
The Application of a Segmented Tidal
Mixing Model to the Great Bay

Estuary, N.H.

UNH Sea Grant

Technical Report UNH-SG-162



THE APPLICATION OF A SEGMENTED TIDAL MIXING

MODEL TO THE GREAT BAY ESTUARY, N.H.

Wende11 S. Brown
Edgar Arre1ano M.

Report No.' .UNH-SG-162

Department of Earth Sciences
University of New Hampshire

Durham, New Hampshire 03824

March 1979



Published by the University of New Hampshire Marine Advisory Program, a part of
tne UNH/U-Maine Cooperative University Institutional Sea Grant Program. Available for
S1.50 from UNH f1arine Advisory Program, Marine Program Building, Durham kIH C3824,



ABSTRACT

AN APPLICATION OF A SEGMENTED TIDAL PRISM MODEL
70 THE GREAT BAY ESTUARINE SYSTEM

by

Wende] 1 S. Brown

and

Edgar Arellano M.

Department of Earth Sciences
University of New Hampshire

Durham, NH 03824

The Great Bay Estuarine System has a very complex geometry with a high water

volume of 230xl0 m and a tidal prism of 64xl0 m . Tidal currents range from 1SO6 3 6 3

cm/sec up to 300 cm/sec and river discharges range from 0.2x10 m to 2xl0 m per
63 63

tida1 cycle. Measurements show that in general salt is vertically well-mixed every-

where in the estuary except near the river entrances at the head of the estuary.

Dyer and Taylor's �973! modified version of Ketchum's segmented tidal prism

model has been applied to the Great Bay Estuarine System in order to predict high and

1ow water salinity distribution for a specified river flow. The theory has been

modified here to account for the mixing which occurs at the junction of two branches

of an estuary. The mixing parameter, which in this model is related to the tidal

excursion of water in the estuary, has been determined for different segments in the

estuary on the basis of a comparison between predictions and a comprehensive data set

obtained for a low river flow period. Using a mixing parameter distribution based on

the low river flow calibration procedure the salinity distribution has been predicted

for high river flow. The result compares favorably with observed values for most of

the estuary. The associated flushing time for water parcels entering at the head of

the estuary during periods of low and high ri ver flow is 58.0 and 48.5 tidal cycles

respectively.



l. Introduction

A modified version of Ketchum's �951! original segmented tidal prism mix-

ing model has been developed by Dyer and Taylor �973!. This relatively simple

model, which predicts salinity distribution at both high and low slack water, is

based on the conservation of volume and salt and the assumption of thorough

tidal mixing within each of its segments. The model has been applied success-

fu11y by Dyer and Taylor �973! to the Raritan River  N.J.! and the Bay of

Fundy, The predictabi1ity of the model is poor for estuaries such as the Severn

and Thames Rivers where mixing is apparently less complete.

Based on these previous successes we have adapted the Dyer-Taylor model to

mixing of salt within the Great Bay Estuary, New Hampshire  referred to here-

after as the Estuary!. The Estuary, which is shown in figure 1, has a mean high

water volume, 0H, of 230 x 10 m with a mean tidal prism, P, of 64 x 10 m .6 3 6 3

Thus the currents, which range up to 300 cm/sec, are predominantly tidal because

river discharge per tidal cycle, R, is generally less than 2  of the tidal

prism. The turbulence associated with the tidal currents produces a vertically

well-mixed water column throughout most of the Estuary. This is demonstrated in

figure 2, which shows representative summertime sa1inity profiles along the

Estuary  above! and averaged horizontal salinity distributions  below!. Arellano

�978! has analyzed available river flow, current and salinity data from several

locations with the Estuary in terms of the Hansen and Rattray �966! estuarine

classification scheme. With the exception of highest river discharge periods

 which are limited to a few weeks in spring! most of the Estuary is found to be

class 2a. This class is characterized by slight vertica1 salinity stratifica-

tion and the fact that both advection and difusion processes are important in

the upstream salt flux.

Therefore both observations and the Hansen-Rattray classification of the

Estuary suggest that the Dyer-Taylor model may be appropriate for predicting



Location map of the Great Bay Estuary located in southeastern New

Hampshire. The entry location of the important rivers are shown

in relation to the downstream scale which is divided into units

of kilometers.
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salinities in this estuary. In Section 2 we present a summary of the essentia I

elements of the model. In Section 3 the adaptation of the model to the Estuary

for a low river discharge period is described. The results of a model pred',c-

tion for a high river discharge period are presented in Section 4.

V = R

�!u2V2 = Pl

~+1 V 1=<; V +P form.- 2 �l

2. The Model

The Dyer-Taylor segmented tidal mixing model is one dimensional and pre-

dicts the salinity distribution at high and low tide in a well mixed estuary.

This simple model is based on the conservation of salt and volume and provides

for a crude spatial resolution of the salinity variability, We have adapted the

original model described by Dyer and Taylor �973! for a branching estuary.

schematic of the segment nomenclature for this version of the model is shown in

figure 3. In general each segment, m, is subd~v~ded into parts corresponding to

the tidal prism P , the "mobi 1" low water volume, a V , and the "stagnant" lowm m m'

water volume, �-a ! V . The so called "mixing parameter", a , is chosen on them m m'

basis of the calibration procedure described in section 3 and has been inter-

preted in terms of the loca! tidal excursion of water parcels. The main bran.'

of the Estuary is divided into M segments starting at the head where the river

discharge per tidal cycle, R, enters. In the modified version a separate

branch with its own river flow input is likewise segmented. In figure 3 the

junction segment between the two branches occurs where segment x of the second

branch joints segment n of the main branch.

In general for each branch the volume relationships between segments are

described by equations �!-�! below:



A schematic of segment nomenclature for the Dyer-Taylor mixing

model applied to a branched estuary. The river discharge per

tidal cycle R enters at the head of each of the branches of this

model estuary. Each segment divided into a volume which contains

 i! the tidal prism, P ;  ii! a "mobil" portion of the low water;

~ Y , and  iii! a "stagnant" portion of the low water �-m !V
mm m m

where u is a mixing parameter to be determined. In this parti-
m

cular representation the branch junction occurs at segment n.



where 0 < g < 1. These equations describe the process whereby on the flood

tide the volume u 1 V 1 fills the portion of segment m which is designated by
m+1 m+1

the sum of ci V and P . If there is more than one branch to the estuary then
mm m'

the same volume relationships hold in a particu1ar branch upstream of the junc-

tion between branches. For the branch junction segment n the volume is defined

from the following

for n > 2 and a > 2g V =o, 1V 1+P 1+~V +P,n n n-1 n-1 n-1

where the subscript a corresponds to the branch segment parameters.

The model assumes that at this high water stage that a11 the water in each

segment m  including volume � - ~ !U ! mi xes thoroughly. The following three
m m

expressions describe the conservation of fresh water for the branch junction

segment n, the upstream segment n-l, and the upstream branch segment a,.

C  Vn + Pn! =   nV + Pn! C, 1 + �- n! Vn C� �a!

C  U + P ! =  , V + P ! C + � -~ ! V CH L
n-1 n-1 n-1 n-1 n-1 n-1 n n-1 n-1 n-1

 V + P ! =  > V + P,! C + � � .,! V,C�H L L  >c!

where C and C are the 1ow and high water concentration of fresh water respec-L H

tively.

At the low water stage thorough mixing is assumed such that the total

volume of fresh water in segment n is

where R and R are the total river flow in the two branches respectively.
n-1 9.

Continuity of river water from both branches through segment n requires that

V C =  ~ 1V 1 + Pn 1 + R� 1!C� 1 +  ~,V + P + R,!C,. + L I-~�!V �  R 1+R.!]C ',H H



cnCen - n 1 n 1 + pCg =   n 1 n 1+ n 1 n 1! n 1  agVg+P< Rg!Cg -anV C

�!

where the accumulated river flow R = R + R and the equivalent input concen-
n a n-1

tration C =  R 1 C 1 + R C ! R ; C here is the input concentration ofen n-1 en-1 x x n'

freshwater  normally=l!.

�! and �! can be combined to form

R  Cen - C ! = � � m !Vn Cn � Cn!

For segments which are not branch junctions. such as segment m, �!, �!,

�! and  8! reduce to

�0!

R C =  g V + !C � ~ V CH L

m-l m-I m m m-1 m-1 m m m
and

'm-1  'm-1 ' !  ' "m!'m 'm 'm!

�1! can be solved for C 1 and rewritten for segment m as followsH

m m m "m+I m+1 m+1 m+1 m+1 m

and �2! can be solved for C as followsL

C, = P, C,, - C,!/  -.,!V, + C�.L H H �4!

only pure sea water is found in the most seaward segment at high water.

