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INTRODUCT ION

For centuries man has been using the most convenient and
economical means of sewage disposal � direct discharge into rivers~
estuaries and coastal waters. However, with today's population and
industrial growth, waste loads are increasing at a rate greatly
exceeding the normal self-cleaning capacities of these bodies of
water. This situation has brought about the formation of govern-
mental and citizen bodies to address this problem in water pollu-
tion management. With this overall problem as a starting point,
researchers have pr'ogressed rapidly in developing and applying
mathematical models for various water quality reaction schemes.
These can present technical alternatives for solution of specific
pollution problems to political, legal and administrative decision-
makers.

To help provide such technical alternatives, we developed a
water quality model for the dissolved oxygen-biochemical oxygen
demand  D.O. -B.O.D.! scheme for Narragansett Bay. This model is
essentially a finite-difference solution to the mass transport
equation which assumes lateral integration and a dimensionless
vertical axis, The model is described in detail in reference 1.

This report, will use the model to verify the D.O. � B.Q.D.
profiles for typical summertime conditions in Narragansett Bay .
We will then use the model as a predictive tool for Bay pollution
management by taking into account �! variations in D.O. profiles
caused by surface water temperature changes, �! the storm-sewage
overflow problem and �! projections of DE 0.-BE 0.D. levels for the
Bay in 1990,



WATER QUALITY MODEL: VERIFICATION OF' THE D.O.-B.O.D. PARAMETERS

This study uses the model to compute D.O.-B.O.D. values for
Narragansett Bay under typical summertime conditions to verify
these things: the computer~deled D.o.-B.O.D. reaction scheme,
which assumes a dimensionless vertical axis; the processes of rearea-
tion and B.O,D. decay, and pollutant point loading.

This study uses a current list of pollution sources compiled
by the Environmental Protection Agency  Northeastern Area! and
the Rhode Island Department of Public Health< published by the
Providence Journal Bulletin Company �! . Figure 1 shows sewage
loads deposited directly into the estuary. Table 1 lists these
loads under both normal  to water! conditions characteristic of dry
weather as well as overflow  raw! loading conditions characteristic
of rainy weather. In this report, these pollutant load levels
represent the simple carbonaceous B.O.D. loads deposited directly
into the Bay.

Figure 2 shows how the Bay has been divided into finite grids
for modeling both tides and water quality  See reference 1! . Ref-
erence 1 also outlines in detail how tidal movements were simulated
for the model; essentially a net outward flow was added to laterally-
averaged components of longitudinal velocity taken from a twoAimen-
sional vertically-averaged tidal hydraulic model.

The authors used samples Crom the Providence River to determine
a preliminary characteristic value of the B.O.D . decay coefficient.
Employing a log-type daily&ifference approach using the 1, 3, 5
and 7-day B.O.D. values the decay cayfficient was found to be in a
range between .065 day and .25 day . Therefore, as a preliminaq
estimate, the B.O.D. decay coefficient was approximated at .08 day
over the entire Bay area. Further work will be necessary to deter-
mine more accurate values for this coefficient.

The reareation coefficient formulation for model use was
taken from the work of Xrenkel and Thackston f3! and modified;
the average value Obtained Was about .25 day . This classical rearea-
tion formulation was difficult to apply since, like all other presently
available empirical formulation techniques of reareation, it incorporates
the actual molecular surface transport of oxygen as well as a disper-
sion coefficient for the entire water column which characterizes
the movement of oxygen to the lower depths. To overcome this problem,
instead of using the difference between the surface saturation value
of D.O. and the value at the surface as the driving potential for
reareation, this study uses the difference between the saturation level



TABLE 1. Sources of sewage pollution for Narragansett Bay, Oct. 1971.

STA-
TION POLLUTER

14,000
16

Providence
Warwick

7
11

54,000
80

E. Greenwich 420

1,100 31N. Kingstown 2, 700

Wickford 34280 30

Narragansett

E. Providence 52,200 42, 300

1, 000Providence Sr000

12
15
21

8ar ri eton
Warren
8 ri stol

2 .160
ir900
3,900

2, 160
1, 300
2, 000

10
11
12

Portsmouth 40 25
13

29
29
39
42
42

Portsmouth
Portsmouth
Newport
Jamestown
Jamestown

181
164

6,700
260

30

161
15

6, 200
260

30

14
15
16
17
18

170 130 43Newpo rt

*S .T.P. = sewage treatment plant

Provi dence S. T.P.+
Narragansett
East Greenwich

S. T. I',
Quonset-Davis-

ville Naval Base
Navy Housing 'Dev-

opment
University of Rhode

Island
Blackstone Valley

Sewer District
East Providence

S.T.P,
Rhode Island Lace

Works Inc.
Warren S . T. P.
Bris tol S. T. P.
Pearson Yacht Div-

i sion of Grumman
Allied Industries
Inc.

