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1. MATHEMATTCS OF SOLUTION

1.0 INTRODUCTION

Over the past few years, several numerical tidal
hydrodynamic models have been proposed for the study of
estuarine behavior. Examples are the two-dimensiocnal
long-wave propegation models of Leendertse (1), Reid and
Bodine (2}, Masch and Brandeas (3), and Mungall and
Matthews (4}, Pritchard (5) has given an excellent
summery of the mathematical development of the vertically-
everaged equations, and Sobey (6) has investigated the
characteristics of several schemes,

The basic approach of Leendertse (1) was chosen for
the development of the numericel model of Narragansett Bay
(Fig. 1), which is a wide, shallow estuarine system dom-
inated by tidal effectsa., The model had been successfully
applied to & small harbor by Grimsrud (7) end hag now been
adapted to the Bay with several modifications, The follow-
ing 1s an explanation of the mathematice of the solution as
used in the Bay model, along with certain necessary modifi-
cations of the original epproach,

The model was developed to provide information con-
cerning the tidal dynamics of the Bay and the accompanylng
currents and flowrates, Verlfication studies have been
carried out and reported here, and the model will be used
as the bagls of & concentration-transport model for the
study of saliniiy, temperature, and biochemical parsmeters
in the Bay.



41045’

WICKFORD ~ 3
HARBOR 7 :

~
BEAVERTAIL PT, 0 5

Fig. 1. Reference map of Narragansett Bay.



1.1 THEE EQUATIONS OF MOTION

The basic equations for this model are the Navier-
Stokes momentum equations, plus conservation of masa,
In Bulerien form, with a right-handed coordinate system
with the z-axis directed upward (Fig. 2a), the three

momentum equations are

du au du du _ 1
ﬁ+7+\’ﬁ+wa—z— p-52+fv+

o
b

aw aw aw __1
CARE FIE TR T il I

1l ;3w 3T ar
+ 5 (gex + gyey + gpee)

l1.1.]

1.1.2

1.1.3

The conservatlon of mass equatlon, assuming incompressible

flow, 1is
3u + 3Y , 3w
Ix Ay tiz "
where
u{x.y,2z,t) = veloclty in the x-direction

v{x,y.2,%) e velocity in the y-direction

1.1.4



U *TK—_]T:-.&T dr udz 1.1.6

vdz 1.1.10

so that the horizontal veloclties may be expressed as
u=0{1+ cu(z)] 1.1.11
v o= V[l +¢v(z)] 1.1.12

Agsuming constant stmospheric pressure, small horizontal

gtress and that

< 1
lup .v(

integration over z from the bottom, -h to the surface, 1,
of the horigontal momentum equations, along with 1.1.7 and
1.1.8, gives

U aU AU 2 1
1 3 A 'Sai“f‘”‘p-(rm(*sx' Tox) 1-1-13

av av v 3n 1
ﬁ+uﬁ+vw._gw—fﬁ+p ] (-rsy-'rby)lal.lu

In these equations, Tyy A8nd T, represent the bottom and
surface stresses, respectively, and a number of terms arising
from the application of the Leibnitz rule, ghown to be small
by @rimsrud (7), have been neglected. Similar integration of



wi{x,v,2z,t) = velocity in the z-direction
p{x,v,2,t) = pressure

plx,y.z) = density of water

f = Coriolis parameter, 20 sin o
Tij = shear stress tensor

£ = gravitational acceleration

If we mmake the Boussinesq assumption that vertical
varlations in pressure are predominantly the result of
varlatiens in depth, the z-momentum eguation (1.1.3)

reduces to the hydrostatic equation

g-%: - PE 1.1.5

Assuming uniform density and integrating from the water

surface, Z = 1, 1,1.5 becomes
p(x,¥,t) = g [ﬂ(x-.v,t) - z:I + 1, 1.1.6

where Pg is the pressure at the surface. This expression
may be used In the momentum equations, where the pressure

gradients become

ap

p _ 3 0

3%" pgﬁ'*’ﬁ'x_ 1.1.7
ap

ap 37 (o3

3y = pg v + a—-—y 1.1.8

We now introduce the vertlically-sveraged velocities,

U and V, where



the conservation of mass equetion yilelds

ez [+ u] + gy [(n+ ) v]=o0 1.1.15

where the vertlcsl velocity at the surface haz been re-

placed by
_ a
w(z = 1) = §h 1.1.16

The bottom stresses in the x and y directlons may be

approximated by the Chegy relationship

i
EEU(U2+V2)/2
C2

. x 1.1.17
1/2
- v (1 + V)
o,y = - 2 1.1.18
The Chezy coefflcient, C, has the form
1/6
c=2382 e, [e4M2/sec] 1.1.19

where (h + n} iz in feet and the Marning friction factor,
N, hes units of ses/rtl/3,
The surface stresses are due to wind and may be

approximated by the quadratic law for turbulent flow:

>
!