Therefore if C 1 is known then �3! can be solved for C which in turn can beL H
m+1 m

used with �4! to solve for C . In practice the high water fresh water concen-
L

tration in the most seaward segment C is assumed to be zero. That is to say that
H



Thereafter  l3! and �4! are used alternately to solve for C and C for theH L

upstream segments which are not directly upstream from a branch junction.

Immediately upstream from the branch junction segment n, C 1 can be deter-H

mined from �! as follows

C 1 =  R C +u V C �  ~,V +P +R !C,!/ ~ V +P +R 1!H L H

can be determined from the complementary relation. But this depends upon theH

value C, which is not known  and cannot be solved for!. Therefore we will let,H

C = 0 C , 6 represents the way in which the flood volumes split at the junctionH L

and will be chosen during the calibration of the model. In the described manner

all C and C can be determined for upstream segments using �3! and  l4!  orL

n n

 ]S! where appropriate! in an alternating fashion.

Salinities S are determined from the fresh water concentration in accor-

dance with S = S � � C ! where S is the specified oceanic salinity. In
m o m 0

addition the flushing times for individual segments are found from the ratio of

the high water fresh water volume in a particular segment to the accumulated

river discharge rate appropriate for that segment.

3. Model Adaptation

The calibration of the model invo'Ives the choice of mixing parameters, 111

for each s;ction and the branch parameter :. These constants have been deter-

mined on the basis of the comparison of predictions with a comprehensive data

set acquired for the Estuary during a relatively low river flow period of the

year. The actual calibration process consists of the specification of the low

water and tidal prism volume distributions, all river flow rates and the oceanic

salinity. The u and 5 values are chosen so that the predicted and observed
m

high and low slack water salinity distributions match as well as possible in a

least square sense.



The low water volume distribution for the Great Bay-Lower Piscataqua

section of the Estuary has been determined from existing nautica'I charts of the

region and is shown above in figure 4. The cumulative volume distributions for

mean low water, high water and tidal prism for the Great Bay-Lower Piscataqua

and the Upper-Lower Piscataqua section are shown in the two panels below. The

cumulative volume distributions have been fit with eighth order polynomials and

are shown in figure 4 as dashed curves. The uncertainty in the data is greater

than the difference between the fitted-curve and the data in most places. The

measured volume data is compared with the results from the polynomials in table

A-2 in appendix A.

Provisions have been made for the entry of three rivers into the model.

The combined Lamprey-Squamscott, the Oyster-Bellamy and the Cocheco-Salmon

Falls. The daily discharge from the Lamprey River is measured and the data are

available in the form of U.S. Geological Survey Water Data Reports �974, 1975,

1976, 1977!. The model calibration was performed for a period of relatively low

river flow during the summer of 1975 when extensive salinity distribution data

was acquired. The flow rate for the Lamprey River is compared with that of the

Salmon Falls River for 1975 in figure 5. !n this case the flow rates are pro-

portional to their respective drainage areas far most of the year. Therefore

estimates of all river flows have been made by adjusting an appropriately aver-

aged Lamprey flow rate by factors related ta relative drainage basin areas of

the others rivers shown in table 1. The factors are 1.6, 1.6 and 0.3 for the

Lamprey - Squamscott, the Cocheco � Salmon Falls and the Oyster � Bel lamy

Rivers respectively. Preliminary calcu'lations indicated that the flushing

period f' or the entire estuary during a low river flow is about, 50 tidal cycles

or 26 days, Therefore average monthly discharges were determined for the

calibration period and found to be O.l, 0.1 and 0.025 x 10 m per tidal cycle6 3

 TC! for the Lamprey - Squamscott, Cocheco � Salmon Fal'Is and Oyster � Bel lamy
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Drainage Area  miles!
2

Fraction of

Lamprey
Drainage AreaAbove Direct to Total

Tidewater Tidewater

209.52.0207.5I amprey

Squamscott/Exeter

Oyster

Bellamy

Cocheco

Salmon Falls

Piscataqua  est.!

l.61

127.819.6108. 2

.1430.110. 519.6
.30

32.8 .165.127,7

182.1 ,878.6173. 5
I 5 j

.7215'l . 5149. 6

.76160. 0 160, 0

Table 1 Drainage areas of the rivers entering the Great Bay Estuarine Systems.
The areas have been normalized by the Lamprey River area since that
river is gauged.  Data source: Robert Layton, Soil Conservation
Service, U.S. Department of Agriculture, Durham, NH!



river pairs respectively. The value for the Oyster - Bellamy river pairs, which

is an overestimate based on just drainage area, was chosen to compensate for a

highly uncertain estimate of discharge into the Piscataqua  see table 1!,

The salinity  freshwater concentration! distributions at high and low slack

water were determined from synoptic salinity distribution maps  shown in figure

H-l! for the Estuary. These composite maps were constructed on the basis of

vertically averaged salinities colIected during several multi-ship surveys of

the Estuary during the summer 1975.  The detailed results of a program to mea-

sure the distri bution of salinity and temperature in the Estuary are described

by Brown and Silver �979!!. A summary of the salinity collection program asso-

ciated directly with thi s modelling effort also appears in appendix B,

The calibration procedure involves the comparison of model predictions

based on equations  l!-�5! with observed salinity distributions for the summer

1975 period. The details of this computation which have been coded in BASIC for

use on the Tektronics 4051 Graphics System, are described in appendix C. An

interative procedure has been used to determine the mixing coefficients ~.
m

which will minimize the difference between model and observed freshwater con-

centration distribution in both branches of the Estuary. The best fit is shown

in figure 6. The results from the calcu1ation are presented in table 2 and a

map of the segment boundaries is shown in figure 7. The distances of isohaline

excursioIis  see figure B-l! in different parts of the estuary compare favor-

ability with the sizes of the corresponding segments,

Because the relative volume contribution of the Upper Piscataqua branch is

sma1I  see table 2! the branch mixing coefficient p was chosen to be 1. This is

equivalent to saying that the high water concentration, C r; is the same as theH

Hlow water concentration, C6., a boundary condition which is equivalent to the

oceanic boundary condition. Tests show for this case that the main branch

conditions are not particularly sensitive to the choice of 6,
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Comparison of mode'I and observed fresh water concentration dis-

tribution for high  ----! and low   ! s'lack water in the main

branch of the Estuary. This fit has been achieved by choosing

the mixing coefficients for a low river flow case in which the

Lamprey-Squamscott, Oyster-Bel l amy, and Cocheco-Salmon Fall s fl ows

are 0.1, 0.025 and 0.1 x 10 m /TC, respectively. The ocean  Gulf6 3

of Maine! salinity to which the fresh water concentration is re-

ferred to as 31.5",l.



VOLUHE AND SALINITY DISTRIBUTION

GREAT BAY AND LOWER PISCATAQUA

�-a!V PRISN¹m Segment
Boundary

ES km

s*V4 P

0.00 0.000

0,30 0,388

0.45 1,897

0.65 4,674

0.75 6.921

0.80 8.678

0.80 11.793

1 1.3 0,2

2 74 09

3 211 26

4 41.9 5.2

5 79.2 9.9

6 157. 3 19. 7

7 203. 0 25. 4

0.100

0.166

1.552

8.680

20,762

34.711

47.172

O. 167

1.386

7,128

12,082

10, 075

12.461

'13.090

0.267

1.552

8.688

20,762

30.837

47 172

60.261

UPPER PISCATAQUA

1' 0.9 0,1

2' 62 08

3' 26.6 3.3

4' 45.8 5.7

0.00 0. 000

0.20 0.357

0.30 1.094

0.50 1.527

0. 100

0. 089

0.469

1.527

0,189

0.469

1.527

3.874

0.089

0.380

1,058

2.348

FRESH WATER AND SALT DISTRIBUTIONS

GREAT BAY AND LOWER PISCATAQUA

F TC!Salinity  PPT! R

10 /TC

¹m Segment Fresh Canc.
Boundary

ES km High Low Hi gh Low

0.26

0.21

0. 11

0.08

0.05

0.02

0.00

UPPER PISCATAQUA

19.68 3.10 0.7 00

26.27 4.35 0.700

29.95 2.65 0.7 00

0. 38

0.17

0. 05

0. 55 14. 17

0.24 23.87

0.11 27.99

2' 6.2

3' 26. 6

0.8

3.3

4' 45.8 5.7

Table 2. The results of model calibration procedure for the Estuary are listed.

The c and volume distributions and downstream boundary are shown above for each

'segment m and m'. The two branches join in segment 6. The high and low water

fresh water concentration and salinities for each section are listed along with

the flushing period, F, and the accumulated river flow, R, for each segment.

