 minutes. Visual observations of wave
heidhts and directions were. recorded each hour in the meteoro1ogica1 log.
| The wave r1der system worked stat1sfactor11y through the A and
C periods. During the early part of the B period some data was 1ost
The'buoy-was launched without the antenna so as to 1essen the risk of
damage. ‘It'was'intended, once the LIMNOS was settled at anchor, to
| install the.antenna from the Boston whaler Unfortunate1y, the winds
freshened and the antenna could not be 1nsta11ed until they abated d
some 48 hours later. During all three cruises, the winds were variable;
there were periods of calm followed by periods'of strong winds and
substantial‘seas. The “before-and-after" wave rider measurements are :
promising‘as model verification data. | |
Following the C.anchor period,:the wave rider was redeployed
at the C9 site to the north in support ofaprototype ane buoy under-

going testing and evaluation.

3.5 Time series measurements and d1sso]ved oxygen, nutr1ents and optical

grogert'le

S1nce the maJor sc1ent1f1c goal of the ent1re experiment is
to understand how the water movements affect the fluxes of nutrients
and disso]yed oxygen within the Basin it makes sense to sample some of

- the chemica]‘parameters; Acting on the advice of N.N.'Burns, we drew
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‘samples for a var1ety of parameters water Qua11ty Branch prov1ded

_ sample bottles and performed many of the ana1yses The accompany1ng

table 1ists the data, both physical and bio-chemical which were

‘collected aboard LIMNOS as a total bio-chemical package. BIMS has

‘undertaken to organize a data report in which all the relevant data’

will be presented in both‘graphical‘and tabular form. ~Some of the

_disso]ved oxygen data and light transmission Qata are presented in

;the'preliminary cruise reports (Boyce;_1979).;

As a general comment, the extreme vertical gradients of

dissolved oxygen, for example, make it difficult to construct

'reliable Vertica]‘profi1es with so clumsy a sampling device as the

Y

'_Rosettezsampler}p_Tp meet the sampling requirements of this demandingA

" ‘environment, a cbhtinUous profiling method is c]earlyAneeded;

CONCLUSIONS
We have viewed the Jo1nt u. S /Canad1an Lake Er1e phys1cs

experiment as a one-shot effort, much 11ke the 1972 Internat1ona1 Field

"Year. This has prompted us to take de11berate risks and to attempt

a wider variety of experiments in order to Capitasze on the presence
of the U.S. network. We have sacrificed a_comfortable redundancy
in order'torextend opr areas of coverage. |

The results, theretore, are uneven We seem to have had
very good Tuck in the A moor1ng period, rather less good 1uck dur1ng

the B and C periods. In each of the subexper1ments. with the

: _exception of one, we have collected useful data which will contribute
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to an overall progress. So far, so good.
However, in viewing the program as one 1nsta11ment of a
continuing sequence, then we must judge our success more in terms -
- Ofvhow'far it got us toward the avcwed goels,‘andkwhether'additiona1
. effort will be fruitful or wasted. |
In this context, I' think that we can accept the resu]ts of
the two coastal exper1ments, one off Nanticoke, and oneloffc1eve1and
- Both have produced valuable "eng1neer1ng" data in return for a
modest level of field effort. |
My view is that we should press home the attack on the open
lake meso- and micro-scales of motion'which we began with the mid o
basin (C-11):eXperiments. The data which we collected in 1979, while
valuable scientifically in its own right, can also be used as a means
~ of refining our exper1ment
1) It may be poss1b1e to 1mprove the spatial array of - current meters; .
FTP's, etcf. from a "scale-of-motion" ana1ys;s of the 1979 data.
f.2). A1l evidence points to the desirability of obtaining gnbd_vertical
resolution df currents, temperature, and bio-chemical parameters.
We were not successful in 1979 with the G-VAPS and related
experiments; we should make every effort to close this gap.
‘3) More effort is needed to produce usefu1 measurements of the SUrface |
' pressure gradients. we gambled and lost in 1979 with a waximun—
outlay. . has bt teane

4) The MCATS system and its associated experiments can be 1mproved

| by replacing the acoust1c current meter with an EM meter of the
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same type as the other;instruments‘so as to”faci1itate inter=
“comparisons, and also by improving/extending the vertical

reso]ution of'the three dimensional‘thermistorzarray

”.5) The curlous upwelling phenomenon observed on the north shore

of the basin, with the strong. ev1dence that bottom friction plays
‘an'important role, 1s worthy of a closer Iook. We should extend
| our:current measurEments further inshore - an ideal CATS

~ application.

" 6) The re]ationship between Eulerian and Lagrangian’descriptions of

_turbulence is acrucial and unresolved issue. More and better
- drogue experiments are highly desirable.

7), The b1ochemical portion of the program can be strengthened by
more careful attention to underwater 11ght properties and to
sampling which respects the natural variability.

There areISome strong reasons for continuing the*1979

thrust into 1980 Instead of an experiment spread out over the summer

_‘months. I am proposing a single 1ntense effort concentrated in the _

month of August. A detailed exper1ment p]an is in preparation.
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CAPTIONS TO FIGURES

: Sketch map of Nanticoke Array

'Performance diagram for. Nant1coke Array

Sketch map -of Cleveland (South shore, c.B. ) Array

Performance d1agram for C1eve1and Array

- Sketch map. of North Shore Array, show1ng samp11ng

grid for 1aunch cru1ses and m1d bas1n array centred‘

on station ci1.
.Performance d1agram for North Shore Array
vTemperature sect1ons a1ong prov11e 3 (seee Fig. 5)

"lakewards from Port Crewe A): 28 August 1979

B) 25 September 1979 o

'lPerformance diagram for Mid Basin. Array

a) "A" period mid June to mid July
b) “B" period mid July to mid August

¢ “C" period mid August to mid October'
Sketch of MCATS system.




Water temp.

- Radiation
' Incoming
, total

" solar

. Subsurface
drradiance

Rosette Sampler

Shipboard sensors

strip chart and
integrator

Quantum meter

Parameter. Method Interval
 Wind Speed & | Manual recording | 1 hour
: Direction ships instruments | 3 hour
| Air tempera- | Manual recording 1 hour
tures, wet 3 hour
and dry '
Barometric Manual recording 1 hour
pressure barograph 3 hour
' contin-
‘ uous
i _ '
| Water " Recording current 10 min. :
Currents meters 30 min. ;
epi hypo f
Surface Eyeball estimates ,
waves manually recorded 3 hour i
Water temp. Bucket thermometers | 1 hour i
' sfc 3 hour ;
“Water temp. Ship's EBT 1 hour
f 3 hour

| Continous {

3 hours

Method

" CAV

T?aia\.er \

Parameter _ Interval
“Transmission | Martek 25 cm 3 hour -
coefficient transmissometer .

J. Jerome
special
Do, Rosette Samplef 3 hour
: Winkler titration :
Total P Roéette Sampler 6 hour
SRP Lab‘analys1s | :
POC Rosette Sampler 6 hour
Cht a Lab analysis
corrected :
NH3
NO3/NO2 | | | |
$;0, Rosette Samples . 6 hour
TFP Lab Analyses
. NTP '
. FTACK

. DATA COLLECTED IN SUPPORT
OF BIOCHEMILAL TRoGNAM
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