Melville Naval Fuel
Depot

Raytheon Company
Newport S,T,P,
Jamestown Sewer
Jamestown Sewer
Fort Adams Navy

Housing Complex

TO SECTION
RAW WATER NUHBER

LOCATION LB/DAY LB/DAY  FIO. 2!



FIGURE 1. Location of sewage pollution sources as listed in table 1.
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and the average value of D .O. for the whole column of water . This
technique appears to have substantially sol ved the problem and
provided reasonable reareation rates for the Bay.

A modified version of Elder's formulation �! was chosen as
the longitudjnal dispersion coef f icient with values of approxi-
mately 45 ft /sec. Pritchard ' s density-corrected verfical dispersion
coef f i client   5!, with values ranging between . 0001 f t /sec and
. 02 ft /sec depending on the gradients in the salinity field, was
employed to define the density structure of the Bay.

To help summarize the input for the D,Q. -B.O.D. simulation
of Narragansett Bay, table 2 presents the values employed in the
computer model ing effort . Thi s table also indi cates 1 ocation o f
the data or the f ormulat ion scheme.

To compare the results from the computer model to actual Bay
conditions, data for both B.O.D. and D.Q. were collected from the
Rhode Island Department of Public Health �!, the Army Corps of
Engineers Hurricane Barrier Study �!, and the University of Rhode
Island's Bay Watch water sampling program  8!. The values were
then averaged over the summer season for each sampling program
and station, then averaged again across each longitudinal estuary
section grid in figure 2. The sampling results for D.Q. and B.Q.D.
for both top � feet below water surface! and bottom � feet above
estuary bottom! samples were then plotted against the longitudinal
estuary section number. Starting with a set of initial conditions
for both D.Q, and B Q,D, taken from theSe data, the computer mOdel
was run. Computer input conditions are presented in table 2.
The model runs were continued until a quasi-steady condition was
reached, determined by no significant change in the depth-averaged
D.OS and B,O.D. profiles other than that caused by tidal fluctuations.
This process required approximately 30 days simulation time. Figures
3 and 4 show computed profiles for both depth-averaged and top and
bottom stations compared to data for the D.Q. and B .O.D. values,
respectively. Error bars used on both figures show maximum or mini-
mum levels found in the computer model results.

Figure 3 shows that for both the depth-averaged and the top
sampling statiOns, the compariSon between estuary D.Q. data and
modeled results is good to excellent while the agreement for
bottom sampling station results is only fair to good. B.Q.D. pro-
files, as shown in figure 4, appear to be in good agreement in the
upper Bay, but display considerable variation between model results
and actual data in the lower Bay.

Major contributors to the lack of agreement between model results
and actual data are chiefly the following: lack of inclusion of
any B.O,D. loading due to nitrogenous or benthic demands; less than
adequate representation of the actual structure for the vertical
dispersion coefficient, need for a biological model to predict D.O.
or B,Q,D, caused by interaction between phytoplankton and zooplankton



TABLE 2. Summary of input conditions for computer modeling of D.O.-B.O.D.
Profile for Narragansett Bay.

COMMENTSMODEL DATA XN PUT RANGE OR VALUE

Tidal Velocities
and Heights

2
45 ft per sec �odif ied Elder �! f ormu-

l ation with 25 f t /sec added
for wind effect

Longitudinal
Dispersion
Coefficient

2
.0001-.10ft per
sec

Vertical
DiSperaiOn
Coefficient

65 F Approximate summer average
value

Temperature

Experimentally determined

Modified Thackston-Krenkel
formulation �! to obtain
,25 day

8eekonk
River Boundary

B.O.D. = 0.0
D.O. = Saturation

Value

Given in table 1 with distri-
bution over vertical

B.O.D. Loading
from Point Sources

Salinity Determined f rom existing data

�r 8!

