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INTRODUCTION AND PURPOSE 

Water quality in New York Bight is affected by a variety of inputs from 

both anthropogenic activities and natural phenomena. The temporal and spa- 

tial distributions of the various water quality constituents are determined 

by the magnitude of these inputs, j.n conjunction with the hydrodynamic trans- 

port of the system. For non-conservative substances, the distributions are 
also affected by the relevant kinetic factors. The transport within the 

region is due to a complex interaction of tidal forces, wind effects and 

density gradients, associated with temperature and salinity gradients. In 

the region, known as the apex, the transport is also affected by the Hudson 
River discharge. Although the Bight receives the wastewater inputs from a 

number of municipalities in both New Jersey and Long Island, the most signi- 

ficant influx is from the Hudson and liaritan Rivers, which carry the parti- 

ally treated wastewaters and urban runoff from the New York metropolitan area. 
The overall purpose of this research is to develop an analytical fraae- 

work to assess the impact of these inputs on the water quality of the New York 

Bight, taking into account the effect of the additional sources such as 

atmospheric inputs, sludge disposal and natural phenomena. It is planned to 

interact this malysis with those presently being conducted in the various 

regions, by the EPA 208 program. It should provide a basis for the coordina- 
tion of wzste treatment programs between the various counties and states, and 
thus the ultimate effect of Tjater pollution abatement programs may be pdt 
into broader perspective. The purpose of this report is to present a prelin- 

inary framework as m initial step in the overdl analysis of water quality 

management in the New Ycrk Bight. 



The steady-state analysis presented in this report provides a basis for 

assessrilent of dissolved oxygen in the New York Bight, particularly in the 

apex area. The analysis indicates that the discharge of carbonaceous and 

nitrogenous wastes does not materially a.ffect the dissolved oxygen levels 

through bacterial oxidation. Furthermore, the discharge of solids (sludge 

disposal, dredge spoils and construction d-ebrisj do not influence these 

concentrations on a bight-wide scale. The localized sludge disposal area 

is evidently affected in this regard, but this area is restricted to a 

relatively limited extent. 3n the other hand, the depression of dissolved 

oxygen, particularly i.n the hypolimetic waters, is affected by phytoplankton 

respiration and decay and the vertical transport structure. It is probable 

that the discharge of wastewater f'rom the treatment plants and urban runoff 

has some effect on the growth of phytoplankton and the subsequent decay 

tbroagh t,he inorganic nutrient route. The degree to which water quality 

conditions are affected by these inputs may be qustntified by the development 

and validation OS a model defining .these kinetic interactions. 

developed in this second phase, will be extended to incorporate the kinetic 
routes, relating the growth and d e c w  of the phytoplankton to the nutrient 

concentrations resulting from these wastewater inputs. Thus, the effect; of 

the discharges will be defined, providing a basis for areawide water quality 

planning, particularly with respect to the relative influence of the point 

sources frora treatment plants and the distributed sources from urban runoff 

by contrast to the effects of other inputs such as the disposal practices 

and atmospheric inputs . 

The analysis, 

The present analysis is directed to the definition of a transport 

structure ~ in accordance with the original contract to provide the Brook- 

haven investigators with a reasonable transport field for srunroer conditions. 

The transport equations iricluded advective arid dispersive terms in a multi- 

-segmented hor.ir,cnta; s:~-s~,enl with t,wo vertical Sa:ie:.s. The advective terms 
were developed by a riin~.~xr e:ierg:; principle? which yielded the [;enera1 

cjbservei C1cm pztterr..; fr the dig-'n"u. ?';?e overall transpi?rt fieid also in- 

. .  

cl tideb :1Ol?s i.,̂ tent -v< e:: cf the ve:*iou.; dispersian coefficieniGs. ~t j s 
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recognized that advective-dispersive models of this nature do not necessarily 

result in a unique solution for the transport. However, it5 validity to 

represent average s'ibmmer conditions is demonstrated by its abi-lity to repro- 

duce the salinity distribution for the two years. 

The analysis further indicates that the dissolved oxygen concentration 

in thti. hypol.imnetic waters is particularly sensitive to the respiration and 

decay rates of the phytoplankton and the ver.tica.2 dispersion coefficients. 

Relatively small changes of these paremeters, within the range of measured 
values, cases significant changes in the dissolved oxygen levels. 

Thus, from both a transport and. kinetic viewpoint, the present analysis 

reasonabljj reproduces observed water quality conditions and permits assussment 

of the effect of wastewater inputs. In view of the potential significance of 
these aischarges on dissolved oxygen and other water quality parameters this 

analysis had indicated the analytic direction on which to proceed and provided 
a valid basis for the more definitive time variable analysis. 

t 

I 



I. BASIC EQUATIONS 

The distribution of a conservative constituent in 2 coastal region such 

as New York Bight may be described by the following equation: 

in which 
s = concentration of a conservative substance 

x,y,z = longitudinal, lateral and vertical axes 
E ,E 'EZ = dispersion coefficient 
X Y  

U,V,W = advective coefficient 
In applying this equation to the steady-state distribution of salinity, the 

appropriate horizontal boundary conditions are the flow and a specified con- 

centration at the origin of the apex, a zero flux at the land-sea boundaries 
elsewhere in the horizontal plane and the oceanic value of the salinity at 

the outer limits of the system. The vertical boundary condition is a zero 

flux at the air-water and water-bed boundaries. 

Equation (1-1) is used to establish a transport field, which is required 
for the analysis of water qaality constituents of a non-conservative nature. 

The equation defining the distribution of such su.bstances include, in addi- 
tion to tne transport factors, the sources and sinks of the material; 

22 = j + cso - GSi at 

in which 

c = concentration of a non-conservative constituent 
j = flux., as defined in equation (1-1) 

cs = SlLm of the souTces 
ISi = s~vn of the sinks 
0 

(1-2) 

The latter terns refer to the various physical, chemical and biclogical 

mechanisms whick a.,ffect the particular substance and to tLe vasixs Iaputs 
to the :;:..;tern asn,?cin:ed ;ri:h river runoff, waste inputs, the rtncspilere 

and trle bed. 



Application of equation (1-2) to the steady-state distribution of dis- 

solved oxygen leads to 

O = j + P - R  -% (1-3) P 

in which 

P =  
R =  

Plot osynt het i c product ion 
phytoplankton respiration 

bacterial respiration 

Oxygen transfer at the air-water interface and the bed are accounted for by 

the boundary conditions at the respective interfaces. The rates of oxygen 

production, P, and of uptake, Ra and \, are functions of the phytoplankton 
and bacterial concentrations, in conjunction with the inorganic nutrients 

and organic food. The carbon, nitrogen and phosphorus in the latter emanate 
from the various inputs to the Bight, among which is the Hudson River inflow, 
containing the residues of these substances from the metropolitan area. It 

is in this fashion that the andysis, described in this report, m y  be 

sequentially correla%ed to the wastewater inputs, providing a basis for 
water qxality management. 

Application of equations (1-1) end (1-2) require knowledge of the var- 
ious transport and kinetic coefficients. The advective transport coeffl- 

cients are evaluated by a method based on the principles of continuity and 
minimum energy. l'he procedure consists in the solution of a set of linear 
equations, corresponding to the number of segnents into which the system is 
divided. Knowledge of the velocity at a limited number of locations permits 

determination of the velocity at the remaining locations such that continuity 

is maintained. A mare complete description and gpplication is presented in 
a subsequent section. 

The disperrive transport and kinetic coefficients may be evaluated in an 
approximate fashion by decoupling the horizontal m d  vertical components of 

these equations (1-1) %.id (1-2). Thus, in regions where the vertical gra- 
dients and concentrations are greater than the horizontel by an order of mag- 
nitude, an anal-lsis ma; 3e deT-clnpxI jnc:lui?ir? only those eompcnents which 
make up the vertical fllu irithcmt conridering -f he horizontal I Conversely, in 

those regions w",ere the nos: zclntsl terms pye ioninate, the vertical components 



may be neglected as a reasonable approximation. These approximations lead 

to simplified forms of the differential equations, which are readily inte- 

grated and by which the varioks coefficients may be relatively easily 

evaluated. In addition, they provide a meas to test the sensitivity of 
the various corfiponents. 

The vertlcsl analysis is appropriate autside the zone of influence of 
the Hudson River plume. In such regions the analysis of vertical distribu- 

tion of dissolved oxygen is particularly suitable since the horizontal gra- 
dients are much less than the vertical gradiants and also 1,he flux associated 

with the horizontal gradient much less than the kinetic sources and sinks of 

oxygen, due to photosynthetic activity and respiration. The analysis may 

therefore apply to regions outside of the Hudson River plume where these con- 

ditions are, in general, fulfilled. Furthermore, a steacly-state condition 

may be realized during tfie middle to later summer, when the temperature and 

density stratification axe reasonably constant at their maximum values. 

Specification of the boundary conditions of oxygen transfer at the air-water 

interface and the bed pernit evaluation of the vertical dispersion, as well 

as the photosynthetic production and respiration. It is recognized that a 
given neasured distribution of dissolved oxygen does not yield a unique set 
of transport and kinetic coefficients. However, the additional data of 
chlorophyll, which may be correlated to primary production, and dissolved 

organic carbon, which m y  be related to respiration, provide a further degree 

of confirmation. The ELrraZysis thus provides relatively narrow ranges within 

khich the nlnerical val.ms of the coefficients may vary. 

The horizontal anGysis may be applied within the Hudson River plume. 

Since the plume is most evident, during periods of high runoff, tine variable 

ccnditions probably prevail, This fact, in addition to the presence of ver- 
tical gradients makes this anaiysis more approximate by contrast to the ver- 

tical. However, it does perrit reasonable estimates to Se made o-P the trans- 

port coefficlents in the horizorltai plane - the jater.a! a d  lonp-it-ddinal djs- 

persion cocffizients. ?>e ansiyses presented in the followins seztions 

proi ide sirnp15Tied pLnzcel.ures :or the assignment ~f t’:e ranpe of trsnsFort 
an 1 hir,ctic coeffieit-nz for the tr:ree-Lirnension:i?_ seqm-ntei1 -ode1 asscribed 

in airbsc jueiii ;ertions. 

- 6 -  



One of the most significant factors responsible for the vertical gra- 

dients in water quality is the density stratification due to temperature and 

salinity differences. This condition is most pronounced during the summer and 

generally produces a relatively well-mixed surface layer and a poorly-mixed 

lower layer. Differences in concentration of xany water quality parameters 

exist between the two layers during this period and are particularly evident 

in the case of dissolved oxygen. Its concentration is effected not only by 
the vertical stratification and the associated dispersion, but also by the 

various sources and sinks in each zone - photosynthetic production and 
exchange with the atmosphere in the upper Layer and biological respiration 

and benthal demand in the lower. The following analysis includes these reac- 

tions with vertical dispersive transport under a steady-state condition. 

Basic Equations and Boundary Conditions 

The basic differential equation which defines the vertical distribution 

of dissolved oxygen under the steady-state conditions: 

o =  

in which 

c =  

E =  
cs = 
0 

csi = 
The 

D..c - 
s 

concent rat ion 

cso - csi 

of dissolved oxygen 

(11-1 1 

vertical dispersion coefficient 

kinetic sources 

kinetic sinks 

concentration, c, may be expressed in terms of the deficit, 
c, in which c = equilibrium saturation value of dissolved oxygen 

S 
for 8 given surface temperature and salinity. The primary kinetic source is 

the phoLosynLhetic production of owgen by phytoplankton and the sink is algal 

and bacterial respiration. Equation (11-1) may then be expressed as follows: 

.j dE 
22 dZ 0 = -(E(z) --I 4- 3(z) - P(2) (11-2) 

-7 - I -  



contributions. 

layer, while only the latter is effective in tlie lower layer, the water column 

Inny be divided into two regions, delineated by the pycnocline. 

directly applies to the upper layer, while tlie lower layer is aescribed by 

this equation without the production tepm. 

Eince ljrcduction and respiration are qerative in the surface 

Equation (11-2) 

Since there are two second-order differential equations ~ one for each 

layer, four boundary conaitions are required to evaluate the constants of 

integration. The upper layer is identified by the subscript, T, and the 
lower by the subscript, B. The boundary conditions are provided by flux 

balaces at the air-sea interface, the pycnocline and the bed and by the 

concentration equality at the pycnocline : 

z = p  D = i 3  m SP 

in which 

I> = deficits at the interface and at the pycnocline (M/L3> Do' p 

I( = oxygen transfer coefficient (L/T) 
s 
L 
= areal oxygen utilization rate at the be:! Mj~,*T. 

Solution of Eqwitions I 

The first integration of equation (11-2) for the upper. 3.ayer yields 

and the second 

(11-8) 



Do and C, = 

By averaging the dispersive and kinetic terms in the upper layer, equation 

(11-3) becomes after substituting the values of C 

i 

and C2: 1 

KLEoZ 
+ 

'T - *TIz2 +- a r = [  E E (11-9) 

In the lower layer, the photosynthetic contribution is zero and the first 
integration of equation (11-22) yields 

(11-10) 

Applying the fourth boundary condition (equation (11-6)) to equation (11-10) 

3: provides the evaluation of C 

Substitution of this result into equation (11-IO) and integration leads to: 

2 RBZ Z(S + RBH 
+ c4 f D g - - -  - 

2EB EB 

The remaining constants D 
boundary conditions (equations (11-h) and (11-5))- 

(11-10) at Z = p and solving for D yields: 

and C b  are determined by the second and third o 
Equating (TI-?) and 

0 

4: Equating (11-3) and (11-11) at 2% =: p permits evaluation af C 

(11-13 1 (p, - RTj 2 %iH - PI %p + - 1.--- + SI + Do [l + ----I 
ET 

c4 - - p 
2ET Eb 

- 
2 

Thus equations (11-9) with (TZ-12) define the concentration of dissolved oxygen 
deficit ic the u2per 1-ayer and equations (11-loj with (11-13) in the lower layer. 
Conver-ijn t,o dissolved oxygen valur-s is made by subtracting the calculated 

dt Cipit frJm tke cqdliSri?*xi satui-ation vaJ;ic si3ecific to a given location 
*',, ?. a civen surfact: ral inity arid temperature regiae. 

