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ABSTRACT

A dys tracer study was conducted in the Weymouth Fore River,
Quincy, Massachusetts for the purpose of determining the tims
required to remove or reduce to permissible concentrations.any . .
contaminai‘:ing material releas;ed as a point source in the river.
The test consisted of releasing a quantity of Rhodamine-B dye
into the water and monitoring the dilution and dispersi'on of the

dys by continuous fluorometric analysis of the water and by - =

4
i
i
t
!

asrial photographs of the dye patch. Results of the test are

[/

compared with theoretical flushing times computed previousl&.
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PIETD RET BT, JEYMZUTH FCRE RIVER
GYE CTSFERSAL TEST,

QUINY, MASSACHUSETIS

Yo INTRIDUCTION

The Oceanographic Office has ccuipleted thecrcticel studies of
tv» flushirg cheracteristics of 17 harbors ,and estucries in the
Inited States. In order to evaluate the results cf il zse theoretical
stulles. prototype fleld dye disperssl tests were larr=n for
several of tle haerbors end estusries exkibiting 1iff:rent physical
characteriztics. Ime of these, the Weymouth Fore River rt
Juirey. sessechusetts, was selected because the tl-cretical reycort
was Lasel on a very limited amcunt of data.

Ir an astuary such ps the Weymcitl. Fore River {Figure 1},
three principal methocls can be used for predicting trhe aliution
and dispersicn of & contaminent. These are discussed in detail
in reference {1} of the bibliography. Briefly, these methods are-

a. Tidel priem method =-- Basically, in this method the
rate of dilution and dispersion of a contaminant depends on the
total volume of water transported seaward through a given seg-
ment of the estuary defined by the average excursica of a water
rvarticle ¢ the flcod current.

Y. Tifluzicn eouation method -- When & coefficiant of
diffusion can tz determinzd, the rete of dilution arnid c¢laperalo
of a conteminant by the ratural turbulence in o water body may

ve predl cled.




¢. Advection mathod ~- The movement of a contaminant released
in a tidal estuary may be predicted from a knowledge of the tidal
currents in the estuary. |

The results of the Weymouth Fore River dye dispersion test are
reported herein, and compariscns are made, when possible, with
the theoretical results in an attemothto datermine the validity

of the above methods as applied to this area.

II. TEST PROCETURES ANT DATA

A. General test procedures -~ The genersl test procedures
were similar to those followed during dye dispersion tests con-
ducted previously in Mare Island Strait, Califcrnia (2) and
Pearl Harbor, Hawaii (3). These consisted of releasing a quantity
of a fluorescent dye (Rhodamine-B or fluorescein) into the water
and monitoring its dilution and dispersion until the concentration
decreased below the threshold of the sampling equipment or until
other factors such as weather conditions, ship traffic, etc. re-
stricted moniporingc Sampling equipment consisted of a Turner
Model III Fluorometer equipped with a contimuous flow.sample .
compartmsnt and attached recorder. This squipment is capable of
detecting, under optimum conditions, concentrations as low as

two varts of dye per hundred billion parts of water. The Fluor-

‘ocster and attached recorder are compact portable instruments that

can be mounted easily sboard a small vessel for continuous analysis
of water samples as the bost traverses the dye pateh in a harbor

or estuary. Water from selected depths is pumped through the




Fluoremeter which continuously measnres the dye content of the
water, thus providing a comprehensive record of the dilutiﬁn
and dispersion of the dye throurhout a harhor or estuary.

Sampling proccqure during this test was similar to that
felloved during nrevious dye Aispersal tests conductad by this
Offiea. Throughout the part of the t=st whan the dye patch was
plainly visible, the urocedure consisted of traversing the dys
patch at specified time intervals to determine the spetial dis-
tribution of dye within the octch. Sampling throughout the test
was limited almost entirely to a depth of enproximately 6 feet
because of the larze regions of shallew water. Howaver, in the
desper waters of the channel and harbor proper, the sampling hose
was verlodically lowered to the hottom in order to determine the
denth to which the dye had penetrsted.