27.2-34, %

B.O.D. Decay K

Reareation K
A

Water Quality
Boundary Condi-
tions for D.O. and
B .O.D.

-1
.08 day

-1
.25 day

B.O.D. = ,2077
 VSN! + 1,392
D.O, =,1538
 VSN! + 1. 392

Ocean Boundary

Determined by forcing one-
dimensional continuity on
tidal model �! output with
net outward flow

Pritchard f ormulat ion �!
with vertical structure deter-
mined by salinity profiles and
wind effect included with WH
3 ft; WT = 6 seer WL = 200 ft

Determined from existing data
�, 7, 8, 9! where VSN  verti-
cal section number! 2 ~15,
bottom to top, respectively
and units for B.O.D. and D.O,
are mg/1
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populations; lack of knowledge about the loadinq distribution over
the vertical sections, and only fair estimates of the coefficients
for both reareation and B.O.D. decay. However, in light of all
these difficulties, the computer model results appear to be in
good agreement with the Narragansett Bay data.

Another important model output is a time-varying plot of the
D,Q., B.O.D, and tidal height for any particular location in the
estuary. Typical outputs from the model appear similar to figure
5, Of particular significance is the fact that. the variations of
D,O. and tidal heiqht are approximately in phase, while the B.O.D.
profile is consistently out of phase. This effect can be quite
simply explained, As water progresses up the Bay  flood, rising
tide!, cleaner water  higher D .O. levels! characteristic of each
higher lonqitudinal section number of the Bay is carried up toward
Providence. The opposite process occurs during ebb tidal flow.
Thus, we can see why the D.O. and tidal height are in phase, Using
a similar argument to explain why B.O.D. levels become hiqher as
one proceeds from the Bay mouth to Providence, the B.O.D. levels
should increase as the tidal flow ebbs. But, there are cases
where D.O, and B.O.D, are in phase, but 180 degrees out of phase
with the tidal height. This situation can occur when there is a
dip in the D.O. profile, such as in figure 3 in the bottom values
predicted by the model. Also of concern is the variation in D.O.
and B .O.D, levels over a tidal cycle. Typical changes between
mean low water and mean high water, and overall depths range
between 10 percent and 20 percent of the averaged value of the mean
tidal cycle. These variations appear to be considerably smaller
than those noted during the Army Corps of Engineers survey �!
of 19S9, but the differences are more than likely attributable
to inadequacies in incorporating short � term and transit phenomena
in present model development.

Probably the single most important feature of the model is its
ability to predict vertical structure for both D,O. and B.O.D, The
variations over depth in each of these cases are determined by
loading distributions from B.O.D. and D.O. sources as well as
the vertical dispersive structure. The variations caused by verti-
cal velocity components have been considered small and, thus, have
been neglected in the present modeling effort. To determine the
loading distribution for sources of B.O.D., it was assumed that sew-
age discharge was buoyant when entering the estuary. Therefore,
the loading for all cases was evenly distributed over the top five
non-dimensional grids except when the loading in shallow water
areas was large  more than 10,000 lbs B.O.D. per day! ~ In theSe
cases the load was evenly distributed over the entire water column.
Regarding reareation, oxygen was assumed to enter only at the
estuarine surface. Defining accurate values for variable coeffi-
cients for the vertical dispersion formulation was impossible due
to lack of any data of this kind for Narragansett Bay. Hence, the
standard Pritchard constants were used and the results viewed
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accordingly.

A partial view of the vertical structure has already been
noted in figures 3 and 4 which show that the trends of higher
B.O.D. and D.O. that occur near the surface have been qualitatively
predicted by the model. Figures 6 through 11 show comparisons of
actual D.O. field data to model prediction plotted against depth
for several sections of the Bay. The figure order shows a logical
progression from upper to lower Bay vertical D.O. structure. The
depths listed on the figures often do not correspond to actual
estuary depths at those stations, but are actually cross-sectional
averages and should be interpreted in that manner. Careful obser-
vation of figure 7 through ll show a progressive case of increased
vertical mixing as one proceeds from the Providence Hurricane
Barrier to Beavertail at the mouth of Narragansett Bay. This
fact has been well confirmed by observation of salinity profiles
in the area over many years, The Seekonk-Red Bridge area  see
figure 6! does not display the severely inhibited vertical mixing
structure due to its upper boundary condition approximations and its
large land and river inflows. Comparison of the data obtained from
references �, 7, 8, 9! and from a current M Bay watch sampling
program show that the model results are remarkably good, considering
that the vertical structure of the dispersion coefficient has been
taken from a Standard pritchard fOrmulation and that the B.O.D.�
D,O. loading distributions have been rather crudely approximated.
The model results shown in the figures represent approximate mean
tidal averages and, therefore, are subject to a 10 percent - 20
percent deviation in either direction due to the influence of tidal
variation.