- 9 -  



The various transr'er, kinetic and density coefficients were assigned on 

the basis of either direct measurement or values reported in the literature. 

These data are priiasiljr derived from ongoing NESA research in the Bight, 
and supplemented by previous historica.1 studies. A discussion of the co- 
efficients employed in the analysis is contained in section VIII. The 

specific coefficients utilized in the vertical dissolved oxygen calculations 

are indicated in Figure 11-1 and 11-2 which present calculated and observed 

dissolved oxygen for a series of stations in the Bight for the summer con- 

ditions of 1974 and 1.976. 

III. - HORIZONTAL mmysrs 
The horizontal analysis applies to the region in the apex which is in- 

fluenced by the €resh water discharge of the Hudson River. There are evident 

horizontal gradients of both salinity and dissolved oxygen in the vicinity of 

the Sandy Hook Transect. 

solved orjgen, as described in the previous section, it is appropriate to 

look to the horizontal salinity distribution for evaluation of transport 

parameters. The approxbations contained in a steady-state horizontal analysis 
of salinity are probably mare crude than those in the vertical dissolved 

oxygen case. The procedure, however, does pernit at least a quantification 

of the range of the horizontal dispersion and of' the system sensitivity to 
this parameter. 

Because of the many factors which affect the dis- 

During periods of high runoff in tke spring the Hudson River plume is 

clearly defined, usually deflected, to some degree, to the west along the 
Jersey shore. Following a path of minimum salinity, which may be character- 
ized by a ms.ximim velocity and lateral mixing, the f'ollo~ring flux equation 

may be written for the sslinity deficit: 

(111-1) 

The concentration, c, is defined as a reference ocean snlinlty, c minus 
t,ii.e obser\-ed. ccnc-ntration, s , a;.ong the characteristic The solution for 

the abo-c-c, with a ?;ol;n2zr-:~ i:~.nditior, c,- ~ si; x = ,3 and c = 0 at, x = 03, is: 

-0' 

., 

1 

(111-2) 
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in which 

U = x*elociiy 
I? = width at x=o 
E = lateral dispersion 
x = distance along the characteristic contour. 
The ~ n m d a r : ~  condition, c is that at the Sandy Hook transect and the 

velocity, U, is the freshwater discharge from the Iiudson and Raritan drain- 
age areas, divided by upper layer cross-sectional area. The value of the 

dispersion coefficient may be determined from the concentration distribution 

along the axis defined by the salinity deficit in accordance with khe above 

expression. Application of tnls equation is shown in Figure 111-1, which 
represents two Hudson River flow conditions, as shown. The value of 

Y 

0’ 

c l mi /day is assigned as the dispersion coefficient. 

The vertical dissolved oxygen analysis of Section I11 and the horizontal 
chlorides analysis of this section are employed to define relatively narrow 

ranges for the vertical and horizontal dispersion coefficients respectively. 

These coefficients axe eaployed in the three dimensional analysis to define 

a s w e r  transport field for the Bight which follows. 

IV. TaqSFORT EQUATION 

Total transport is defined by the joint transport resulting from 

advective flow and dispersion; 

(IV-1) 

where x,’y,z are the longitudinal, lateral and vertical. axes respectively and 
s = salinity concentration 

Ux,il,,,Uz I=. Velocity i:i the direction of the specified axls. 

Ex,E ,E = 3ispersicn in thc direction of the specified axis. 
2. 7, 



FIGURE 111-1. 
CALCULATED AND OBSERVED 
ONE-DIM INSIONAL SALINITY 
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The x,y,z coordinate space is subdivided into spatial segments. A 
mass balance is taken arollnd each segment (k) and summed over all'adjacent 

segments (j). 

employed is presented in Appendix C. Transport is thus defined by an advec- 

tive-dispersive field consisting of flows Q, and dispersion parameters E' 
for each segment interrace of the model. The dispersion parameter is equal to 

A more detailed discussion of the finite difference approach 

,J k3 

Qkj = flow across segment interface kj 
E' = dispersion parameter across segment interface kj 
kj 

dispersion coefficient acmss segment interface kj 

area of segment interface kj 
Ekj 
- %j 
L = average distance between the centers of segments k and j 
kJ 

= concentration weight factors. kj' 'k,j 01 

Examination of equations IV-2 and V-3 indicates that the transport. 
field is defined by the advective flows "Q" and the dispersion coeffi- 
cient "E" . 
space x,y,z establishes the scale of the analysis and to an extent the 

values of the individual parmeters "Q" and "E". Therefore the defini- 
tion of a transport field for the New York Bight contains three inter- 
related factors. These are: 

In addition the particular segmentation of the coordinate 

1. The segaaentation of' x,y,z coordinate space 

used in the analysis 

2. The advective flow field appropriate for 

the spatial segmentation cf the analysis 

3. The set of dispersion coefficients 

appropriate for the spatial. segmentation 

of the analysis. 

~ubscquent s e c t i ~ n ~  of this repcrt &iscuss each of these three components 

of' tile '?c?ficiticn or the tatai .transport fielr!, 
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tation indicated was employed in the steady state calculations of summer 

salinity and dissolved oxygen distributions. The area studied is bordered 

to the south 'cy latitude 3g0O0'N, to the east by longitude 71°00'W, to the 
rJorth by the Long Island coast, and to the west by the New Jersey coast. 

The system is divided into two vertical layers with a total of 86 segments. 
Even numbered segments represent the bottom waters of the study area while 

the odd numbered segments are employed to represent the surface waters of 

the Bight. As shown, the apex and the region adjacent to the New Jersey 

coast are defined by finer segmentation. These regions of the system, which 

have the largest gradients in water quality, are the locations in which 

depressed bottom dissolved oxygen levels have been observed. Details of the 

system segmentation used, were also controlled by format and geometry re- 

quirements of Brookhaven National Laboratories. The segmentation is consis- 

tent with the available data base and the degree of understanding of phenomena 

controlling water quality, 

The location of the bottom of the pycnocline is defined fron data pre- 

sented by Starr and S t e w e  (1). 
the boundary between tog and bottom segments for both 1974 and 1976 condi- 
tions. The interface between top and bottom segments forms a. surface which 

gently slopes seawwd to a maxiLlurn depth of 35 meters in the region of the 
shelf break. Figure V-2, illustrates the vertical density structure ob- 

served at two stations during three surveys. The location of vertical 

interfaces are shown. Tae observed verticd structure varies between sur- 
veys. The depth of each segment is listed in Table 9-2 of Appendix D. 
This appendix and Appendix A contain a discussion of the procedure employed 
to calculate volunes aad cross-sectional areas for each segment with list- 

ings of the system geometry by segment and interface. 

This information was employed to define 

VI. Flow Balance 

The .infomation avtiilable on summer flow patterns in the New York Right 

has been su:ma,rized by Eudy (2) ~ Hansen (3) Bwnpus (4) f:), Beardsley (6) 
and others. In generel, averzge net velocities near the surface, in the sum- 
mer, range between 5 uici 20 cr/sec and are directed fron the northeast towards 
%he Zoutb.west. Average z-mxer nct bottom velocities are wcaker ranrtng 3e- 

tween 0.2 2nd 3 cm/sec with rn on-shore component in region:- having depths 
lezs tiian GO 50 70 metel-s. Tr, ti,e deeper eastern portions of the Right the 
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average sLLmr?er net current eirection in the bottom waters is from Northeast 

tc Sout,?iwest, 
The general descriptions of net current patterns in the Bight provides 

thc bases for the definition of a flow field which is assumed to represent 

conditions in P-ugust 1974. 
faces. Sone interfacial velocities are speeifiei! either through measurements 

or f‘rom the a-failable descriptions of the sUtriTTier flow field in the Ifew York 

bight. For each segment, continuity requires tha% equation (V-1) be satisfied 
if’ evaporation is neglected. 

There are 86 model segnents with associated inter- 

M 
C a. .v = qi 
j XJ j 

i=l,2,. . . ,N 

where 
a = interfacial area between segnents i and j 

v = velocity at interface 
ij 

ij 

= flow into segment i for specified flows. 
= 0 if all flows are unknown. % 

qi 

There ace core unkrlown velocities than equations of continuity for each 
segment. &I additional constraint is employed in the analysis: namely that 
the kinetic energy 1/2 V be a minimum. The solution is obtained employ- 
ing the method of Ilagrange rra.3-tipliers, The flow field is generated employ- 
ing an jE~gai-ithi which imposed continuity and minimization of kinetic 

energy, a3 discussed in Appendix fi. 

2 
3 

Tbe frcsLwater flov €ram the Hudson River for Alrgust 1974 is estimated 
at 16,300 cfs which includes upstream gaged inf”lows, waste discharges an& 

estimated fiows from ungziged tri?sutriry areas of ;Jew York Harbor. A typical 
estuarine clrcdation pattern uvists in the EIudsori estu~ry arid New York 
Harbor (7 )(G :. From the work of Kao (8) it is est bated that the net shore- 
ward ?io%: tnrcsF-,i S;ke bLt-toirA Do,*tior: of a trazsect TseCween FCmd Hook and 

Rockad iy 70lr-t WR‘: on t‘te oriel- of 52,000 cfs. l’his florr mters the Hudson 

estL.tr, fr-7: ti e b ~ t t ~ ) l  ilwei segment 3 atijacens to I:ew YPKI~ harbor (Sepents 

IrP%i Tc- :‘)e 03PP” tlly3 e -c:.prsrzu;c. 1Jrfwe seg- 

3. ”- L~nei- f’x sLwater flow= anti 

riot . 1 
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The flow field calculations used the cross-sectional area of each inter- 

face of the model, as listed in Appendix D. 
the s m e r  flow fLeld provided a basis for the definition of velocities for 

the bottom segments at the outer boundaries of the model and at the mouth of 

New York Harbor. Three near-shore segments adjacent to the New Jersey coast 

are left with unspecified velocities at the ocean boundaries. A program 
which irnFlemented the alogarithm presented in Appendix 13 is then employed to 

calculate the velocities at each interface of the bottom segments of the 

model. The calculations include upwelling at the shoreline segments along 

the Long Island and New jersey coasts. The velocity calculations for the 

surl'ace layer proceed in a similar fashion. The calculated upwelling along 

the Long Island and New Jersey shorelines is inputted into the surface layer 

as equivalent velocities. This procedure insures overall system continuity. 

The velocities which are specified in the surface layer calculations include 

internal velocities. Tne results of the calculations are presented on Figure 
VI-l for the surface and bottom layers of- the system. The velocities which 

were specified at individual interfaces in the calculation procedure are 

shown in brackets. 

Bmpus' (4),(5), description of 

A comparable calculation was made for 1916 s m e r  conditions. The 

Hudson River freshwater flow was estimated at 29,250 cfs for Axgust, 1976. 
In addition, current measurements in July and August of 1976 were available, 
from ACML (g), for four locations within the Bight. These data are employed 

to estimate specified velocities at the segnent interfaces nearest the point 
of measurenent. The calculated 1976 s m e r  flow field used in this analysis 

is presented in figure VI-2. Bracketed veiocities were specified as input in 

the calculation procedure. 

The flows generated by the procedure discussed above should be consid- 
ered as possible flow fields. The probability is renote that these flow 

patterns actually existed during the Teriods to which they have been assigned. 
Tnerefore from the standpoint of physical oceanography they provide no addi- 

t i onal i nf orriiat i cn . 
r- ii~ece Slow fields are, however, possible arid fur-ther are consistent with 

?;he av:iilable da2a iri t c m -  of 'oot,li the direckion arid xynitude of riet velo- 
c.iti+ I nr 2 r l ~ L ~ L .  i;L'3;"1, sLiai.opgiri+ 05 tke er,alysis of ~ater qdality they 

nay : co:isidt:reu as a repr=sf3nt,ntivc> flci; fielci which rnhty b ~ '  used to examine 
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the system in the context of available information on water quality. It is 

with this perspective that the calculated flow field is employed in the fol- 

lowing analysis. 

VII. Transport Field 

The transport field developed in this study was employed to calculate 

salinity profiles for sununer periods. The flow portion of the transport 

fields are as defined in section VI. The 19'74 flow field was defined using 
historical (4,s) data on general ocean currents and estimates of August 1974 
freshwater inputs from New York Harbor. 

available current data at four sites and estimates of appropriate 1976 fresh- 
water inputs from New York Harbor. The dispersion coefficients employed in 

the calculation of salinity were identical for each year. Figure VII-1 pre- 
sents data relating the vertical dispersion coefficient to density gradient. 

The range of maximum density gradients observed in the Bight during the summer 

surveys in 1974 and 1976 are also shown on the figure. Calculations of verti- 

cal dissolved oxygen profiles presented in Section 111 indicate that the mini- 

mum vertical dispersion coefficient is in the range of 0.5 to 1.0 cm /sec. 

