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ABSTRACT

Observotions of temperature, electricol conductivity, ond salinity in the Thomes
River, Connccticut, mode over o 12-month period, ore used to provide o preliminory
description of the Thomes River estuory. Longitudinol profiles of the river ore pre-
sentad to show the effects of uplond streom dischorge upon the fresh/solt structure
of the river. The freshwoter dischorge inic the estuory is usuelly smoll, ond during
most of theyeor the woters of the Thomes River ore of relotivaly high solinity through-
out its length. During periods of high stream dischorge, however, the heod of the salt
wedge moy be pushed several kilometers downriver by the freshwoter inflow to the
estuory. This report describes the solinity distributionin the river interms of solinity
strotificotion os o function of distonce olong the length of the river, with volume of
freshwoter dischorge os the porometer.
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SALINITY DISTRIBUTION IN THE THAMES PIVER:
NEW LONDON TO NORWICH, CONNECTICUT

INTRODUCTION

In the course of some |laborotary measurements, the need arase for infarmatianan
the valuesof electrical conductivity of the watersof rme Thu.nes River, Cannecticut.
It was found that very little published data was available on the characteristics
af this river. It was known that the Thames River estvorv was generally saline all
the way up ta Norwich, thot a .ertain volume af freshwater -iischarge entered the
estuary fram the tributaries, and that the conductivity values shauld therefare ronge
from the low values ossacioted with the fresh woters up to that of sea water. It wos
nat known how the two badies of woter, fresh and salt, interocted in the estuary.
Therefare, in April 1967, preliminary measurements at the vertical profiles of
electrical conductivity and temperature versus depth were made aiong the lengtn
af the Thames River,! and in July 1968 o 12-month grogram of measurements was
initiated to determine the variatian of the fresh/salt water structure of the river
throughaut the yeor. The results of these meosurements are the subject of this report.

Apporently the fresh/salt water structure of the Thomes River had not beer.
previausly studied ta any significant extent. Some measurements of electrical con=-
ductivity versus depth had been made in 1959 at the south pier of the New Landon
Loboratory.? A very detailed survey wos made of the thermol structure of the portion
af the Thames Rlver in the immediote vicinity of the Montville electric power plonr
in the ll of 1968.° Other types of measurements that hove been made in theriver
have been based mainly on surface-water and bottom-water samples. The various
measurements have been made quite independently of each ather, and the number
of different measurement locations has been very limited. A recent poper an water
pollution cites some examples of the different kinds of mecsurements that hove been
made in the Thames River: rodioactivity analysis aof surface waters and bottom
sediment, analysis af surface waters far pollution (both of these by the Cannecticut
State Deportment of Health), and anulysis af the chemical compostian of surface and
bottom waters alang the river (by the United Stafes Gealogical Survey, USGS).*
The extensive work by the USGb an the inland water |esaurces at eastern Connecticut
ottards a vaiuable ond necessary adjunct tu the studies of the Thames River estuary
itself.>® Currently there is in pragress o measurement pragram, caardinated by the
Marine Technalagy Society's New England Sectian, invalving personnel af lacal




labarataries, industries, schaols, and universities in o volunteer cooperative effort
to gother lang-term dato on the temperature, conductivity, dissolved oxygen, pH,
ond chemical camposition af the Thomes River woters that should contribute sig-
nificantly to the understonding ond choracterization of this estuory.’

The effartsdescribed in this report were specifically directed toward determining
the fresh/salt water siructure of the Thames River. Measuremen’s of electrical con-
ductivity, temperoture, and solinity versus depth were made in the novigotion
channel ot 16 locations between New London Ledge Light and the tidal basin ot
Norwich an 26 doys between 5 July 1968 and 9 June 1969. The results of these
meosurements are presented hera in terms of salinity distribution along the length
of the river as a function of the amount of freshwaier dischorge into the estuory.
The variation of salinity strotification along the river is shown for several volues
of freshwater discharge, and a rough estimate of the fiushing time of the estuary
is presented for a very limited case.

DESCRIPTION OF THE THAMES RIVER ESTUARY

The Thomes River, locoted in the southeostern corner of Connecticut, is one
of faur major estuories opening into Lung Island Sound, Of the four, it ronks third
in volume of fresh water discharged into the Saund with @ two-year mean (1968~
1969) of 6.3 million cubic meters per doy (m®/doy), compared with 48.4 million
m3/day from the Connecticut River, 8.3 million m?/day for the Housatonic River,
ond less than 1 million m*®/day from the tributories of New Haven Horbor. The
combined overage dischorge into the Sound from all other streoms is opproximotely
4 million m*/day.'?

Figure 1 is onoutline of the Thames River and its tributaries. The Thames River
estuory extends from Long Isiond Sound to the tidal basin ot Norwich, a distance
of opproximately 16 statute miles (25,8 km), measured along the center of the
navigotion chonnel between New London Ledge Light (Site 1) and Neorwich Basin
(Site 18).

The severol smoll streoms along tne length of the Thames River, which have a
tatal roinfall drainage orea of obout 60 squore miles, contribute relatively little
fresn water to the estuory. The major tributaries are the Shetucket River ond the
Yaniic River, bothentering the Thames at Norwich, A fewmilesnorth of Norwich,
the Quineboug River joirs the Shetucket River. The droinoge arecs of the three
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mojor river basins ‘eeding the Thames River ore 743 sqmi for the Quinebaug, 514 sq
mi for the Shetucket, and 88 sq mi for the Yontic River Bosin, Figure i shows oll
of the Yantic River Basin but includes only 35 percent {260sq mi) of the Quinebaug
River Basin and 50 percent (757 sq mi) of the Shetucket River Bosin.

The combined discharge of these three rivers, os meosured by the straom-gaging
stations at points Q, S, ond ¥ (See Fig. 1), occounts for on overoge of 80 percent
of the totol amaunt of freshwoter dischorge from the Thomes River into Long Islond
Sound. The remaining 20 percent is contributed by the portions of the Siiatucket
ond Quinebaug River Basins downstreom from goging srotions Q ond S ond by the
several small streams entering the Thames River below Norwich (See Toble 1).

Table 1
DRAINAGE AREAS OF TRIBUTARIES OF THE THAMES RIVER

Stref:m . . Drainoge
SGt:?i:Ing* River Name and Location s (R Reference
1270 Quinebaug River at Jewett City 743 Ref. 5, p. 1
1225 Shetucket River at Willimantic 514 Ref. 6, p. 1
1275 Yantic River ot Yantic 88.6 Ref. 7, p. 16
1277 Trading Cave Braok near Thamesville 8.7 Ref. 7, p. 16
1277.4 Stany Broak near Uncasville 7.2 Ref. 8, p. 48
1277.5 Oxoboxa Broak near Mantville 10,2 Ref. 7, p. 16
1277.6 Hunts Brack at Quaker Hill 1.3 Ref. 7, p. 16
1277.35 Billings-Avery Broak near Poquetanuck 2.77 Ref. 7, p. 16

- Jae Clark Braak at Poquetanuck 3.15 Ref. 8, p. 50
1277.25 Shewville Brook at Shewville 1.7 (+37) Ref. 7, p. 16
1277.3 Crawley Brook at Poqu. *anuck 2.24 Ref. 7, p. 16
(1277.31) Halls Braok at Poquetanuck {cambines 17(7) -

1277.25 and 1277.3)

*In Fig. *, statians 1270, 1225, and 1275 are represented as Q, 5, and Y, respectively.