The ocean  Gulf of Maine} salinity for this calculation is 31.5X and the branch

mixing coefficient 8 is 1. ES refer s to Estuarine scale which is discussed in

appendix A.
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1.3 0. 2

2 7.4 0.9

3 21.1 2.6

4 41.9 5.2

5 792 99

6 157.3 19.7

7 203.0 25.4

1. 00 23. 45

0.41 25.03

0. 15 28. 12

0.10 29.07

0.07 29.78

0,05 30.75

0.02 37.50

0.00 0.68 0.100

18.57 3.99 0.7 00

Z6.64 11.35 0.700

28.44 19.65 O.IQO

29.24 16.47 0.7 25

29.95 5.89 0.225

30,90 0,00 0,225



Segment boundaries for the low river flow calibration experiment,

See table 2 for details.



4. Results

Using the u selected in the calibration process a prediction was made for
m

a high river flow condition during the spring run off period of 1978. A set of

salinity data acquired during this period was used to verify the model pre-

dictio~,

The application of the mode1 to high river flow is a bit subjective because

the location of the segment boundaries are related to our variable river flow,

R,  through equations �!-�!! and thus do not coincide with those used in the

calibration phase. Our solution to the problem was to choose an m distribution

which corresponds  approximately! geographically to the distribution found

during calibration. The river flow was determined from the Lamprey gauge data

averaged and adjusted in the same proportions as in the calibration phase. The

segment boundaries for this flow condition are shown in figure 8 for Lamprey�

Squamscott, Oyster - Bellamy and Cocheco � Salmon Falls river flows of .7, .175

and .7 x 10 m /TC respectively. The a> and u values were chosen slightly6 3

greater than the corresponding calibration values of ~3 and ~4 because segment

1 with ~ = 0! is 1arger. Note that the Estuary is divided into one fewer seg-

ments. A comparison between predicted and observed salinities for an ocean

salinity of 30.6,"; is shown in figure 9, while a summary of the full numerica1

results is presented in table 3,

A reasonable agreement between the prediction and the observations exists

throughout a11 except the upper reaches of the Estuary; a region which was not

well modelled at the outset  see figure 6!. The excess of the model fresh water

relative to observations in segments 3 and 4 is probably related to the extra

fresh water input by the Oyster and Bellamy rivers as discussed in sect~on 3.

This could be corrected by representing the uncertain Piscataqua fresh water

input more accurately. The consequences of such a correction to the overall

flushing period of the estuary is probably sma11.

17



Segment boundaries for the high river flow prediction experiment.

See table 3 for details.
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Comparison of model and observed fresh water concentrati.on dis-

tribution for high  ----} and low   } slack water in the main

branch of the Estuary. River flows of 0.7, 0.175 and 0.7 x

10 m /TC have been input at the Lamprey-Squamscott, Oyster-6 3

Bellamy, and Cocheco-Salmon Falls respectively. The ocean  Gul f

of Maine! salinity to which the fresh water concentration is

referenced is 30.7X.



VOLUWE AND SALINITY DISTRIBUTION

GREAT BAY AND LOWER PISCATAQUA

 ]-a!Vo] a*Vo1 PRIS]44m Segment
Boundary

ES km

a*V+ P

0.00 0.000 1.654 Z,354

0.40 2.480 S.IOD 9.754

0.65 5.252 12.179 21.933

0.75 7.31] 10.431 32.364

0.80 9.273 12.769 49.868

0.80 12,465 14.125 63.985

UPPER PISCATAQUA

8.6 1.1

2' 33.5 4.2

3' 50.9 6.4

0. 00 O. 000

0.30 ].403

0.50 2.100

0.700

0.601

2.100

0.601

].499

2.626

1.301

2.]00

4.726

FRESH WATER AND SALT DISTRIBUTIONS

GREAT BAY AND LOWER PISCATAQUA

4m Segment
Boundary Sa]inity  PPT! F TC! R

10 m /TC

Fresh Conc.

Low HighHi gh LowES km

UPPER PISCATAQUA

1' 33.5 4,2

2' 50,9 6.4

0,82 5.41

0.53 ]4.39

10.79 3.25 0.700

2.158 2.90 0.700

O. 65

0. 30

'able 3. Ihe results of the high river flow modeI prediction for the Estuary are

listed. The ~and volume distributions and the downstream boundary are shown above

for each se<Iment m and m. The two branches join segment 5. The high and low fresh

water concnetration and sa'Iini ties for each section are Iisted a Iong with the flush-

ing period, F, and the accumulated river flow, R, for each segment. The ocean  Gulf

of Maine! salinity for the calculation is 30.7':,' and the branch mixing coefficient is

1. ES refers to Estuarine Scale, which is discussed in Appendix A.

20

1 78 10

2 22.6 2.8

3 451 56

4 85.2 10. 7

5 168.2 21. 0

6 208. 3 26. 0

1 78 10

2 22.6 2.8

3 45.1 5.6

4 85.2 10.7

5 168 2 21 0

6 208.3 25.0

0.47

O. 54

0.43

0. 33

0.15

0. 00

1 .OO 1 6.22

0.67 14.05

0.51 17.37

0.41 20.64

0.30 26.00

0.13 30.70

0.700

1.654

9,754

2I.933

37.090

49.860

0.00

10.08

15.06

18.17

2] .58

26.82

1.59

9.48

16.86

14.85

5.75

0.00

O. 70."

0,700

0.700

0.875

1.575

].575



The total flushing time for a parcel of water entering the model estuary at

the head of the main branch during this high river flow period is found to be

48.5 hf2 tidal cycles or 25.1 days, This contrasts with 58.0 M2 tidal cycles or

30. 0 days flushing period for that same parcel of water entering the model

estuary at the head during a low river flow period  such as our calibration

period!. The distribution of the segment flushing periods as listed in tables 2

and 3 suggest geographical locations where flushing is maximum and minimum.
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r

Y n! =q + ! q.nj
J

where

n is the estuarine scale shown in figure A-1 and r is the order for a particular

polynomial. The coefficients for the polynomial fits are shown in table A-3.

Separate fits where required for the distributions near the origin. The regions

over which each is app1ied is shown in parentheses.
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Appendix A � Yolume Distributions

The mean high water and 1ow water volume distribution has been determined

for the Great Bay Estuary from the Coast and Geodetic Survey Chart 212. The

bathymetry has been contoured and the Estuary has been subdivided into sections

indicated by the longitudinal scale shown in figure A-l. A planimeter was used

to determine mean low water volumes for each 4 unit subsection of the Estuary

directly from the chart. A mean tidal range of 2m for the Estuary was deter-

mined on the basis of the sea level distribution shown in figure A-Z. This was

added to the mean low water and the chart areas were redetermined where neces-

sary to find high water volume distribution. The tidal prism volume distribu-

tion was calculated from the difference between high and low water distributions.

In table A-1 the volumes of the major Estuary subsections are summarized.

The uncertainties are calculated on the basis of a estimated random error of

+ 7X for each 4 unit subsection. Cumulative vo1ume distributions for a11 three

sets of data were found and eighth order polynomial fits to the results were

determined. A comparison of the measured cumulative volumes and the polynomial

fits is presented in table A-2. The uncertainty of the cumulative volumes

ranges from + 7/ near the head of the Estuary to + 1% near the mouth.

A polynomial determined here can be generally specified as follows:



The longitudinal estuarine scale, ES, for the Great Bay Estuarine

System. The reference for the main branch begins at the j unction

of the Lamprey and Squamscott River and ends at the entrance to

Portsmouth Harbor. The secondary branch begin' at the junction

of the Cocheco and Salmon Falls River and terminates at the junc-

tion between the Upper and Lower Piscataqua. The scale is 8

units per kilometer.
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Summary of tidal elevation distribution within the Great Hay

Estuarine System. The distributions of 7-day mean high and low

water  MHW,MLW! relative to a horizontal surface are shown below.

These are compared with instantaneous sea level distributions

shown for slack high and low water  SHW,SLW! and mid-ebb and

flood at Dover Point for 15 July 1975. Above the phase distribu-

tion of high water relative to Dover Point is shown.

Figure A-2
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Section Tota'l

34.31 + .82 18.81 + .45 15.50 + .37

55.38 + 1.05 15.84 + .30 39.54 + ,76

11.62 + .23 4.55 + .09Upper Piscataqua
�-52!

7.07 + .14

128.91 t 1.66 24.44 + .31 104.47 4 1.34Lower Piscataqua
 95-217!

230.22 + Z.43 63.64 + .67 166.58 + l,78Estuarine System

Mean volume estimates of the major subsections of the Great Bay
Estuarine System. The boundaries of each section are indicated in
terms of the scale shown in figure A-l. Units are 10~m-.