This range of the coefficient is consistent with the d8ta presented on figure 
VII-1. 

analysis presented in section 11 suggest that an appropriate value for the 
minbum vertical dispersion coefficient is 1 cm /sec. This value of the 
coefficient was assigned to the interface between top and bottom segments in 
the three dimensional calculations for salinity and dissolved oxygen. ?'he 

dispersion coeff5.cients at the longitudinal and lateral interface in both 

surface and 1-ewer layer are assigned at a value of 2.6 x 10 
day) in the iniler Bight and 1.3 x 10 
regions of the Sight as shown on Figure VII-2. 

i n  -the anaLysis &re derived frozr, the horizontal znalysis presellted in section 
I1 and are consistent with those determined in large bzys with weak tidal 

ection and regui3r bottom topography (IS). At the outer ocean boundaries the 
dispersion cceffFcient was assi2,ned zri arbitrary large value of 2.6 x 10 

The 1976 flow field incorporated 

2 

Therefore data from the literature and the vertical d.issolved oxygen 

2 

6 2  2 

m /day (0.5 mi /day) for the outer 
nn /day (1 mi / 

6 2  2 

The dispersion coefficients used 

4 
3 

1q - /,.jay (1C8J Tii?2qT]. rp'tS :,.r-> iil.i.t value was chcssr: since 17.0 da.t,a beyond the 
buixd:xry was e la'nle far any ijf the priods analyzed. The boundary salin- 

ity val~cs =rere defined by o%ilerved data. nearest the boundary. Fipre VII-3 
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and VII-4 present comparisons of observed salinities (shown by the iso-salinity 
contours) and calculated salinities (shown by the numerical values for each 

segment). These data are for August, 1974 (cruise WCC-10) and September, 1976 
(cruise XWCC-11) respectively. 

region associated with the bottom waters are comparable for both years. By 
contrast the surface salinities, for this region, in 1974 were on the order 
of a part per thousand lower than those observed during June 1976. 
salinities calculated by the model employing the two transport fields agree 
reasonably with each year's data. 

generally lower t h m  the comparable calculated salinities for 1976. 

The observed salinities of the inner Bight 

The 

The calculated salinities for 1974 are 

A series of calculations were developed to determine the sensitivity of 
calculated salinities to variations in the transport field. Salinity distri- 

butions xere calculated considering a factor of two change in the magnitude 
of the flow field and the horizontal dispersion coefficients. In general 

these computations indicated that the maximum salinity variations for an 

individual location was on the order of 0.5 parts per thousand. The aver- 
age of the maxirnun variations in salinity was on the order of 0.3 parts 
per thousand. The calculated bottom salinities tended to be more sensitive 

to parmeter changes than the comparable surface values. 

Additional cornputations indicated that reduction of the vertical disper- 
2 sion coefficient to 0.1 em fsec (a ten fold change in parmeter) resulted in 

increased salinity levels in the bottom waters at many locations on the order 

of Z to 2 parts per thousand. 
The transport system parameters used are presented in Appendix D. The 

transport fields provide a reasonable representation for a dissolve6 conser- 

vative constituent such as salinity. The observed and calculated salinity 

gradients were relatively small and therefore it Would be prudent to consider 

the transport fields as possible transport fields which characterize the 

gross features of the system over a summer. Based on the sensitivity calcu- 

lations it is concluded that comparison of calculated and observed salinity 

distributions provides cne necessary aspect for deflning adequate transport 

fields. This conFarison i:; riot safficient to icsure uniqueness of the field. 
it is ackrionleclt;ed that this traiispoct field may iiot be uriiqiie. The 

 sen^ ;t,ivity analysis provide: -'urtl,Pr definition of the degrec of uniqueness. 
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Eowever, regardless of the model used, agreement between calculated arid 

observed salhity distributions is a necessary condition for a valid trans- 
port analysis. 

VIII. Dissolved Oxygen Analysis 

The dissolved oxygen analysis emplGyed the transport field discussed 
in section VII. 

dation of organic carbon from New York Harbor sources, the oxygen produced 

by photosynthesis, the oxygen utilized by organic deposits on the sea bottom 

and the oxygen utilized by the respiration of phytoplankton. 

sink of dissolved oxygen includes the oxidation of detritus carbon formed 

within the biological system of the Bight. 
employed for the dissolved oxygen analysis is most conveniently written in 

terms of dissolved oxygen deficit which is defined by equation VIII-I. 

Additional phenomena included in the analysis were the oxi- 

The latter 

The basic differential equation 

D = C  - e  (VIII-1) S 

where : D = dissolved cxygen deficit at any location 

C = dissolved oxygen at any location 

= saturation level of dissolved oxygen under the can- 
ditions of temperature and salinity at the surface CS 

Replacing "s" in the transport equation IV-I by deficit 'ID" and 

defining the resultant equation by "j" (D) the appropriate reaction and 
source-sink tern may be added yielding: 

with boundary conditions: 

z = o  

z = Ii 

(VIII-2 ) 



P = oKygen produced by photosynthesis 
R = oxygen used by phytoplankton respiration 
S = oxygen used by organic deposits on the sea bottom 
L = BOD inpcts to the system 

= oxidation rate of BOD kd 

The above partial differential equation vas solved with the finite dif- 

ference approximations discussed in Appendix C. 
defined as a result of the finite difference approximation and is included 

in the diagonal terms of the resultant matrix while the remaining source and 
sink reaction terms including S are included in the forcing function as indi- 
cated in Appendix C. 

The reaeration term kaD is 

Kinetic Coefficients and Boundary Conditions 

The value of fila transfer coefficient, KL, was 1 m/day and is within the 

range of .3 to 5 m/day s-mari~ed('~) for values of this parameter. 
transfer coefficient divided by the depth of the surface segments yields the 

reaeration coefficient k for each sinface segment of" the nodel. Dissolved 

oxygen 5s transported into the bottom layers by vertical dispersion. 

sion coefficients employed in the dissolved oxygen calculations were identi- 

cal to those used in the salinity analysis. 

The film 

a 
All disper- 

Values of the botton oxygen utilization rate reported by Thomas et al. 
(16) for August 1974 were used in the regions of the model where data were 
available. The bottom oxygen utilization rate varied spatidly between 0.1 

L and 1.0 ws/m /-day. 

associated with the inner Bight including the sludge dumping grounds. In 

the remainder of the system modeled, bottom oxygen utilization rates were 

set at .k p/m-*-day which represent a relatively clean bottom without sig- 
nificant accumulations of oxidizable organics. 

The regiori covered by the available data was generally 

Oxygen utilization rates in the water column vere reported (I6' to range 
between 0.17 arid 2.85 mg/Lday. 
yield an equivalent E99: 05 approxinately 4 mg:!R. 
kipii for ocean water. 

The average was 1.2 mg/R-day which would 
This appears somewhat 

/ 

A c12ssi.cal probicn iiss been encountered in iic.veloping organic carbon 
mass balances for all ty7es OF :dater bodies. The cause of this difficulty 
iz associated with an increase in oxy~en ulizized 5y viable phytoplankton 



organisms resultlng from the chhnge in environment between the natural system 

and laboratory test conditions. The incubation period of the BOD test is 
usually five da,ys and nay extend to 20 or more days. During this period of 

incubation, in the dark, some portion of the original phytoplankton popula- 

tion may contribute to an increase in the quantity of oxygen used. 

The respiration studies carried out with rjew York Bight water employed 

short incubation periods compared to BOD test conditions. This should tend 

to reduce the portion of the phytoplankton population which is adversely 

impacted by the changed environmental conditions. Oxygen utilization rates 

would tend to be increased due to the changed environment conditions of the 
testing procedure. 

Approximate calculations employing chlorophyll a data by Malone (17 $18 1 - 
suggest that the sum of oxygen utilization attributable to phytoplankton 

respiration and oxidation of 2articulate organic carbon may be in the range 

of 0.20 mg/L-day with some spatial variations. 

organic carbon and aionia woula increase total oxygen utiliza.tion rates. 

The calculations vere developed employing the fa.Uowing equations: 

OxidaAion of dissolved 

R = Paok*aop*eoc 
P 

where : 

R = oxygen used by phytoplankton respiration mg/ll-day 
P = chlorophyll a concentration (pg/R) 
K = phytoplankton respiration rate (l/day) 
a 

a = carbon to chlorophyll ratio (rngcfpg Ch%) 

P 
a - 

= oxygen to carbon ra.tio (mgO2/mgc) 
OC 

OP 

VIII-3 



measured chlorophyll a and total inorganic nitrogen con- ( 17,18 ) - Malone 

centrations in August 1974. 
urements and estimates of the depth to the pycnocline for the August 1974 
period from cruise WC-10. 

oxygen production rates in the apex of the New York Bight for August condi- 
tions were made. 

These data were combined with secchi disc meas- 

Based on these data calculations of the range of 

The rate of dissolved oxygen production can be estimated by: 

VIII-6 F = a  - G  op p pa 

where : 

P = dissolved oxygen production rate (mg/R-day) 
a = oxygen to chlorophyll ratio (mg02/pg Cha) 
G = depth averaged phytoplankton growth rate (1lda.y) 

= phytoplankton concentration (ug ChRIR) 

OP 
P 
pa 

The growth rate is defined by: 

where the Light correction, r, is: 

and 
Ia -k E e e Q: = -  = Is 
a. I 

a = -  
O =s 

temperat7x?e dependent light saturated growth rate (l/day ) 
concentration ef inorganic nitrogen (mg/R) 

iviiciinelis coxentraticn for nitrogen (mg/%) 

2.71 

photo period - 1’r’sii.t ;or: of da;y 
cie~t’ri 05 zegr,ent (3:) 

VIIL-7 

VIII-8 

VIIX-g 

VZII -10 

- 17 - 



ke = light extinction coefficient (l/rn) 
: = daily average solar radiation (Lysld8.y) 

= optimm light for growth (Lys/day) 
a 

Is 
Parameter values employed in the calculations are within the reported 

rang?S '20) and axe presented in table VIII-1. 
TABLE VITT-1 

Coefficients - Oxygen Production an Respiration Rztes 

OBSERVD CONCENTMTICNS & PARAMETERS VALUE EMPLOYED SOLTIICE 

a carbon to chlorophyll (mgc/ng Chk) 
a oxygen to carbon (mgQ2/n;gC) 

a oxjgen to chl. (raglug) 

k2 respiration rate (I/day! 

k F(?C oxidation rate (I/day) 
k, ( T) (l/iiay) M ~ X .  growth rate 

eP 
OP 

vi? 

0 

photo period 

light exthctiori (]-/MI 
daily SOP= radiation fLys/day) 

satmation radiation j~ys/day) 

50 - 100 20 

2.66 20 

133-. 266 20 

(3.1 20 

.1 - .25 15 
2.5 @ 25'C 20 

*5 Est. USWB 
.2 - .3 WCC-10 

400 usm 
300 28 

Q 50 17 4-8 
Pa. chlorophyll (I.lgJR) 2 - 10 17 $18 
POC particulate organic carbon 05 15 
E segment depth (PI) V w  iabl c Model 

The calcul-ated oxyger? prcd.irction rates '!Ptr ranges between 5.33 and 1,6 
mg/R-da..y for zverage chlcrophyll I R values of 2 to 10 pg/% which are consis- 

tent with the available data for the pesioci. These data suggest that a 

cPioroghy1l -- a gradient may exist with higher levels Iieu the molrth of New 
York Earbox. and levels decreasirig totmrds the outer Bight. "lie ~:~ygen ~ Y O -  

ductior: rate due to ph.otosyntliesis, Less the o,xygea used in respiration; 

(p-8j in eqxitim VIIZ-2, in ail the surface seg-ents of the mo~jiel was 

asslged at 0.4 mg/Q-rlay which is consistent with the range ca.Lculated from 
the A1.y72st, 1971- chlorophyll 5 data. 

- 38 - 



The vertical segmentation is such that the ratio of depth of the 

bottom segment to the depth of the surface segment tends to increase 

seaward. This factor combined with the apparent chlorophyll gradient 

suggest that the oxygen utilization rate associated with phytoplankton 

respiration would be lower in the outer Bight in contrast to those 
lassociated with the inner Bight areas. The oxygen utilization rate for 
 the bottom waters of the Bight is assigned at 0.3 mg/R-day for regions 
I  where the depth of the bottom waters is less than 20 meters and 0.05 rng/R- 
lday in regions with bottom water depths greater thaa 20 meters. 
(segments 50,50,70 which appeared to have somewhat high chlorophyll I a levels 

(at the surface and low battam dissolved oxygen levels the respiration rates 

 are assigned at .65, .75, and .80 mg/&-day respectively. 
bhesized that the higher rates are associated with the sludge dumping activ- 

ities which could increase organic concentrations in the water column and 

kield nutrient releases from the resulting benthjl deposits. Appendix D 
pontains a tabulation of all system parameters by segment used in the dissolved 
bxygen analysis. Table VIII-2 summarizes the parameters used in the analysis. 

krepresented by contours) on Figure VIII-1 and 2 fcr the August 1974 period. 
be dissolved oxygen calculations presented on this figure aplsyed the 197h 

I 

In model 

It could be hypo- I 
I Calculated dissolved oxygen distributions are coxipared to observed data 

ransport field discussed in Section VII. 
The identical. reactions and source-sink parameters were employed with 

the 1976 transport fleld to calcaate dissolve6 oxygen levels. A compari- 

f 111-3 and VIII-4. It is evident fron the figures that for the 1976 conditions 
+he calculated and observed dissolved oxygen data do not agree in the inner 

$ight. 

$ar to those calculated and observed in 137b while the data for this period 
hows substantially lower dissolved oxygen levels. Fjgezres VZII-Fa and 5b 

I 
on of observed June, 1976 and calculated distributions are shown on Figures 

The calculated dissolved oxygen levels Tor the 1975 period are simi- 

d 
firecent caiculated and observed dissolved oxygen deficits for 1976 GD the 
4ighLwlie scale for the bottorn waters. 
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Examination of these figures suggests that, with the currently employed 

parmeters, low dissolved oxygen levels at the southern ocean boundary are 

calculated to increase rapidly within the area. The observed data indicates 

that regions of ciepressed dissolved oxygen extend from this boundary north- 

ward into extensive portions of the New York Bight. 