Profiles of the vertical structure of B.O.D. have not been pre-
sented since all data sets available have taken only top and bottom
samples of B,O.D. and these results have already been adequately
preSented in figure 4, They, hOwever, would more than likely display
a somewhat similar vertical structure, varying only in sections
where large B.O.D. loadings were made.
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FIGURE 5. Typical variations of D.O., B.O.D. and tidal height for a
given location in Narragansett Bay.
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depth for data and model result's at
longitudinal grids 2.
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depth for data and model results at
longitudinal grids 47.



WATER QUALITY MODEL: APPLICATION QF THE D.O. -B.Q.D. REACTION SCHEME

Once a model has been developed and verified to predict actual
estuary D.O. and B.O,D. levels with reasonable accuracy, the next
step is to apply that model to some specific problems and, thus,
begin to use it as a predictive tool in coastal water pollution
management.

In the following sections the model will be applied four ways
to show: �! effects of surface-water temperature on the D,O.
profiles; �! a typical storm-sewage overflow case; �! an accelerated
eStuary Cleanup run  remOVal Of B.Q.D. 1Oadings!, and �! a prOjeC-
tion of the D.O.-B.Q.D. profileS for l990,

Temperature Effects

To simulate the effect of variation in water temperature on
the D,O.-B.O.D. profiles, the computer model was run for two

0
dif ferent water surface temperature levels, 65 F and 55 F, which
were kept constant over the entire Bay until a quasi-steady-state
was achieved. Figure 12 presents the comparison of the D,Q. and
B.Q,D. profiles for each case. Since the effect of temperature
is included only in the saturation and reareation values of D.Q.
at the estuary surface, one would expect changes only to occur in
the level of D.Q. in the water column. This indeed is the case as
shown in the figure for these vertically-averaged profiles.

Vertical profiles of D.O. show that the increase in oxygen
saturation levels increases the D.O. levels at all depths with
little change in the overall vertical structure. It is evident
from viewing this simple comparison that slight changes in water
temperature have a major effect on the oxygen saturation and re-
areation processes,

Storm-Sewage Overflow

Typical sewage overf3.ow characteristics for a one-day period
were applied to the model for Narragansett Bays the Bay was then
"allowed to" reach its quasi-steady-state value once again. The
levels of these overflows were taken as the raw loadings given
in table 1, while normal loadings corresponded to river values in
that table.

Figures 13 and 14 display the values of the D.O. and B.O.D.
depth-averaged profiles, respectively. From the inserted graph,
we can determine the approximate time of overflow conditions and
the subsequent return to normal loading situations. As expected,
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the levels of D.O. drop due to the excess loads while the B.O.D,
values rise rather substantially  especially in hiqh load areas!,
and both appear to reach their maximum or minimum levels, respec-
tively, at the end of 40 hours. This trend is to be expected since
when the excess loading ceases, the process of B,O.D. decay con-
tinues in its customary concentration-dependent manner. The decrease
in D.O. between initial levels and minimum value ranges approximately
from 2 percent to 5 percent while B.O.D. levels display deviations
as larqe as 175 percent from the initial value.

Note that in the area of longitudinal estuary section 6 and 7
1arqe differences appear in the B.Q.D. levels. The relatively high
va1ue for section 7 can be explained by an excessively large load
in that grid, while the relatively low value in grid 6 i* attribu-
table to the adjustment in the finite-difference approximation for
the larqe point loading in 7 and insufficient local dispersion.

The next majar pOint Of intereSt iS tO determine the apprOXi-
mate period of time required for the estuary to recover from this
excess load and return to its normal quasi-steady-state values for
both D.O. and B.O.D. With this goal the average section-depth
profiles for D.O, and B .O.D. were compared to the initial values
until agreement between the two was achieved; that is, both reached
the same depth-averaged value for a given longitudinal section,
Preliminary results show that the time from which the excess load
was stopped to the time of approximate steady-state levels occurred
in about 2-1/2 days. This number appears reasonable when compared
to the 5-7 day estimate used by the Rhode Island Department of Public
Health to determine closing times for the shellfish areas in the
upper Bay after periods of significant rainfall.