To supplemsmt the data obtainsd by water sampling, aerial
photographs of the dye patch were taken at 30-minute intervals
after dye release except for two photographs taken 10 and 15
minutes after release. Photograohs were discontinued at 1230
(3 hours 15 minutes after release) when the dye patch became too
diffuse for zorisl photogranhy. The scale of the ohotographs
varied considerably because they were taken at various camera
angles from different altitudes. To presemt a comprshensive
pieture of the movement of the dye patch in the river, the out-
line of the dye natch determined from each of the ohotographs was

reduced to the sams scale and reoroduced in Figures 2 t+hrough 8,




After 113C, c.ly the leading edge of the dya patch is shown because

the trailing edge had become so diffuse that a well-defined out-
line could no longer ba determined.

After the dye patch was no longer visible, ths szampling
proesdure consisted of designating a numher of stations through-
out the test arza (Ficure 1) and messuring the dys concentration
at various times ai each of the stations encompassed by the dye.

B. Preliminary survey -- On 12 September 1961, several
sampling runs were made throughout the Weymouth Fore River, Town
River Bay, Hingham Bay, and Hull Bay to determine the background
fluorescance of ithe water. The background, which consists of the
natural fluorescence of the wuter and false readings of fluorescence
caused by turbid water, remained relatively constant throughout
the area. However, in shallow waster, where turbid water was prev-
alent, the backgrounc varied considerably and introduced some
srror into tha final results of the test, although corrections were
made whenever possible to reduce the error to a minimum.

C. Test data -- The dye dispersion test was conducted in the
Weymouth Fore River during the period 13 through 20 September 1961.
On 13 September, anproximstely 30 gallons of a solution contsining
100 1b. of Rhodamine-B dys were released ss a point source in the
Weyrouth Fore River at tho point indicatsd in Figure 2. The dye
golution (initial concenmtration 0.L0 g/cr) was released at
0915 EDT, approximately one hour after slack befare flood. Ime

mediately after release, the dys was carried southward in the

h




Weyeowth Foro s rep by th2 flood current- The dye was trans=
ported into th: shallow embayment south of North Weymouth and
southward thrcoush the Weynouth Fore River as far as East Brain-
tr2ze. The majs— rart of the dye wemained eutranped in thig general
cocion (Figare 9V :nd zeted as a continuous source, with 2 slow

net outward flcw of dye. The progression of the dye natch from

the time of r2ls:z<e until the patch wias no longer visible is in-
dicated in igurss Z through 8. These fizuvres rmre constricted

primorily fro.. (e 2erial nhotographs of ths dy2 wmetcehs

From 13 through 20 September, dye concentrations were measured
at various tiwe intervals at 2s many of the sampling etations as
pessible. Th: dye concentrations for various times a2fter release
a2t selected stations are listed in Table 1. Maasurements of dye
concentraticn also were made at stations octhar than those listed
and, in addition, concentrations were measured continuously
while transiting batveen stations. These deta are not listed be-
cause the data for the stations indicated in the table wers
considered sufficient to present a general picture of the dye
distribution.

The measurements of dye concentration at the 6-feot depth
were plotted on a chart of the area, and isopleths of dye ron-
centrat on were drawn; Figures 10 through 12 show the distribution
of dye det,?rmined by this method. Isopleths were not -'rawn for

times greater than 126 hours after relesse because the spatial

s e/ o ksl




concentrat.on of dye indicated 1ittle variation throughout the
test area.