Tabl e A-1
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Great Bay
�-38!

Little Bay
�8-95!

Total
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Low
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A-2 Cumulative Vo]ume Distributions .For the
units are 10 m .

Great Bay Estuarine SystemTable
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km Fit
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PRISMLOW WATER
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Fit

UPPER PISCAIAtPUA
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Measured Polynomia] Calculated Polynomial
Fit Fit

ynomia'I
FitES km
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79.55
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114.34
116.50
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163.65
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127.38
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0. 00
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89.05
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I923,99
119.86
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]33.43
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149.70
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O.O
0.80
1.59
2.63
4.16
6.59

10.44
14.44
17.14
18.41
20.87
2],51
22.63
23.29
Z4.34
25,24
26.25
28.30
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32.83
33.56
34.10
34.56
35.46
36.15
35.46
37.36
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38.42
38.89
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39.46
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39.83
40,29
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43.0Z
43.88
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48.00
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59.02

0. 89
0.94
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5.00
7.85

10.75
13.48
15,95
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36.60
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37.71
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38,46
38,74
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40.24
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41.40
42.17
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44.06
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46.25
47.38
48.49
49.57
50.61
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52,86
54.36
56.49
56,96



Creat Bay - Lower Piscataqua

Tidal Prism

�-13!
Tidal Prism

 »-209!
Low Water

�- 13!
"Poly 3"

Low Water

�3-209!
"Poly 1"

� .15666667

.22875000

-1.0 E-3 1.38625673376

-0.357906292049

cl5

q7

0.0745706745621

G. 00I95185208717 0.0310486461922

Upper Piscataqua

Tidal Prism
�-20!

Tidal Prism
�0-164!

l ow Water

�0-164!
"Poly 4"

Low Water

�-20!
"Poly 5"

1. 806 E-4

0.10316425592

1.3678012724-G. 01

0.11424903468

-0.00554757677474

2. 0515525Z4 E-4

qe

q7

-0.0062232366592

2.78020052 E-4

Polynomial coefficients for cumulative volume distribution for mean low
water and tidal prism in the Great Bay - Lower Piscataqua and the Upper
Piscataqua, The sections where these are applicable are indicated in
parentheses. The volume units of the output of each polynomial is
106 3

Table A-3

-4.595897469 E-4

4.479'179641 E-6

-3.27715972 E-8

1.575584494 E-10

-4,09031767677 E-13

4.360196903 E-16

-0. 391188559294

0.0527167125734

-0. 00269081150333

6.956452472 E-5
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6.8930207 E-9
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3.892038236 E-14
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-1.025683Z2489
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-0.003709i 001 i60

6.056169163 E-5

-5.586976425 E-7

2.930967282 E-9

-8.144640579 E-1

9.30526C257 E-1

-1 .44398387302

0 5I46191-15-'a

-0.377298761577

0.0013l618211388

-2 Z18964776 E-5

1 .967355-':2

-9.036148763 E-10

1.86260Z82 E-l '

-9.456139952 E-16



Appendix B � Sal~nity Distributions

Salinities for the cali bration of the model were obtained from water

samples collected in the Estuary during July, August, and September 1975, The

data set includes quasi-synoptic salinity data for several locations over a

tidal cycle. The sample collection were done using the R/V Jere A. Chase, R/Y

Ferrel, R/Y Explorer, the R/V Hicroboat and a Normandeau Associates, Inc,, boat.

Samples were obtained from severa1 depths using either an on board 12-volt pump

 Simer Nodel No. BW85! and hose or a standard sampling bottle such as Niskin,

YanDorn or Nansen battle.

Salinity profiles were also made within a couple hours of slack high and

slack low water along the Estuary during high river flows period on March 22 and

28, 1978 respectively. Salinity samples were pumped on board using a submer-

sible pump and plastic hose. Each station was sampled over 5 to 8 minute

periods, and the calculated depth was approximated by the hose length.

All water samples were ana1yzed to obtain salinities using a Guildline

Autosa1 Salinometer  Model 8400! which has a precision of + .005/.. The salin-

ities in a single profile were averaged. A summary of the salinities and the

fresh water concentrations found for the ca1ibration and prediction experiments

are shown in table B-1 and B-2 respectively.

The freshwater concentration, C, at a particular estuarine location is

calculated according to C =  S � S!/S where S is the observed estuarine
0 0

salinity and S is the oceanic or reference salinity. The listed salinities for
0

the calibration were determined from the 1975 composite salinity maps for high

and low slack water shown in figure B-1. The salinities for the high river flow

verification are vertically averaged values of salinities observed at the

indicated 1ocations.
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Table B-1
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Appendix C � Computations

This model has been adapted for calculations using the Tektronix 4051

Graphics System with 24K bytes of memory. Equations �} through �! in section

2 have been modified so that segment boundaries, x , can be expressed in termsti'

of cumulative low water volume distributions:

8
v x} = > q,. x'

i=0
 Cl!

and the tidal prism volume distribution,

8

p x! =   r,.x'
i=0

 cz!

where q, and r. are given in Tab1e A-3. The following computation scheme was
1 1

developed to ca1culate the segment boundaries x . For calculation of segment 1n'

 C3-a}Vl = R

 C3-b!

 C3-c}forn>2
n+1 n+1 n n n

=aY +P

But also

 C4!V = v x ! � v x ! = v x ! - v x !.
1 1 o 1 o

Thus  Cl!,  C3-a! and  C4! yield

8

q. x +v x! -R=O
1 o

i=0

which in principa1 can be solved for xl. Actually an iterative procedure

 called Newton's iterations! is used on the computer to make this calculation.

33

boundary, x,  x = 0 the head of the model estuary! we know from equations �!-

�! that:





coincides with the junction of the Estuary proper and the Upper Piscataqua.

Once the segment boundaries and volumes are calculated then high and low

water fresh water concentrations are ca1culated using �3!, �4!, and �5!

as outlined in section 2. The accumulated river flow due to multiple river

input is accounted for during this step. The f1ushing time for each segment

F is based on the amount of fresh water in a high water segment according

to

c'  v + p !
n n n

n R
n

The total flushing time FT for a water parcel entering the head of the Estuary

A BASIC program has been written to  i! perform the indicated computations,

 ii! display the numerica1 results and  iii! make comparison plots of the pre-

dicted and observed fresh water concentrations. The listing of the program

appears in Appendix D.



188 REM
118 REM
f28 REM
138 REM
148 REM
159 REM
168 REN
170 REN
188 REN
198 REM
290 REN
218 REN
228 REN
238 REM
240 REll
250 REll
269 REM
279 REM
289 REN
298 REN
388 REN
318 PRIH
329 REN
338 REM
348 REN
359 REM
369 REN
379 REN
389 REN
398 RFN
488 REN
419 REN
439 REN
449 REN

458 REN
469 REM
478 REN
SBB REN
598 REM
592 REN
S94 REN
688 REM
685 REH
608 REM
618 REM
788 PEN
784 REM
718 REM
728 RE I'!
730 REM
748 REM
741 RFM
742 REM
743 REM
744 REN
745 REM
746 REM
748 REM
758 REM
752 REH
768 REM
778 RErl
788 REN
798 REM
898 REM
818 RFH
820 REM
838 PFN
848 l'-EN

APPEHDIX 9

COMPUTER PROGRAM

GENERAL CON1'lENTS
This progr.am uses the Dyer Taylor 's �973! modified version of
ketchum's segmented tidal pr-i m madel and it is applied to the
Creat Bay Estuar ine System> in or der to predict high and low
water salinity distribution ba ed on the river flow> volume dis t
ributiori and georietr y of the estuary for a var iable river flow,
The mixing parameterr which in this case is r elated to the
tida'I excursion of water in the estuary> has been deterrNi-
mined for different egments on tt;e ba>is of comparison
between aval iabl e data> the f'lushing time is also calculated
for individual segments and for the entire estuary.
REFEREHCEI
A Simpler Segmented Prism model of tidal mixing in well mixed
Estuaries.
K.R. Dy r and P.A. Taylor
Estuarine and Coastal Narine Science �973! Ir 411-418.
T
IHPUT DATA
Ri = River discharge for the Lamprey>'Squamsrott river s in

cubic meters per tidal cycle.
R2 = River discharge for the CachecoiSalmon Falls rivers in

cubic meters per tidal cycle.
R3 ~ River dischar ge for the Oyster + Bel 1 amy r iver s in cubic

meters per tidal cycle.
A ~ Current value of mixing parameter. If you want to

change 4 delete lines 1188-1239 and pr int INPUT 4 in one
of these lines .

