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I NTROOLICT IU4

This study waa undertaken to outline a procedure for designing
a moiiitoring system for Narragansett;lay, in conjunction with the Lay
Vetch program. The basic proceduce closely follows that set forth by
Nlountain and Hill �!. However, certain aspects have been investigated
in depth, while others have been covered only briefly, or omitted
entirely.

many of the decisions made in the course of design ate based on

a superficial review of the relevant Factors, or with reference to areas

of knowledge with which the author is not extensively familiar. This is,
however, a preliminary investigation of the problem, and only the broad
aspects of the design are meant to be covered. Individuals with special-
ized knowledge will be called upon in the future to apply their skills
to specific problem areas of the total system.

Several alternate approaches to the final design have been included,
to maintain a cnt tain flexibility in the discussion. It wilL be sean that

accuracy and spacial sampling are the critical requirements palaced upon
the system. The effect of relaxation of these and other requirements is
therefore explored to enhance the discussion,
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'|.0 PURPOSE OF THE  AONI TORING SYSTEM

This study was undertaken as an aspect of the Bay Ilfatch program

at the University of Rhode Island. It is a preliminary report on the

feasibility ot an oceanographic monitoring system for Narragansett Bay,

with consideration of' available manpower and the prospects of governmental

funding.

Local needs and long-term priorities have Focused the program upon

a single aspect of the bay, pollution  see Fig. 1, page A-'I !. This

investigation will proceed accordingly, although a certain Flexibility

will be maintained to facilitate applications to other aspects, such as

fishery and sedimentation studie ~ .

1.2 DATA USAGE

Information coming directly From such a monitoring system will

probably have little immediate use for governmental agencies. However,

an important beneficiary would be the concurrent mathematical model study.

The data can provide valuble inputs and cross-checks for the rrrodel.

The model, in turn, can be used to predict trends by varying its inputs;

recommendations will probably be made From such predictive studies.

1.3 GOALS 3F THE. PROJECT

Specifically, then, the monitoring system will be designed to gather

data For the mathematical model. The short-range goal o f' the model study

is to predict tidal heights and velocities. The intermediate-range goal

is to study pollution characteristics.

2.0 STATE OF THE ART

2 ~ 1 ENVI RONNENTAL SCIENCES

Some knowledge of eetuariee in general, end Narragansett tray in

particular, ie imperative. Excellent compendiums on the subJect of estuaries

by Lauff �! end Ippen �! are available. A comprehensive esivey of the

bay was given by Hicks �!, The bay is basicaliy a two-layer-system

with some vertical rrrixinga. The eea connects to the south, through

three channels; "fresh" water enters through numerous rivers near the

northern end, the trrro ma Jor ones being the Backetone/Sekonk River and

the Taunton Liver. River flow is eall-recorded by the Geological Sur vey �!,



but tidal floe has scarcely been studied �!. General distributions

of characteristics have been giveni current data  f ig. 2, page A-2!
by Height   S!, and temperature, salinity, and phosphate  f ig. 3 h 4 y
pages A-3 aid A-4! by the famous Hurricane Barrier studies �! ~

Pal lut ian sciences are rather empirical at this time, but a large
body o f lit vrature is available an the sub ject. Basically, most municipal
and industrial pollutants enter the bay through rivers or directly at
the coastline Some of the biological ef facts of pollutants have been

examined by Iaite and Gregory  8!. The spreading and related dynamics
have been ei udied by the U.S. Army Corps of t ngineers  9! and by Le Gros,
et. al. �0 ! ~

2 ~ 2 IHSTHUr~rNTATTQ~

The availability, reliability, and cast of specific monitoring
system inst> uments sill be paramount to t he design. F'or example ~ temper-

ature, pres.iure, and current magnitude and direction are relatively easy
to measure electronically. Salinity and ion concentrations are somewhat

more dif ficuit, and mill probably be critical parameters as far as contin-

uous operation is concerned. Biological parameters, such as dissolved

oxygen  D.Q. ! and E-coliform caunts are very dif ficult or impossible to
measure elect ronicsl ly in situ ~

Typical problems encountered are basically marine fouling and

corrasion. Transducer devices  temperature, pressure! may be subject

to fouling ty surface slime depasits. mechanical systems  current meters!

vill meet seaweed fauling. electrode devices  salinity, pH! mill be

sub ject to corrosion.