The actual configuration of the dye pateh at all times was
more irregular than shown in the figures, and smooth isopleths
wora drawa to present a goneral 'description of the distribution
arnd movement of ths dye. Measurements of dye concentrations at
all stations and betwsen stations were considered in the con-
struction of the isopleths, although the data are not listed in
the tables. Lowast concentration indicated in the figures is
1 x 10710 :/ce;  lower concentrations were measured, but the
reliability of the cata dicreased rapidly below this value because
slight background variations introduce a significant error at
these low concentrations-

The time required to comolete a circuit of the dye patch
and measure the dys concentration at each station within the patch
varied considerably. The time elapsed depended on the areal ex~
tent of the dye nmatch and the number of delays caused by equipment
maintenance and ship traffic. To obtain a completely accurate
onicture of the dye distribution throughout the test area, the
measurzaments would have to be made simultaneously at each station.
However, the error introduced by nonsynootic sampling was considered
negligible because of the slow change in the dye distribution
Aduring thz latter part of the test. |

Pizures 10 through 12 clearly indicate the region in which
the dye was emtrapped. The figures aslso show that the dye moved

slowly out of the region of entranmemnt through the Weymouth Fore




River and into Hingham Bay. The net outflow of the dye continued
througnout the test period, and by 20 September, the fiml dtygf\\
the test, concentrations had been reduced to values near ch!‘eg'mn&;—j;
level.

Because of the low dye concentrations in Hingham say, the
direction of movement of the dye in the bay was difficult to
determine accurately. However, from the limited amount of data
obtained, a net ocutflow through Nantaskst Gut and West Gut is
indicated. The major outflow through Nantasket Gut tends to
verify the resultant current chart in the theoretical report.

The dye also began moving into Town River say with the flood
following the first ebb after release as predicted in the theoretical
rerorty because of annroaching darkmess sampling was discontinued
shortly after the flood begen. From the data cbtained it is
estimated that a maximum dye concentration of avoroximately 1.0
1.0 x 10~7 g/ce was reached in Town River say at about 15
hours aftar release. The dye remained in Town River say through-
out the tect, with a net outflow into the Weymouth Fare River

which proceeded at about the same rate as the outflow from the

ma jJor region of entrapment south of North Weymouth.

The decrease in concentration of the dye with time is showm
in Figure 13. The curve represents the highest concentretion of
dye measured at a depth of 6 feet at various timss after release,
regardless of location. The most significant feature of the curve
is the ranid decrease in concentration during the first two hours

sfter release which my be attributed to the initial dilution by
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the receiving waters. Thereafter, concentrations decreased at a
mach slower rate until they reached the background lsvel. Figure
13 also shows the tims~-concertration curve for Town River Bay,
which indicates the estimsted peak concentration and the observed
decrease in concentration. |

The test results indicate the behavior of a contaminant released
as a point source near slack before flood, ons of the worst possible
times for a contaminant release in the Weymouth Fore River. A
release at slack befors ebb or during the ebb would result in an
outward (northe~sterly) transport of the contaminant. The con-
taminant would be carried into Hingham and Hull Baye, and part
would be transported out of the bays through Nantasket and Weat
Gut. On the following flood, the direction of flow would reverse
and the contaminant, greatly diluted by the volume of water in the
river and bays, would be carried back into the Weynouth Fore River
and Town River Bay where it would follow essentially the same
course as that described in this dye test. However, conceéntrations
would be much lower, entraoment would not be as grest, and the
flushing rate would be more ravid than for a contaminant released
8t slack befors flood or during the flood. A dye test to describe
the behavior of a comtaminant relsased at elack before ebb had
been vlanned, but inclement weather forced a cancellation of the

test.

III. COVPARISON OF THEORETICAL AN™ TEST RESULTS
The orincipal aim of the test was to compare theorestical and
observed Adilution and dispersion of a contaminant in the Waymouth

Fore River.
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4. Modified tidal prism met..hod -~ In the theoretical study
of the Weymouth Fore River, the modified tidal orism nthudm
aoolied to the cection of the Weymouth Fore River extanéig
EBast sraintree to 8 line connecting Houghs Jeck and Lower Neck
v (Figure 1). Howszver, only the region from East Braintree to a

line connecting Shipyard Point with King Cove (Figure 1) was used
in the comparison because the observed data are most reliable for
this region.
One of thz basic assumptions of the tidal vnrism theory is that
y the contaminating material must be distrituted uniformly both
horizontally and vertically throughout the sstuary. Thus, valid
; comparison of the odredicted curve and the test curve cannot be
; made until the dye is uniformly distributed through-ut the specified
! area. During this test, a uniform distribution of dye throughout
l the area was closely anovroached at 6 hours after release.
| The observed curve is compared with the oredicted curve in
Figure 13. Only the portions of the curves beyond & hours after

release are concidared in the comparison. The curves show fairly

cloce a-~22ment, the observed concentrations being aonroximately

i one order of magnitude greater than the oredicted concentrations.
’l‘his. differsnce in concentrations can be attributed in part to the
lack of uniform mixing of the dye throughout the specified area.
The slopes of the curves are essentially the same, indicating &