Dissolved oxygen levels were calculated for 1974 conditions with hori- 
zontal dispersion coefficients (surface and bottom segments of the Bight) 

set to zero. M.1 other Farmeters were unchanged. This calculation (with 

EH = 0) was compared to the 1974 calculated dissolved oxygen levels for 
the bottom waters of the system. It was found that calculated dissolved 

oxygen Levels were essentially the sfme in the system for both values 

of the dispersion coefficient. The only exceptions were in segments 

immediateiy adjacent to the boundary where calculated dissolved oxygen 

increased on the order of 0.2 to 0.3 mg/%. 
Comparable calculations and comparisons were made for 3.974 conditions 

considering the advective flow field. 

calculated bottom dissolved oxygen considering the 1974 flow field and a 
field with all flows set to zero. The influence of the advective flow field 

on the calculazed steady state dissolved oxygen distributions is insignifi- 

cant at the ocean boundaries and tends to increase somewhat in the inner 

regions of the Bight. The maximm difference calculated is on the order of 

1 mg/R. 
oxygen when the total horizontal transport field is set equal. to zero. The 

major changes in calculated dissolved oxygen levels are associated with the 

segments adjacent to New York Harbor. This reflects the fact that residual 
effects from discharges to New York Harbor do not enter the Bight Model when 
there is no horizontal transport. Discounting these local New York Harbor 

effects it may be seen that the horizontal transport bas an influence on 
calcuhted dissolved oxygeri levels in the apex and at most of the system 
bo-mdaries. 

Figure VIII-6 presents the change in 

Figure VIII-7 illustrates the change in calculated bottom dissolved 

Figure TIIT-8 presents the calculated differences in steady state dis- 
solvec? oxygen values considering a ten fold reduction in the vertical dis- 

persion coe:?iiclent. As skcwr- on the figure maJor changes in calculated 

tlis.;clved cxygex ' ~ v ~ L s  FLY~. essociatfd with this change in ihe vertical 

oti coe1 fizlcnt. TeL'rea-ec in diusolvcit oxygen aionr the shorclines 
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of New Jersey and Western Long Island range between l.5 and 3.5 mg/R. 
addition the decreases in dissolved oxygen along the ocean boundary at the 

southern limit of the system off the New Jersey shore ca.n be observed. The 

calculated dissolved oxygen levels are sensitive to vertical dispersion. 

Comparable calculation considering a fifty percent reduction in the reaera- 

ticn coefficient indicated that bottom dissolved oxygens tended to increase 

on the order of a tenth of a ng/k due to increased dissolved oxygen super- 

saturation in the surface layer. 

In 

Figure VIII-g presents the change in calculated dissolved oxygen levels 
in the bottom due to a 50% increase in the oxygen utilization rate of the 
bottom waters. 1974 conditions were employed in these calculations. The 

increased bottom dissolved oxygen levels range between 0.1 and 2.0 mg/R. 

Deeper sections of the system are not significantly impacted by changes in 

this parameter because the original value of oxygen utilization rate was low. 

The calculated dissalvec! oxygen Levels are significantly influenced by changes 

in oxygen utilization rate as shown on Figure VIII-9. The influence of the 

oxygen utilized by bottom sediments is shown on Figure VIII-10 and can reach 
1/2 mg/R in the apex adjacent to sludge disposal area. 
sents plots of the relative dissolved oxygen depression caused by waste dis- 

charges of ultimate oxygen demanding material. from Long Island, New York 

Harbor, and the New Jersey shore. The influence of these loads on the scale 
of the Bight may be seen to be insignificant. 

Figure VIII-11 pre- 

Based on the steady state calculations it is apparent that Bightwide 

dissolved oxygen Levels are most sensitive to the vertical dispersion coeffi- 

cient and the oxygen utilization of the bottom waters. This latter paraneter 

is determined by phjrtoplanktor, growth, sinking, respiration and death. Light 

penetration relative to the location of the pycnocline may also be signifi- 

cant. The former parameter Is essentially determined by the vertical density 
structure. Tine calculated dissolved oxygen levels are influenced to a lesser 

extent by the horizontal transport ant! bottom sediaent oxygen utilization 

rates. 

An exmination or” the density structure observed in 1974 and 1976 indi- 
cate that the vertical density gradients in the latter pericd tend to be 
somewhat hi;;rlcr an:! occur at sli pqtly greater dept?is. This tendency is not 

lmiforrdy cbs~rved nor well dxurnented. The data bases which were exmlined 
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were obtained at different periods of the year and comparable stations were 

not compared to any great degree. A.s the vertical density gradient increases, 

the vertical dispersion coefficient tends to decrease as seen in figure VII-1. 
The low bottom dissolved oxygen levels observed in 1976 could be accounted 

for by either an increase in the oxygen utilization rate of bottom waters or ' 

a decrease in vertlcal dispersion. i! cornbination of these two factors could 

also produce conditions observed in 1976. 
these two parameters required to acccjunt for the 1976 conditions appear to be 
relatively small and within the range of values presented in Table VIII-1. 

One method of better defining the relative impact of increases in the 

In any case the chmges in 

oxygen demand OF bottom waters is to analyze the chemical and biclogical 

data currently being collected by MESA sponsored proJects employing carbon- 
oxygen-nitrogen modeling with phytoplankton dynamics including settling. 
Steady-state seasonal calculations for spring-early summer periods as well 

as time variable calciAlations can be enployed in the analysis. In addition, 

analysis ia the vertical dimension using significant components of the phyto- 

plankton models F;ould provide additional insight. Thus future data analysis 
and modeling efforts should ernploy a combination of analysis frameworks simi- 
 la.^ to those utilized in the present study: a three dimensional annlysis on 
a Bight-wide scale m d  a more detailed vertical analysis on a local scale. 
Three dimensi.on models may be used to defPne Bight-wide phenornena while 
detailed vear-ticd analysis assists in defining %he influence of vertical 

dispersion in the eantext of other Siologicai and physical phenomena. 



Conclusioris : 

The steady-state analysis presented in this report provides a basis for 
assessment of dissolved oxygen in the New York Bight, particularly in the 
apex area. The amilysis indicates that the discharge of caxbonaceous and 

nitrogenous wastes does not materially affect the dissolved oxygen levels 

through bactei.4.al oxidation. Furthermore , the discharge of solids (sludge 
disposal, dredge spoils and construction debris) do not influence- these 

concentrations on a bight-wide scale. The localized sludge di~p~saJ. area 

is evidently affected in this regard, but this area is restricted ta a 
relatively limited extent. 

oxygen, particularly in the hy-polimnetic waters, is affected by phy-toplankton 

respirator and decay and the vertical transport structure. It is probable 

that the discharge of xastewater from the treatment plants and urban runoff 

has some effect on the growth of the phytoplankton and the subsequent decay 

through the inorganic nutrient route. The degree to which water quality 

conditions are affected by these inputs nay be quartified by the development 
and validation of a model defining these kinetic interactions. Tne analysis, 

developed in this second phase, will be extended to incorporate the kinetic 

routes, relating -the growth and decay of the phytoplankton to the nutrient 

concentrations remdting from these wastewater inputs. Thus, the effect of 

the discharges will he defined., providing a bnsi.s for areawide ,water quality 

planning, particularly wlth respect to the relative influence of the point 

sources from treatnent plants and the distributed sources from urbm runoff 

by contrast to t k  effect-s of other inputs such as the disposal practices 
and atmospheric inputs. 

On the other hand, the depression of dissolved 

The presen-t ,analysis is directed to the definitron of a transport 
structure, in accordance with -the original contract to provide the Brook- 
haven investigators wi-t’n a reasonable transport field Tor sunmer conditions. 

The transport field developed In this work was calibrated an!? validated by 
tlie anal.ysis of ”,he sd-isity ?&istrZoution i’or the years 19714 arid i976. 
ther confirmation 3T t.i-i:-.;  en ol-t field was pro-gjded by the dissolved 
cxygeri analysis a The 1-a.t :X:X~.~J 7 j :; w:~.s also einpi.oyed :is a b,2sic i’or the 

c on c I. ii s ion s exp re z s ed in 

$Lr- 

pr’Ec;-~tlirla paragm3ph ~ 



The transport equations included advective and dispersive terns in a 

multi-segnented horizontal system with two vertical layers. The advective 

terms were developed by a minimum energy principle, which yielded the general 

observed flow patterns in the Bight. The overall transport field also in- 

cluded consistent values of the various dispersion coefficients. It is 

recognized that advective-dispersive models of this nature do not necessarily 

result in a unique solution for the transport. Eowever, its validity to 

represent average summer conditions is demonstrated by its ability to repro- 

duce the salinity distribution for the two years. 

The analysis further indicates that the dissolved oxygen concentration 

in the hypolimetic waters is particularly sensitive to the respiration and 

decay rates of the phytoplankton 'and the vertical dispersion coefficients. 

Relatively small changes of these parameters, within the range of measured 

values, causes significant changes in the dissolved oxygen levels. 

Thus, from both a transport and kinetic viewpoint, the present analysis 

reasonably reproduces observed water quality conditions and permits assessment 

of the effect of wastewater inputs. 

these discharges in dissolved oxygen an(? other water quality paraeters this 

analysis bad indicated the analytic direction on which to proceed and provided 
a valid basis for the more definitive time variable analysis. 

In view of the potential significance of 
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APPENDIX A 

Methods Used to Develop 

System Segmentation and Define 
Segment Geometry 



The segmentation employed in Phase I was developed through the mutual 
cooperation an& agreeneat among Brookhaven National Laboratory, Manhattan 

College and the MESA project staff. The area is bordered to the South by 

lati-tude 3g0O0'N; to the East by longitude 71°31.'W; to the North by the 
Long Island coast; and to the West by the New Jersey coast. Sew York Harbor 

is not included in the segmentation, since the boundary is set at longitude 

73O59'W. However, the effect the Harbor has on conditions in the Bight is 
sinulated by affixing appropriate boundary conditions. 

The area of the Bight under study consists of a two layer network Of 

92, 46 upper and 46 lower, rectangular elements. Figure 111-la and lb 
illustrates the segmentation and the numbering scheme utilized. The corres- 

ponding bottom layer segment numbers are discerned by adding one to their 

respective upper layer digits. Interfaces between top and bottom segments 

for the inner shelf areas form a surface which slopes gently seaward approx- 

imately at the bottom of the pycnocline as determined by Starr and Steimle 

for September, 1976. This surface becomes less defined as the pycnocline 

thickens and weakens in the area of the continental shelf break. Due to 

this, a maximun depth of 35 meters, representative of the upper or middle 
portion of the pycnocline, was established, thus forcing the interface sur- 

face to flatten out. 

(1) 

The present water quality simulation software perxits only one open 

boundary per segment. Therefore, any corner segment with two open boundaries 

must be equipped with a ''dummy*' segment. 

port interface and allows advective transport across both  pen boundaries 

while not intrducing any distortion into the calcidations, Vnder these 

circumstances segnents 87 through 92 were constructed to conform to the 
computer software. 

This provides an a.c?ditional trans- 

Viewing F'igxe V-la and. I'D, it is evident that there are prisms of 
water situate4 between the boundaries of the segmentation network and the 

shoreline that were exciuded from the network proper. These p r i s m  were 

therefore an:iexec *so tke voi.?ines of adjacent segments 31, 32, 141, 42, 51, 
52, 75, and '76. 
to conforrr! to the segnert g i d  0.s illustrated. 

The interfacial ayeas between segments, however, continue 

kfi,e:- ';'n*r: seipectacio:; was est,aCDlished a;.on[; specific lezitude aid 

loniPitude t<i.iidc:.i.:iel , F'; ~a:; ncc:c..;sary to cietermirle -t,,re gi;eo:corphology of 

the srtea. In order. t@ sn-bisfy ;he compu-ter prot2ym.m inpu-, forclat, the 



topography was studied to ascertain values for such features as depth, inter- 
face areas, segnent volumes and characteristic lengths. For this purpose, 

the following Xational Ocean Survey charts were used - 12120, 12127, 12129, 
12133, 12134, 12327, and 13051. 
charts helped facilitate the drawing of a physical representation of the 

cross-sectional area .between each segment. Through the application of 
geometry, the total area of each interface was determined. Following this, 

a Line representing the pycnocline was placed on each cross-sectional area, 
thereby representing the line of demarcation between the top End the bottom 

segment. Sicce the pycnocline slopes gently seaward in a generally uniform 

manner, the area of the upper segment is easily obt,ained. The area of the 
bottom segment is computed by subtracting the area of the upper segment from 

the total cross-sectional area. 

The soundings, at xean low water, on the 

Utilizing the interface drawings, a total mean depth (incorporating 

both upper and lcwer layers) is generated. 

by the surface area of the upper segment yields the total volume for top 
and bottom segments combined. By obtaining the mean depth for the upper 
layer, rather than for the irregularly shaped lower layer, its volume is 

&so determined. Then, the bottom segment volwe is arrived a% by subtracting 
the top segment %-Q~UIR~ from the total volume. 