Plots of the vertical structure for the Bay were not made since
they show similar trends to the normal sewage loading verification
run. variations of D.o. and B.o.D. levels show the expected in-
creases in B.O.D. and decrease in D.O. where loading is high and
vice versa where loading is low.

The reSultS of thiS applioaticn run With the COmputer mOdel are
surprisingly good in giving an estimate of the order of magnitude
of the "excessive load cleanup time," considering the number of gross
approximations made in setting up the model parameters. Further
work in this area, however, is undoubtedly needed to provide more
accurate predictions.

Removal of B.O.D. Loadings  Cleanup!

In order to Verify the reaction scheme for estuarine cleanup,
the D.O. -B .O.D. system was run under a zero B,O.D, loading conditiOn.
This exercise doeS not imply any final resulte of estuary cleanup
time, but merely demonstrates the response of the model and the sub-
sequent changes in D.OS and B.O.D. concentrations.
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Usinq initial profiles of D.O. and B.O.D. obtained from existing
data for the Bay �, 7, 8, 9!, the model was run for a period of
about 24 days. All boundary conditions were linearly extrapolated
to their cleanup values over a two-day period  i.e., B.O.D. con-
centration to Q.Q and D.O. concentration to saturation value! and
remained constant at that level throughout the followinq days.
Since the reareation process is particularly slow for large,
deep bodies of water a value of 30 times the Dobbins&'Connor
reareation coefficient was chosen to accelerate thy surface reoxygena-
tion phenomena. The decay coefficient of .25 day for B,O.D, was
also chosen on the basis of sinai,lar reasoning.

Figures 15 and 16 display the vertically-averaged profiles of
B.O.D. and D.O,, respectively, in four-day intervals beginning with
the initial conditions, where the longitudinal estuary section
numbers are equivalent to the R values shown in figure 2 . The
decrease of B.O.D, due to flushing and natural decay processes is
readily demonstrated in figure 15. Also note that the decay model
for B.O.D. is a first order process, this is clearly demonstrated
by the decreasing difference between the B.O.D. profiles as time
progresses. Simultaneous with the decrease of these B.O.D. concen-
trationS, the D.O.  figure 6! exhibitS the eXpeCted inCreaSe due tO
dispersion and reareation, In the early stages from the initial
profile to the levels at 12 days, however, the vertically-averaged
D.o. concentrations are below the initial level. This phenomenon
can be attributed to the large loadings of B.O.D. during the first
few days, again, due to the first-order decay process, Another
point of interest is the peak which occurs in the area of estuary
grids 11, 12 and 13. Careful observation of the grid sectioning
in figure 2 shows that there is a factor of about 2 in the change
in the cross-sectional area which leads to large velocity changes
and subsequent increases in the reareation coefficient.

Projection for 1990

The greatest benefit of the model could be its ability to
predict water quality profiles under some new quantitative, tem-
poral, or spatial distribution of pollutant loading. With this
flexibility, estimates can be made of the general water qua1ity
after projections of pollutant loads and locations have been made,
thus, allowing the model to aid in pollution management of coastal
waters.

Using data gathered from the State of Rhode Island water
Resources Board �0! and personal interviews with planners from the
Rhode Island State Wide Planning Office �1! projections for B.O.D.
loading in 1990 were made for all the large municipal sewage treat-
ment plants that deposit wastes directly into the Bay. Tables 3
through 9 present the summation of this data. The projected load-
ings of B.O.D. were computed by finding a simple ratio -- the relation
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between estimated daily flows for the present and 1990 and the
relation between present and future B.O.D. loadings. Where
projections were not available for the daily flows in 1990,
estimates were made, under the assumption that the same portion
of the projected population will be served by sewers as are being
served at the present. These values have been noted by triple

asterisks in the tables.

Future sewage loadings caused by sources other than municipal
treatment facilities, such as private citizens and small industries,
have nat been included in the present study. lt also is assumed
that the present permit granting capabilities of the Army Corps
of Engineers and the Environmental Protection Agency will keep
the size of these loadi'ngs in check.