# ’ very close agrsement in the observed and ovredicted rate of decresse
in the conecentrations thronzhout the ara.

To simnlify the test results and make them avplicable to
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other amounts of 2 dissolved contaminant relgased in the Weymouth
Tore River, a set of emoirical dilution factoss (Table 2) has been
computed. They were derived orimarily froh the curves in Pigure

* 13 and can bs used to estimate the peak concentrations in the river

when 3 known amount of a contaminant is released. The dilution

factors, when multiplied by the amount of the contaminating matevial

~released, will give the veak concentration at the time indicated.

The dilution factors may be used for a contaminant released during
any phase of the tidal currents (flood or ebb); however, the con-
centrations for 2 release during ebb are overestimated, espscially
for timss greater than i hours after relsase.

B, Diffusion equation and advection methods - Nata obtained
during this test were insufficient to determine the rate of dispersion
aﬁd ﬂﬂuﬁon of a contaminant in the Weymouth Fore River by aopli-
cation of these methods.

IV. CONCLUSIONS

The results of the dye tests describe the behavior of 8 con-
taminent relsassd near slack before flood as a voint source in the
Weymouth Fore River for a given set of conditions (location of
relesse point, river dischafge, strenzth and duration of the flood
current, stc.). Rslease of a contsmimant under any other conditions
vould necessarily alter these results. However, the following
conclusions derivad “rom results of the teast should generally aoply
under_post conditions for release st slack before flood or shortly
sfter flood begins.

‘A. Por the first £-12 hours after release, the modified

10
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““contaminsnt is initially distributed evenly throupghout the

tidal prism method underestimates the rate of decrease in

concentration because it is based on the amsumption that the A

section of the river under consideration.

B. If mixing of the contaminant throughout the specified
area is complete (6-12 hours after release), the modified tidal
prism method allows prediction of contamination concentrstions
vhich are accurate within one order of magnitude of the actual
concentrations.

C. Mecrease in concentration of a contaminant by dilution
is very ranid during the first few hours after release; there-
after, decrease with time proceeds at a much slower rate and is
due largely to natural flushing processes. Thus, if the mass of
a contaminant introduced into the river is so large that dispersion
and dilution during the first few hours (6-12) do not reduce the
concentration belcw maximum permissible levels, the concentrations
will remain sbove permissible levels for at least L2 hours and
will axtend over a large region of the river.

D. Entrapment of high concentrations of a contaminant relsased
in the Weymouth Fore River may be expected in the ngic;h south of
North Weymouth. The soluble and suspended portions of the contame
inant will be slowly transported out of the regionj howevar, the
sediments in the widespread mudflats mey becoms contaminsted by
settling and adsorotion of the dye ar other substancs.

E. Town River Bay will ressin free of the contaminant until
the next flood following a relesse during flood or ebb. During the
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flood the contaminant will be carried iato the bey. However, con-
eentration of the contaminant will be comsiderably lover and
entrapment less extensive than in the region south of MNorth Weymouth.
Again, the sediments in the muiflats mey become contaminated by
e3sorption end settling.