The volume of fresh water dischorged into the estuory is usuolly very smoll
compored with the huge volume of seo woter tronsparted in and out of the estuory
by the tides,* and during most of the yeor the woters of the Thames River ore

Table 2
SURFACE AREA OF THE THAMES RIVER"™™

Segment Surfoce
(See From — to: Lotitude Areo
Fig. 14) {(km?)

Mouth of Thomes River (Line
connecting New Londen Harbor
Light ond Eostern Point, Groton) 41°19.1

A 5.23
Roilrood bridge 41°21.8'

B 3.19
North end of wide dredged oreo 41°24'

C 2.55

Overheod power coble crossing 41°26.3'

D< 2.93
41°28.9

Mohegon-Pequot Bridge
E 1.53
Norwich 41°31.4'

Totol 15.43 km?

**Meosured from Coost ond Geodetic Survey Chort 359, "'Thames
River and New London Harbor, Long Islond Sound to Norwich,"

Meon Meon Meon Extreme
High Woter | Tide Level | Low Woter | Low Water
(f) (ft) (Ft) (1)
New London 2.6 1.3 0.0 -3.5
Norwich 3.1 1.5 0.0 -3.5

*The meon vo'ume of the tidel prism was coleulated 1o be 13.3 » ]Obma, bosed on @ river areo of
154 km* (Tobla 2) ond mean-high-walter to meon-low-water difference of 2.6 ft (0.79 m) ot New Londan ond
3.1 1 {0.94 m) ot Norwich.




usually af relatively high salinity throughaut its length. A study af the salt water
intrusian into caastal river basins (Fig. 28 in Ref. 7) shaws that during periads aof

law stream flow the upper limits of the salt water can extend almost twa miles up

along the battom of the Shetucket River and nearly one mile up alang the battam
of the Yantic River. When high freshwater inflow occurs, however, the effects of
the streom discharge become significant, and at low tide the freshwater flaw may
push the head of the salt wedge several kilameters dawnriver.

METHODS

The electrical canductivity and the temperature af the Thames River waters were
measured in situ with a Beckman Instruments Type R$5-3 Electrodeless Inductian
Salinometer. The canductivity-temperature cell of this instrument was lowered by
its cable aver the side of a statianary baat drifting in the channel, and aset af
measurements was made at each af several depths at each site. The measurement
sites were chosen tobe next to channel buoys or near abviaus landmarks ta facilitate
bringing the baat quickly ta the same locatian each time. All of the measurements
were made in the navigatian channel, usually ~t the side af the channe! nearest
the navigatian buoy. The crass~sectianal prafiles af the river shawn in Fig. 2 were
made with a portable fathameter in a small baat duringnear law tide at each af the
measuremen' sites. A list of the sites and their lacatians is given in Table 3.

The dial readings of conductivity, temperature, and salinity were recarded
manually on a data sheet and were later platted against depth far each af the
measurement sites. These graphs are included in this report as Appendix A, It shauld
be pointed aut here that the quantities that were actually measured were the elec-
trical conductivity and the temperature af the river water. The sa~called''salinity"'
value is a derived quantity that depends an the resistance af the thermistar in the
canductivity-temperature cell and an the resistance needed ta balance the con-
ductivity bridge in abtaining the canductivity reading.'' Far measurements in sea
water, the salinity dial reading quite accurately represents thesalinity of the water.
In regians where there is significant mixing af fresh and salt waters, however, it
is nat really valid tc cansider the ''salinity'' dial readings as being representative
af the true value of salinity. Salinity is a defined characteristic of sea water that
depends mainly on the chiarinity af the sea water.'?As the sea water becames
diluted by river woter, carbonates and efectralytes such as organic acids cantribute
ta the canductivity, praducing an indicatian af a higher salinity than is the case.
For the purpose af this repart, hawever, this errar is small. Fram a graph (Fig. é
in Ref. 13) of zalinity versus the fractian af sea water ir a mixture aof sea water and
river water, it is seen that a salinity reading of 0.2%.wauld be 200 or 300 percent
taa high; ¢ reading af 1%, would be appraximately 10 percent toa high; but for
salinities greater than 3%.there is probably no significant error at all.
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Table 3

LOCATION OF MEASUREMENT SITES IN THE THAMES RIVER®

Approx: mote Distonce between Site ‘ |
Site No. pf - Neaiest Buuy or Londmark ond Norwich Basin DS
otitude (km)
{km)
i 41218, 3 New London Ledge Light 25.8
I 1.3
2 41°19. 3 Buoy ''&" 24.0
1.9
3 41°20.2 Buoy ''8" 22,1
1.6
4 41°1. 2 Buoy 12" 20.5
1.4
5 41°22' Buoy "'2" 19.1
2.3
s 41°23.2 | Buoy 8" 16.8
2,3
7 41°24.3 Beoy 1Y 14.5
1.4
8 41°25,1" Buoy "'5" 13.1
1.4
o 41°25.8' Yole Baothouse .7
1.3
10 41°26.3' Center of overhead power cobles 10.4
1.2
11 41°26.9' Buoy "'\ 4" 9.2
2.0
12 41°27.6' Buoy "' 20" 7.2
2.0
13 41°28. 7 duoy ''24" 5,2
2.4
14 41°29.8' Buoy ' 33" 2.8
1.7
15 41°30,. 7 Buay ''40" 1.1
1.1
14 41°31.2 Appraximate center of Norwich Basin 0

*See Coast ond Geodetic Survey Chort No, 359,

At the autse: af this measurement pragram, the intent had been to make a
camplete set af measurements alang the Thames River an a nearly biweekly basis.
The days an which the data were ta be taken were thase an which high tide at the
Cannecticut State Pier accurred at naon, plus ar minus an hour ar sa, Data wors
also ta be abtained ansame af the days during which low tide at State Pier accurred
at ar near naan. The chaice af high~ and law=~tide days was an arbitrary one, but
it was made inorder to avaid, as much as possible, the variatians due ta tidal effects
It was alsa intended that there wauld te ane ar more sets of data taken ot twa
sites (4 ond 10} covering o 13-hour pericd to provide frequent observalion of the
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short-term variations of salinity, temperature, and electrical conductivity throughout
a complete tidal cycle. As it turns out, there were 26 successful river cruises
between 5 July 1968-and 9 June 1969 (See Appendix B), of which 13 were made
auring u period of low tide plus or minus 2-1/2 hours and 13 during a period of
high tide plus or minus 3 hours (See Appendix C, Table C-5). No 13-hour tidal-
cycle measurements were corried out during this meosurement series.