Emplaying the prOjeCted lOadingS Of B.O.D. far 1990  table
9! the water quality computer model was run for 12 days until a
new quasi-steady-state condition was reached. Boundary conditions
for the Seekonk River were estimated on the basis of the change
in B.O.D. loadings from the Blackstone Valley Sewer District
plant's projected discharge while the ocean boundary condition
remained unchanged from the 1972 conditions with zero B.O.D. and
saturated D.O. Other parameters, such as decay and reareation
coefficients, as well as the vertical loading distribution of
B.O.D. remain unchanged from previous runs  table 2! .

A comparison of the results for the present levels of D.O.
and the 1990 projections are shown in figure 17. The influence
of increased capacity and secondary sewage treatment at the Black-
stone valley plant clearly increased the levels of D.O. in the lower
regions  Red Bridge Area! of the Seekonk RiVer and upper regions
 sabin Paint Reach! of the tidal portion of the Providence River.
The levels remained essentially unchanged at Fields Point since
the providence treatment plant's B.o.D. loading remained unchanged,
The characteristic sag in the D .O. curve under the assumed new
loading conditions has then moved from the Bucklin Point region
in the Seekonk River to the Fields Point area in the Providence
River. Comparison of the B .O.D. profiles  figure 18! for the
same conditions show similar trends with the peak B.O.D. levels
occurring in the Fields Paint area.

No attempt has been made in the present effort to model either
the vertical structure or sewage overflow problem, since we felt
that the projections for B.O.D. loadings as well as the upper
boundary condition approximation near Bucklin Point are not
accurate enough to make these results meaningful.
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TABLE 3. Treatment levels for treatment plants using Narragansett
Bay as a disposal municipal sewage area, present �971!
and projected �990! .

LEVEL OF TREATMENT �0 !SOURCE OF POLLUTANT  LOC AT ION!

PROPOS ED �990!PRES FNT �971 !

1. Blackstone Valley Sewer Dis-
trict Commission  East Pro-
vidence!

Activated Sludge
+ Cl

2

Primary + Cl
2

Activated Sludge
+ Cl

2

2. Providence S.T.P. Activated
Sludge + Cl

2

Trickling Filters
+ Cl

2

Activated Sludge
+ Cl

2

3. East Providence S.T.P.

Primary + Cl
2

Secondary

Primary + Cl
2

Primary + Cl
2

Primary + Cl
2

Primary + Cl
2

4. Warren S.T.P.

5, Bristol S.T.P.

Secondary6. Newport S.T.P.

Activated sludge
~C1

7. Quonset-Davisville Naval
Base S.T,P.  North Kings-
town!

Trickling Filters,
Sand Filters +

Cl

Trickling F ilters,
Sand Filters +
C1

2

S. East Greenwich S.T.P.

9, Jamestown Sewage Treat-
ment

Primary + Cl
2None

S.T.P. = sewage treatment plant.

Numbers in parentheses refer to items in the Reference section of this re-
port.
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TABLE 4. Areas served �971! and projected improvements �990! in
municipal sewage treatment systems.

* fr
S OURCF OF POLLUTANT AREA S ERVED �0 ! PROJECTED IMPROVEMENTS �0!

 LOCAT TON! * BY S EWE RS IN S EWAGE SYSTEM
1971

General improveme~t of exist-
inq facilities

East Providence,
Barrington

Extension of present facilities
to serve Barrington

Warren

Bristol Extension of present system
to cover all residents

North Kings-
town

East Green-
wich

Jamestown

See table 3, column 1,

** Numbers in parentheses refer to items in the Reference section of this
report.

Central Falls,
Cumberland,
East Providence,
Lincoln, Pawtuc-
ket

Cranston  indus-
try!, Johnston,
North Providence,
Providence

Newport,
Middletown,
U.S . Navy

Extension of system into Cum-
berland and Lincoln and im-
proved treatment facilities

Extension of present system
and disconnection of some
storm drains

Fxpansion and renovation of
present system and disconnec-
tion of some storm drains

Development of a collection sys-
tern and expansion of Quonset
treatment plant

Collection of industrial waste
presently discharged into Hunt
Rive r

ExtensiOn Of preSent COllectiOn
system and construction of treat-
ment plant
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TABI,E 5. Population; Total and numbers served by sewers in munici-
pal sewage treatment areas for 1970  census! and 1990  pro-
jected! .