F. For a contaminent released at slack before etb or during
the ebb, it 18 expected that concentrations gererally will be
mich lower, entrepment would not be as great, and the flushing
rate would Bo rore rapid than for a conteminant releesed et slack
before or during flood.
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TABLE ™
DYE CONCENTRATTONS (g/ce) MBASURED AT SELECTED STATIONS
| AT VARTOUS TIMES AFTER RELEASE
e o s
. |_Nmber 0.5 1.25 1.75 3.25 4.50 5.50
] 1 4.0x20-6| 3.1x10-7| 5.0x0-8 | 5.6x10-10 | 7.0 x10-9 | 1.2x10~7
* 2 4.500°6] 1.3x10°6] 2.6x10°T | 7.6x1078
3 2.2x10°7 | 2.3x108 | 6.2x10-8
L 3.8x10"7 1.3x10°7T
5 4.300°7 | 5.600~T | 3.6x30~7 | 6.9x108
) 6
7 9.2x10°7 | 6.8x10°T | 1.3x10°T -| 14.8x10-8
8 5.2x10~7 2.8x107
9 4.hx1077 5 2x10~T
10 Backgroun | 3.8x10-7 2 yx10°7
11 1 308
12 6.2x2078
. 13
1h 6.2x10°8
15 5.4x1077
16 3.4x1077
17 -1 Background | Background
18 Background
19 Background
20 Background
{ 2
J =

1k




TABIE 1 cont'd

[ Station ]
Nunber 600 | 780 | 2 25 | 30 | %2
1 1.7210°7 | 1.6x10-7 | 6.0x10"" [3.6x10~F | 2.0x2078 | 1.7x107
2 1.5x10~7 7.6x10~7
3 1.0x2077 | 1.3x10~7 | 1.2x10°7 |3.2x207% | 1.0%10-8
b 2.0x20~7 | 1.1x1077 £.0x10~ | 5.Lx1078
5 1.2x10-7 | 2.6x10°7 | £.6x10°F |3.9x10-F| 5.0x0-8| 3.1x10-9
é 2.1x10~7 1.0x10~7
7 2.6x10~T | 4.0x10-T b.3%10°8 | 3.3x10-8
8 1.5x10°T | z.5x10~T 5.8x10-8 | 3.2x10-8
9 7.2x10-8 7.4x10-8 | 8.7x10-8
10 9.8x10°8 | 1.0x10~T 9.2x10~8
n 4.3x1072
12 2.8x1078 5.6:10"8
13 1.0x1078
1l 7.6x108
15 1.hxa0™7 6.2x10"8
16 3.6x10-8 | 3.7x10°8 | 7.7x10-8
17 1.4x20°T | 6.5x10-8 3.1x10°8 | 1.cx1>°9
18 6.8x10-8 2.0x10-8 | 2.3.0°9
19 8.0x10-8 3.7x20°8 | 2.3:00°9
20 2.0x10-8 31200 | 2.3a0%9
21 %.0x10-9 2.3x10°8 | 2.3710°9|
22 Background 1.4x10°8 ;
4
15
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PTABLE 1 eont 1

6.00 7.50 24 25 30 122
23 Background 1.3%10-8
a4
25  [8.2x0"% [1.2x10°T |7.3x0°8 [3.6x10"% [1.3x10~8 [8.0x10-10
26 [9.2x10-% [4.5x10~8 [6.8x10-8
27  [Backgrowd(5.01108 |5.8x10°8 13.1x108 [1.3x10°8 |1.7320°9
28 b.3x0° 6.0x108 [3.3m0°C [1.1x10"0 [8.0x10°10
29 1722078 [5.6x10°% J1.3x100 [3.1:x10°9 |6.caac"10
30 6.0x10-2° |4.5x108 [1.2x10°7 [5.4x10"9
3 Background |2.3x10-8  16.3x10"9  {7.9x10"9 |5.6x10-10
32 Background |Background |5.6x10"°
33 Background {3.5x10"10
3 Background |Background|1.5x10"9
35
36 Background
37 8.4x10"10
36
39
%
5
h2
b3
& Background