UPLAND FRESHWATER DISCHARGE

During periods of high stream flow, the amount of freshwuter discharge into
the Thomes River estuary strongly influences the salinity distributionin the river. As
mentioned before, one measure of freshwoter discharge into the Thames is the sum
of the stream flow values measured ot stream gaging stations in the major tributaries.
The United Stotes Geological Survey office in Hartford, Connecticut, provided
the stream flow records for 1968 and 1949 of the doily readings ct stream goging
stations on the Shetucket River ot Willimantic, the Quinebaug Riverat Jewett City,
ond the Yantic River at Yantic. Using these records, we calculated the daily total
values for these three stations for the period of interest of this report (Appendix C)
and plotted the values as discharge rate versus date (Fig. 3). According to calcu-
lations by USGS personnel, the sum of the values measured ot these three statians
generally represents about 80 percent of the total freshwaterdischarge into the Sound.
In this report, the sum total of the values measured at these three stotions(Q, S, and
Y, shown in Fig. 1) is used os an arbitrary reference number in connection with the
solinity profiles; no attempt is made to correct for the actuol volues of freshwater
discharge into the river except in the computations of the flushing time. Various
averages were computed for the reodings at each of these gaging stations for the
several days preceding the date of measurement (See Appendix C) to determine the
correspondence between these readings ond the salinity profiles of the river. It
appeared that the fresh/salt structure wos somewhat better related to the average
gaging station readings for the twodays preceding the date of measurement than to
any of the other choices, sothis is the value chosen for use with the grophs presented
below (Figures & through 15).

The freshwoter dischorge dota ore also presented in Fig. 4 in terms of the
percentoge of time that the discharge values were exceeded versus the discharge
volues themselves. it can be seen that during the period of interest the total dis-
charge for the three stations was at least 1341 ft?/sec for 50 percent of the time.
The discharge was greater than 176 ft*/sec 99 percent of the time, but it exceeded
9980 ft¥/sec only | percent of the tima.
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RESULTS

Only the general results of the abservatians af electrical canductivity, tempera=-
ture, andsolinityin the ThomesRiver are discussed here. The detailed results are pre-
sented graphically in Appendix A. One af the authurs (ABB) has alse camputed and
platted the saund-velacity prafiles ossaciated with the canductivity, temperature,
and salinity canditians far 14 af the 26 days. These graphs are presented in Appendix D.

TEMPERATURE

Figure 5A shows the variatianthraugh the year of the temperature af twaselected
nortians af the river: the deeper waters af New Landan Harbor and the near-surface
waters of the upper estuary. The temperature af the deeper half of the body af salt
water in the harbor varied ulmast sinusaidally thraugh the year, ranging fram a high
of 19.5°C during early September ta 1.1°C during early March, with an estimated
mean far the year af 10.4°C. Crassirgs af the mean value (extrapolated) accurred in
early December and early June. The temperature of the fresher water overlying the
salt wedge in the upper reaches of the river reflects the influence af seasanal land
and air temperatures. The temperature af this surface water was faund ta be nearly
the same as that of the underlying salt water during the winter, being o degree ar
twa calder during Januar, and February and o degree ar sa wormer than the salt
water during March., When the spring rains came, hawever, the temperature differ-
ential between the fresh surface waters and the underlying selt water increased
steadily fram a difference af 5.6°C an 7 April ta 7.6°C an 5 May 1969, then dipped
ta a difference af 5.2°C an 12 May befare increasing further ta 8.1°Can 9 June 1969.
During the preceding July, the freshwater temperature exceeded the salt-water tem-
perature by 7.5 ta 10°C.

ELECTRICAL CONDUCTIVITY

The values aof electrical canductivity for the salt woter also varied almast
sinusaidally, having a moximum in early Septembker af appraximately 42 miliimhas
per centimeter (mmhos/cm) and @ minimum in eorly March af obaut 26 mmhas/cm
(Fig. 5B). The near-surface woters af the upper reaches at the river had canductivity
values ronging fram @ maximum af 26 mmhas/cm an 9 Octaber 1968 (Site 13} when
there was law freshwater discharge and high water temperature, dawn ta less thon
1 mmha/cm during periads of significant amaunts af freshwater discharge .

SALINITY

Figure 5C shaws the variatian thraugh the year af the sea water salinity in the
lawer depths of the channel in New Landan Harbor at Site 2. The salinity of the
deeper half of this body o sea water was faund ta lie between 31.3 and 31.57%.-
during periad: of law freshwoter discharge, falling ta as law as 29. 3.5 May 1969
during the spring rains.

11
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shows the lemperoture variatien of the neor-surface waters in the upper reoches of the estuary, indicated
by the open cirzlas.)

At some places alang the river, near the outfalls of some of the larger industrial
power plants, plumes af warmer water have been abserved at various subsurface depths.
Studies of the shape, extent, and duration of these piumes require measurements of
finer spatial and temporal resalution than those reported here. Indications of such
plumes are seen in the temperature curves of the follawing figures in Appendix A:

12




Figure Site

A-5 7,8,9, 10, and 11

A-8 8 and 9
A<13 ? and 10
A-16 7
A-17 9
A-18 3and ¢
A-19 8 and ¢

Indication of a subsurface temperature maximumdidnat necessarilyresult in the
appearance of a subsurface canductivity moximum because the delay between
readings of temperature and canductivity (appraxinwutely ane-half minute) allawed
time for the boat ta drift away from the plume ar far the plume ta shift positian
(o matter of a few meters).

The accurrence of a subsurface temperature maximum was also observed in the
dota abtained in the thermal structure survey mentioned in the Intraduction. The
fallowing ..formotian was released through the courtesy af Mr. Daniel T. Hedden,
Northeast Utilities Service Compeay, Hartford, Cannecticut®:

The portian of the Thames River in the vicinity af the Mantville
electric power plant was intensively surveyed during the period
August 12 to September 24, 1968, to determine the temperature
distributian in the river and the relatianship of the temperature
ta the valume af bzuted coalant water being discharged fram the
plant. In the rzurse of these meosureraents, which were made far
the Nartheast Utilities Service Campany by the Marine Reseorch
Laboratory (Raythean), indications were faund of a sub=surface
temperature maximum which extended aver a limited regian in
the vicinity of the caalant discharge point. W, Owen has pra-
pased the follawing mechanism ta explain this sub-surface temper-
ature maximum, It appears that the caaling water far the power
plant is taken from waters below the holacline, and is heated by
passage thraugh the plant, then discharged (ot a shallower depth)
into the fresher water above the halocline, Even thaugh the
eated discharge water is warmer than the surface water, it is
mare dense and it sinks ta its awn density level, praducing @

13




sub-surface iemperature maximum in a stable density prafile.
The lecatian af the sub=suitace maximumupstream ar dawnstream
fram the discharge point varied with the tide phase, but main-
tained its identity far a significont length of time before being

dissipated. (Personal cammunicatian, Wadsworth Owen, July
196%.)

SALINITY PROFILES OF THE THAMES RIVER

The data en salinity versus depth were used ta develap langitudinal prafiles of
salinity distributian as a functian af lacatian alang the length af the river. A
camputer pragram was used ta perfarm a linear interpalatian between depths, and
the resulting cantours of canstant salinity were printed aut an a Calcamp platter.