Multiplying the total mean depth 



TABLE A-I 
Segment Geometry 

VOLUME 6 FROM TO FROM TO 

WEST \.JEST NORTH NORTH 
SEGMENT if LONGITUDE LONGITUDE LATITUDE LATITUDE ( D O  CUBIC METERS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
14 1 
h2 
43 
L !c 
j; 5 
)+ 6 
47 
li 8 

71'31' 
71"31' 
72O35' 
72'35' 
7393' 
73'23 ' 
73O39' 
73O39' 
73'51' 
73'51' 
73O59 
73O59' 
71°31' 
71°31' 
72'35' 
72'35' 
73'23' 
73O23' 
73O39' 
73O39' 
73O51' 
73O51' 
71°3a' 
7lo3l ' 
72O35 
72O35 ' 
n023 ' 
?3O23 ' 
73O39' 
73O39' 
73O51 ' 
73'51' 

71°31' 
72O35 ' 
72O3 
73'22' 
7393 
73O39' 
73O39' 
73O51' 
13O51' 

IC 35' 
pC35;' 
'7023 f 2 .- 1 

73=23' 

71'31 ' 

71O3.I. 
71031 I 
-no 

72O35 ' 
72O35 ' 
73'23' 
73'23' 
73'39 ' 
73O39' 
73O51' 
73O51' 
73O59' 
73O59' 
74O15 ' 
74O15 ' 
72O35' 
72'35' 
73'23' 
73O23 a 
73O39' 
73O39' 
73O51' 
73O51' 
73O59 
73O59' 
72'35' 
72O35' 
73O23' 
'73'23' 
73O39' 
73O39' 
73O51' 
73O51' 
73'59 
73O59' 
72'35' 
72O35' 
73'23' 
'73O23 ' 
73O39 
73O39 ' 
73'51' 
73'51' 
73O59' 
73O59' 
T2*35 ' 
72O35' 

73O23 ' 
73O39 ' 
73O39' 

7'0.- Jd 23' 

39O00' 
39OOOt 
39'00 ' 
39OOO ' 
39O00' 
39OOO ' 
39OOO' 
39'00 ' 
39°00' 
39OOO' 
39'00 
39OOO' 
39O30' 
39O30 ' 
39O30' 
39O30' 
39O30' 
39'30' 
39'30' 
39O30' 
39O30 
39O3Q' 
39048 ' 
39048 
39048 ' 
39O48 * 
39O48 
39O48 
39048' 
39O48 
3gC48 
39O48' 
40°00 ' 
li. 0 OO a 
40°00' 
4O0OO~ 
40°00' 
kO0OO' 
4 ~ ~ ~ 0 '  
40OOO' 
4oco0 
40OOO' 
40°Gg l 
liOOC9' 
4o"cg' 
1!0009 ' 
4G00g ' 
40'09 ' 

- 63 - 

39O30' 
39O30' 
39O30' 
39O30' 
39O30 ' 
39O30' 
39'30' 
39O30' 
39'30' 
39O30 ' 
39O30 ' 
3p030 ' 
39048 I 
39048 I 
39048 ' 
39048 ' 
39048 ' 
3g048 * 
3904% ' 
351~48 
39048 ' 

4QQO0 * 
40Q00 ' 
bOOG0 ' 
4QQQ0 * 
40°00 ' 
48000 ' 
40'008 
40OOO ' 
4OOOO ' 
40°00 
4O"og' 
hOoQ9 ' 
40OOg ' 
40°09 
40°09' 
40°09 

40'09 
40"Og' 

40°18 ' 

bGols' 

39048 1 

4000g 

L0"og 

boi8 

4C018 I 
l+c,*lG 1 
40°18 ' 

174,100 
6,364,000 
120 , 600 
304 , 400 
35,460 
16,480 
25,380 
9,881 
15,230 
4,789 
24,180 
3,959 

103,200 
L ,127,000 

65,310 
55,310 
16,590 
9,326 
10,950 
3,444 
5,990 
2,971 
70 910 
214 I 600 
zl6,160 
40,870 
12 , 100 
5,706 
7,686 
2,342 

2,125 
51,540 

36,460 

10,170 

6,270 

57,400 

16 , 030 

7,757 
6,128 
2,345 
3,683 
1,223 
51,54C 
47,520 
34,660 
15,150 
9,062 
2,999 



TABLS A-I (Continued) 

VOLUME 6 FROM TO FEGM TO 

WEST WEST NORTH NORTH 
SEGMENT # LONGITUDE LONGITUDE LATI'I7JDE WI'ITLmIDE' (XI0 CUBIC m r . R S )  

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
6& 
67 
68 
69 
70 
71 
72 
73 
14 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91. 
9 2 

73Z39' 

73Z51' 

72z35 ' 

73 39' 

73051' 
71 31' 
71'31 I 

72'35 ' 
?3023 
730237 

73051 ' 
73051' 
71031 ' 
71 31' 
72z35' 
72 35' 

73023 ' 

73051' 
73051 
71,311 

72'35 
71031 ' 
71031 
73023q 

73039' 
73039 

.- b,23 70 ' 

73,39 ' 
73'39 ' 

/l031' 
72,35 I 

73023' 
73039 
73039' 

73' 59 

73 51' 
7331' 

13 59' 

73E51' 

730 59 ' 

73z35 ' 
72035 ' 

73039' 
73039 ' 

73051' 

73 59' 

73023 
73023 ' 

73051' 
73 51' 

shoreline 
shoreline 
72z35 ' 
7P035 

73023 ' 

73051' 

73023 ' 

73039 ' 
73039' 

73051' 
73*59' 
73059 ' 

7n035 ' 

72,35 ? 

7339' 

733: 
73' 51 ? 
7?,59 ' 

72,35 ' 

73'23' 
73023' 

72 35' 

73 29' 

73 59' 
s bo-r el i ne 
shoreline 

40°18 
40Ola 
4GzI-8 ' 
40 18' 
40°24 
40°24 
40'24 
40°24 
4Oo2h 
4Q02h 
4Oo2b ' 
40'24 ' 
40°24 
40°24 

40030 ' 
40030 

40030' 
40030' 
40030 
40030 ' 
40030 ' 
40 30' 
40'42 

iid'30 9 

4o030 

40'42 1 

40'42 ' 
40'42 ' 

40 54$ 
shoreline 
s irio r e 1 i ne 
shoreline 
shoreline 
shoreline 
shoreline 
39E48 ' 
39 48' 

40;541 

5,933 
3,364 
2 , 971 

35 480 
29 , 650 
22,250 
7,173 
5,231 

3 , 871 
1,628 
1,769 

35,480 
26 880 
20 , 670 
6,213 
4,531 

3,243 

1 , 433 

695.3 

767.5 

196.5 

866.6 

1,617 

67,010 
39,650 

1,658 

2,807 

471.2 

31,410 

53 940 
23,900 

495 * 3 
1 648 
412.1 
524 e 2 
58.25 

6,842 
1,711 

2.832 
2.832 
2.832 
2.832 
2.832 
2.832 



Appendix B 

Velocity Interpolation to 

Define Flaw Field 



I. Introduction 

The problem of velocity interpolation consists in selecting a set 

of unknown velocities given a few known values and the laws of fluid 
mechanics. 

effects are included, then the usual case is that there are infinite ways 

of specifying the velocities consistent with the known values and contin- 
uity. The reason is that continuity applies to a volume segment whereas 

the unknowns are at the interfaces bounding the volumes. The number of 

interfaces exceeds the number of segments for any two or three dimensional 

segmentation. Hence another principle is required to uniquely specify the 
velocities. In -the present analysis the criteria of minimum kinetic energy 

was employed. 

11. Method 

If only the law of fluid continuity is used and no dynaical 

Consider a segmented model with N segments and E: interfaces at which 
the velocities are unknown. Some additional interfaces exist at which the 

velocities are known. The problem is to calculate the rest of the velo- 

cities such that r”luid continuity is preserved. For each segment, continuity 
requires that 

M 
C a  v = q i  I,. . . ,N 
j =1 iJ 3 

where a is the interfacial area if interface ,j bounds segment i, and 
a = 0 otherwise; q. is the flow into segment 5 if a known interfacial 
velocity bounds segment i; otherwise q = 0. 

i3 
ij 1 

i 
The suggested method. can yield velocities with the property that 

1 2 the kinetic energy, “pC v ~ is minimurn. For generality Let the criteria 
to be minimized be 

2 j  

where v 

weights. 

The solution is obtsined using the method of iagrange multioliers, 

are the u~knom Interfacial velccities and w. are arbitrary 
For wi = p the criteria is that of rniniimn kine-t.ic energy. J J 

the constraints 2‘.~e taken into ac?cc!mt by increas%fig the num’tlez- of 

Ulknowris j7raFL tkc .“.I veiocisies tc i.1 + i.1 where tile adi?i:,ional 1; ariknowns, 



X 
equations. 

multipliers added to the function being minimized 

are the Lagrange multiplier associated with the N fluid continuity i' 
These constraining equations multiplied bjj the Lagrange 

If the constraints are satisfied then the additional terms are zero 

and do riot affect the velue of E. The method of minimizing E can 

now proceed as though the problem were unconstrained. Thus the solu- 

tion io obtained by setting aE/h = 0 yielding 
j 

N 
j = 1, ..., M (b-4) 

which is the solution for the v 
nultipliers. To find the values of the multipliers, evaluate the con- 
straint equation of continuity, Ca..v 

as fmctions of the hi, the Lagrange 
j 

= qi, using the above solution 
1J j 

for v : 3 

ar in standard form for simultaneous linear equations: 

N 
C r X = q  

G=l i.R R i 

M 

i = 1, ..., N (b-6) 

The abcve sizultaneous equations (b-6) are solved for the A's, and 
the veloclties are evaluated using 



i 
Thu3 the method is straightforward and requires the solution of' only 

an N by set of linear equations corresponding to the N segments at 

which continuity is required. 

- 111. 3elationshi.p to Irrotational Flow 

For the special case that all boundary and no internal velocities 

are specified, the rnininum kinetic energy velocrity field corresponds 

to the irrotational velocity field for that specification of the boundary 

velocities. This fact follows from a theorem by Lord Kelvin (Lab, Hydro- 
namies, p. 47): 
connected region has less kinetic energy than any other motion consistent 

with the Same normal motion at the boundary. The demonstration is direct. 

The irrotational motion of a liquid occupying a simply- 

be the kinetic energy of the fluid in the volume V with the integral 
/,dV = /// dx dy dz being the vol?m,e integral over V. 
velocity field u v w let T. be its kinetic energy. Consider a velo- 

city field made up of the irrotational velocities and another velocity 

field uo, vo, wo: 

For the irrotational 

i' i' i' 1 

where $ is the potential. -that specifies the irrotational velocities. 
The additional. relocities m-cst satisfy continuity: 

(b-lOa) 

(b-lob) 

(b-lGc ) 



(b-12 ) 

where T and T are the kinetic energy of the irrotational flow and the 

additional flow field respectively. The integral is evaluated by noting 

that : 

i 0 

The second integral is zera by the constraint that the velocity field 

uo,vo9w satisfy fluid continuity. The first integral is a divergence 

and can be converted to a surface integral via Green's theorem, where 

the surface is that bounding the volume, V. But u ,v ,w are zero at 
this surface arid so the surface integral is zero. Hence the total 
kinetie energy is: 

0 

0 0 0  

T = Ti -1- To (b-14 ) 

which is minimum only if T 
positive). 

irrotetional. 

= 0 (since To and T 
0 i 

Eence the minimum kinetic energy velocity field is 
are necessarily 

It Should be noted that if intm-nai velocities are specified, 
such zs in regions of known upwellings, then the resulting velocity 
field, although of rninLmm energy, may not be irrotational. 

IV. Relationship to the The3ry of Solutions of Linear Equations 
I_- - 

Consider a set of linear equations with S equations and M unknowns. 
TI i'or the corrmuon case that N = M, the equations have a mique solution 
if' they are not ::ing-=ilxzr. That is if' the cqulitions are As = b, then 

- 2  
)i Fi --k . 



Suppose, however, that N > M, i.e. there are more equations than un- 
knowns. Then it is impossible to satisfy all the equations exactly and 

some error must be tolerated. Let Ax-b = E be the error vector. The 

method of least squares gives the solution for which C E is minimum. 

In matrix form the equation for at least mean square solution is: 

2 
i 

T Note that A A has dimension M by M and can be inverted since it is square. 
Consider, now, what happens if M > N, that is,there are more unknowns 

than equations. For this case it is possible to satisfy all the equations 

exactly with any of an infinity of solutions. What is required is a prin- 

ciple that selects some solution from all the rest. Consider, by analogy 

to the least nean square error criteria, the least mean square solution 

cri.teria. That i~~select that solution which minimizes C x 23 subject to 
C a..x In a sense it is the smallest of all the avail- 

1J j 
able solutions. As shown in the previous section the result, if translated 
to matrix form, is 

3 = bi; i-1, ..., N. 

T Note that AA has dimension N by N where N is the number of equations so 
that it is. reasonable to expect that its inverse exists. Also note that 
only N < M equations need be solved to obtain the M unknowns, x, 

A and AT(AA I T -1 T T, -I It is of interest t0 note Ghat the matrices (A A) 
solve the rectangular set of equations hx=b so it is reasonable to define 

a generalized inverse A which solves Ax=b as x = A b. FOP square A, 
ic ;Y 

- 
T -1 * = AT(AA 1 . Thus a T -1 T. %- -1 * 

A = A  ; F o r N > M :  A =(Ail) A , f o r M > N : A  

iliethod is mailable that solves linear equation whatever the number of 

equations arid unknowns. 

The method suggested for velocity interpolation is that the linear 

equations specifying velocity coat inuity be solved using a generalized 

inverse with the consequent proyerty that its solution have a minimum 

squared solution 

r 



Appendix C 

Steady-State Water Quality Model 



A steady-state mass balance aroud a segment k is formulated as fol- 
lows (all flows from segmnt, k to segment j) : 

where: 

Ck = concentration of water quality variable in 
segment k, (M/L3) 

Vk = volume of segment k, (L3) 

%j = net flow from segment k to segment j (posi- 
tive outward) (L”/T) 

= finite difference weight %j 

B = I-cd 

E’ = dispersion parameter between seg~cnts k and 
k3 3, (L3/T) ELj = Ekjqrj/Lkj 

I$ = first order reaction coefficient in segment 
k for water quality varia%le c (LO) 

= dispersion coefficient between segments k 
‘3 ala j (Lz/T) 

Alcj = cross-sectional area between segments k and 
j (L2) 

\ = charaeceristic length oc segment k (Lj nor- 
ma3 Lo interface jll; 

-- = average of characteristic lengtl~s of seg- 
ment k and 3 (I,) Lkj 



where 14, L, T are the mass, length and time units. 
The first term on the righthand side of Equation (C-1) represents the 

mass entering or leaving (depending on the sign of the flow, Q) segment k 

due to net currents. The second term represents the dispersive transport. 