=k pa[wxij 1.1.20

4
I

k p.[wyluy l.1.21



7

where k 1s a dimensionless drag coefficlent [herein taken

as 0.0025?. P, 1s the air density, and W, and wy are the

wind speed components in the x end y directions, respectively.
Slnce these wind stresses are only applled to vertically-
averaged momenfun relations (1.1.13, 14), it follows that
they do not truly model the wind-driven upper layers of an
estuary. Rather, they cause bulk water movements (U and V)
whose net values should approximate the total movement of
water in the upper layers. The applications (Chapter 4)

will 11lustrate this approximation.

The final cifferential equatlions are then

g‘%+g§_}c’+v§r§=-gax+fv 1.1.22
1/2
o P g U R s 2
S C°H
av v v

CQH
R iy o

where H=h+mT. 1.1.25



With the development of these three equations describing
the fluld motion, 1.1.22, 1.1.23, and 1.1.?2'l, we may now
proceed to obtain the necessary finlte-difference approxi-

mations.

1.2 FINITE-DIFFERENCE EQUATIONJ

For the solution of the equations 1.1.22 to 1.1.24,
the approach of Leendertse (1) will be followed. In that
scheme, the variables U and V are staggered in both space and
time, and a senl-implicit method 1is used in the solution.

The spece-staggered placement of the variables is shown
in Flgure 2.b. The velocitiles (U,V) are taken at points
different in space from the point of the water surface (1).
Coneider the grid square, with side AL, denoted by the

coordinate palr (m,n); then

x, = (m ~ %) AL 1.2.1
v, = (n-2)aL 1.2,2
¢ 2 e

are the coordinates of the center of the grid sguare., Each
of the varlables ldentlfied at (m,n) wlll have a different

spatial position as follows:



nm,n = ﬂ(xc, yc) 1.2.3
U _=U(x_ +%aL v.) 1.2.h

m,n o 2 0 e e
V= ¥(x. vy, +%sL) 1.0.5

m,n e’ o 2 Tt
h _=h{x. +3%AL y_ +%aL) 1.2.€
m, o 2 " o] e
C = Clxgr ¥) 1.2.7

This scheme has the mdvantage that for the wvariable
operated upon in time there 1s a centrally locsted spatial
derivative for the linear term. For example. Iin the x-
momentum equmtion (1.1.22), the time-derivative of U 1s
aggocisted with the spacially centered derivative of water
level (g %} .

In eccordance with the semi-implicit method (see next
gectlon), the time step is split into two halves, and the
time-derivative taken over the half time atep, Thus, for
the function F continuous in space and time, and with the

netation

_ =t
F (m AL, n aL, £ 4T) = F mrn 1.2.8

the firgt forward time derivative 1ig

t _ B ypttl/e
T AT (z mn m,n) 1.2.9
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We adopt the following notation for various convenilent

functicns of space and time:

X

= 1
il = = r
‘myn T2 (Fm+1/2,n + Bm—l/e,n)
Fo-Llp +F )
m,n 2 ‘'mn¥l/2 m,n-1/2
6me,n = (Fm+1/2,n - Fm—l/?,n)
®yfmn T (Fm,n+1/2 - Fm.n-l/e)
* _ 1
sme.n ] (Fm+1,n - Fm—l.n)
* _ 1 - \
6yFm,n T2 (Fm,n+1 T fm,n-1/

1
Fron = % Fnt1/e, ner/e t Fa1/e, neise

t Fm+1/2. n-1/2 + Fm-1/2. n—1/2)

l.2.10

1.2.11

1.2.12

1.2.13

1.2.14

1.2.15

1.2.15

The momentum and conservation of mass equations may then be

transformed to finlte-difference equations (six equations

result, three for each half of the time step) and solved

Tor the new value In time. The equations are given in

Appendix A. The solution method wlll be discussed in the

next section.
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1.3 METEOD OF SOLUTION

The solutlon of Equations A.1 to A.C (Appendix A) is
called by Leender:se (1) a "mul+i-operation” method, which
is a modificarlon of the "leap-’rog" methed. 1In the first
half time step. values of U and T are computed implicitly
along a grid row in the x-direction at the time (t+1/2) a'r.
Then V is computed at the same time level explici<tly. In
the second half time step. V and 7 are computed implicitiy
at (t+l) AT along grid rows Iin the y-direction, after which
U 15 calculated explieltly at {t+l) aT.

in the fl-gt half of the time step, the time derivative
of U in the x-nomentum equation 1s approximated by a back-

ward difference:

t+1/:a) EE.T (uttl/e 1.3.1

5 (U - Ut = fen (071/2)

In the second half’ time step, a forward difference is used:

t+1 e t+1 Ll 4l /2
%F {v:' ") = %T (v - U /2) = fen {7 / ) 1.3.2
Thus, over a full time step, the time derivative 1s & central

difference with respect to the water level:

v _ uttl

1 = fen mtﬂ./e )

1.3.3

Thlis composite relatlon defines the leap-frog method.
The set of difference equatlons for the implicit time

ctep on U and 7 may be written as
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[a] (0372 op AmH/2Y L 1) 1.3.4

whe ri [A] is a “ridisgonal metrix. Hguatlon 1.3.4 may then
be solved by Gaussian elimination [see #eichell (B) rfor
example] ror the new values of U and W at (t+1/2). A
simllar procedure is used for ithe second implicit operation
involving v end T at time (i+l)., The detalls are given 1in

Appendix i,

1.% SPABILITY

An extensive analytical trestment of stability has been
glven by Leendertse (1), and the reacer is referred to ithat
original expositlon for detmils. Only 2 brief outline of
the aspprosch will be presented here.