A gaod treatment on parameters arid their measurement is given by

Le C,ros, et. al. �Q !.

2.3 L!ATA PRQCE~SlNG

Hecent advances in this field have contributed greatly to our

capability to manipulate date and estimate its reliability. Sampling

theory is alsa eel 1 advanced ~ An excel lent reference is Slaukmen and

Tukey  'J 3 !,

2 ~ 4 HlSTQRICAL DATA

Iuch information is available fram several national and regional

sources ~ Atmospheric data i s available from f-. S. S ~ A ~ and N.O. D ~ C ~

LJther federal sources include the U.s. Coast and Geodetic surveys the

lJ~pt. of' the Interxor, tne Carps of Lngineera, and tha Qept. of public



Health. State agencies include the later kesources Hoard and the dept.
a f Public Health.

3.0 DESCHlw" ION Of THE QCEAHOGAAPHIC DATA

3.1 I;EOPHYSIGAL SYSTEM DESCHIPTIOH

A part!.al list of relevant parameters is given in Table 1  page 4-5!
with their approximate ranges in the bay. In terms of' the limitations

of this pra ject, only a few parameters can be monitored.

for ths initial phases of the Bay Match project, only a few parameters
can be monitored.

for the initial phases of the Bay Latch project, the, currents and

tidal heights sre of prime impartance. for the pollution study, several

of the bio-chemical parameters are useful. Direct indices of municipal
pollutian are E-cali counts, the oxygen-demand factors  chemical oxygen
demand--C.O.D.; and biochemicsl oxygen demand--H.Q.O.!, and ammonia,

phosphate, ritrate and nitrate concentrations. Certain metal iona, like

copper>nickel>and iron, may be indicators of industrial sewage. Thermal

pallution will rely upon temperature surveys'

ihe previous discussion hinted at the sensor limitations. bloat of'

the direct pollution indicators are nat directly measurable. The

biological involve lsb teste, and the ionic usually require delicate

spectrographic or conductivity testa.

Hence, a minimum number of parameters will be selected, in view of

the practical limitations mentioned. It ie decided that no Pollution

index be electronically monitored. The dif ficulties are presently too

great ta allow an economical method. Instead, a different approach will

be taken. In farmstion on pollution will be obtained f'rom the Hhods island

uspt, af Public Health, which routinely makes such surveys. However,

parameters relating to the dynamic a f Pollution transport will be monitored.

ln the Narragansett Bsy, the important transport characteristic include

tides, river run-off, wind stresses, density f'laws, diff'usian and surFace

waves.

The temporal variations of river input  Fig. 5, page A 6! and

sur face currents  Fig 6, pg. A-7! lead to generalization of the frequency

spectra  f ig 7, page 4-8!. The temperature, sal,inity and current spectra

have energy divided inta two ranges. I ha lower end is termed the

"nominal-sno final" zone, and the upper ' fbi', "turbulent" zone. The spectrum

For sur face ~ave, however, shows that. most of the energy is in the high-



frequency "turbulent" zone.

Thus the expected sampling interval would be an hour for nominal-

anominal range, and greater for the turbulent range.

Special gradients are given in Table 3  page A-9!. They will be

instrumental in the determination o f horizontal grid spacing.

3.2 PARAIIIETER REI ATIQNS

Not all of the previously-mentioned transport phenomena will be

monitored directly. The river run-of f and wind et fects can be obtained

from other sources. Density fl,ows ano diffusion can be determined indir-

ectly. The density can be calculated from the temperature and salinity.

Gi f fusi !n coef fic ients can he esti mat od f rom current velocities and

salinity gradients.

Thus the transport can be calculated from relatively few parameters:

temperature, salinity, tidal height, current velocity, and sur face weve

heights. These particular parameters also provide a certain flexibility,

since they are basic and are used to calculate many other properties.

4 ~ 0 SPEC IF I CAT IQNS F'QR PAHAIIIETER IIIEASUREIIIENT

4.1 AWPLICATIGNS OF T~E DATA

The tidal dynamics provide the primary input for the short-range

model study. Tidal amplitudea can be measured to about three inches

with a pressure transducer. Current magnitudes to one-tenth knot will

be considered sufficient.