PARAMETERS F L S TO SEARCH FOR THE SOLUTIOH OF THE POLYNONIAL
F ~ First! Segment start.

L ~ Last> segment end.
S = Step> 91

= segment to be corrected.

OUTPUT DATA
V=Current va1ue of curn LW VOL at the segment boundary
D=Cur rent value of curn PRISM VGL at the segment boundary
V2 I!l 82 I!>=curn I W VOL at the ith seg boundary
Vl I!', V3  I!>=LA VGL of the ith segment
R<I!l P4<I>>= curr PRISN VOL value at the ith seg boundary
Pl !! I  P2 I>!= PRISN VOL of the ith segment
X I> = ith segment boundary for great bay>piscataqua
Y I> = ith e ment boundar y of upper piscataqua
88 I!; 87 I>>=  I-R>Ijolume
D8  I > l  D7 I >! = ACVolurre
Pf I>l P2 I»= Prism.
U8 I>; U7<I»= RWVolume + Prism
Hi=Great Bay segment 4 of UPrLP junction
0=UP segment 0 adjacent to UPiLP junction
WB=Pr ism volu~e in UP transition segment  x�2!
Wl=Low water volume in UP transition segment  x�2>
01=UP Segment number before transition segment
W2= ACHf  x-:52!
W3=Volume residual from UP added to LP segment x>52!
FGR THE FRESH WATER CGHCENTR4TION CALCULATIONS
C8= EQUIVALENT RIVER WATER CONCENTRATION FOR A SECllEHT
C4 l'l>;  C6�'1! >= Fresh water concentration for high vater.
C5 M>l C7<M»= Fresh water concentration for low water.
S2 N>l  S4<M»= Sal ini ty in PPT for high water.
Sl M>l S3 M>= Salinity in PPT for low water.
F7 N> = Tidal c~<c le for each segment.
R4 N! = River discharge thr ough a particular segment
V7  I! l VS< I»= Mixing parameter of the i th segment
F5 ~ Total Flushing time in tidal cycles.
F8 ~ Input ariy dummy number to plot your resul ts  to stop
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859 REH your table results so you can make a copy! ~
868 PRIHT
879 REM This program was developed using the 4851 GRAPHIC TERNIHAL
889 REH  in basic language! by EDGAR RRELLAHO.
898 REt1 AHD REVISED BY HAS. BROWN DEC 12, 1978
988 REM BOTH OF THE DEPT OF E4RTH SCIENCES'UHIV ~ OF HEM HAMPSHIRE
9l8 REN DURHAM! H.H. 93824
949 PRINT
958 IHI7
969 REM Dimension of the differ ent variables.
979 DIf1 X�9! ! Xi �0! ! P�9! . Vl �0! ! P 1 �8! ! V2�9! ! P2 8! ! 82 8!
989 DIN R�9!,! P4 8!, B8�8!, DS�9!, U8�9!, R4�8!, C8�8!
998 D!I1 Y 8> V8 8! C5�8! C��9!
1898 DIN F7�0! F9 l9! V7�9! CT�8! C6�9! V3�9! BT 8! DT 8! U7 8!
1818 REM Input the different river discharge inta the estuary
1829 REI1 in units of 186 cubic meters per tidal cycle!and initial
1939 REN ization of some variables.
1848 PRINT "RIVER DISCHARGE �86 H3r'TIDE CY! for the'
1968 PRINT "LA11PREY+SQUANSCOTT! UPPER PISCATAQUA AHD OYSTERtBELLAHY
1879 INPUT Rl! R2! R3
1888 II1AGE 7�14!
1898 E2=8
1898 D3=9
1198 D4=9
1182 F1=9
1184 F4=8
1186 F3=8
1188 N=8
1189 O-9
1118 J~i
1128 REN Parameter J=i to identify the Great Bay and Lover
1139 REN Piscataqua System.
1148 J5ml
1158 J1~8
1168 J6=3

1179 1 9=1
1188 GO TO 1278
119B REH Star the calculations for the Upper and Lover
1299 REM Piscataqua in order to do a volumetr ic correction at
1219 REM the section in DOVER POINT.
1229 PRINT
1222 PRINT "C! UPPER PISCATAQUA 4"
1239 REM Parameter J=2 to identify calulatios for the Upper
1249 REM Piscataqua System.
1259 J=2
1255 Hi=I
1258 PRIHT 'THE UPPER PISCATAQUA ENTERS IN THE '/HI> "TH SEGNEHT"

269 REH CALCULATIONS FOR THE FIRST TWO SEGMENTS  LIHES 1818-1968!
279 REN

1288 *=1
1489 l=l
1418 VT I!~I
1415 VB I!=l
1418 REH SOLVE THE POLYNOMIAL EQUATIOH
1428 GOSUS 4969
1439 IF J=2 THEN 1478
1448 X2=XB
1458 X I!=X2
1469 GO To 1598
1479 X2=X9
14T5 Y  I ! =X2
1588 REM CALCULATE CUMULATIVE PRISING AHD VOLUME DISTRIBUTION
1585 GOSUB 4138
1519 IF J=2 THEN 17ee
1528 REI1 CALCULATE VGLUHE PARAMETERS FOR FIRST GB SEGMENT
1538 Pl   1 ! =D+9. 8267981975294
1545 V2 l!=V
1558 Vl i!=V+1. BE-3
15TB 88 l!= l-A�Vl l!
1588 D8�!~4@Vi�!
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1598 UB�!=Pl�!+D8 l!
1618 R l!=D
162B GO TO 2658
1638 PRINT
1648 PRIHT
165B 1=2
1654 PRINT
1656 PRINT
1668 PRINT "INPUT FIXING PARAMETER 4 "lip"!="I
1678 INPUT A
1688 V7�!=A
1685 V2�!=Pl l!rA+V2�!
1698 GO TO 1918
17BB RElh CAt CULATE VOLUHE PARAHETERS FOR FIRST PISCATAQ
1718 P4�!=Z
1728 82 l!=V
1738 P2  l ! =Z- l. 886E-4
1748 REV
1758 V3  l!=ViB ~ Bl
1752 B?�!=B
1754 07 l!=V3 i>
1756 U7 l!=D7�!+P2 l!
1768 I=2
1764 PRI HT
1765 PRINT
1778 PRIHT "INPUT HIXING PARAMETER A�!'=
1772 INPUT A
1774 V8  I ! =4
1776 82 �! =P2  i ! r 4+B2  1 >
1788 GO TO 1S68
1798 V2�!=U
1888 P2�!-"Z
1868 REH
1988 REH SOLVE THE POLYNOMIAL EQUATION FOR 2HD SEGHENT
1918 GOSVB 4968

1928 If J=2 THEH 1958
1938 X2=XB
1948 X I!=X2
1945 GO TO 1979
1956 REN
1951 GO TQ 1977
1952 X2=XB
1953 GOSUB 4968
1977 X2=XB
1978 Y I!=X2
1979 REH CALCULATE CU/IULATIVE PRISN AHD VOLUI'lES
1988 GOSUB 4138
1998 IF J=2 THEN 2148
1995 REH CALCULATE VQLUHE PARAMETERS FOR 2HD GREAT BAY
2809 V2�!=V
2818 R�>=D
2B28 Pl�!=D-R l!
2B?8 Vl�!=V-U2�!
2188 S8�!= l-A!fVi�!
2118 D8�!=AiVi�!
2128 U8�!=Pl�!+DS�!
2138 GO TO 2278
2148 REH CALCUl ATE VOLUYiE PARAMETERS FOR 2HD UP SEGMENT
2145 B2�!=V
2158 P4�!=Z
2168 P2�!=Z-P4 f!
2178 V3�>=V-82�!
2172 B7�>= i-A�U3�!
2174 D7�!=ACV3�!
2176 U7�>=D7�>+P2�!
2188 GO TO 2278
2238 REM Calculation for the segments gr eater
2248 REH the calibration the ~ixing parameters
2258 REH so the prediction for ang river flov
2260 REM be vade.
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2278 FOR I=3 TO 18 STEP 1
2274 IF J=2 THEH 2588
2276 PRIHT
2278 PRIHT
2289 PRIHT "IHPUT NIXIHG PARANETER 4 "! II'!~'I
2299 INPUT A
2429 K= I-i
2438 V7 I!=4
2459 REH
2479 V2  I!-"U8 K!r'4+V2 K!
2488 REM
2528 IF J=i THEH 2558
2525 J=l
2538 Ji=l
2535 PRIHT "LAST UPPER PISCATAQUA SEGNEHT IS I"IOi
2548 GO TO 2578
2558 REN
2578 GO TO 2629
2588 PR IHT
2581 PR IHT
2582 PRIHT "IHPUT NIXIHG PARANETER 4 "; I;"!'=";
2583 IHPUT A
2584 V8 I!=4
2586 K= I-1
2587 01=i-i
2588 REN
2598 62 I!=U7 K!rAi82 K!
2688 REM
2628 REN SOLVE POLVHONIAL EQUATIGH FOR SEGNEHT=>3
2622 GGSU8 4969
2624 IF Jl=i THEH 274e
2629 IF J=2 THEH 2658
2638 REN
2648 X2-XB
2658 X  I!~X2