The form of investigation of the stabllity is thet
introduced by von Heumann {see 8), which assumes & Fourler
expansion of » line of errors propageting over time.

Conslder the hermonic decomposition of error, E(x), as
Hix) = § Ay 27 1.4,1

Tor a1l spatlsel frequencies. Bj, where B 1s real. For
linear eaquations, only one freguency need be examined.

At the end of the time step, the error mey be expressed as

E(x) = A E'in eah'f
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where @ = a (B) 1s, In general, complex. The von Neumann

critericn for stability is that
™) < 1.4.2

Leendertae {1) has determined analytically that the
mul tioperation method 1s unconditionally stable for the
linear simplificstions of the momentum eand messz equations,

which sre {for the x-direction)

au AN
3t 8%~ 0 1.4.3
AT AU _
agthx=0 1.h.n

Numericel experiments (1,6) are used to establish the
stability of the full equations 1.1.72-24 where exact
analysis is not svaileble.

The consequence of these studles is that the present
method 18 stable for any size time step, 4T, for regions of
uniform geometry. However, for modeled regions with the
irregular geometry that often cccurs 1ln neture, stability
1s not gusranteed. The situatlon may be remedied by
reducing the time step or grid size, or by smoothing the
boettom contours to ellmlnate steep depth gredients.

It should also be noted that the total water depth
must remaln positive at a1l times, the most critical time
being low water. This trouble frequently arises in

shallow grids near land boundaries. snd care should be
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taken in the selection of depths st thege locations, even
to the extent of Introduclng some distortion of the

bethymetry.

1.5 BOUNDARY CONDITIONS

Two different types of external grid interfaces, or
boundaries, are posslble In the numerlcesl model: a water-
water or weter-land interface. At the flrst, either the
water level, 7M. or one velocity component (U or V) must
be especlfied. At the second, the appropriate normal
velocity component is gzero.

A difficulty 1s encountered when the spatial
derivatives 5; and ﬁ; (1.2.14, 1.2.15) in the convectlive
terms sre applied in a grid with & 1land boundary. At least
one velocity component will lle outside the fleld of
computation. Leendertse overcomes the problem by dropping
the convective term in the momentum equation. Although
this procedure produces sn insccurscy in the numerical

results, 1t preserves stability (1).

1.6 GRID IDENTIFICATION

The method of solution involves solving for the
dependent verlables along a grid row. Therefore, each
row in the x and y directions 1s described by m row
identificstion number. Three types of gird squares ccecur

in the field: 11and, water, snd water-boundary grids.



18

The identification number gives the m {or n} velues of

the end (first end last) water grids in the row, and
indicates the type of the grld adjacent (and in the same
row) t0 the end grids. If an end grid is adjacent to a
land grid, the normsl veloclty there will be zero; if ad-
Jacent to s water-boundary grid, a water level or velocity
boundary condltion will be searched for. In no case wlll

the adjacent grlds be water grids.
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II. APPLICATION TO NARRAGCANSETT BAY

2.0 INTRODUCTION

How the: the fundamentals of the numerical solution
method have theen investigated, the model mesy be applied
to the specitic case of Narragansett Bay. This entalls
the =electior of the grid net which describes the Bay
geography, ard selection of the time step. Depth and
Chezy coefricient data must be Introduced, The boundary
conditions must be prercribed as continuous time functions.

The following rcectlons outline the procedures involved.

.1 GRID NET SELECTION

Few, if any, guldellnes exlst for the selection of
an optimum grid system for a water body, especially one
with complicated geography llke Narragansett Bay. The
first step taken however, was the cholce of the water
boundaries. The area of the Bay to be modeled 1s
hounded on the zouth by Rhode Igland Sound, on the east
hy the entrance of Mt. Hope Zay, and the north at the
narrowing of the Seekonk River. This area represents
about two-thirds of the entire Bay. The portion excluded,
Mt. Hope Bay and the Sakonnet River, comprises another
estuarine gystem, and is geomorphically connected to the

main part of the Bay by a narrow passage.
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Secondly, the computetlion scheme lmposes a» lower
limit of two grlds per row in the fleld. Thus the narrowest
channel must be at least two grids wide. These critical
areas occur in the lower Bay, in the East and West
Passmges, and 1n the upper Bay in the Providence Rlver
{Fiz. 1). Thecefore, a grid length of one-half nautical
mile was chosen. The resulting grid net (Fig. 3) consists
of 32k water and weter-boundary grids wlthin the
rectangular (19 by #8) field. The x-axis 1s 10.1 degrees
to the right o the true north direction for more

accurate representation of the coastline gecmetry.

2.2 TIME STEP SELECTION

One property of the implicit solution method 1s the
unconditional numerical stability, regardless of time
step. However, the aize of the time step has an effect
on the accuracy of the solution.