The sum of the flow and dispersion transport extends over all segments j, 

horizontal and vertical, bordering on segment k. The first order decay 

(if any) of the variable is given by the third term, while the last term 
on the righthand side of Equation (C-1) incorporztes all direct sources 
and sinks of the variable, C. 

If all. terms involving the dependent variable, C, are grouped on the 

lefthand side, Equation (C-2) is obtained: 

where : 

Only 

ceawre is 

Bight has 

the diagonal term contains the reaction rate. 

foU0wed for each of the 86 segnents into which the New York 
been divided. 

A similar pro- 

Pi series of 86 equations can be written. Some 
special conditions apply at the water boundaries of the system, For a 
section k where the flow between the boundary and the section is desig- 
nated by QL and is leaving the section (positive), and. the dispersion 
parageter is riesigaated by E' then &kk becomes: k.k ' 

and the forcing function is: 



and 

The n equations with suitable incorporation of boundary conditions 

considered as incorporated in the W 's and a 's are given by: k kk 

alLCl + a12C2 + ...... + a C = W1. In n 

a C + a22C2 + ...... + a C = W2 21 1 2n n 

...... 

...... ( c-3 

a C f an2C2 + ...... + a C = Wn nl 1 nn n 

and W quantities are assumed known in Equation ((2-3). The Nl aij i 
problem is to obtain the C values which represent the steady-state 

spatial distribution of the water quality variable being considered. In 
the form shown in Equation (C-3) it is assumed that; all segments interact 
with a11 other segments. This, af course, is not the case for the New 
York Bight for whicn a large number of zeros can be expected in the terms 

of Equation (C-3). 

k 

There are a number of numerical procedures for salving a set of n 
simultaneous equations in n unknowns, such as given by Equation (c-3) 
These include the Gauss-Seidel relaxation method which is appropriate for 
this class of equations. The theoretical development mcy also be inter- 

preted by writing the equations in matrix form. 

the n equations as: 

Thus, one can express 

where [A] is an n x n matrix and (C) and (I?) are n x 1 column vectors. 
l'he formal sc;~ition of Zquation (C-4) is: 



i 

i 

Therefore, the problem of determining the spatial steady-state water 

quality response in a multi-dimensional system reduces to solving a,set of 

n simultaneous equations or determining the inverse of the system parameter 

matrix. 

The above development is suitable for "single system" variables, i. e. , 

water quality variables that are not forced by outputs from other quality 
systems. Zxamples of single system variables are salinity (where the 

reaction coefficient, K is zero, representing a conservative variable), 
coliform bacteria end I Biochemical - Oxygen - Demand, BOD. For coupled system 

variables, such as - Dissolved - Oxygen, (DO) one must recognize that the DO, 
in addition to responding to direct sources and sinks of DO (e.g. benthal 

demand), also responds to the utilization of oxygen to satisfy the bio- 

chemical oxygen demand. 

The mass balance equation casl be most conveniently written in terms 

k: of dissolved oxygen deficit D 

Dk = Ck - 

where Cks is the saturation va,lue of DO 

'ks 

+ E' (D. - D,)] 
kj J 

'k 

at the surface - Kak is the reaer- 
tk ation coefficient in segment k, Kdk is the deoxygenation coefficient, 

is the biochemical oxygen denand, and "F";I is now interpreted as sources 

and sinks of DO such as benthal demands and photosynthetic production or 
respiration. 

I: matrix formlation can be followed as before for the EOD and DO. 
Therefore, for BOD: 

where [A] has the BOD decay coefficient on the nzin diagonczi and (W) is 
the vector of weste load inphts.  his is the saaye as Equation (c-5) 
vhere the variable is iriteryc-eled as the BCD. Followin<: a similar- pro- 

cedure fcr CO gives: 



where (C) is the vector of DO decreases due to the BOD input vector given 
by (VK L and WD) and bottom oxygen demand, phytoplankton oxygen production 
and respiration as determined from Equation (c-6) and where [E31 has the 
seaeration coefficierit on the main diagonal. 

d 



Wansport System Parmeters 

Dissolved Oxygen System Parameters 



TABLE D-I 
'Transport System Parameters 

Seg. Interface Dispersion Interface Characteristic Length Velocity Flow 
Designation Coefficient Area I J 
I 3" (CM'/S) (mZ 1 (KM) (m) CM/S 
1 2 1.0 4.97~10 3.51x10-' 1.28 - - 
3 4 1.0 3.73~10 3.23x10-' 8.17~10-~ - 
5 6 1.0 1.23~10 2.89~10" 1.34x10-* - 
7 8 1.0 9.48~10' 2.68~1-0-~ 1. Ohx10-' 1 

9 10 1.9 6. 1bx102 2.48x10-' 7.80~10-~ - 
13 14 1.0 2.94~10 3. 51x101* 3.84~10"' - 
15 16 1.0 2.21~10 2.95~10"~ 2.50x10-* - 
17 18 1.0 7.26~10' 2.28~10-~ 1.28~10-' - 
19 20 1.0 5.62~2.0~ 1.95x10-' 6.13~lO-~ - 
21 22 1.0 3.64~10~ 1.65~10~~ 8.17~lO-~ - 
23 24 1.0 2.03xlO 3.51~l0-~ 1.06Xlo-' - 
25 26 1.0 1.51~10 3. O~XIO-~ 2.69~10-~ - 
21 28 1.0 4. ggx102 2. 42X3_0-2 1. I ~ ~ L O - ~  - 
29 30 1.0 3. 86x102 1.99~10'~ 6. O7X1cT3 - 
33 34 1.0 1. 47x10 3. ~JxLO-~ 3. ~ O X ~ G - ~  - 
35 36 li .G 1. iixlo 3. 291d_OH2 1. 46x10--* - 
31 38 1.0 3.63~10' 2.80~10~~ 2. 14x10-' - 
39 40 1.0 2. 81XfO2 2 18xl.Q-2 8.35~lO'~ - 
43 44 1.3 1.47~10 3.51~10~~ 3.23xlO-' ... 
45 46 2*0 1.. LhlO 3 e 14~10-~ 1.37~10-~ - 
47 48 1.0 3.63~20~ 2. ~ O X ~ O - ~  8.26~10~' - 
49 50 1.0 2. 77x10' 2 L 14xlo-2 1. 21_x10-2 - 
53 54 1.0 I. 01x10 3. 51xlo-2 2.93Xlo-2 1 

55 56 1.0 7.60~10' 2.93~10~~ 9.45~10'~ - 
57 58 1.0 2.53~10~ 2. O ~ X ~ O - ~  3. O ~ X ~ O - ~  1 
59 60 1.0 1.91~10~ 2. 0 3 ~ 1 0 ~ ~  8.53~lO-~ - 
63 64 1.C 1. 01x10 3.51~19-~ 2.65~1cj-~ - 
65 66 1.0 7.60~10~ 2.72~1.0-~ 8.11~10~~ 1 
61 68 1.0 2.53~10~ 7..80~10-~ 3. 44x1C3 - 
69 90 1.0 1 j. 91x10' 1, ~ O X I O - ~  8 L ~ x ~ o - ~  - 
73 74 1.0 2.03~10 3 31~10-~ 1 - 96x10~~ - 
79 so 1.0 2.35~10~ L L ~ ~ ~ O - ~  2.10~10-~ -3.05~10~~ 

33 E4 1. ,? 8.24~10' 6.37x10-? 7.01~10-~ -3.05.x10-4 

1 0 3.O1X1O7 1.92 - 9. Czx10 3.05~16 -1.1 9x10 

3 0 2.38 - 5.49x1c1 5.49~10' i. 18x10 ' 
4 0 1. CLXlO 

11 12 1.0 1.23~10~ 1.97x10-' 3.23~10-~ -3. O ~ X ~ O - ~  

31 32 1.0 2. 5OxlO2 1.58~10-~ 6.19~10-~ -3. O ~ X ~ O - ~  

41 42 I. 0 1.85x1(i2 1.54~3.0~~ 5.2l~lO-~ -3.05~lO-~ 

51 52 1.0 1. 77x102 1.5O~lO-~ 3.63~10"~ -3 05~i0-~ 

61 62 2.0 9.94~10 i.61~10-~ 5.49~10"~ -3. 05~10-~ 

71 72 1.0 9.66xl-G' 1.14~10""~ lr .88~10"~ -3.05~lO-~ 

75 76 1.0 L. 28x10 2. z.xio-2 5.55~10~~ -3. ~ 1 5 x 1 0 ~ ~  
77 78 1.6 1.88~10 2.80x~?-' 1. 27x10-2 -3. O ~ X ~ O - "  

81 82 L"G 1. 25x102 1. c6xlo-2 2. 65~1Ci-~ -3. O ~ X ~ O - ~  

3: 86 1.0 5.42~10~ 1.26xi 0- 3.17~10- -3. 05~10-~ 

0 3. ('1 xI:1 1.33xl0' 3. Q5X10' 9.05xiO -6. iOxiG-' 

5.49xlO' 5. 49x1G1 7.01x10-' 

1 
r) 
i 

* I  <J 
Conventlon - For Veiocif,y 121m1, Positive is asswed fron I to j, 

- ;E3 - 

- 
-3.74x10 

-7 

- 
-5. 4Lx1Q2 - 

P 

1 

-3.03~10 

- - 
-2. 95x102 

-3.90x20 
-5.73x10 
-7 - 18x10 
-3.81~J-O~ 
-2.51x10 
-1.65~10 
-2.29~10 
-e a 1OxlOS 
2.82~20 

- 

2 

1.13~10 



TABLE 9-1 (continued) 

Seg. Interface Dispersion Interface Characteristic Lengths Velocity Flow . 
Lo ca t ions Coefficients Areas I 3 
T .I T r m i T - -  (KML ?! (KM) (UfI CM/S MJ/S 

-5 
6 
-7 
8 
9 
10 
.I1 
12 
13 
.14 
23 
24 
33 

. -34 
43 
44 
53 
54 
-63 
64 
.7 1 
72 
73 
74 
77 
,78 
83 
84 
87 
88 
89 
90 
.91 
92 
1 
2 
11 
12- 
77 
78 
1 
2 
3 
4 
5 
6 
7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
87 

3.01~10~ 
3.01~10~ 

3.01~10~ 

3.01x10’ 

3.01~10 
3.01~10~ 
3. oix1o7 
3.01~10~ 
3.01~10~ 
3.01~10~ 
3 (I 01x10~ 
3.01~10~ 

3. mX1o7 

3. 0 1 ~ 1 0 ~  
3.01~10~ 
3. 01x10 
3. O1xlO7 
3 * OlXIO 
3 01x1Q7 
3.01~10 
3.01~10~ 
3.01~10 
3.01x10.7 
3.01~i07 

3,01~10~ 

3.01~10~ 

3.01~10~ . 

3. 01x10’ 
3.01~10’ 

3. 0 1 ~ 1 0 ~  
3.01~10~ 

3.01~10~ 
3.01~10~ 

3.0lx107 

1,505~10~ 

7. 83xlQ)’ 5.49~10’ 
4.08x10 ’ 5.49~10’ 

1.16~10- ’ 5 .4 9x10 
3.47~10-’ 5.49~10’ 
7.06~10-~ 5.49~10’ 

5.71~10-’ 5.49~10’ 

6.65~10- 2.2 3x10’ 
3.9OxPO- 2. 23x10’ 
1.14 - 9. asxm 
4 92x10 9.05~10’ 
7’.83x10-’ 9.05~10’ 
6.71 - 9.Q5x10 
5-69xIO-’ 9.05~10’ 
9.08x10-’ 9.05~10’ 
5 . 6 9 ~ 1 0 ~ ’  9.05~10’ 
7.45~10-’ 9.05~10’ 
3.92~10-’ 9.05~10’ 
4. 97x10-1 9. 0 5 ~ 1 0 ~  
3.92x1Q-’ 9.05~10’ 

2.28xlO-’ I. 14x10 
1.93x10-’ 1.14~10’ 
7.83~10-’ 9.05~10’ 
7.58~10-’ 9.05~10’ 
7.83~10-’ 9.05~10’ 

2.11~10-~ 1. l.4~10~ 
I. 79~10-‘ 1.14~10’ 

4.62~10-’ 9.05x10 l 

5.89x10- ’ 9.05x10 

3.18 - 5.49~10’ 
1. 96x102 5 49x10’ 
6.59x10-’ 5.49~16~ 

1.56 - 2.23~10 
9. 38x10-’ 9 38x10’ 
3.18 - 5.49~10~ 

1.32~10-’ 5.49~10’ 

5.49~10’ 

5.49~10’ 
5.49~10’ 
5.49~10’ 
5 a 49x10’ 
2.23xiO’ 
2.23~10’ 
9.05xlO’ 
3.05~10 
9.05~10’ 
‘9.05~10’ 
9.05~10 
9.05~10’ 
9.05~10’ 
9.05xlQ’ 
9.05~10’ 
9.05~10’ 
9.05x10 
9.05~10 
1.14~10 * 
1.14~10 
9.05~10 
9.05~10’ 
9 e 05x10’ 
9.05~10’ 
1.14~10’ 
1.14~10 
5.49~10’ 
5.49~10 
5.49~10’ 
5.49~10’ 
2.23~10 
2 .2 3x10 

5.49x10’ 

5. 4r”X1O4 

4.84 - 
3.44 - 
1.83 - 
7. :32x10- 

-1.62xIO-’ 

-1.22XlO-l 

-9.02x10- ’ 
3.05 - 

-5.99 - 
-7.62~10- 
-3.40 - 
-9.14~10-’ 
-1.89 - 
-7.62~10-’ 
-6.71 - 
-7 62x1.0-‘ 
-3.79 - 
-6.10~10-’ 
-3.31 - 
-6.10~10-’ 
-4.42 - 
3.96 - 

-5.57 - 
-6.1Ox10- 
-7.32 - 
-6.1Ox10- 
-4.42 - 
3.96 - 
6.40 - 
5.79x10-’ 