Temperature and salinity are important from an oceanographic standpoint.

Several other parameters, including density, can be calculated from them.

Ideal accuracy would be to 0.1 and 0.01$. Instrument limitations force
oC

the adoptioa of tolerancea of 0.5 and Q.bg. Iilodel applications do not
oC

demand exact quantities, and even the dif fusion calculatione, which need

the most qrscise data, will be rather reliable. i ishery studies demand

even less a=curate information. Ureeding and other life functions are

carried Out in waters with a temperature range o!' Severe! degreee. A table

with freque icy ranges appears on page A-10.

4 ' 2 VARAIIIE!ER PROCESS DESCRIPTIQhl

Tidal cycles are will-known, and temperature, salinity, and currents

will vary with them. The eemidiurnal period hes a mean of 12.42 hours

for the bay  see ! ig b y pg. A-7!. Even shorter periods, oF 6 end 4

hours are a Lso apparent. The chosen vamp' in~I times musi account for this



variation.

In addition, tsmverature and salinity show a strong annual cycle.

Higher-frequency variations are also present. These are monthly and
weekly changes due primarily to weather patterns.

The geophysical area as a whole can be divided into several types

of regions, depending on their importance in the system snd their
parameter gradients.

Certain areas are of greater interest simply because events relating

to the goals of the monitoring system occur frequently there. These shall

be termed "critical regions". In this study, the providence River and

the mt' Hope Bay-Taunton River complex are such regions. IIlost of the

pollution occurs there, andthey will be targets of major "clean-up" pro jects.
Other model applications may designate other critical regions. For

example, fish and shell-fish studies may place greet importance on the

upper bay or the smaller inlets around the bay. Thermal pollution

studies may center aroundthe Unrest Passage.

Several areas are necessary for the model study, because they represent

potential points of data input  boundary conditions!, and ere usually

water-mass j Jnctions. These will be called "interface regions", and

include the lower East and liest Passages, the entrance to Nt. Hope Hay

at Bristol Neck, the sakonnet River at Tiverton, and the Narwick Neck

patience Island channel, A chart of both critical end interface regions
appears on page A-11.

4. 3 DATA OU TPUT

The samp .ing intervals are chosen to be consistent with the parameter

variability. Temperature, salinity, and currant velocity require one

repreaentati«e value per hour. This will be accomplished by discrete

or continuous sampling around the hourly time.:iIean and variance values

will be c >tv«ted.

Surface eave measurements necsdditate s more sophisticated sampling

procedure. 1he wave height frequence spectrum is of a turbulent nature,

so a power sp ectral analysis ie in order. Either continuous or discrete

sampling over several minutes will be prescribed. Hspresentetive values

need be taker only a few times per day.

5 . 0 5 4 III V L I hJ G C R I T E H I 4

5. 'I I IIfIE ~SAII VL INC JHEOFIY



The theory is adequately discussed in Hlackman and Tukey �1!, and

will not be reproduced hers. 5ee Fig 9, pg.A-12 for nomenclature.

5 ~ 2 5ANPL I NI' T 1NIES

To obtain a reliable high-frequency I ourisr estimate, the highest

frequency of the parameter variation must bs reproduced. This means

that the par ameter must be sampled at twice the maximum Frequency.

Considering the surface eave spectrum, a sampling frequency of 2 Hz.

 corresponding to a sampling interval, Ts, oF 0.5 sec ~ ! is chosen, which

f . s f
min. resolution e 1/�T !

m
Thus Tm is chosen to be 50 sec.  corresponding to f 10-2 Ha. !

min. = 10
by inspection of the spectrum.

Following the oevslopment o f 8]sskman 0 Tukey, the number of samples

 degrees of fresdam! determines the reliability for the chi-squarsd
2distribution ~ I he choice o f 50 samples ensures that the value +50  taken

2ta be the ratio of the sample variance to the population variance y a /d2!

will fall within 25$ of unity 80~ of the time a group of 50 samples is
taken.