Leendertse (1) has shown that the solution has high

accuracy when

p =4 Jen 2.2.1

i1s of the order of five or less, where h is the maximum
depth of water., Hence, the factor JE% is the maximum
long-wave celerity. For a maximum depth of 152 feet

and & 4L of 3038 feet, & AT of 220 seconds would give a



[o] BOUNDARY CONDITION
GRID ELEMENTS

Fig. 3. Grid system for Narragansett Bay.
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B value of 4,9l. Therefore, a time step of this size or
less Insures guod accuracy, especlally since the average

depth of the Bay is only 30 feet.

2.3 SPECIFICATION QOF DEPTHS

Bathometric varlations are accounted for in the depth
specification at each grid square. In accordance with
the placement of variables within the grid (Flg. 2b)
the depth in the corner of the grid at (xc + % AL,

Yo * % AL) 1s entered as data for all grids in the
computation fleld. The number entered 1s the actual
depth at mean rea level at that point on the grid, and
net the average depth over the grid square. Depths may
also be entered at grid squares outside the computation
field, such as those adjecent tc water grids.

General irformation on the bathymetry was obtained
from the U.S. Coast and Geodetlc Survey Chart No. 353,
which gives derths at mean low water. It should be noted
that while suel charts are useful, certain small-scale
features may not be evident from them. For certain
critical locatlions, therefore, depth surveys would be
guite useful. These were carried out In the West Passage

8t the Jamestown Brldge and at the Mt. Hope Brigdge.
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2.4 CHEZY CCOEFFICIENTS

The effects of bottom frictlion are introduced through

the Chezy coefflelent.
C = li#E (h + n)1/6 1.1.19

The dependence on N makes C & time-varying function.
However, since the water level, T, is usually much
smaller than the depth, h, at mean sea level, its in-
fluence 1s small. This was borne out by a model study
of tidal flow in whlch the Chezy coefficient was computed
each half-hour; in no case was the maximum veriation more
than ten percent., Values of C are computed at the start
of each run {for 7 = ), and are not changed afterward.

The selection of the Manning factor {N) poses
a sonmewhat more difficult problem, due to the lack of
extensive studies of rivers and bays. Masch and Brandes
(3), for example, use values between 0,018 and 0.05%4,

"rubble set in cement' and "natural

which corresponds to
river channels: winding, with pools and shoals,"
respectively, in a table given by Henderson (9). The
essentlial conzept 1s bottom roughness, which variles
considerably in an area as large ms Narramgansett Bay.
For appreximation, then, the Manning fector was taken ac

a linear function of m, the model grid row number:

V(m) = Nave [1.3 - 0.6m/hax] 2.4
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which verles from 1.3 Navg In the Providence River to 0.7

Navg at the mouth of the Bay. The average value, N

was determined from comparlsons of predicted and observed

avg'

velocitles, and was taken as .020. It is expected that
further model testing and bottom surveys may change this

representation.

2,5 THE RHODE ISLAND SOUND BOUNDARY

The primary driving force at the mouth of Narrangansett
Bay is the astronomical tide, and thus 1s entered as a
water level boundary condition at the location, grids
m=U48 n=28, 3 11, 12, 13 (Pig. 3; Fig. 4). Other
tyres of boundary conditions are used in the model, and
these will slszo be dlscusazed.

The Coast and Geodetic Survey regularly collects and
analyzes tidal :levations at several locations around the
Bay. The primary stations are at Newport, Bristol, and
Providence, and the data obtained from them is the
amplitude and phase angle of the twenty or so largest
tidal constituents (10). A number of secondary stations
have been occupled, and the times of high and low water
relative to Newport are given for them in Reference 11.

The tidal “oreing function may be represented by the
sum of severel sinusoldally varying terms, each with a

unlque amplitude, angular speed, and phase angle {12),
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The phase angle 1s taken relative to Greenwhich, Englaend:

the amplitude is modified by a function of lunar pesition,

(f,)- The equation for the water level, ™, is

n(t) =& f, {t) Hyocos ot o+ (¥

wnere for each congtltuent, n,

£,()

I

amplitude factor depending on the position
of the moon's line of nodes
amplitude of the constituen®.
angular speed (degrees per hour) of

the constlfuent
value of the equilibrium argument when ¢t =
epoch (angular phase dilfference from
Greenwich)

time (hours) from reference time

The values of Ho‘ Hn' and kn are calrulated for each

tide station.

The angular speed {«), lunar node function

(f,) and equilibrium argument (vy + u) can be calculated

from knowledge of astronomical motions, snd are tahulated

in Reference 1. A more detailed descripion is given i~

the descriptior of the subroutine KURIH.

The tide #t the lower boundary is calculated at each

of the end grids (m = 48, m = £, 13) >y an equation of

the form 2.5.1.

The tide at the infermediamte grids is

obtained by lirear interpolation, 'The amplitude and

5.1
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epoch of each constituent wes originally obtained from
anelysis of thelr values at the three other stations., The
ralues are nos bhelng modified by data obtalned from the
Ocesn Engineering Department Whale Rock tide geuge.

Several ather types of houndary conditions are ineluded
in the model, and are used in various tests and experiments.
At prerent sl dlfferent condltions are possible:

1. +ldal input The astronomical tldel function

as cdescribed above, ls used

“or water level.