2652 GO TO 2749
2658 REN CHECK FOR POLYHONIAL TRAHSITIOH FOR UPPER
2659 REN
2668 IF XB>52 THEH 2678
2662 GO TO 2688
2678 X9=52
2677 GOSUB 4139
2678 A=Vr HI!
2679 We=Z-P4 K!
2689 WI=V-82 K!
2681 W2=4481
2682 W3=U7 K!-M2
2683 I=Hf
2684 K=I-1
2685 V2 I!= US K!+W3!iA+V2 K!
2686 Ga TO 2528
2687 J l =i
2688 X2=XB
2689 V  I!MX2
2698 GO TG 2748
2728 REN
2748 REN C4LCULATE CUNULATIVE PRISN AHD VOLUllES
2742 GOSUB 4138
2768 IF J=2 THEH 2878
2'765 REN CALCULATE VOLUNE PARANETERS FOR GREAT BAY
2778 V2 I!~V
2788 R I!<D
2798 IF Jl=i THEH 2792
2791 GO TO 2839
2792 REN C4LCULATE VOLUNE PARANETERS FOR THE TRAHS
2793 Pl  I!=D-R K!+WB
2794 Vl I!~V-V2 K!+41
2796 X I!~X2
2828 J1~2
2825 GO TO 2852
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2838 Pl I!=D-R K!
2858 Vi  I!=V-V2 K!
2852 BS I!= f-4!CVi  I!
2854 DS I!=44'Vf I!
2856 US I!=Pl<I!+DS I!
2858 IF J1=2 THEN 3838
2866 GQ TO 2948
2876 REH CAl CULATE VOLUI'lE PARAMETERS FOR UPPER
2S75 B2 I!=V
2888 P4 I!=Z
2898 P2 !?=Z-P4 K!
2966 V3  I?=V-B2 K?
2902 Br  I?=  I A� V3 I !
2984 D7 I?=ACUS I?
2906 U7  I? =D7  I !+P2  I !
2918 GO TO 2988
2928 GQ TO 2920
2938 GO TO 2928
2948 REH
2958 REH
2968 REM
2976 GO TO 38ea
2988 REM
2998 IF J=2 THEN 3236
3888 IF K9=2 THEN 3636
3818 IF X2<95 THEN 3238
3828 IF X2!95 THEN 12?8
3838 IF X2>263 THEH 3248
3856 GO TO 3239
3868 GO TO 2768
3878 GO TO 3238
3238 NEXT I
3248 PRINT
3245 If=I
3258 PRINT 'THE HOST SEAN4RD SEGMENT 4 IS 'yif

PISCATAQUA SEGMENTS~>3

Eo chech if a segment frow the Upper and Lover
Piscataqua is in the Great and Lover Piscataqaa
System! and if it does do the respective correction.

UPPER PISCATAQUA"
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3252 REH THE CURRENT VALUE OF I IS THE NAXIHUH SEGMENT
3254 PRINT
3256 PRINT
3258 PRINT
3262 PRINT 'DO YOU MANT TO DISPL4Y VOLUI1E DISTRIBUTION?IF YES EHTER I"
3264 INPUT 45
3266 IF 45=1 THEN 3488
326S CO TO 3599
3328 PRINT
3488 PAGE
3496 REN Output of the di fferent para>>eters calcu'lated.
3492 PRINT VOLUME AND SALINITY DISTRIBUTIQH
3494 PRINT FOR"
3588 PRINT GREAT BAY AND LOMER PISCATAQUA
35f 8 PRINT
3528 PRIN,
3539 Il'1AGE 74! 1 1 A! 84! I4A! 124! 11A! 7A
3540 PRI USI 3530: "lid" ! "BNDY"! "4"! " I-A!%VOL"! "Af VOL" ! "PRISN" p "44V+P"
355B PRINT
3568 FOR L=f TO Il
3565 U=X L!'S
3570 IflAGE 1�D!! f�D AID!! l�D. ID!! l�D. 2D!! 4 8D.3D!
3588 PRINT USIHG 3576:L X L! U V7 L! B8 L! D8 L! Pl L! U8 L!
3596 NEXT L
3591 PRINT
3592 PRIHT
3593 FOR L=l TO Of STEP 1
3594 M*Y L!r8
3595 PRINT USIHG 3578:L!Y L!!M!V8 L!!87 L!!D7 L!!P2 L!!U7 L!
3596 NEXT L
3597 PRINT "UPPER 8 LOMER PISCATAOUA JQIH IH SEGHENT'!Hf
3599 REll SALIHITY BOUNDARY CONDITIONS
3688 F3=l
3602 REH Input your salinitg boundary condition at section
3684 REH at the mouth of the estu=rg.



HE ESTUARY >

YSTER+BELLANY

eaward segment

AT BAYrLP

rivers discharge

!!i R4 H>+U8 ti!!

P I SCAT'.~QL'4
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3686 PRINT "IHPUT SALINITY  in ppt! AT THE IIOUTH OF T
3688 INPUT S5
3618 PRINT "FRESMlfATER CONCEHTRATION PPT! for the"
3612 PRINT "LRNPREY+SQUAftSCOTTgUPPER PISCATAQUA AHD 0
3614 INPUT Cf y C2y C3
3628 REf't tow water  a 11 sea water! ~
3638 REf1 Highwater fresh water concentration of the s
3648 C4 II!=B
3678 C=II-I
3672 DELETE R4
3674 DIf1 R4 i8?
3678 REM CAl CULATIOf~ OF SALIt<ITY DISTRIBUTION FOR GRE
3688 FOR L=I TO C STEP
3788 REl'l To check the input of the different
3718 REM at different segments.
3728 H=II+I-L
3738 K=f1+ I
3748 IF >f M!>95 THEH 3778
3758 IF X<M!>64 THEth 3 98
3768 IF X f1!�4 THEH 3818
3778 R4 t1!=RI+R2+R3
3772 C8 f1!= RIfCI+R24C2tR34C3!~R4 N!
3788 GO TO 3813
3798 R4<f1!=R3+Ri
3792 C8  fl? =  R I CC I+R34C3! rR4 f1!
3888 GO To 3813
3818 R4 N!=RI
3812 C8<N!=CI
3813 REN
3814 IF F3=8 THEN 3828
3815 C4<f1!=8
3816 F3=8
3817 K=II
3818 C5 M!=R4 H� CS M!-C4 M>!F88 ff!+C4 H!
3819 GO TO 3898

3828 C4 f<!= R4 K!8CB K!+D8 K�C5 K!!r' R4 N!+U8 H!!
3821 IF M=NI-I THEN 3823
3822 GO TO 3838
3823 REf1
3824 C6 OI?=CS K!
3826 C4 t1?= R4 K�CB K!+D8 K>4C5 K!- C2+U7 OI!�C6 OI3830 C5 t1?-"R4 H� C8<ft?-C4 M!>~BB N!+C4 t1!
3835 IF C4 H!>CI THEN 3854
3848 IF C5 f1?>CI THEH 3868
3858 GO TQ 3898
3854 C4<f'l?=Ci
3868 C5 M?=CI
3898 REf1
3988 A8"-C4 M!i US f1?+88<8!!
3984 Fr M!=48,~R4 N!
3986 NE!fT L
3988 C5 l!=CI
3914 C4 f!=C5��DB�!iU8�!
3918 R4 l?=Rf
3928 AB=C4 f� U8<l?+B8 I!!
3922 F7�!=48rR4<I!
3925 REH CALUL4TION OF SALIHITV DISTRIBUTIOH FOR UPPER3927 02=01-I
3929 R5~R2
3931 C9=C2
3935 FOR L=i TO 02
3937 IF L=l THEN 3944
3939 O=O-I
3948 K=Oii
3942 GO TO 3951
3944 K=OI+I
3945 0=01
3946 GO TO 3952
3951 C6 O!-" RSWC9+D7 K!tC7 K!!i R5+U7�!!
3952 C7�! R54 C9-C6 O!!iB7 O!+C6�!



