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ABSTRACT

Pollution In the coastal zones of the .Great Lakes has become more

ser lous in recent years.• T.h I,s Is due to In~reased use of coasta I water

as a result of population and Industrial growth. A substantial portion

~/'/'--of~~contamlnantsthat enters a lake do so from the shoreline via
/ \

dl scharges -from sewer, overf1 ows, industria I outfa I Is and runoff. Such
_/ .

discharges contain particulates and other mat~rlals of density gr~ater

•

than that of lake water. Many heavy metal's with,toxic components are.

present in these fract Ions. The dynaml c behav lor of these part ,I c Ies In

the coastal and offshore waters Is thus of great Importance. The

principal removal processes for these materials are transport and

particle settling. An understanding of the characteristics of ,nearshore

currents. dlffus Ion and temperature patterns Is essent f a I to determ Ine

their effect on removal processes. and in 1;urn.on coastal biol~gical and

chern! lOa I processes. This study. Is limited to the physical fluid

mechanics of coastal zones.

The structure of the nearshore flow In the vlclnlty.of Cleveland,

Ohio is analyzed In detai I in this study. The Impact Of Cleveland. ,one

of the largest urban and Industrial agglomerations on the shoreline of
'.

Lake Erie, in terms of additional loading is thought 'to be considerable.

A computer program (ADVDIFF) was developed to' calculate the mean flow.

horizontal turbulent length and time scales, horizontal dlffuslvltles and

kinetic energy.', ADVDIFF uses filtering techniques, spectral analyses and. ,
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statistical analyses. FIve episodes representing three dIfferent flow

regImes whIch may exIst In the coastal zone were chosen for specIal

analyses.

To generate the coastal currents, a rigid-l id,. channel'-type model

with fine grid size In the coastal zone was used. A model orIgInally

deve l·oped by SImons (983) was modifi ed to inc I ude non linear acce I erat ion

terms and tw'o different forms.of the· vert i ca 1 eddy vi scos i ty. Also, a

two dImensIonal x-y model developed by SImons and Lam (1982) was modified

and used to exp I al n some of the observat ions. Both new mode Is (ERCH,

ONELAY) were verified, calibrated .and appl ied-to Lake Erie.

A computer program (SEDTRAN) was deve loped to pred I ct the I nf low

sed i ment concentrat I on dl str I but I on with I n the coasta I zone. SEDTRAN

..
so I ves numer I ca I I y the three d I mens i ona I t I me-dependent mass transport

equat I on Inc lud i ng the sett I I ng term.' The mode I uses the currents and

dlffasivities computed by ERCH and ONELAY and the statistical an~lyses,

respectively. SEDTRAN w'as verified using several test examples, and
....... ' .

. part ia I I y va I idated using the avai I ab I e data set. The mode I was app 1 led

to many cases of sett I I ng act I v Ity that may take. place 1n the coasta I

zone. The results were used to defIne a representative Influence zone

for a po 1 I utant source at CI eve I and•

. J
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CHAPTER 1

SCOPE AND OBJECTIVES OF THE STUDY

INTRODUCTl ON1.1

\

;
Coastal zones of Great Lakes are very complex environments.

I .
InvestIgatIons of these nearshore regIons have becqme Important In

recent years due to increased demands on coastal/zones caused by

popu 1at i.on and industr ia I growth. A substant Ia I port Ion of contam Inants

enters a lake from the shore I Ine via discharges from lewers. industri.al
I

outfal 1s and runoff. The principal removal-processes lor these materials

are transport and partIcle settling. An understandIng of the

characteristics of nearshore currents •• dl;fuslon and t mperature patterns

Is essentIal to determine their effect on the removal processes. and in'

1

turn. on coastal biological and chemical processes.
I

Sed Iment Is cons Idered to be one of ma In Ind Ices of water
• i -

I . •
pollution. All discharges lito t~ coastal zones contar P,!3rtlculate and

other materials of density ~reater than lake water. Many heavy metals
i I

• l I

. with toxic components ar~ present in these fractioAs. The dynamic
- I \

behavIor of these heavy PartIcles In both coastal and o\fshore waters Is

thought to be of great importance. ~

The sediment dlstJr~ution In the coastal 'zone Is influenced by the

coastal current regime. the mixing processes and the~mal structure.

Three types of current s ructure can be readily identIfIed: {Il strong

shore-para I lei current r1gimes 'persisting for'several da~s. {ZJ episodes

\



2

of reversals of cu~rents and (3) episodes of weak currents. The mixing
. .

processes govern the passage of sed Iment through the coasta I boundary

. layer where the diffusIve eddIes are limited to the pro.xlmlty of the

shore line. The therma I structure In the coasta I zone is camp 1icated. It

Is commonly observed that a strong thermae I Ine acts as a "dIffusive

floor" suppress Ing the vert Ica I turbu 1ence and fnh IbIt Ing dl ffus ion of

materIal Into the hypo I Imnlon. However the wind stress and associated

water currents move the thermoclIne vertIcally (upwelling and

downwelling); if the wind stress is great enough the thermocl ine may

intersect the water surface. Complete mass exchange of water between the

coastal and offshore waters may then occur.

The questlon·ls frequently.asked whether a shoreline or nearshore
I

source of contamInants Is a problem only to the Immediate area
I

sUlroundlng the outfal I, or whether the entire basin Is affected by the

mater Ia t~ The answer may be determl ned by the Interp Iay between two
I . •

t ime-sca Ies, 'one character Ized by the sett I Ing of the sed Iment and the
I •

other characterIzed by the transport andinlxlng of nearshore parc'el s Q.f··
I
I

water with the main body of the lake. The-mlxTng processes In turn are

governed by two scales: (i) a time-scale which governs the transport of

materIals through the coastal boundary layer where the dIffusIon eddies

I
are lImIted by the proximIty of the shoreline and ii) a time-scale which

governs the diffusion of material through the main boy of the lake.

The starting point of thIs ,work Is) the observat anal program

undertaken by Canada Centre for In Iand Waters (CC I W) and the Nat Iona I

Oceanic and Atmospher'lc Administration (NOAA) in the vicinIty of

CI~veland. Ohio, in Lake Erie, during 1979. The cIty of Cleveland






























































































































































































































































































































































































































































































