8

zero tide o tlde vrarlations of water
level ocours.
3. extrapolated water level
The boundary water level is
extrapolated from the interior
fleld.
‘. extrepolated velocity
The wveloclity 1s extrapolated
from the flow in the Interlor
fleld.
e  BUrEZE The water level corresponding to
hurrlcane surge at the mouth of
the bay 1s entered.

“. surge plus *=ide The sum 0¥ 1 and § 1s used.

These six conditlons provide qulte & measure of
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flexihility to the model application. Their usage 1g

described 1n the next two chapters.

2.6 PROVIDENCE RIVER BOUNDARIES

The boundarles iIn the northern part of the Bay
represent river entrances, and velocity boundary conditions
are used to model them. Providence Harbor 1s the
confluence of several rivera; end further down the Bay
the Pawtuxet Rlver joins the Providence River (Fig. 5}.
Several smaller rivers alsc flow intoc the Bay, but thelr
dlscharges are relatively small and have been neglected.

The total volumetric flowrate from the Blackstone-
Seekonk, Moshassuck, and Woonasquatucket Rivers is entered
at boundary grid m = 1, n = 3, & to simplify the model
grid in that reglon. The mean annual flow rate, about
890 e.f.s. including discharge from the Clty of Providence,
1s falrly small compared to tidal flowrate, but loesl tidal
velocltles computed by the model are significant in the
ad jacent area.

The daily average flowrate may either be obtained
from surface water records (13) or estimated from the
ratio of monthly to yearly mean discharges {Fig. 6).

The Pawturet River boundary {m = 10, 113 n = 4) is
handled in the same manner as the Providence Harbor

boundery.
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2.7 THE MT. HOPE BOUNDARY

The boundary at the entrance +o Mt. Hope Bay probably
1s the most ¢1fficult to model accurately. The local
geography (Fig. 7) does not permit the use of the Bristol
larbor tide 85 a water level boundary condition, so the
tidal velocity, based upon the volumetric flowrate, 1is
used.

The totel flow under the Mt. Hope Bridge 1z determined
by tidal differences, river discharge, and wind effects.
The tidal flow results from water level variatlons
between the Bsy proper and Mt. Hope Bay, which itself is
connected to hode Island Sound through the Sakonnet River,
Also, a certain fraction of the fresh water dlscharge into
the Mt. Hope 1ay, primarily from the Taunton River (mean
annual flowra“e: 660 ¢.f.s.), passes under the bridge.
Local winds mey contribute to daily variations in the flow,
but they are reglected since nc data on wind currents are
svailable.

The earliest available measurements of the flow under
the bridge are reported by Haight (14), which made use of
a 7-foot pole and three current meters on August 7 and 8,
1930, Recent measurements (August 5 and 18, 1971) were
taken by using several poles spaced across the section under
the bridge. Tie general approach of analyzing the data

ueed by Halght was applied to the newer observations.
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Due to the nature of the Bay geometry, Haight (14)
showed that the currents due ¢ the lunar (Myo My, and
M) constituents of the tide mecounted for most of the

observed current. The flowrate can then be approximated

by
3 X
172 qccos [ Fp (1 - 7] 2.7.1

where g is th2 flowrate, and 71 the time to first flood
after high water. The flowrate wag deduced from the 1930
data by Integrating the veloecilty over the depth, and
multiplying b e weighted area under the bridge (90, 600
ft2). The flowrates for the other observations were
calculated by summing the products of the pole velocity

and the Iinereriental area; the resultant values were ad just-
ed for the tidal range and smoothed. A weighted average
was then analyzed by least sguares, using an equation
gimilar to 2.7.1. The resultz are shown in Table 2.7.1,
and in Figure 8. The tidal velocity 1s obtained by dividing
the flowrate, ¢, by the area at the boundary.

The portion of the Taunton River discharge passing
under the brldge is obtained from Hicks, (15), who
estimated the river outflow from the ebb flowrates through
each Bay passege. The value used here ig 72 percent of the

annual mean flow or 475 c.f.s.
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TABLE 2.7.1 Lunar Constituent Analyeis of Flow

Under Mt. Hope Bridge

Lunar Perdiod Time to Current G (103 cfe)
tit- f fl
e L 45 s
M, 12.42 9.87 l.12 150.5
M, 6.21 6.29 0,29 33.2
M6 4,14 3.32 0.15 35.4
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I1I. MODEL DYNAMIC RESPONSE CHARACTERISTICS

3,0 INTRODUCTION

It 15 helpful to know how the model wlll respond
under a varlety of input conditions, so that the relative
Influence of parameters may be assesged. Since the two-
dimensional equations are non-linear, an analytic
sengltivity analysls is quite difficult. Leendertse (1),
for example, discussed only the simplified momembtum
equation with linesr damping and the continuity equation
with constant depth

-g-‘{‘-+g-:-}+ku=o 3.0.1
» 2
5—%+h3-%=0 3,0.2

Therefore, & serles of numerical experiments were
carried out, using the computer model of Narragansett Bay
for the hydraullc system. Two parameters were the subject
of investigation: the time step and the Chezy friction
factor., These were varied, along with several types of
boundary conditiong. As a result, insight into the
computed solution was gained, and 1ts dependence upon the
input axplored.