3953 IF C6�!>C2 THEN 3956
3954 IF C7<0?>C2 THEN 3958
3955 CO TO 3962
3956 C6 O?=C2
3958 Cr Q!=C2
3962 REM
3963 A9=C6<0?t U7 Q!+87<0!!
3965 F9�?=A9iR5
3966 NEXT L
3968 PRINT "DO YQU WANT TO DISPLAY SALT DISTRIBUTIOH$".IF YE$ EHTER
3969 INPUT A4
397B IF A4=1 THEN 3988
3971 GO TO 4878
3988 PAGE
3981 PRIt<T "FRESHWATER AND SALT DISTRIBUTIONS"
3982 PRINT FOR'
3983 PRI!tT "GREAT CAY AttD LOWER PISCATAQUA"
3984 PRi USI 3985:";.'M",,"BNt!Y","FRESH CONC","SALINITY PPT!","F TC!"
3985 IilACE 6A> idAg 1 "Ap 2BA> 1BA> SA
3986 PRINT USINC 3&87' " " "ES" y "t<Hu "HIGHS> ~ LOW" "HIGH~ "LOW"
3987 ItlAGE t,A,5A,9A, 9A, 81, SA, 12A
3998 FOR i'l=l TO Il
3991 Sl =S5'4�-C5<;"I! !
3992 $2=S5'C�-C4 M!?
3994 IMAGE i�D!! 2�D 1D!y 5�D. 2D!y 1�D ~ 3D!
3995 U=X M!,i8
3996 PRINT USING 3994:M~X H!~U>C4 N!!C5 M!yS2p$1!F7<M!pR4 g!
3998 HEXT M
4888 PP, INT
4084 PRINT "UPPER PISCATAQUA'
4885 02=01-1
4886 FQR L.=l TO 02
4897 i|=1+1
4888 $4=S54�"C7<N!!
4B18 $3=$54�-C6<H!!

"R"

4815 W=Y<H!r8
4838 PRINT USING 3994'My Y<N!y W>C6 H! yC7 H!! S4yS3y F9 H! yR5
4B4B NEXT L
4870 PRINT "DO YOU WANT TO PLOT RESULTS?IF YES EHTER 1"
4874 INPUT A3
4B76 IF A3=1 TNEN 4882
4BBB GO TQ 4118
4882 GOSUB 6788
4884 PRINT "DQ YOU WANT TO INPUT DIFFERENT SGUHDARY CONDITIONS?YES~1"
4886 INPUT A4
4888 IF A%=1 THEH 3599
4898 PRINT "DQ YQU WANT A RERUN TO CHANGE MIXIHG PARAMETERS?YES=1"
4992 INPUT D4
4894 IF D4=3 THFH 958
4118 END
4128 REM CALCULATIONS OF VOLUME AND PRISM
4130 X2=XB
4148 RFil CREAT PAY: CUilULATIVE VOLUME DISTRIBUTIOH AT LOW WATER
4144 IF J 1 =I THEH 417B
4158 IF J=2 THEN 442B
4168 IF X2<=13 THEN 4268
4178 H=4.368196903E-164X"1' -4.89B317677E-134X2tr+1.575584494 -'BCX2't6
4188 E=-3.27715972E-StX2t544.479179641E-6~X244-4.595897469E-44X2t3
4198 Q=B. 03184864619224X27 2-8 ~ 357 9862920494X2+I i 38625673376
4288 V=H+E+Q
421B PRINT "POLY 1"
422B GQ TQ 4358
4230 IF X2	3 THEN 4178
4248 IF X2<=13 THEN 4268
425B CQ TO 4358
4268 V=B.O91951852QS717fX2t2+6.87457867456214X2-1.8E-3
4270 PRItiT "POLY 3"
4288 GO TO 435B
4358 PRINT "GREAT SAY
4368 PRINT "SEGMENT ">I'" BOUNDARY="!XZ
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43SB PRIHT
4398 PRINT
44BB GO TO 4638
4418 REN UPPER PISCATAQUA: CUMULATIVE VOLUNE DISTRIBUTION AT LOH MATER
442B IF I=l THEN 4478
4421 IF X2<=20 THEN 4478
4422 IF X2i28 THEN 4528
447B V=2.851SS2524E-44X2t3-B.BBSS47576774744X2t2+8.1142498394684X2"8.81
4488 GO TO 4568
4498 REf'I
4588 V=H2+J2+G2
45!B GO TO 4568
4528 H2=3 ~ 892838236E 144X2t8 2i581346736E lifX2t?+6i89382B?f 94X2t6
4538 J2-"-9.424655932E-74X2t5+6.956452472E-SCX2t4-8 ~ BB2698811583334X2t3
4548 G2 B.B5271671257344X2t2-8.3911885592944X2+I ~ 36788127124
4558 V=H2+J2+G2
4568 PRINT "UPPER PISCATAQUA"
4578 PRINT "SEGNENT "i I!' BOUNDARY>"/X2
4590 REN PRINT "CUflULATIVE VOLUME
4688 REV PRINT V
4618 GO TO 4798
4628 REM GREAT BAY: CUMULATIVE PRISN VOLVO!E DISTRIBUTION
4638 IF X2<=13 THEH 47BB
4648 4=9 ~ 385268257E-154X2t8-8. 144648579E-12CX2t?+2.938967282E-94X2t6
4658 F1=-5."86976425E-74X2tS+6.856169163E-54X2t4-8.883789188116844X2t3
4668 G 8.116527341976'4X2t2-1.825683224894X2+3.35174238182
4678 D G+FliN
eSSe GO TO 4758
4?88 REM
4738 D>-8.1566666667+8.228754X2
4748 GO TO 4758
4758 REN PRINT 'CUNUI ATIVE PRISN
4768 REN PRIHT D
4778 GO TO 4948
4788 RES UPPER PISCATAQU4: CUMULATIVE PRISN VOLUNE DISTRI8UTIOH

4798 IF I=i THEN 4868
4792 IF X2<"-28 THEH 4868
4795 IF X2>26 THEN 4888
4868 2 2.7S028952E-44X2t3-8.88622323665924X2t2+8. 183164255924X2+1.886E-4
4878 GO TO 4928
4888 H"--9.456139952E-164X2t8+1.86268282E-I24X2t?-9.836148763f-iBCX2t6
4898 Q~1.967355462E"74X2t5-2.218964776E-SCX2t4+B.B81316182113884X2t3
4988 E=-B.B3772987615774X2t2+8.5146191615494X2-1.44398487382
4918 Z=N+9+E
4928 REN PRINT "CUHULATIVE PRISM
4938 REN PRINT 2
4948 RETURH
4959 END
4968 PRIHT
497B PRIHT "SOLVE POLYNOf'IIAL EQUATION"
4988 REN 4 THIS PROGRAM SEARCHES FOR 4 SIGH CHANGE
4998 REM IN THE VALUE OF A POL IHONIAL FUHCTIOH
4995 IF Jl"-1 THEH 5128
5888 IF J=2 THEN 5868
5818 IF I~i THEN 6128
5831 IF X2<=13 THEN 5836
5834 GO TO 5129
5836 F4~1
5837 GO TO 6128
5868 IF I~I THEH 5538
S878 IF 1~2 THEN 5881
5888 IF l=>3 THEN SB81
5881 IF X2<i28 THE'N 5886
5883 GO TO 5858
5886 F1~1
5887 GO TO 5538
SB98 RE~
5188 REN GREAT BAY: CUMULATIVE VOLUHE DlSTRIBUTIOH AT LOM TIDE
5118 REM Mh«r e H is the potgaoeial degr««.
5128 H~S



5138
5148
515B
5169
5179
5188
5199
5288
5218
5215
5228
5238
5259
5268
5278
5298
5398
5318
5538
5535
5549
5558
5568
5565
5567
5578
5588
5658
5668
5858
5855
5868
5878
5888
5899

PRINT "POLY 1"
P 9!=4.360196983E-16
P 8!- 4 Bg8317677E 13
P�!=1.575584494E"19
P�!=-3.2771597?E-8
P�!=4 47~179641E-6
P�!=-4. 95 97469E-4
P�!=9.9318486461~22
P�!=-8.35 926292849
IF I=1 THEN 25B
IF I=2 THEN 5279
IF I=>3 THEH 5298
P l!=-Rl
GO TO 5389
RE11
P l!=1.38625673376-V2 I!
REH
GO TO 6218
N=3
PRINT "POLY 5"
P�!=2.851552524E-4
P�!=-0.88554757677474
P�!=8.114249939468
IF I='1 THEN 5578
GO TO 5658
P i!=-R2
GO TO 6218
P�!=-9.81-82 I!
GO TO 6218
N=8
PRINT 'POLY 4"
P 9!=3.892838236E-l4
P  8 i =-2. 5813 l6736E-11
P�!=6. 8938267E-9
P�!=-9.424655932E-7

h for
on to

INDEX!