-1. 52X10-’ 
3.05 

-4.30 - 
6.1Ox10- 
6.40 

3. 79x104 

1.97~10~ 
-1. 88x102 
6.36~10 
-8 52x10 ’ 
2. (13x10~ 
-3.51~10 

3. n x i o  

-6.82~10~ 
-3.75~10~ 
-2. 66x104 
-6. 13x104 
-1.08~1O‘ 
-6.92~10 
-3.82~10~ 
-5.68~10~ 
-1.49~10~ 
-3.03~10 
-1.30~10~ 
-2.82~10 
-1.01~10 
7.66~10~ 
-4 I) 36x10‘ 
-4 6 2 ~ 1 0 ~  
-5.73~10~ 
-3.59~10 
-9.32~10~ 
7. 11x102 

2.01~10~ 
-2. 01X102 

5.72~10~ 

2.03~10~ 
I. 1 4 ~ 1 0 ~  

-6.72~10~ 

2.03~10 
88 1.505~10~ 1.96~10~ 5.49~10’ 5 49x10’ 5.79.10- ’ E. f4x106 
89 1.505~10~ 6.59~10-’ 5.49~10’ 5 e 49x10’ 3.05 2. 01x104 
90 
91 
92 
13 
14 
15 
16 
11 
18 
19 

1.505~18~ 
1 . 5 0 ~ 0  
1.505x10 
1.50sx10 
1. 5O!ix1O5 
1.505~10 
1.505x’LO 
1. 505x105 
1.505.3 0’ 
I. 50 5 XI. 0 

1.. 32x10- ’ 5 49x10’ 
1.56 - 2.23~10~ 
9. ?8xk0-’ 2.23~10’ 
3.18 - 5.49~10’ 
7.29XLO 5.49~10’ 
1.97 - 5.49~10’ 
1.87 - 5.49x1.0’ 
4 I 8Qx10-.’ 5.49~10 
3.34~10-1 5.1+9~10 
3.35~10-’ 5.49~10’ 

-11. 52x10- -2.01~10~ 
-4.30 - -6.72~10~ 
(i.lO~lO-’ 5.72~10~ 
-3.08 - -9.77~10~ . 
-6. ~ O X ~ O - ’  -4.45~10~ 
-6.36 - -1.25~10~ 
I. 55x10- * 2. 9Ox1O3 
I. 56~10’ -7.50~10~ 
1. &9x10-’ 5 . 0 2 ~ 1 0 ~  

-9322 - -3.09x10“ 

- 79 - 



TABLE ’3-1 (continued) 

Seg. Interface 
Locations 

J 
_1_1 

I 
8 20 
9 21 
10 22 
11 85 
12 86 
13 23 
14 24 
15 25 
16 2b 
17 27 
18 28 
19 29 
20 30 
21 31 
22 32 
23 33 
24 34 
25 35 
24 36 
27 37 
28 38 
29 39 
30 40 
31 41 
32 42 
33 43 
34 44 
35 45 
36 46 
37 47 
3% 48 
39 49 
40 50 
41 51 
42 52 
43 53 
44 54 
45 55 
46 56 
47 57 
48 58 
49 59 
50 60 
51 61 
52 62 
53 63 
54 64 

Di s p e r s i on 
Coefficients 

1. 505x10’ 
I. 505x10’ 
1.505~10~ 
1 .I 5 0 5 ~ 1 0 ~  
1.505xlO’ 
1.505~10~ 
1- 505x10 
1. S05x1U5 
I. 505x10 
1.505~10~ 
1. 5Q5x105 
1.505~10’ 
1.505~10 
1.505~10~ 
1.505~10’ 
1.51)5x105 
1. 5 0 5 ~ 1 0 ~  
1.505~10~ 
1.5OM.O 
1.505~10~ 
1. 505X1O5 
1 e 5 0 5 ~ 1 0 ~  
1.505~10~ 
1.505~10~ 
1. 505x1Q5 
I. 505x10 
1.505xIO 
I. 5 0 5 ~ 1 0 ~  
Y 5 0 5 ~ 1 0 ~  
3. 01x10 
3.O1xiO5 
3.01~10~ 
3. oiXio 
3. 01X1O5 
3.01~10~ 

( C M z - F - -  
- 

1.505~10~ 
1 . 505x10 
1.505xlOi 
1. 505x105 
3 . 0 1 ~ 1 0 ~  
3.01x105 
J I 01~1.0~ 
3 . 0 ~ 0 ~  
3 01 x105 
3.01xi05 
1,505~10~ 
1. 505x105 

Interface 
Areas 

1.74x10-’ 
2. O ~ X L O - ~  
7 2 0 ~ 1 0 - ~  
3.15~10- ’ 
1.03~10- ’ 
1.78~10’ 

___ - 
(QfL 1 

3.18 - 
1.94 - 
1.85 - 
4. 91x10-1 
2.7Sxlf’ 
2.93~10~’ 
I. 36~1.0- ’ 
1.49xl.O-’ 
8.83~10-~ 
3.18 - 
4.26 - 
2.14 - 
1.41 - 
5.55~10- ’ 
3.79~10~’ 
3.4 7x10- 
1.90xlQ-’ 
1 * 91x10--’ 
4.32x10- 
3.118 - 
3.36 - 
2.24 - 
9.57~10-’ 
6.13~10-~ 
3.14~10- 
3.69xlO-’ 
2.7 3x10- ’ 
1. 56x10-1 
5,27x10-’ 
3.18 - 
2.73 - 
2.00 - 
9.09x10- 
4 * 70x10- ’ 
3.99x10- 
1.35x10-1 

3. 01xro-2 

1.27xI0-’ 

I. 68x10-’ 

3.18 - 
2.57 - 

Characteristic Lengths 
I J 

5.49~10’ 3.26~10’ 
5.49~10’ 3.26~10’ 
5 . 4 9 ~ 1 0 ~  3.26~10’ 
5.49~10’ 5.49~10’ 
5.49~10’ 5.49~10’ 
3.26~10’ 2.23~10’ 
3.26~10’ 2.23~10’ 
3.26x10 ’ 2.23~10’ 
3.26~10’ 2.23x10’ 
3.26~10 ’ 2. 23x10’ 

3.26~10 2 * 23x10’ 
3.26~10’ 2 * 23x10 
3.26~10’ 2.23x10I 

3.26~10’ 2.23~10~ 
3.26~10’ 2.23~10’ 

2.23~10’ 1.62~10’ 
2.23~10’ I. 62x10 
2.23~10’ 1.62~10’ 

2.23~10’ 1.62~10’ 
2.23x101 1.62~10’ 
2.23~10‘ 1.62xl.O’ 

2.23~10’ 1 e 62x10’ 

1.62~10’ 1.62~18’ 

I. 62X1OS 1.62~10 
1.62~10’ 1 . 6 2 ~ 1 0 ~  
1.62~10’ 1.62~10’ 

2.23~10’ 1 e 62x10 ’ 

2.23~10’ 1.62x101 

2.23~10’ 1.62X10’ 

L.62xlO’ 1,62x1O3 

1.62xLQ’ 1.62x10 
1.62~10 1.62x10’ 
1.62xIO’ 1.62~10’ 
1.62~10‘ 1.62~10’ 
1. 62x10’ I 62x10’ 
1.62~10~ I. 12x10’ 
I. 62x10’ 1.12x10 
1.62~40~ I. 12xlO1 
1.62x10’ 1.12x10’ 
1 . 6 2 ~ 1 0 ~  1.L2x10’ 

1 62xLO’ I.i2XXO’ 
1.62~10’ 1.12xl.0 ’ 
1.62x10 1.12x10’ 
1.12xL0 1.12XiO’ 

1.62~10~ 1. 12x10’ 
1.62~10’ 1.12~10’ 

1.. 12x10’ 1 1 2 ~ 1 0 ~  

Velocity 

CM/S 

2 68x10-‘ 

2.16x10-‘ 
-5.71 - 
5.36~10-’ 

-2.79 - 
-4.05x10-’ 
-5.49 - 
2.2 9x10- 

-R. 26x10’ 
8.53xlO-’ 
-7.83 - 
-4.54 - 
-3.23 - 
-2,8Ox10-’ 
-4.93 - 
-6.16 - 
-3.86 - 
-2.01 - 
-3.93 - 
-4.40 - 
-2.63 - 
-1.91 - 
-1.03 - 
-2.66 - 
-4.57 - 

-4.80 - 

2.10x10- 

3.9oXlO-’ 

2.35x10- 

3.87x10--’ 

1- 5 8 ~ 1 0 ~ ’  

1.. 7 1 ~ 1 0 ~ ~  

-1.. 71x10- ’ 
3.05x10-’ 

4,. 63x10-1 

3. osxlo- 

2 * 2sx10-1 

-4.57XLO--’ 

4.69~10~‘ 
-$.68x10-’ 
1.13 - 
5. 85x10-1 
-4.5[+~10-’ 

-3.90 - 
s. ~ ~ x L Q - ~  

Fl.ow 

Mj / s- 
4.65~10~ 

1. 55x102 

5.5 3x102 
-8 - 87x104 
-7. 24x104 
-1. O7x1O5 
4.21~10~ 
-6. 2Qx104 
2. 34s102 

2.85~10~ 

3.44~10’ 

-1. 19x104 

-9.90~10 

-1.80~10~ 

-2 2gX1o4 

-6.74~10 

-1.03~10~ 

-I. 05x10 

-3.42~10~ 
3. 2gX103 

1.47~10~ 
-1.34~10~ 

-3.85~10 
2. 98X1O2 

8.47~10’ 
-1.25x1c) 
-5.73x103 
-9. 85X1O4 

-1.61~18~ 

-7 0 3 ~ 1 5 ~  
8. 28X1O2 

-I. 6.1~10~ 
1. 20x10’ 

-1. 2LX1O3 

3. 6lX1o3 

2.9Bx10 

1.46~10~ 

-1.16~10~ 

-9.13~10~ 

1.52x10 
5 96x10’ 
-2.66~10~ 
1.53~10~ 
-7. 64x102 
I. 7 6 ~ 1 0 ~  
-1.24~10~ 
1 . 5 2 ~ 1 0 ~  



T.1I;LE D-I (continued) 

Seg. Interface Dispersion 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
1 
2 
13 
14 
23 
24 
33 
34 
43 
44 
53 
54 
63 
64 
73 
74 
3 
4 
15 
16 
25 
26 
35 
36 
45 
4 6 
55 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
79 

81 

83 
84 
77 
78 
3 
4 
15 
16 
25 
26 
35 
36 
45 
46 
55 
56 
65 
66 
75 
76 
5 
6 

17 
18 
27 
28 
37 
38 
47 
4 8 
57 

ao 

a2 

1.505~10~ 
1. 505x10‘ 
3. oix1o5 
3.01~10 
3. 01X1O5 
3. 0iX1o5 
3 e 01~10 
3.01~10 

1 . 5 0 5 ~ 1 0 ~  
1.505X1O5 
1.505~10~ 
1.505~10~ 
3. 01x105 
3. OlxlO5 
3. 01x10’ 
3. O M O  
3 OExlOs 
3.01~10’ 
1.505~10~ 
1.505~10~ 
1. 5G5x105 
I. 5135x10 
1.505~10~ 
1.505~10~ 
1.505~10~ 
1.505x10 
1.505~10’ 
I. 505x105 
1. 505X105 
3. 505x105 
I. 505x10 
1.505~10’ 
1.505~10~ 
I. 505x10 

1. 505~10~ 
1 . 5 0 5 ~ 1 ~ ~  

1.505~10~ 
1. m x l o  
1, 5Zi5~18~ 
1 c 505x10 
1. 50SX1C 
1. ~ 0 5 ~ 1 0  
1. 505~105 
1,5i15x105 

I! ~ c1x105 

3. CLXlO 
3.01~10~ 

Tnterf ace 

1.94 - 
7.10x10- 
4.49x10- 
1.06~10- 
3. 84x10-’ 
9. 10x40--2 
1 ~ 55xlO-I 
4. 28x10-2 
3.18 - 
2.25 - 
1.75 - 
5. 11x10- 
3.60x10-’ 
9.66~10-~ 
2. G ~ x ~ O - ~  
8.78x10-* 
7.61~10-~ 
4.51~lO”~ 
2.85 - 
1.67 - 
1.92 - 
1.63~10 
1.14 - 
1.25 - 
7.8 3x30- ’ 
5,43xlO-’ 
5.69~10- ’ 
3.76x10-’ 
5.69~10-~ 

3.92~10-’ 
1.50~10- ’ 
3.92~10-’ 

6.91x10-’ 
1.60~10- ‘ 
1.66 - 
1.01 - 
8.30~10~’ 

5.95x3.0-’ 

5.35~10-’ 
2.45~10-’ 
4.58~10~’ 

2.69~10-’ 

3.62x10- * 

1.1.5x10- 

3.22x10- 

4.20x1.0-’ . 