No experiments involving varlable grid size or bathy-



metry were urdertaken. The grid net was considered accept-
able on the tasis of computer-imposed limitations. The
geography of the Bay 1s essentlally constant, that 1s,

the bottom 1e not subject to varlations during a tidal

cycle, and nc important shoreline changes occur.

3.1 PROPERTIES OF THE NUMERICAL SOLUTION

The computed solution may be examined in a manner
similar to that used in the error analyszis. PFollowing
Sobey (6}, we consider the following set of linear

equations:

ay an _
3% +g T 0 3.1.1
ay an
3T + g 7w - 0 3.1.2
AN au BV _
s t+th (——a + ——-ay) =0 3.1.3

The Fourler seriss representation of the solution is

— » 1
o= % Fm e {ﬂmt + omlx + chy) 2.1.4
where the vector F is
u
F= ‘rv} 3-1-5

M
and B and o, 8re the real wave time frequency and wave

!

number of the mtl component, respectively. The substit-

ution of 3.1.% inte 3.1.1 to 3.1.3 leads to
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A (ﬁ.cl,az)ﬁ =0 3.1.6

where A 1s the ampiification matrix. Since 3.1.1 to
3.1.3 are linear, only one component need be examined.
For the difference equation equivalents of 3.1.1 te

3.1.3, the solutlon is
*
P o= Flexp[U(8'n AT + 0,3 8x + ok Ay)] 3.1.7

which yleldz the computed weve smplifications matrix from

which B'" 1s solved. The computed wave number, B', 1is

such that Re{B') is the computed wave frequency, and

Im{f') is a memsure of the computed wave deformation.
Sobey shows that essentlally zerc deformatlon results

in Leendertse's gcheme for

e < s

and negligible frequency distortion for a tidal wavelength
to grid length ratlo ebove 100. Leendertse {1) shows
that, when linear damping 1s added (as in 3.0.1), the
computed velocity and tldal amplitudes approach unity

from above for decresaing time step. His corresponding
frequency results are simller to those of Sobey. However,
the amplitude distortion 13 a funciion of tidal wave-
length, sc one can expect different amounts of distortion
for different tidal constituents. This effect may be

important in Narragansett Bay, where it was shown (section
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2.7) thet the M,, My, and M; lunar constituents of currents
are large.
The tldsl wavelength mey be estimated by standing

wave relatiorship (17)

T
ﬁ%ggﬁ%%T = sec(kt l ) 3.1,8

where kt 1s the tidal wave number, and ,Q the length of
the Bay. Data from Narragansett Bay (10} indicate that
the tlaal wavelength is of the order of 200 n,m. The
half neutical mile grid length should therefore glve

adequate spatial resolution.

3.2 FREE OSCILLATION EXPERIMENTS

In this serles of experiments, a linear tide was
imposed upon the Bay (zeroc tide at the mouth and two to
three feet at Providence Harbor), and then allowed to
oscillate freely with a zero tide at the mouth, Experi-
ments invelving changes in the time step and the Chezy
coefficient ware conducted.

The time step wae varied from 1.5 to 12,0 minutes, and
the current aad water level at a specific grid (M = 17,

N = 9) were examined, The Chezy coefficient was held
constant throaghout the Bay. As expected, the water level
and velocity appesred as a damped oscillation (Fig, G).

It was found thavu for the first 300 time steps, the
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amplitude decresse would be approximated by

1/2
ot
E '3 = o 3.2.1

where t 1Is the time in minutes and p 1s a damping factor.
The damping rector was found to be & functlon of time
etep Bize, A7, The values obtained are shown in Figure 10a
and indicate that distortion increases greatly for aT
above four minutes.

The phase distortion (Fig. 8) became extreme for aT
larger than six minutes, although there appears to dbe
only smell amplltude distortion. The results for the
velocity solution are similar: +the amplitude of the
first peak decreased by two percent when the time step
was incressed from 1.5 to 6.0 minutes.

One interesting result is the length of the natural
period of the oseillation. With decreasing time step,
the period spproached a value of about 4.8 hours (Fig. 10b).
A value of 5.72 hours was computed by Height {14}, who

used the rectangular estuary approximation (17)

T=ul/ fen 3.2.2

for the fundamental period. He used a bay length { L}
of 24 n.m., and a depth (h) of 25 feet., More realistic
values for length and depth can be taken; for example

1.: 22 n.m. (mouth to Providence Harbor) and h = 30 feet
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fives a pericd of 4.73 hours. Thus the period obtained by
the model iz guite reasonable.

Another series of free osclllation experiments were
conducted varying only the Chezy ccefficlient (through e
varisbhle Manning factor, N). The results are shown in
Flg, 11, As expected, the velocity magnitude was a
strong function of N. The amplitude of the first peak
for N = 0.015 is about 60 percent greater than the smplitude
for N

0.010. HNote that the phase shows very little
variation over tahls range of N.

One application of these results 1s the caleulation
of the time required for transients to damp down to
arbitrarily small values. Using the exponential damping
representation (2q. 3.2.1)} with a damping factor of
0.073 min'1/2. an Interval of about 42 hours is necessary
for water level to demp to two percent of i1ts initial

value.