5988 P�!=6.956452472E-5
5919 P�!=-8.8926~881158333
5928 P�!=8.8527167125734
5938 P�!=-9.391188559294
5948 P l!=1.3678Q12724-S2 I!
5959 GO TO 6218
5968 IF X2>28 THEN 5129
5970 IF X2>12 THEN 5328
6109 P l>=1.BE-3-V2 I?
6119 GO TO 6218
6129 H=2
6138 PRINT "POLY 3"
6140 P<3' =8.00195185208717
6159 P�.'!=8.8745706745621
6154 IF I=1 TH..H 6168
6156 GO TQ 6180
6169 P<1!=-Ri
6178 GO TO 6218
6188 REH Input first>lastrstep in order to scarc
6199 REN a simgh change in the polynomial equati
6289 REN give the segment lengh.
6219 PRINT "FIRST< LAST> STEP
6228 INPUT F!L!S
6238 PRINT
6248 LET X5=F
6258 GOSUEk 6538
6268 FOR T=F+S TO L STEP S
6270 LET Yi=P3
6288 LET X5=T
6290 GOSUB 6538
6295 REN CHECK''S FOR SIGN CHANGE Iff INTERVAL F+nS<n IS LOOP
6388 lr-. YI~P3>O T lEN eaVe
63fB X4=T-S
6328 X2=S
6339 X5= X4+X2!r2
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6348 Go TO 6388
6358 NEXT T
6368 PRINT "HO SIGH CHAHGE FOUHO"
637B GO TO 62}e
63BB X}~T-S
6398 X2=T
6408 Y2=P3
6418 X5= X4+X2!i2
6428 GOSVB 6538
6438 IF ABS n4-X2!l RBS X4!+RBS X2! ! >1 eef 6 THEH 6478
6448 PRINT
64se xe=xs
6451 IF F4=} THEN 6454
6452 IF Ff=l THEN 6458
6453 GO TO 6464
6454 IF xe>13 THEH 6468
6456 GO TO 6464
6458 IF xe>28 THEN 6462
6459 GO TO 6464
6468 F4=8
6461 GO TO 5128
6462 Fi=e
6463 GO TO 5858
6464 REM
6465 F}=8
6466 F4~8
6468 RETURN
6478 IF Y}4P3>e THEH 6588
6488 X2~X5
6498 GO TO 6488
6588 x4=xs
6518 Y}=P3
6528 GO TO 6418
6525 REN SUBROUTINE TO CALCUL4TE POLYHOtlIRL FOR GUESSEf> 94LUE
6538 P3>P N+f!

6548 FOR H=H TO 1 STEP -1
6s58 p3=p34xs+p H!
6568 HEXT H
6578 IF P3<>B THEH 66}e
6589 PRINT
6598 PRINT X51 "IS 4 ZERO
6699 STOP
66}8 RETURN
6629 EHO
6638 PRINT " INPUT SEGMENT  !> TO BE CGRRECTEf! I
664e I«PUT I
6659 K=l-}
6668 Uf  I!=B3 I >+Vs
66 8 K9=2
6688 RETURN
6699 REN
6788 N}=8
6785 c=ii
6718 T5=32
6728 82~229
6738 T}"-?8
6748 V3=e
6758 IF E2>e THEN 6778
6768 GO TO 6828
6778 44=258
6788 T2~25
6798 X4="DISTANCE"
6888 YS="CUB SALINITYCVOLUFIE'
6818 GO TO 6868
6828 N4~}
6838 T2=B. 1
684e xs "orsTANcE
6858 Ys='FRESH MATER CDHcfHTR4TIoN'
6868 Pi
6878 TS~32! � - X
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6883 REN
6898 PAGE
6SBB PRII<T '[;
6918 MII<DaM MI,M2,W3,M4
6920 V IEWPORT 15! 125! 15! 97
6938 AXIS &T5: T 1 ! T2! Mi ! N3
6948 AXIS PT5:Ti!T2!M2!N4
69.8 REIl 444 HORIZ. TIC NARK LABELS
6968 l'10VE L>T5:Ul!M3
6978 FOR I=Mi � M2 STEP Ti
6989 HOVE L~T5: I! W3
6998 PR IHT PT5: "J J9" ! I
7888 NEXT I
7810 REN f44 VERT ~ TIC NARK LABELS
7828 REN
7838 FOR I=W3 TQ M4 STEP T2
7848 llOVE 8T5:ll1, I
7858 PRINT O'T5: "U9tjU" y I
7868 HEXT
7870 REN 444 HORIZ.AXIS LABEL 444
7888 IIOVE BT5: Wi+W2!i2! N3
7898 PRINT PT5!"JJJJ"1
7100 FOR I=i TO LEH XS!r'2
7118 T=T5
7128 PRINT PT: "O'I
7138 NEXT
7140 PRINT 8T: XS
7150 REN 444 VERTICAL AXIS LABEL 444
7168 DIN Ys�5!!Pf i!
7178 I1OVE  .T:Ml!  M3+H4!r'2
7188 PRINT PT: "b43L'8tl'i
7190 FOR I=1 TO LEH Y$!i2
7208 PRIHT QT:'K !
7218 NEXT
7228 FOR I=i To LEH Ys!

7238 PS=SEG Y$ I 1!
7248 PRINT PT:Ps'!"QJ";
7250 HEAT I
7268 REN Normal DATA PLOT 444
7270 PRINT
?288 GO TO 7358
7298 GOSUB 7530
7388 GO TO 6708
7318 EHD
7328 R To pic t the fr esh 4!ater concentr

338 REM by the model at high and low wat
7348 HOVE 9T:X  l!!C5 i!
7358 I'1OUE '>T: X�! ! C5 i!
7368 FOR I=i TO C-1
7370 K=lii
7380 DR~M CT:X I!!C5 K!
7382 IF X I!>228 THEN 7386
7384 GO TO 7398
7386 X I!=228
7398 DRAM CT: X  I+I!! C5 K!
7408 NEXT I
7482 IF X C!>2-8 THEH 7486
7484 GO TO 7418
7486 X C!=228
7418 DRAM X C!!C5 C!
7428 NOVE PT: X�! ! C5�!
7438 FOR I=i TO C-1
7448 K=I+1
7458 DRAM 9T:X  I! C4 K!
7468 DRAW i>T:X  I+1!,C4 K!
7470 NEXT I
7488 DRAkl X C!!C5 K!
74SB REN To plot the fresh water concentr
7588 REN 'loM water calculated from the ob
7518 REN distr ibution in the est! ar y.



0 7628 HIGH RIVER FLOW SITUATIOH
9T:38!8.48
eT.:78,8.41
eTE 140, 8. 3i
eT:209�
eT: 38! B. 33
eT:70!8.25
eT: 148, 8. 05eT 28q',8

LOM
PT: 8! B. 51
PT:8! 8.29
eT: 15! 8. 16eT-'.2e, e.'14
eT! 26! 0. 1 i
PT! 32! 0. 1
eT: 38 0. B9
eT!58,0'.es
eT: 78! B. 87
PT:90! 0 ~ 86
QT199�.85
eT: 120! 8. 85
eT: 138! 0. 85
eT!158!e.'84
eT: 165! B. 83
O'T: 185! e. 82
PT: 228! B. 883
eT:0,8.15
eT:4! B. 1
eTEs, B.'er
ST: 15! 8. 87
eT 26,8'.065
PT:32 8.86

eT:38 8.855
eT!58,8'.8$
eT�0�.04
eT.'98!8.83
eT:99!8.82
eT: 128!B.B2
eT:138�.81
e T: 158! B. 81
PT:228!e

A9
N

7528 CO T
7525 REM
7538 llOVE
7548 CRAW
r55e DRAff
7568 DRAW
7578 MOVE
7588 DRAff
7598 DRAM
7688 DRAW
7618 EHD
7615 RKN
7628 MOVE
7638 DRAM
7648 DRA'W
7650 DRAW
7668 DRAM
7678 DRAM
7688 DRAW
7698 DRAM
rree DRAM
7718 DRAW
7728 DRAW
7738 DRAM
rr48 DRAW
rr58 DRAM
7768 DRAW
rrre DRAM
7788 DRAM
7798 MOVE
7888 DRAM
7818 DRAM
7828 DRAM
7838 DRAM
7848 DRAM

7858 DRAM
7868 DRAW
7878 DRAM
7888 DRAW
7898 DRAQ
7908 DRAW
7918 DRAW
7928 DRAW
7938 DRAW
7932 INPUT
'7935 RETUR
7948 END

RIVER FLOW SITUAT!OH
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