The langitudinal prafiles of saiinity distribu’ian alang the river ore shawn in
chranalagical arder ir Figs. 4 through 12, The numbers assaciated with the cantaurs
represent values of salinity in parts per thausand. The ordinate values represent
depth in meters befow the river surface. Alang the right-hand margin are the date
af measurement, the time af accurrence af high ar law tide at the Cannecticut
State Pier {(near Site 4}, and the cambined value af freshwater discharge at gaging
statians Q, S, and Y averaged aver the twa days preceding the date af measurement .
The measurement site numbers are shawn alang the abscissa, and the time of measure-
ment ot each site are shawn alang the tap af each individual prafile. (The times
snown are lacal times: Eastern Standord Time far the data taken fram 1 Navember
1968 thraugh 21 April 1969, and Eastern Dayiight Time at-erwise.) The autline of ihe
river battom does nat represent the channel center depth but rather is the battam
depth at the point of measurement, generally to aneside or the ather af the center
af the chonnel. (The measured midchannel depths areshawn in Fig. 2.) At the tap
af each page, a map af the river reflects the surface salinity distributian far the
tapmast prafile in each figure.

Ta allaw visual camparisan between prafiles, the dividing line between the salt
water and the averlying fresh warer was chasen tabe the salinity cantaur representing
a vaive af ten paris per rhausana. Thot this is o reasonable chaice may be seen by
referring ta the salinity versus depth graphs of Appendix ¥ The 10 paris per thousand
value is the point at which the salinity value hos decreased ta appraximately 1/e
{ar ubout 37 gercent} af the maximum salinity value measured at a given site,

The !arge vertical exaggeratizn (250 : 1) gives an imnre-sionistic view af what
happens ta the fresh/salt structure far variaus values af fre- . =~ - discharge. The

14
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effect of the freshwater discharge upon thesalinity distributianin the river becomes
quite apparent as anescans the successive profiles and their accampanying discharge
values.

SALINITY STRATIFICATION

The salinity prafilesabave indicate that the Thames River is primarily a salt-water
iniet whase structure is madified by the frashwater inflow from its tributaries, The
amount af freshwater discharge varies sa widely that a classificatian af the river
accarding to its estuarine type cauld range from that af o twa~layer flaw type ta
a salt-wedge type af estuary.!* From the nature af the data, it appears reasanable
ta clossify this river as basically a two-layer flaw type with entrainment and with
varying degrees af mixing taking place, depending upon the river's cross-sectianal
autlines (thus, the current velacity profiles) faund along the length of the river.

Hansen and Rattray's suggest that the classificatian af an estuary be based an its
salinity stratificatian and circulatian, where

a. Zalinity stratiticatian is the ratio af the tap~ta=bottam salinity difference
to the mean salinity aver a transverse cross sectian af the river at same paint alang
its length, and

b. Circulation is the rotia af the net surface current velacity to the mean
freshwater velacity thraugh the crass sectian.

When data an surface currant velacity are lacking, as is the case here, anly the
mean freshwater velacity thraugh the sectian can be abtained {mean freshwater
velacity = freshwater discharge + cross=sectianal areaaf the river). The net surface
current velacity is unknawnso that the circulation parameter can nat he determined,
and a Hansen-Rattray type af clossificaticn can nat be defined.

It is of interest, hawever, ta plat salinity stratificatian versus lacatian alang the
length af the river far various valuesaf freshwater discharge. Figure 13* shaws the
saiinity stratificatian curves far datatakenduring periods af flaading and high tide,
and the curves af Fig. 14" represent data taken during periads af ebbing and law
tide. The effectsaf the river-bed tapagraphy upon the stratificatian became apparent
in this type af presentatian.

*The number baside each curva in Figs. 13 ond 14 is the rote (in cubic moters par second) of fresh.
watar discharge for the combinad recdings of the three goging sienions (&, 5, wind V] uveruged over ihe iwg
days pracading the date of meosurement.
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Consider the stretch of river between Sites 7 and 4 (See Figs. 13 and 14). The
river leaves the narrow channel at Site 7, braadens out into the wide turning basin
at the Submarine Base ond continues on down past Site & until it meets the con-
striction at the bridges below Site 5, then broadens out again into New London
Harbor. During ebbing ond low tide (Fig. 14), the solinity stratification values
decrease smoothly past Sites 7, 6, and 5. The stratification value drops sharply ot
Site 4, suggesting that possoge through the constricted region at the bridge has
brought about o significant degree of mixing of theriver waters. During flaod tide,
the incoming sea water apporently piles up at the constriction near the bridges,
thereby impeciing the downstream progress of the tresher waters of the river. The
ratio of fresh water to salt woter just above the bridges increoses so that the mean
salinity in thot areo is reduced, and this is indicated by the increased salinity
stratificatior: values at Site 5 (Fig. 13).

Effects of the constriction af Site 10 are also apparent. During flooding and high
tide, the salinity stratification values are alwoys lower at Site 10 than they are ot
Site 11 because, while the subsidence of the underlying sea water has-increased
the ratio of fresh water to salt water at Site 10, the subsidence of the level of salt
water ot Site 11 hos been impeded by the constriction of the river at Site 10, ond
the change in strotification value at Site 11 is retarded.

In general, for the river as o whole, it may be observed from Figs. 13 and 14
that for a given value of freshwater discharge, the salinity stratification values
are approximotely 30 percent higherduring periods of ebbing and low tide than they
ore during flooding and high tide.

LUSHING TIME

One of the characteristics of the Thames River Esti:ary which may be approxi=
mately calculated from the data presented above is the time required for o pollutant
to be flushed out of the river for various vaives of freshwater discharge. Various
methods have been used for calculating flushing times in estuaries,’® but in this
brief section we shall simply follow the treatment given by Bowden' to obtoin a
relation between flushing time ond freshwater discharge for o very special case.
The assumptions are (1) that the pollutant is introduced into the water at the heod
of the estuary, and (2) that the density of the pollutont is identicol to that of the
fresh water and is uniformly distributed in the freshwater inflow.

The flushing time, t, is the time neadad ta remove on accomulated volume,
F, of fresh water present at o given instant due to the rate of freshwoter influx
(i.e., the freshwaterdischarge), R. A steady stote is assumed, sa R alsa represents
the rote at which fresh water is being remaved from the estuary.
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The valume of accumulated fresh waterin the estuury wos estimated far each of
several s¢lected days by relating the amaunt of fresh water (S < 10%,,), shawn in
the salini‘y profiles (Figs. é through 12), to the surface area and river-bed tapagraphy
(Table Z and Fig. 2, respectively) bounding that particular valume of fresh water.,
The voluma was then divided by the estimated value of freshwater discharge for
that day to abtain the flushing time.

Figure 15 is a plot of flushing time as a function of freshwater discharge. The
letter R represents the combined volues of freshwater stream flow measured at
gaging statians Q, S, and Y averaged over the two days preceding the data of
rneasurement. As menticned before, R represents approxi:nately 80 percent (+ 6 or 7
percent) of the value of fi.shwater inflaw that actually enters Long Island Sound,
Therefore, assuming a relatively small cantributian fram streams alang the length
of the Thomes River, anather set of discharge values, R' = 5/4 R, has been platted
ta represent the assumed tatal freshwater discharge inta the head af the estuary. Far
small values of R (léss than & x 10° 1% /day), it was nat passible to estimate the
value of F fram the salinity profiles. The graphshaws that for the discharge vulues
narmolly expected for this estuary, the flushing time ranges fram abaut 1.5 ta 2 days.