POPULAT ION

TOTAL SERVED BY SEWERS
*k

A. CENSUS t 1970] �2! A. 1970 �0!
B. ESTIMATES T 1990] B. ESTIMATE '19901  lO!

SOURCE OF POLLUTANT
 I OCATION! *

A. 99/441
B.

A. 147,077
B. 174,970

A. 225, 587
B. 245, 800

A. 22 '5, 587

B.

65,751
86,600

34,000
S9,000

A.
B.B.

7, SOO�
9 150

A,
B.B.

13/200
15,600

17,654
20,600B

***
67,500

63,487
79,100

A,
B,B.

10,000
14,200B.B.

9, 514
16,200B ~ B.

2,911
3,400

A.

B ~ B.

See table 3, column l.

** Numbers in parentheses refer to items in the Reference sectio~ of this
report.

Estimates made by author assuming same percentage of projected popula-
tion has sewers as at present.

10,583
12,800

2 7,673
32,400

3,370
6,400

1 /410
1,670
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TABLE 6. Waste distribution  %! treated by municipal sewage treat-
ment plants.

WASTE DISTRIBUTION % **

�971!SOURCE OF POLLUTANT
 LOCATION!* DOKESTIC INDUSTRIAL DRAINAGE 6 INFILTRATION

50

1060 30

60 1030

50 20 30

2870

55 10 35

100

See table 3, column l.

k*
Numbers in parentheses refer to items in the Reference section of this
report,



-24-

TABLE 7. Daily average flows  MGD! from municipal sewage treatment
plants for 1970 and 1990  estimates!.

DAILY AVERAGE FLOWS  MGD!

OBTAINED FROM REFERENCE �0! EXCEPT WHERE NOTED

1970 1990SOURC E OF POLLUTANT
 LOCATION! *

DESIGN DESIGN PRO JEC TED

23 18.3 31

84 52 ~ 99 84

4.0 4.4

1.771.6

1.773.0

7,6 8.41

1 .9 �1!2.35 1,5 4.4

**4
.4.5 .19 .9

***
.326.275

See table 3, column 1,

Numbers in parentheses refer to items in the Reference section of this
report.

***Estimates made by author based on population projections.

26.6 �1!

53 ~ 09 �1!

7.8 �1!

2.16

2.09

***
10.5



� 25�

TABLE 8. Five-Day B.O.D. removal for municipal sewage treatment plants
for 1970 and 1990.

5-DAY B,O,D. REMOVAL 4 �0!

PROJECTED �990!

90

65-7065-70

9093

2517

9010

9033

72

80-90

25-40

See table 3, column 1.

Numbers in parentheses refer to items in the Reference section of this
report.

***Estimates made by author.

SOURCE OF POLI UTANT
 LOCATION! * ACTUAL �970!

1 5-20

90-95

99-100
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TABLE 9. B.O.D. loads deposited in Narragansett Bay by municipa3.
treatment plants for 1972 and 1990  projected! .

B.O.D. LOADINGS

TO RIVE R

1 972 � ! PROJECTED
1990***

S OURC E OF POLLUTANT
 LOCATION! *

1972 �! PROJECTED
1 990** 4

7,600

14,000

885

1,740

460

840

342

40885 8.85420

240290290 344

See table 3, column 1.

Numbers in parentheses refer to items in the Reference section of this
report.

**4
Author's projection based on average daily f3.ow rates.

52, 200

54,000

5,000

1,900

3,900

6,700

2r700

76,000

54,000

8,850

2,320

4, 600

8,400

3,420

42,300

14r000

1,000

1,300

2,000

6,200

1,100
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S AMATI ON

Simulations with the computer model of the reaction scheme
for the B.O.D.-D.O. system have displayed the model 's ability to
predict reasonable vertical structure definition for D.O. and
B.O.D. in typical summertime conditions. In addition, variations
over a tidal cycle show expected phase relationships between D.O.
and B.O.D. Applicatian Of the mOdel to a change in water Surface
temperature shows reasonable changes in the D.O. levels and
lower D.O. values typical in summertime conditions.

Predictions using the model for storm-sewage overflow situations
have shown a good order � ofwagnitude estimate compared to the
meager data available for "excessive load cleanup times." In

addition, projections of the state of D.O, and B.O.D. for the Bay
in 1990 have shown reasonable results and indicate how the model
can be used to help in the management of our coastal waters.
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