Also, it has been shown that

2T/ T
p m

where k is the number of samples taken. Thus for k=5Q, the resultant

Tp is l25D sec, ar 21 minutes. The wave heights may be sampled only a

few times a day, compared to 24 for the other parameters.

The low-frequency parameters present another problem. A filter

 ,electrical or mechanical! is required to reduce aliasing in the power

spectrum, i f it is co mputed. Suppose a filter with the function

 2

I �,. I
is used. Ihen all frequencies higher than f=- Tp
characteristics prompt ~ choice o f Tp = l00 sec.

H 

are eliminated. These

The accuracy can be

computed Fro~ the central limit theorem. The results are shown in Table 4,

pgi A l5e

assures that all frequenciee below 1 Hz. will be included.

Auto-ccrrelation technique allows for certain lag time. Since the

wave heights will be sampled for only a Finite time, Tp, the lag time is

therefore limited. Hlackman and Tukey �1! present a theoretical relation

between the sampling time, Tp, and ths maximum lag time, Tm.

f rom statistical theory, the resolution of the power spectrum, or,

equivalently, the minimum frequency f' or which a spectral estimate is

obtained, is given by
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5. 3 SPAC I AI. SAmPLING

The theory for special sampling is lass rigerous than f' or temporal
sampling. "he important factors to consider are gradient, requisite
accuracy, arid smoothness of variation. In general, the spacing will be

equal to th» accuracy divided by the gradient.

f or example, in the Providence River, the maximum horizontal temper-
ature gradient is  from Table 2! 1.25 / n.m. For an accuracy of O.Soc oc

therefore, the spacing must be 0.4 n.m., or approximately 14 in the river ~

clearly, this is too many f' or the initial proposed. Some of the

requirements must be relaxed to permit a feasible proposal,

The vertical spacing presents a similar problem. In the providence

River, the temperature variations would necessitate a sensor every foot
in the top few feet.

The problem oF spacisl sampling, restricts the feasibility of the

monitoring system at this time. Lompensating factors or theoretical
development must eventually prevail.

7ODESCRIPTION Of A TYPICaL mONITDRING 'VSTEAI

This is fairly standard information, and will not be covered in

depth in this study. A typical system and monitoring station are shown
in Fig 1O and 11, respectively.

B.O SUi'imAHY AND GONGLUSIONS

B ~ 1 OVERVIEW

The previous sections have presented a broad view of' one approach

to the problem of setting up a monitoring system I'or Narragansett bay.

Several requirements, including accuracy and spacial grid size have been

found to be =rucial to the system design. At thzs point, several alternative

details will be considered, ancLtheir impact on the sf ficiency and cost

of the total system examined. The alternatives are

1. Relaxation of the accuracy requirsments

2. Reduction of number of monitored parameters

3. Limitations on the monitored areas

4 ~ Uee of land-based monitoring stations

5. Use of' auxiliary techniques

8. 2 ALTERNATIVES

B.2. I Relaxation of Accuracy t

Some distinct possibilities exist here. It the accuracy in the



Providence <iver, for example, is reduced, a large reduction in total

number o f s.ations is achieved. In this particular area, temperature

and salinity vary quite smoothly, sa that fairly accurate data could prob-

ably be obtained with e larger spacing. H~er, such uni.farm gradients
do notoccur in Nt. Hope Bay ~

8.2.2. Reduction in Number of Monitored parameters:

The pa:;ametere considered are very basic, except possibly surface

spectrum, which has a relatively small influence on the transport phenomena.

However, surface wave sampling has no net ef fect an the number of stations.

8.2.3 Limitations on Ionitored Areas:

The short-range goal of the monitoring system is to provide tidal

data for the mathematical model input. For this end, only three

inter face ai eas are important; they ar e <

li Lower Neat Passage

2 I Lower Last Passage

3,i Channel between Narragansett Hay praper and Nlt. Hope Hay.

Provision of tidal heights, currents, temperature, and s~linity in these

areas gives tremendous infarmatian et low cost. The mt. Hope Hay complex

could be effectively eliminated in favor af e Loundary condition,

consistent with the modular approach. Hiver inflow data is available from

the U. S. Gec logical 5urvey.

The next most important area is the critical Providence Hiver region.