This flushing time of 1.5 ta 2 days represents the very special case of a pollutant
hoving choracteristics virtually identical ta thase of the incaming fresh water. Far
the case of a pollutent v:hase density lies between that of fresh water ond salt water
and which becomes mixed with the river waters, the time needed to reduce the
concentratian af the pollutant to a negligible value with respect ta the tatal river
valume is estimated ta be appraximately 15 days."’

CONCLUSIONS AND RECOMMENDATIONS

Observatians of electrical canductivity, temperature, and salinity in the Thomes
River have been 'sed ta pravide o description af the salinity .'* ..ributian in this
estuary. Longitudinal prafilesaf salinity versus depth shaw thot the riverisbasically
a two-layer flaw~typs estuary, taking on the choracteristics of o salt wedge type of
estuary under conditionsof high freshwater dischorge. The freshwaterdischarge inta
the estuary isusually small, and during most af the year the riverisaf relotively high
salinity throughout its length. During periads of high stream discharge, hawever,
the head of the salt wedge moy be pushed several kilometers dawnriver by the fresh-
water flaw fram the major tributaries,

Salinity stratification has been plotted as a tunction of lacation olong the length
of the river far several values of freshwater discharge ta shaw the effect of river
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tapography upon the salinity structure during the ebb and flood of the tides. The
occurrence af some degree of turbulent mixing is indicated by the data in those
regions where sharp changes occur in the crass-sectianol area of the river.

The flushing time for a very special case was estimated from the solinity srofiles
to range from about 1.5 to 2 days, depending upon the amount of fresh water dis=
charged inta the river. This quantity moy be used to estimate the time required to
clear the estuary of a poilutant thet hos been introduced at the head of the estuary,
pravided that the pollutant density is virtually identical to that of the fresh water.
The flushing time for denser pollutants that have become mixed in with the river
waters may be on the order af 15 days,

The visual impressionsof the salinity profilesand thesal:; ity stratificationgrophs
have served o provide an intraduction to the fresh/salt structure of this river,
However, even though these profiles and graphs have numbers associated with them,
they might almost be cansidered more impressionistic and qualitotive thon quonti=
tative, for the river is dynamic and its charocteristics are constantly changing even
as one proceeds from one measurement site to the next, This is not to say that the
measured values are not valid, but rather that for proper interpretation of the
observed variations in the salinity distribution much more supporting information
will be needed. It is important thot meteorolagical dato such os wind speed and
direction, air temperature, and uplandrainfall data be obtained for the immediate
area.

The effects of the wind in piling up ar blowing away the surfoce waters at
various locations along the river and in causing abnormal tidal conditions would
appear to be a necessary consideration. Data on the river current velocity profile
at each measurement site will be of importance in determining the dynamics of the
ariations in the fresh/salt water structure. Transverse (cross-river) measurements
of conductivity, temperature, and salinity are needed to provide informotion on
the effects of eddy currents in the broad, shallow areas adjoining the novigation
channel,

The measurementsreported here were made for the specific purpose of determining
the fresh/salt water structure af the Thames River in support of a porticulor laboratory
investigatian. Na provisions were made ta obtain auxiliary informotion such os the
instartaneaus current velocity or the tide height at eachsite wi ihe time of measure-
ment. Future work will include provisions for simultaneously obtaining data on as
mony of the assaciated parameters as found necesscry.
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Related measurements will be mode as time permits. For example, a series of
current velocity measurementsisto be made shortly. Three Braincon ducted-impeller
current meters, mounted ot intervals along a staff, will be immersed vertically in
the stream to obtain current velocity profiles at selected sites along the river.
Meaosurements will be made first at sites having relatively narrow cross sections
(Sites 6, 10, ond 14), Subsequent measurements may then be made in the shallow
areas for studies of eddy currents,

Far the planning af future measurements, it is suggested that the river may be
divided intoseveral major sections according to the effectsof the topography of the
river bed upon the salinity distributionond thesalinity stratificationcharacteristics.
Such a division may allow a more meaningful description of the estuary for some
applications than would a general description of the river as a whoie. An arbitrary
division of the Thames River is shown on the map at the top of Fig. 14, where the
segments have been designated as A, B, C, D, and E (See also Table 3). These
quite natural divisions are bounded as follows:

A — New London Harbor — bounded at the mouith by a line connecting Eastern
Point, Groton, with the New Llondon Ledge Light and ot itsnorth end by the
railrood and highway bridges.

B — Coost Guard-Submarine Base Area — bounded at its lower end by the
railroad and highway bridges and at its upper end by the topof the wideiy
dredged turning basin near Smith Cove.

C = Harvard=Yale Boathouse Area — boundedat its lower end by the beginning
of the narrow channel near Smith Cove and at its upper end Ly the con-
striction of the river at the location of the overhead power cable crossing
just above Horton Cove.

D — Massapeag Shallows Area — bounded at its lower end by the constriction
of the river at the overhead power cable crossing ond at its upper end by
the Mchegan-Pequot Bridge. Theriver is spreod out over a relatively large
exponse of shallows to one cr the other side of the channel.

E — Long Rock Dike Area == bounded at its lower end by the Mohegan-Pequot
Bridge, andat its upper end by the Norwich tidal basin. This area features
severol stretches of rock dikes along the sides of the navigation channel.

Far some appiicotions in acoustics and eiectromagnetics, questions arise
concerning prediction of characteristics of estuaries in general . How can one predict,
for example, the expected thickness of the freshwater iayerand the thickness of the
transition layer between the fresh and solt waters ot any desired location along on
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estuary, given the upland freshwater discharge, the tidal and current infarmatian,
and the meteoralagical data far that areo? By what parameters may ariver or estuary
be characterized in arder thata minim:'m af sampling is required far an instantaneaus
readout af salinity distributian? [t would appear that a judiciaus chaice af the
parameters ta be measured cauld lead to a rapid hit~and=run technique that wauld
require only that the sampling be dane during a specific set af ~anditians, such as
at a certain tide phase immediately follawing a significant rainfall.

The experience ta be gained in studying the Thames River, which is right at

aur awn daarstep, will add much ta our capabilities far future studies af ather
estuarine areas.
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Appendix A

GRAPHS OF CONDUCTIVITY, TEMPERATURE, AND
SALINITY VERSUS DEPTH

The fallawing 28 sets of grophs shaw the prafiles of canductivity, temperature,
ond salinity values as a functian of depth at eoch of 'he measurement sites an 26
different days. The conductivity and aFG scales are the same (0 ta 40 units)
for all the grophs. Hawever, it shauld be nated thot olthaugh the temnerature scales
are all eight units wide, the scale limits have been shifted as necessary to accammodate
seasonal chonges.
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Appendix B

LOG OF MEASUREMENTS MADE IN
THE THAMES RIVER

A log of the meosurements made in the Thomes River from 5 July 1968 through
9 June 1969 is contained in Toble B=1, Also included in the toble is a listing of
the wark done ond the reoson(s) for discontinuonce.
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Table B-1

LOG OF MEASUREMENTS MADE iN THE THAMES RIVER FROM
5 JULY 1968 THROUGH 9 JUNE 1969

Date Data (%) Weather
3 5 Jul 1968 100 Clear
12 Jul 1968 100 Clear
19 Jul 1968 65 Overcast
Fog and rcin
5 Aug 1968 75 Cleor
11 Sep 1968 43 Overcost