1.20XlG-- 

Characteristic Lengths 
I J _____ 
(no (M) - 

1.12~10~ 1.12x10’ 
1.12x10’ 1.12x10’ 
1.12X1O1 1.12x10’ 
1.12xlO ’ 1.12x10’ 
1. 12x10’ 1.12x10’ 
1. 12x1O1 1.12X10’ 
1.12x10’ 1.12x10’ 
1.12XlO’ 1.12x10’ 
1.12x10 2.23~10’ 
1.12xl.o 2.23~10’ 
1.12x10’ 2.23~10’ 

I. 12x10 I. 04x10 
1.12x10 1.04~10 
1.12x10 9.24 - 
1.12x10’ 9.24 - 

1. 12x10’ 2.23x10’ 

1.12xl.o ’ 5.94 - 
1 .12x10’ 5.94 - 
2.23~10’ 2 i) 23x10’ 
2. 23X1O1 2 - 23x10’ 
9.05x10’ 6.80~1.0~ 
9.05~10’ 6.80~10~ 
9.05~10’ 6.80~10 
9.05~10 6.80~10~ 
9. 05X1O1 6.80xPO’ 
9.05xJ.O’ 6 80xk0’ 
9.05~10’ 6.80~18~ 
9.85~10’ 6.8Qxl.O’ 
9.05~10’ 6.80~10 
9 * 05x10 ’ 6. $ 0 ~ 1 0 ~  
9.05~10 a 6.80x101 
9.05~10 6.80~10’ 
9. Q5x101 6 _. 8 0 ~ 1 0 ~  
9.05XlO 6.8OxlQ 
9 * O5X1O1 6 e 8OxPO’ 
9. 05x101 6.80~10’ 
6.80~10’ 2. 23x101 
6.80xlQ’ 2.23XlO’ 

6.80~10‘ 2 23x10 
6. 80x10 * 2 23x10 

6.80~10’ 2.23~10’ 
6.80~10’ 2.23~10~ 
6.80~10’ 2.23~10~ 

6.8Ox10 2.23~10~ 

6. ROxlO 2.26~10 * 

6.80~10 2.2?X1O1 

4.80~10~ 2 ~ 23x10’ 

Velocity Flow 

CM/ S MJ/S 

-3.45 - -6. 7Ox1O4 
5.09x10-’ 3. 62x103 
-1. 13x10-1 -5.05~10~ 
5.21~10-’ 5. 51x102 

1.40 - I. 27x103 
-5. 46x10-1 -8. 45x102 
1.12 - 4. 81x102 
-4.21 -1.34~1.0~ 
1 . 8 0 ~ 1 0 ~ ~  4. O7x1O3 
-2.51 - -4.39~10~ 
6,55xPO-’ 3.35~10~ 

-2.29~10~’ -8.261~10~ 
4.97~10-’ 4.79~10‘ 

[+. ZlxlO-’ 3.69~10~ 

2.08 - 9. 37x102 
-4.57 - -1.. 3Ox1O5 
4.69~10~’ 7.86~10~ 
6.40 - I. 23x105 

5.18 - 5. 92x104 
1.71~10-’ 2 .. 15~1.0~ 
5.18 - 4. 06x104 
1.52~3.0-~ 8.33~10~ 
5.79 - 3.30x18“ 
1.92xlO-’ 7.27~10~ 
5.18 - 2 I 9 5 ~ 1 0 ~  
3 . 2 0 ~ 1 0 ~ ~  1.16~10~ 
5.79 - 2.27~10‘ 
2. 01~10-~ 2.99~10~ 
5.79 - 2. 2 m 0 4  
2.35x90-’ 2.70x10’ 
5.79 - 4.00~10~ 
5.1%x10-’ 8. 27X1O2 

-4.94~10-’ -1.90~10~ 

-3.51~10-’ -9.18~10~ 

- 7 . 2 8 ~ 1 0 ~ ~  -5. 55x1Q2 

a. 3 8 ~ 1 0 ~ ’  1 e 2oX1o5 

-2.00 - -3. 32x104 
4.48~10-’ 4. 53x103 
4.88 - 4. 05x104 

6.62 - 3. 94xP04 
4 e 1 8 ~ 1 0 - ~  I. 7 5 ~ 1 0 ~  
4.88 - 2.61~10~ 

4.88 - 2. 23x104 
3.63~10-’ 4.33~10‘ 
-6.13~10-’ -1. 65x1Q3 

2.59x10-’ 8. 39x1Q2 

L. ~ 4 ~ i o - ’  ~ 1 2 x 1 0 ~  



TABLE D-I ( continued) 

Seg. Interface Dispersion Interface Characteristic Lengths Velocity Flow 

56 
65 
66 
75 
76 
5 
6 
17 
18 
27 
28 
37 
38 
47 
48 
57 

. 58 
67 
68 
79 
80 
7 
8 
19 
20 
29 
30 
39 
40 
49 
50 
59 
60 
69 
70 
81 
82 
9 
10 
21 
22 

58 
67 
68 
79 
80 
7 

19 
20 
29 
30 
39 
40 
49 
50 
59 
60 
69 
70 
81 
82 
9 
10 
21 
22 
31 
32 
41 
42 
51 
52 
61 
62 
71 
72 
83 
84 
I1 
12 
85 
86 

8 

3.01~10~ 

3.01~10~ 
3.01~10 
3.01~10~ 
1 5Q5x105 
1.505~10~ 
1.5Q5~10 
1.505~10~ 
1.505~10~ 
1.505x105 
1.505~10~ 
1.5135~10~ 

3. 01~10~ 

3.09~10 

3.01~10~ 

3.01~10~ 
3.01~10 
3.01~10~ 
3.01~10~ 
3. oixlo 
3.01~10~ 
1.505~10~ 
1 a 5 0 5 ~ 1 0 ~  
1. 5 0 5 ~ 1 0 ~  
1.505~10~ 
1.505~10~ 
1 505.~10~ 

1. 5 0 5 ~ 1 0 ~  
3.01~10~ 
3 “ 0lx1O5 
3. 01.~10~ 
3. 0 1 ~ 1 0 ~  
3.01~10~ 

1.505~10~ 

3. 0ix1o5 
3.01~10~ 
3. 01xE05 

1.505~10~ 
1.505~10~ 

I. 505x10 
1.5OSxIO’ 

7. O ~ X ~ Q - ~  
2.17~10-’ 

1.74~10- 
4.38x10-’ 
1.58 - 
6.55x10-’ 
7.30~10-’ 

5,28x10-’ 
1.42~10-’ 
4.38~10-’ 

3.76~10~’ 
2.55~10- ’ 
7.25~10-~ 

5.98xiO-’ 
1.07x10-’ 
1 , 4 8 ~ 1 0 - ~  

4.51~10-~ 
6.26~10-~ 
2*69xlO-’ 

7. 2OX10--’ 

2.91x1.0- ’ 

2.19x10- ’ 

2.01x10- ’ 
11 84x10- 

1.41 - 

4 * 22x10- 
1.04x10- 
3.07~10-~ 
9 . 0 6 ~ 1 0 ~ ~  
3. OJXZQ-~ 

2. 34x10-1 
7. 52x10-2 

5.30x10- 
3 * 86x10- 
6 . 8 4 ~ 1 0 ~ ~  
7. 51x10-2 
5 e 8 5 ~ 1 . 0 ~ ~  

3.10x1.0- 
5.l2X10” 
I * 98x1O-l 

1.31 - 

6.80~10’ 
6.80~10’ 
6.80~10’ 
6.80~10’ 
6.80~10’ 
2.23~10’ 
2.23~10’ 
2.23~10‘ 
2.23~10‘ 
2.23~10’ 
2.23~10’ 
2.23~10’ 
2.23~10’ 
2.23~10’ 
2.23~10’ 
2.26~10’ 
2.26~10’ 
2.26~10’ 

2.26~10 
2.26~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
1.73~10’ 
I. 71x10’ 
1.71~10’ 
L.71xlQ’ 
I. 71x10’ 
1.71~10’ 
1.71~10 
1.71~10’ 
I e 71x10 
1.12x10 
I. 12x10’ 

2.26x10’ 

1.12x10” 
I. L2x101 

2.26~10’ 
2.26~10’ 
2.26~10’ 
2.26~10’ 
2.26x10 
1.73~10~ 
1 I 73x10’ 
1.73~10‘ 
1 e 73x10’ 
1.73~10~ 
1.73~10~ 
1.73~10’ 
1.73~10’ 
1.71~10’ 
I. 71x10‘ 
1. 71x10’ 
1.71~10’ 
1.71~10’ 
1.71~10’ 
1.71~10‘ 
1.71~10’ 
1 I 12x10 
1.12slO 
1.12x10’ 
1 I 12x101 
I * 12x101 
1.12x10 
1.14~10’ 
1.14~10 
1.14xI01 
1.14~10’ 
1.04xlQ 
1 e 04x10’ 
1.14~1.0’ 
I. 14x10L 
I. 14x10’ 
a. 14x10 I 
2.23x10’ 

1. 58X1O1 
2 - 23x10’ 
I. 58x10’ 

4.39~10- ’ 
-1- 62x10-I 
7.53~10~’ 
9.14~10-~ 
6.28~10-’ 
2 44x10-’ 
1.40x10-’ 
3.76 - 
3.81~10- ’ 
2.20 - 
3.63~16”’ 
1.83 - 
5.15~10-~ 
1.24 - 
5.06~10-* 
1.89x10-’ 
4.88x10-’ 
-1.52~10~‘ 
1.02 - 
2.4 7~10~- ’ 
1.07 - 
1. 43x10-1 
3.11 - 

-a. ~ ~ x I o - ~  

4.79x10-l 
5.06x10-’ 
4.82~10-’ 
5 56x10- 
6.4lxlO-’ 

7.92~10-’ 
1folXlo- 

-1.65x10-’ 
1.15 - 
2.22 - -5.43~10-~ 

- 8 . 3 8 ~ 1 0 ~ ~  
4.33x10-’ 
1.42 - 
1 e 86x10-1 
3.19 - 
5.55~10-’ 

3. 08x1O2 
-3.52~10~ 
5. 42x102 
1.70~10’ 
2. 75x102 
3.85~10 

2.75~10‘ 

1.16~10~ 
5.15~10~ 
8. O5x1O3 
1 e l.3~10~ 
4. 68x103 
1. 29x103 

9. 22X1O2 

1. nxio 

3. 81X1O2 
3.53XZO2- 

-3. 09x10’ 

-? .12XlO’ 
6. 14x102 

3.65~10’ 
1.51~10~ 
6 e 45x102 
1. 95xIO4 
I. 29x10 
2.13~10~ 
5.02~10~ 
1.48~18~ 
5. 99x102 
3.09~10~ 
5. 97x102 
-3. 85x102 
6.07~10~ 

1.52~10 
-6.29~10‘ 
2.52~10’ 
1. 86X1O4 
5. 75x102 
1. 63x104 
1.lOxlO 

-I. 01~10 



TABLE D-I1 
Dissolved Oxygen System Parameters 

a K r K SEGMENT DEPTH P-R 
NlDER (meters ) mg/il-day 1 /day 1 /m 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1% 
13 
14 
15 
16 

P 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
4 4 
45 
46 
li '[ 
48 
49 
50 

35.1 

32.3 
1280.2 

81.7 
29.0 
13.4 
26.8 
10.4 
24.7 
7.9 

3.4 
35.1 

29.6 
25.0 
22.9 
12.8 

6.1 
16.5 
a. 2 
35.1 
106.0 
30.5 
26.8 
24.4 
11.6 
19.8 
6.1 
25.0 
8.5 
35.1 
39.0 
33.0 
14.6 
28.0 
21.3 
22.0 
8,2 
21.0 
6.7 
35.1 
32.3 
31.4 
13.7 
25.0 
0.2 
21.3 
12.2 

19.8 

382.5 

19.5 

0.250 
-0.050 
0.250 
-0.050 
0.250 

0.250 
-0.300 

-0.300 
0.250 
-0.300 
0.250 

0.250 
-0.050 

-0.050 
0.250 

-0.300 

0.250 

-0.300 
0.250 
-0 300 
0.250 
-0.300 
0.250 
-0.050 
0.250 
-0.050 
0.250 
-0.300 
0.250 

0.250 
-0.30C 
0.250 
-0.050 
0.250 
-0.300 
0.250 
-0.050 
0 e 250 
-0.300 
0.250 
-0.300 
0.250 
-0.950 
o. 250 
-0.300 
0.250 
-0.300 

-0.300 

0.250 
-0.650 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.113 
0.10 
0.10 
0.10 
0.10 
0.1~3 
0.10 
0.10 
0.10 
0.10 
0.10 
0 10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
3.10 
0.10 
3.10 
@.io 
0.10 

0,lO 
0.10 

0.10 

,0285 
0 

.0310 
0 

.0345 
0 
0373 
0 

.0b05 
0 
0505 
0 

.028$ 
0 
0338 
0 

.0b37 
0 

.0513 
0 

.0606 
e 

.02a5 
0 

.0328 
0 

.0b10 
0 

5 0505 
0 

-0400 
0 

.0285 
0 

.0303 
0 

* 0357 
0 
0455 
0 

.0b75 
0 

.0285 
0 

.031.9 
0 

.0b00 
0 

.0b70 
0 



I 

TABLE 11-11 (continued) 

51. 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64- - 
65 
66 

68 
69 
70 
ill 
72 
73 
74 
75 
76 

67 

77 
78 
79 
80 
Or 
a2 
83 
84 
85 
86 

16.5 
3.7 
35.1 
24.3 
29- 3 
9.5 
20.7 
3.0 
20.1 
8.5 
17.7 
1.8 
35.1 
26.5 
27.1 
8.2 
18.0 
3.4 
16.8 
8.5 
15.0 
4.9 
32.9 
19.5 
24.5; 
6.1 
28.3 
12, 8 
11.9 
2.1 
i3. i 
3.1 
6.1 
6. e 
12. a 
3. I 

0.250 
-0.300 
0.250 
-0.050 
0.250 
-0.300 
0.250 

0.250 

0.250 

0.250 
-0.050 
0.250 

-0.300 

-0.750 

-0.300 

-0.300 
0.250 
-0.300 
0.250 
-0.800 
0.250 
-0.300 
0.250 
-0.050 
0.250 
-0.300 
0.250 
-0 300 
0.250 
-0.300 
0.250 
-0.300 
0.250 

0.250 
-0.300 

-0.300 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.19 
0.10 
0.10 
0.10 
0.10 

* 0595 
0 

.0285 
0 

.0341 
0 

.04%? 
0 

.0h98 
0 

.0565 
0 

.0285 
0 

.0369 
0 

.0556 
0 - 0595 
0 

.0667 
0 

. o m  
0 

.0h10 
0 - 0353 
0 

.0840 
0 

e 0763 
0 

.1639 
0 

.078a 
0 
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