2.3 FORCED O3CILLATION EXPERIMENTS

Another series of experiments involved dynamice
boundary condltions, usually a tidal variation. The
primary object of these tests was the determinetion of
the optimum initial conditlons of water level and velocity
t0 be used In predlctlive model studies. The previously
found running time for the elimination of transients of

#2 hours (three and one-halrl tidal cycles) is only an
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spproximation, since 3.2.1 may not apply for large times.

The first case of interest was the application of
the tldal forcing function to the Bay completely at rest
(U=V="=0). The results (Fig. 12) bear out our
intuition that this 1s a poor initial conditlon. Tranaients
in the Newport tide persigted for at least two full tidal
eycles. Another caese, using a linear tide, also gave
similar results.

A more interesting initial condition was a (U,v,1n)
field obtained from a long-time computaetion with the
valuee stored on punched cards after transients were
eliminated. The Bay is essentially in & fully dynamic
state for this condition. When the model was started at
& random time. the phase mismatch produced small-scale
osclllations (Fig. 13a) =imilar to those found in the
static case (7ig. 12). However, when the model was
started in phase with the (U,V,n) data field, the fmprove-
ment was rema-kable. Transients were not evident after
one full tidal cyecle. Thus 1t 4s recommended that such
an in-phase dimeamic starting condition be used for

predlective model runs. (Fig. 13h)

3.4 FLOWRATE EXFERIMENTS

The above-mentloned experiments end analysis of the

computed solution give insight intc the nature and effects
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of varlous parameters on the solution. Their Influence
was tested in the calculation of the flow past a vertical
section of the Bay.

The flowrate is computed by summing the products of
the area and the velocity for each grid across the sectlon.

At the Jamestown Bridge, the flowrate ls computed by

aL 29
Q= _r-n§7 (hm,n + hm,n—l + nm,n * nm+1,n)um,n 3.5.1
for m = 38 (Fig, 14). Both the time step and Manning

factor were varied,

The effect of the time step is seen in Figure 15a,
The magnitude of the flowrate 18 a function of the tlme
step and decreases with decreasing time step, as stated by
Leendertse (1). However, the effect 13 not linear, that
15, the curves also vary in shape. This can llkely be
attrituted to the differentlal effect on each tidal
constituent. The ebb peak decresses by flve precent
when T decreases from 3.0 to 1.0 minutes, which is a
relatively small difference (a 4T of €.0 minutes has
been Judged too large becausze of 1lts effect on the
damping factor).

The Influence of the Manning factor N-is seen in
Figure 15b, The magnitude and shape are both dependent
upon N, which was expected. The c¢hange of N from 0.025

to 0.020 increases the ebb peak by about ten percent,
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but has only a small effect on the shape (N = 0.0l0 ig

Judged too large based on comparlsons with observations -

Chapter 4),
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IV. MODEL VERIFICATION AND: APPLICATIONS

1.0 INTRODUCTION

Al this phase of model development, the physical
grid has been selected, and insight into the dynamic
response characlteristics of the model has been gained.
It now remaing to compare hydraullc quantitles computed
by the model with those measured in the field. The
primary quantities are water levels and current
velocities, Secondary quantities such as flowrates
and particle paths are also useful in the verification
studles.

Wnen the comparison 1s unfavorable, an ettempt is
made to isolate the factors contributing to the dis-
crepancy. Modifications, if necessary, are introduced
to the model, As the number of data sets used for
comparlson increases. a series of such modificatlons
will eventually lead to realistic modeling, and greater
understanding of the llmlts of the model. It 1s obvious
that a large number of data sets representing a variety
of conditions and parameters is necessary for this
process,

Several applications of the model are included to
indicate the potentiml usage of the numerical approach,
It 1s belleved that the model has great potential for

many areas of investigation.
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4.1 COMPUTED WATER LEVELS

The compited water level, M, in the Esast Passage 1z
rather emslly checked agailnst the tide as measured by the
U.S. Navy at the Newport tide gauge (Fig. 4)}. The data
for several dsys in Merch, 1972, wss obtained (18) and
checked against —“he computed water level (Fig. 16). The
Newport tide ls plotted as the deviation from the mean of
the two days modeled. The mean was 51 cm, or 59 cm above
the datum (mean low water)}. This 1s about 19 cm larger
than the historicel mean; the difference iz probably due
to a number o7 rainstorms which occurred in that week.
Thepe storms may also account for the smell variations
>etween the computed and observed tldes.

The tlde: for thls period were also checked against
the historical. tldes at Newport, Bristol, and Frovidence
(see Seetion {1.5), which are generated by a serles of
the form of Ba. £.5.1. The results (Flg. 16) show that
the computed curves are very similar to the historical,
especlally at the Newport statlon. The computed tide at
the Bristol and Frovidence stations is somewhat larger
than the historical, although like the Newport curves,
they are very clcse in phase. The differences sre likely
due to Inadequate representation of friction, and in the
fact that the:e two stations mre located in sreas of the

Bay with locally complicated geometry.
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4.2 COMPUTEL VELOCITIES AND FLOWRATES

A number of current velceity observatlons were used
te verify the model. These Include near-surface and near-
bottom current meter date, and drifiing pole data. The
observatlons were In the lower bay 1n the East and West
Passages.