High winds and
rough water

1 16 Sep 1968 100 Clear
Wind N 5 knats

26 Sep 1968 31 Portly cloudy
Rain and fog in
morning

Wind NE 10 knots

9 Oct 1948 81 Clear
Wind NNE

16 Oct 1968 75 Fog
Winds W 15 knots
Seas 1=2 ft at Site |

25 Oct 1968 12 Overcast
Fog and roin
1 Nov 1968 68 Clear
Winds N 5 =10 knots
18 Nav 1948 50 Clear
9 Jan 1969 37 Clear
Wind NNW 8 knots
14 Jan 1969 50 Clear
Wind 20 knots

Ice ohove Site 10




Table B-1 (Cant'd)

LOG OF MEASUREMENTS MADE IN THE THAMES RIVER FROM
5 JULY 1968 THROUGH 9 JUNE 1969

Date

Data (%)

Weather

22 Jan 1969

27 Jan 1969

100

68

Clear
Wind NE 10 knats

Partly cloudy
Wind NW 20 knats
lce above Site 11

5 Feb 1969

12 Feb 1969

20 Feb 1969

3

100

100

Partly claudy

Ice above Site 7
Winds WNW 20 knets
Seas 2-3 ft at Site 1
Visibility 10 mi

Clear

Winds calm
Seas calm
Visibility 10 mi

Overcast

Winds NMNE 20 knats
Seas 1-2 ft
Visibility 10 mi

& Mar 1969

13 Mar 1969

20 Mar 1969

100

75

Clear

Winds calm
Secs calm
Visibility 10 mi

Partly claudy
Winds NW 5 knats
Visibility 8=10 mi

Clear

Winds calm
Seas calm
Visibility 10 mi
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Table B-1 (Cant'd)

LOG OF MEASUREMENTS MADE IN THE THAMES RIVER FROM

5 JULY 1968 THROUGH 9 IUNE 1969

Date

Da ta (‘70)

—

Weather

27 Mar 1947

93

.
Partly claudy

Winds NW 25 knat.
Seas NW 2 ft
Visibility 10 mi !
Raugh seas at

Site 1 prevented
measurement

7 Apr 1969

2) Apr 1969

28 Apr 1969
30 Apr 1969

(hl Jr-liver

and dawnriver)

87

12
30

Clear

Winds W 5 knats
Seas calm
Visibility 6-7 mi

Partly cloudy
Winds SE & knots
Seas calm
Visibility 10 mi
Clear

Partly claudy

Winds NE 10-15 knats

Seas NE 0-1 ft

Visibility 8 mi

Aborted because aof
threatenad rain

" 5 May 1969

12 May 1969

€1

100

Clear

Winds caim
Seas calm
Visibility 10 mi

Clear
Winds W 10 knats
Seos calm

Visibility 14 mi

2 un 1949

69

Claudy
Winds 10=15 knats
Visibility 5 mi




Appendix C

SUPPORTING DATA FOR SALINITY STRATIFICATION CURVES

The tobles included in this appendix are provided taindicate thedata that were
used in deriving the graphs of salinity strotification versus losatian alang the river
(See Figs. 13 and 14 in the main text). The tables are as fallaws:

Toble

C-1
C-2

C-3
C-4

C-5

Conversion table far the units used.

Tatal daily discharge values far the Quinebaug, Shetucket, and
Yontic River gaging statians.

Variaus averoges af freshwater discharge values.

Meosurement dates in order of decreasing volues af freshwater
discharge.

Arbitrary division of measurements inta twa groups far platting
salinity stratification curves.

Tables af salinity stratificatian values,

Table C-1
CONVERSION TABLE FCR THE VARICUS
UNITS USED
Ta canvert To Multiply by
m¥/sec | ft*/sec 35.3144
EE e {ft’/sec m3/sec 0.02832
.. (m/sec knats 1.944
Velcc"y{knoh‘ m/sec 0.5144
m ft 3.2808
f m 0.3048
Length 3 i - 1852.
m nmi 5.396 x 10~
ift? m’ 0.09z9
Ared 2 fr 2 10.764
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foble -2

TCTAL OF DAILY DISCHARGE VALUES OF QUINESBAUG, SHETUCKET, AND YANTIC RIVERS
A5 MEASURED AT GAGING STATIONS Gi, $, AND ¥ (11" /1ec)

| Day 1968 1969
of t———
Manith ] Ape May Juts Ml Aug Sep [+ 3] Moy Dec Jon fab Mhar Apr May Jun
A l S126 218 3460 s 422 244 00 354 10ss | 2790 Mls 1060 5K %78 1482
7 | oa7BE %% 3189 907 4% 241 00 J44 10% | 285 18w 017 97 3 1288
| 3 | e ue am v an ) 138 344 1150 | 2150 187 018 M3 3002 1272
P W2 1755 M7 W 4% 231 i a3 sm | e wm 1059 206 105 N7
"5 | avez 1e28 sl 872 w07 289 06 30 4835 | 1514 1483 1087 w74 96 98s
s W9 1% 2 e w2 72 27 07 o | 1340 % 1084 w% s 89l
7 3238 1503 W e 189 380 78 346 w0 | 1313 118 1047 7003 W68 M
8 63 1368 1894 1327 an 385 a9 55 wm [0 a7 12738 8497 s 822
9 | 271 1305 1807 1238 344 4dd 426 s% el | 1796 1094 124 $5 wm 7
0| 08 an e Iz 3% e ©07 84 w2l um ne 1263 5027 4402 &%
o 268 126 186 1018 T sy |/ 1609 1344 | N2 a3 183 455 wm 713
I 12 008 s 2991 948 639 m s s | wes 1377 124 010 MW 853
13 1940 331 Sed M 53] 430 3 278 10 | 03 1220 1153 e W% 782
’ 14 14y 291 3137 %08 477 558 a7 285 1359 | 1013 17 179 NN uer
| s 1924 2271 49 382 4h 789 £ S P2 U PLVRN T VR TT ) 1259 w05 2% M2
1 B4 1957 1B 85 3% 752 85 131 3844 | 9ss 101 1375 7H W 9%
1”7 1780 1903 MW 7 62 788 245 e W95 | ew 012 1521 2w %02 107
18 1873 779 3z el 396 %5 W 152 %7 | ST 1044 1960 W18 17w %)
19 1593 2229 2889 NS4 262 s08 4 eRe 2229 | 088 1043 2605 5528 1433 oM
2 1506 2%9 3150 1080 M4 7 7 19 we | 1229 107 N 219 w7 29
7 1439 2495 312 867 W7 284 e 4z 1887 | 12 wm 4483 614 ad1® Az
7 423 17 1566 T8 M2 2% 33 1438 a2 | 037 1047 5924 M W72 81
B | e o NN T w7 8 176 1218 W25 | 121 1006 5148 10830 WS 727
2 19 270 W8 &2 W2 221 1971085 M7 | 142 113 s14 948 297 754
28 % mH 1?7 2 s 2 B4 M 1939 | 225 114 11440 oM 2630 WP
2 wse 1949 el e 317 8 B 87 1758 | 2496 1241 10500% 8l M79 Tie
7 | wm v 3903 s 29 us ¥ s 7 | owm nor 2227 6235 1M
3 M6 1540 487 488 18D 258 O 8313 1820 | 147 11 9829 /4 1999 4u2
| = | W0 1984 sMP a3 271 125% 97 1935 e [ 195 8437 4516 17w 554
I w0 omaz a2 a2 47 268 24 W e 3 | 137 7224 W% 1832 497
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Toble C-3
VARIOUS AVERAGES OF FRESHWATER DISCHARGE FROM 5 JULY 1948 THROUGH 9 JUNE 1989 (it !/sec)
Month Discharge on | Average Dischorge | Discharge on | Averoge Discharge [ Dischorge on | Averoge Dischorge | Average Discharge
3:: Doy 1* for Doys 1,2°° Day 2 for Days 2,2’ Day 3 for Days 1,2,3 for Days 2,3, 41
Jl 5 1872 1949 202 2212 2297 2098 247
12 948 987 1025 1069 1Mz 1028 1125
19 1154 __1988 1021 9% 7 962 882
Auvg 5 407 4N 438 454 471 438 458
Sep 16 752 7 789 728 648 736 698
26 299 256 212 217 221 244 221
Qct ¢ 426 422 419 a8 37 408 355
16 183 262 338 343 347 9% 349
Nov | 354 364 an 78 82 kI 384
Jon ¢ 1296 1298 1300 1307 1313 1302 1219
14 1013 1026 193¢ 1062 1085 1046 1043
22 13z 1233 1229 1229 1229 1232 s
27 2039 2268 2496 2511 2525 2687 2154
Feb 35 1443 1570 1678 167 1674 1605 1720
12 1377 1360 1343 1252 1150 1293 119%
.t 1923 1333 1043 1044 1044 1037 1033
Mar 6 1084 1086 087 1970 1053 1075 1052
13 1152 1140 1Nz 1159 1183 1154 1191
.t N 2889 25605 2282 1960 579 2029
27 12227 14564 16900 14170 11440 13522 1151
Apr 7 7483 7809 7936 6305 4574 6764 5505
2 6344 7282 82.9 6874 5528 5487 5521
30 3959 4238 4516 4795 5074 4516 5275
May 5 2496 2600 2705 2854 3002 2734 017
12 M0 374 aves 4205 4482 943 kFard
Jun ¢ 79 780 8 873 924 828 879