As mentionec before, station spacing may be stretched, owing to the rather

uniform gracients. The area in the vicinity of the Conimicut light is

a veluble irterface area. Another location in the river would also be

valuble; f' or example, s station near f ields Point.

Vroceec in a similar manner for the other areas of the Hay.

8.2.4 Use of land-based Stations:

Hy this is meant the use of piers, bridge abutments and Lighthouses

for monitoring stations. The total number is again not effected, but the

cost per station may decrease.

8.2.5 Use of Auxiliar Techni ues>

In the open ocean, the periodic passage of storms and large eddies

cause generally large changesin the current patterns, etc. However,

in the Narcegansett Hay, etarms have a minimal effect, snd variations due

to large eddies are probably non»existent. The general pattern of

circulation is fairly fixed. Jn this case, e single paint can be used

to infer the conditions in the i»mediate neighborhood.

As s practical application, an .intensive survey of same area, perhaps
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the interface area in the lower west passage, would be conducted. Several

ships would be used, and data would be gathered f'rom many stations in the

vicinity. This data wauld then be correlated to the variation of' the

parameter at some fixed paint . Then continuous information from this

point would infer the other properties for the entire region.

This approach is especially aFFective in narrow channels. which

ere numerous in the bay.

8s 3 ALTEHNATL UC DESIGNS

Several a 1 ternes iiiill be presented, inorder o f increasing cost and

refinement of the monitoring sys' tem. These should in no way be considered

absalute plans, but e general list showing relative priarities.

The best plan o f' system expansian is to monitor'. bhs most "imporhant"

areas f'irat, and to subsequently increase the number of stations in a

definite wsy until the entire bay is covered.

Two specific appraaches are outlined belaw. The first is based an

the modular approach, in which a small segment of the bay is successfully

modeled. Then another section is added, until the whole bay is monitored.

The second is the broad-outline approach. The macroscopic character

of' the circulation is studied, wi th more detail added as the number o f'

stations is increased.

The modular approach provides an orderly plan in which the details92

and refinements of the model are worked aut immediately, but the

character a f pollution dynamics for the whole bay does not appear far

some time.

Ojith the macroscopic viewpoint, the most general features of

circulation are immediately resultant, bLit the detail follows much later.
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AODED STATIONS  TOTAL STATIONS!STEP

NODULAR IAACRQSCOPIC

 Based on initial
modeling of the
Nest Passage!

 Based on tha initial
neglect of the Nt.Hope
Hay-Sakonnet Hiver

complex!

III

IV

VI

VII

Station locations appear in Fig. 12, page R-l6. ~ate on the stations

in Table 5, page A-17.

2» �!

4» 5, 6, 7 �!

12» 13» 14 �0!

15, 16, 17 �3 !

8, 9, 10, 11 �7!

18» 19» 20, 21 �1 !

22» 23 �3!

1, 8, 11

4»6, 12, 14

16» 19» 20» 21

3, 7, 10, 22

l5, 17

13, 18

2» 9» 23

�!

�!

�1!

�5!

�7!

�0!

�3!



APPENDIX A

Supportative charts, tables and data.
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A-5

TABLE 1

0 A APHI PARAWETERS

CNENICAL PARA1 TERSPH

0 21TEMPERATURE 9. 0 ~

E-COL I

~OR INK TV

SAL IN.I TY

ALKALINITY

PHOSPHATE

CURRENT ii,AGNITUOE G-2,75 knote

0-188 F t

0-4e6 Eto

1 ' 010-1.02

0-7sO Ft ~

CO

AMMONIA

NITRATE/NI tRI TE.01-.25 $ Attn.

COPPE R

LRON

NICKEL

DEPTH

TZOAL IIEIGHT

DENS ITY  SP. !

WAVE HEIGHT

NAME PERIOD

OIFFUSi.ON COEF.

7 URBI 0 I T Y

CQ LOB

CONDUCT IMI 7 Y

1. 0-20. 0 Sec.

2�.3 'lU e /sec. !

2.5-8~5al/I

0-2500 NPla/190al

5 17 /oo0

'lO-33 /oo

'l.4-2.0 ae/kg

1 . 2-6. 5, ~g/ I
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5AL I Nl I Y
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