TABLE 1 cont'd

T Station Station —
! Number 126 146 169 Number 169
g 23 1.7x10"9 |1.0x10~9 us |
2k 7.9x10~10 L6
25 6.9x10~9 | Background 1,0x10~9 L7
26 L8
27 6.6x1079 | 3.5x10710 | 9,9x10-10 Ly
28 5.7x20? | 3.5x10720 | 6.6x10710 50
29 ¢ x1079 | 3.5x1071° |1.5x10710 51
30 52
N }i.5x10~9 | Background| sackground 53
32 2.6x10~9 | Background Background sk
33 2,9x1072C | 6.6x10720 | 3.5x10710 55
3L Background| 6.6x10-10 56 Yerx10™20
35 57 Lo2x10~10
36 58 b.2x20-10
37 Background 59 6.6x10~10
38 Background| Background 60 R,0x10~10
39 Background 61 6.1x10~10
Lo Background| Background 62 1.3x10°7
la Background|Background 63
L2 Background | Background 6k
L3 Background 65
L k.2x10~10 |Background 6

1.6x109
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TABLE 1 cont’d

Station
Number 126 16 169
1 1.5x10°9 | 3.5x10710 | Bzckground
2
3 3.5x10710
/]
5 1.7%1079 | 1.7x10%2 | 1.5x10710
6
7 2.3x10~9 | 1.3x2079 |3.5x10-10
8 2.8x10-10 3.5x10-10
9 }.5x10~9 5.6x10~10
10
11
12
13
1k
15
16 Background
17 6.9x207 | 3.5x10710 | Background
18 6.6x1077 |1.0x109 |3.5x10710
19 6.6x10-9 |1.3x1079 [7.9x1010
20 1.7x107% |5.6x10-10
21 1.7%10~9 |5.6x10-10
22 1.7%10°%




TABLE 1 cont'd

} huntar 2 23 30 | oz 3o a2
s Background | |
16 1.0x10~7 | Background Background 1.3x10~10 | ¢.6x30-10
b7
L8 Background Background 5.2x10710 -
k9 Background
50 R.Lx10710 |
51 5.Lx10-10 Background| Background | 3.5x10710 ! 6.1x10~10
52
53
| s R.2x10~7 R.Lx10710
| 5 R,3x1077 Background| | P,9x10730
% 56 €.9x10™7 Background| 7.5x10-10 1.5x1077 L.2x10"10
s 2.5x10°10 11077 |1.0x10°% 1.4x10"? | 7.0x10710
A 2.5%10710 €.1x10710 |1 0x10~9 1.x2077 | R.0x10710
59 z.1x10710 1.1x10~7 |1.1x1079 1.1x10"? | 1.2x10°?
60 Background|1.6x10~9 1.2x10~7
61 7.9x10-10 A.Lx10710 |3 ,3x1079 1.1x1079
62 8.1x10710 |1.6x10-9 Background| 1.Rx10~9
63 6.6x10~10 Background Background
6L 9.x10~10 1.6x108  |1.1x10~9 Background| Background
65 sackground
] 6 1.7x10°? Baeugmnul

19
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Dilution Factors for Waymouth Fore River

Time after
1('21338§ Dilution Facbérs
ours
/"cc /ftj
0.5 4.2 x 10711 1.2 x 1070
1.0 2.9 x 10~ £.2 »10~7
2.0 loF X 10-11 5.1 X 10“7
k.0 1.2 x 1071 3. w1077
6.0 9.5 x 10712 2.7 x 1077
8.0 7.7 x 10712 2.2 x 1077
120 5.7 x 10712 1.6 x 1077
21,0 2.h x10-12 6.3 x 1078
LR.0 €.2 x 10713 1.7 x 10-8
72.0 3.1 x 10733 8.5 x 1079
96.0 1.5 x10-13 Lol x 1077
120.0 7.9 x 10714 2.2 4 1079
1h.0 - h.2 1071k 1.2 4 109
16R.0 2.2 x 10-1b 6.2 4 10710

1.

2.

Multiply the total amount of contaminani recleased (concentration
X volume) by the dilution factor for the reguired time after
releasa. This gives the concantration at that tims.

Two dilution factors are given sg that computations may be {
made either in terms of cc or ft-.

The dilution factors are based on the assumption that the !
volume of contaminant is small in relation to the volume of
the harbor or estuary.
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