"Day 1 is the dote of meowrement.

**Day 2 it the day before the dote of measuremant,
Day 3 is twa days befaore the dote of meowrement.
oy 4 is three doys before the date of meour-.sent,
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Table C-4

MEASUREMENT DATES IN ORDER OF DECREASING VALUES OF FRESHWATER DISCHARGE
FROM 5 JULY 1968 THROUGH ¥ JUNE 1969

Discharge an | Average Discharge |Discharge on | Averoge Discharge | Disci-arge an | Averoge Discharge | Average Discharge
Duy 1° Day: i,2°* Day 2 Days 2,3' Jay 3 Days 1,2,3 Days 2, 3,4!
Mar 27 Mar 27 Mar 27 Mar 27 Mar 27 Mar 27 Mor 27
Apr 7 Apr 7 Apr 21 Apr 21 Apr 21 Apr 7 Ape 7
Apr 21 Apr 23 Apr 7 Apr 7 Apr 30 Apr 21 Apr 21

| Apr k4] Apr 30 Apr 30 Apr 30 Apr 7 Apr 30 Apr 30
May 12 May 12 May 12 May 12 May 12 May 12 May 12
Mar 20 Mar 20 May 5 May 5 May 5 May 5 Moy 5
May 5 May 5 Mar 20 Jan 27 Jon 27 Jan 27 Jul 5
Jan 27 Jan 27 Jan 27 Mor 20 Jul 5§ Mor 20 Jan 27
Jul 5 Jul 5 Jul 5 ! Jul 5 Mar 20 Jul 5 Mar 20
Feb 5 Feb 5 feb 5 Feb 5 Feb 5 Feb 5 Feb 5
Feb 12 Feb 12 Feb 12 Jon 9 Jan 9 Jon ¢ Jan 9
Jan % Jan 9 Jon 9 Feb 12 Jan 22 Feb 12 Feb 12
Jul 19 Jan 22 Jon 22 Jan 22 Mar 13 Jan 22 Mar 13
Mar 13 Mar 13 Mar 13 Mar 13 Feb 12 Mar 13 Jan 22
Jan 22 Jul 19 Mor & Mar 6 | Jul 12 Mar ¢ Jul 12
Mar o Mar & Feb 20 Jul 12 Jan 14 Jon 14 Jan 14
Feb 20 Feb 20 Jan 14 Jon 14 Mar & Feb 20} Mor &
Jan 14 Jon 14 Jul 12 Feb 20 feb 20 Jul 12 Feb 20
Jul 12 Jul 12 dui 19 Jul 19 Jun 9 Jul 19 Jui 19
Sep 14 Jun 9 June 9 Jun 9 Jul 19 Jun 9 Jun ¢
Jun 9 Sep 16 Sep 16 Sep 16 Sep 16 Sep 16 Sep 16
Cct ¢ Oct ¢ Aug 5 Aug 5 Aug 3 Aug S Auvg S
Aug 5 Aug 5 Oct ¢ Qct ¢ Nav 1 Qct 9 Nav 1
Nav 1 Nav 1 Nav | Nav 1 Qct 9 Nav | Oct ¢
Sap 26 Cct 16 Oct 16 Qet 1 Oct 16 Oct 16 Qct 14
Qct 16 Sep 26 Sep 26 Sep 26 Sep 26 Sep 26 Sep 26

‘Day 1 is the date af measurement,

“iDay, 2 is the day before the date of measurement.
Day 3 is twa days before the date of measurement.
*Day 4 is three days befare the date af measurement,
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Table C-5

TIDAL CONDITIONS DURING THE PERI1ODS
OF MEASUREMENT

FLOODING & HIGH TIDE EBBING & LOW TIDE
Apr 21° High-2.3hr| Mor 27 Low-1.2hr
Apr 7 High-2,8 Apr 30  Low-4.C
Moy 5 High-1.8 May 12 Low-2.8
Mor 20 High Jon 27 Low+(.3
Feb 5 High-0.4 Jul 53 Low-1.3
Jon 9 High Feb 12 Low=-0.3
Jon 22 High-1.9 Mar 13 Lowt(,1
Mor & High-0.4é Jon 14 Low-0.8
Jul 12 High-1.5 Jun 9 Low-2.1
Feb 20 High-2.2 Sep 16 Low-1.2
Jul 19 High-2.8 Aug 5 Low-3.2
Oct 9 High-1.6 Nov 1  Low
Sep 26 High+1.5 QOct 16  Low*1.0
FLOODING HIGH EBBING LOW
R EEEEEEEEE
!
5 Jul i Sipe 1 Site 18
12Jul A
19 Jul  —— | B ——
5 Aug L
16 Sep : b 18
26 Sep St
9 Oct — —
1& ﬂtl _._.Jl ! | "
1 Mow : L —
9 Jan —_—
14 Jon I d——
22 Jon ' S
27 Jen ; —_—
5 Feb Lyt |
12 Feb ' - L
20 Feb —ti :
& Mor — o
13 Mar | -.'——q——i
20 Mar 1 16
27 Mar 5 . a1
?ﬁ.Pr —— e
A —— |
30 Apr LR
3 May = - —— :
12 May [ T o
7 dun ! L N

*{The dutes are orrunged in order ot decreasiag volues of freshwater

dischorge given in Table C~4 for the overoge cf days 2 ond 3).

(x marks the timz of each Site 4 meosurement).
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Table C-é

SALINITY STRATIFICATION® FOR FLOODING AND HIGH TIDE AND EBBING AND LOW TIDE
FROM 5 JULY 1948 THROUGH 9 JUNE 1949

a. Flooding ond High Tide

72

S, meon solinity through river crom section

Site Na, | 21 Apr [ 7Apr |5 Moy | 20Mar | 5Feb | 22 Jon| &Mor | 12 Jul | 20 Feb | 12 Jul | 9 Oct
(Upriver)

1 0.6% 0.586 10,233 | 0.283 0.044 | 0.019 | 0,038 | 0.005 | 0.024
2 0.758 0.66% 10,338 | 0.3%1 0.203 [ 0.128 | 0.1485 | 0.057 0.C35
3 0.807 0.736 | 0.431 | 0.413 |0.234{ 0.143 | 0.174 | 0 2?33 | 0.090 | 0.138 | 0.0
4 0.894 0.855 | 0.626 | 0,526 | 0.439| 0.229 | v.252 | 0.235 | 0.135 | 0,199 | 0,072
5 1.02 0.967 |0.721 | 0.574 | 0.569 | 0.3001 | 0.290 | 0.423{ 0.191 | 0.204 { 0,136
-] 1.02 0.954 | 0.643 0.329 | ©.260 1 0.274 | 0.449) 0.175 | 0,398 | 0.128
7 1.25 1.17 0.792 1 0.771 | 0.683 ) 0.348 | 0,335 | 0.4256 | 0.231 | 0,496 | 0.123
8 1.29 1.25 1,851 { 0.788 0.388 | 0.421 0.220 [ 0,627 ) 0.095
9 1.3 1.31 0.80% | 0.872 0.526 | 0,392 | 0.533 | 0.285 | 0.722 | 0.274
10 1.43 1.43 0.895 | 0.988 0.595 | 0.538 | 0.564 | 0.320 | 0,749 | 0.24%
1 1.66 1.84 0.991 0.684 | 0,600 | 0.636 | 0.326 | 1.00 0.9
12 1.82 1.95 1.13 1.10 0.7B5 | 0.848 | 0.840 | 0.442 } 1.38 0.408
13 1.94 2.12 1.22 0.924 | 0.895 | 0.970 | 0.507 0.355
14 2.66 317 1.52 1.03 1.09 1.20 0.743
15 3.27 1.0é 1.17 1.19 0,890
14 1.52 1.04 1.13 1.18 0.683

o, Ebbing ond Low Tide

Site No.| 27 Mar 7 Apr J0°Apc 112 Moy |27 Jan | 5 Jul | 12Feb |13 Mar | 14 Jon | 9 Jun | 16 Sep | 5 Aug T8 Oct

{Downriver)

1 0.531 0.312 | 0.291 | 0.100 | 0.082 | 0.145 {0,092 0,182 | 0.024 | 0,014 | 0.022
2 0.4648 0,406 | 0,809 | 0,182 {0.068 | 0.18& [ 0,134 0.178; 0.102 | 0.076 | 0.088
3 0.948 0.601 0,603 | 0,839 | 0,302 [ 0.076 | 0,029 ;0.147 | 0,198 | 0.104 | 0121 0.118
4 1.07 0.825 { 0.901 | 0.539 [ 0.084 | 0.224 |0.277 | 0.234 | U.50¢ | 0.226 | 0.182 | 0.1
5 1.40 1.02 0.913 { 1.01 | 0.443 | 0.750 | 0.280 | 0.333 0.511] 0.2720 | 0.225 , 0.179
[} 1.51 1.02 0.960 | 1.08 | 0.478 | 1.0 [ 0.464 | 0,407 | 0,460 | 0,502 | 0,344 0.205
7 1.467 1.27 1.05 | 1,30 [ 0.B46 | 1,09 | 0,662 |%.430 1 0.780 [ 0.709% | 0.462 | 0,292 | 0.234
8 2.03 1.30 1.06 [ 1,34 [0.875 | 0.11 | 0.718 | 0.4%4 | 0.881 | 0.449 | 0.475 | 0.41F | 0.253
9 1.32 1.3 C.932 {1.13 | 0.480 | 0,561 | 0,912 | 0,733 | 0,633 | 0.551 | 0,314
10 2.82 1.38 1.34 | 0.%74 | 1,21 | 0,801 | 0,623 | 0.997 | 0.884 | 0.732 | 0,611 | 0,349
1 1.66 1.2/ |0.978 |1.22 | 0.794 | 0.597 0,928 | 0.702 0,354
e 1.7 1.83 1.28 | 1.00 0,729 0,428
13 2.02 .7 1.4 | 113 0.897
14 3,27 1.84 1.48 | 1.22 1.02
15 i 1.64 1.5 }1.38 1,03
15 1,42 1.49 1.51 1.11

L

6% top-to~bottom salinity difference




Appendix D
GRAPHS OF SOUND VELOCITY VERSUS DEPTH

« pragram prepored by the Data Andlysis and Camputing Center at NUSC
wos used to colculate the sound veiocity as o function of temperature, salinity,
depth, and latitude. The pragiam is based an Wilson's equatians,®’ which were
develaped by least-squares fit fo 581 measured points in the temperature range
-+ C <T < 30°C, the pressure range 1.033 kg/cm? <P < 1000 kg/cm?, and the
salinity ronge 0%/, <S5 <37 %, -

The equotion for the speed of sound in seo water is given by

Vo= 144914 +V, + V + Vo + Vo,

4.5721T - 4.4532x10°2 72— 2.6045 x 104 T3 - 7.9851 x 10 T*

> 1.60272 x10°" P +1.0268 x10°° P2 4 3.5216 x 10-° P? — 3.3603 x 10-'2 P4

1.39795 (5-35) +1.69202 x 10-3(5-35)?

srp = (5-35)(-1.1244 x10-7 T+ 7.7711 x 1077 T? + 7.7016 x 10-5 P — 1.2943 x 10-7P?
+3.1590 x 10°8PT + 1.5790 x 10°°PT?) + P(~1.8607 x 10T + 7.4812 x 10" T2
+4.5283 x 10°9T?) + P?(-2.5294 x 10-7T + 1.8563 x 10°7T?) +P3(-1.9646 x 10°'°T),

< L < <
L4 -1
[ (N TR |

where

Vi, Ve, Vg, Vgrp ere chenges intreduced by tempereture, pressure, selinity, end
simulteneeus chenges dua to ell three paramaters,

The measured data easily fit the ronge of the equatian. However, the sound-
velocity profiles represent the velecity structure anly at the time of measurement
of the physical parameters. A velocity contour con not be estoblished nar can
anything be said about future predictions.

D‘w. [ Wilsan, "'Equation for the Speed of Scund in Seo Waoter,' Jaurnc! of tha Acoustico! Sudiely of
Americo, vol. 32, no. 10, October 1960, p. 1357,
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