Currents in the West Passage were studied by Sturges
and Weisberg (19), who used a string of Savonlous rotor-
type meters anchored to the bottom, The model-predicted
veloclty (averagad at n = 8, m = 36 and 37) 1s plotted
agalnst the surface and bottom currents for the perlod
studied (Flg. 17a). (The observed values are two meters
above the bottom and two meters below the mean surface}.
The model veloeities seem to follow the phase of the
near-bottom current and the amplitude of the near-surface
current, The phase difference between the two iz probably
due to the effeects of viscosity (see Lamb (20)). In several
cases, the nesr-surface veloclty 1s 50 percent greater than
the near-bottom seloclty, m fact which must be taken Into
account when reducing date from pole-type current meagure-
ments. The nimerous smmll-scale varlations may be due to
wind effects, which were not Ineluded in this model run.

Another type of veloclty observation was made with
drifting poles (15 and 21) in connection with a geo-

magnetic electrokinetograph (GEK) feasibility study (22).
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In that investigation, several poles were allowed to
drift with the current under the Jamestown Bridge, and
the total rate of flow was calculated (21). The computed
flowrate (Fig. 17b) is generally less than the ohserved;
the relationship between the pole velocity and the average
veloclty over the entire vertical section is difficult to
asgess, since the velocity varles with the depth. A
Marine Research, Inc. study (23) established that the
average veloclty over the whole depth (65 feet) was about
93 percent of the veloclty measured in the top U5 feet,
during the ebb. At present, little iz known about the
variations during the flood.

The last serles of observetions (18) were made by
E. Levine in the East Passage with a Savonious rotor-type
meter, mounted at elghi feet from the bottom in 42 feet
of water near the Newport tide gauge (Fig. 14), The
computed velocity (average at n = 1%, m = 38 and 39)
compares favorably with the observed (Fig. 17c), although
not quite as well as In the West Passage. The computed
ebb 18 again greater than that observed, but the
computed flood is less. The first flood 1s larger
than the first, a feature not seen in the bottom

current.
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.3 APPLICATION: NON-TIDAL FLOW

The numerical model provides an unigue opportunity
to study mean flow patterns of river discharge. In this
study, & constant flowrate of 1000 c¢.f.s5. was introduced
at the Providence Rlver; other river inputs and tidal
variations were suppressed., The resultant current
vectors (Fig. 18a) indicate that the Corlolis acceleration
is important in determining the direction of the flow. The
current tends foward the rightward shore in the narrow
passages. Of particular interest is the counter clockwise
clrculation in Greenwich Bey, and the circulation around
Hog Island near Brigtol Harboer.

The total net flow past several sectlons was also
calculated (Fig. 18b). About two-thirds of the water
moved rightwerd from the Providence River into the upper
West Passage, apparently under the influence of the
Coriolis scceleratlon. A sizable fractlon, however, flowed
back into the East Passage Just south of Prudence Island;
as a consequence, the net flow out of the bay was greater
in the Eazt Passage,

The proportions of the net flow entering each
channel compare favorably with those obtained by Hicks (16),
when the Taunton River contribution is eliminated., His
estimate of 74 percent leaving the East Passage 1s higher
than both the value obtalned in this study (60 percent)
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Fig. 18, Predicted non-tidal current vectors for a Providence River
discharge of 100 c.f.s. Inset: predicted flowrates (¢.f.s.)
througy each passage (those estimated by Hicks are shown in
parentieses).
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and the value from the tidal flowrate study (followlng
section) of 71 percent.

A simulatlon involving only Taunten Rlver discharge
proved to be unstable; water entering eastward at the
Mt. Hope Bridge tends northward due to Coriolis force,
but must eventually turn southward to leave the Bay., The
computed solution indiceated that neither of these tenden-
cles were dominant, so that a ateady flow reglme was not

established.

4.k APPLICATION: EAST AND WEST PASSAGE FLOWRATES

Another rather simple model task is the estimation
of flowrates past any sectlon in the Bay. This type of
Information is useful for many application: & hioclogical
model of m segment of the estuary is one example.

Flowrates are computed at =ach time step by an
equation similar to 3.5.1 for the Jamestown Bridge. The
Newport sectlon in the East Passage was taken at m = 38,
n =12, 13, and 14. The maximum rate of flow in the East
Passage was found to be about 2.1 times the West Pagsage
flow during both ebb and flood (Fig. 19). The total
flow in the flood and ebb portions (flowrste integrated
over time between successive slack waters) was greater
in the East Passage by a factor of 2.37 in the ebb and
2.48 in the flood. The average volume entering and

leaving in each tidal cycle was 13.97 billion cublec feet.
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Thig 1r probahly due to the nearly uniform range of the
tide at thils time (Fig., 16). As noted before, the computed
reculte show that 71 percent of the total volume of water
entering and leaving Narragasnsett Day during a tldal cycle

makes 1f “hrough the Eact Zassage.

h.5 APPLICATION: CURRENT VECTORS AND TIDAL CO-RANGE LINES

The numerical solution of ‘the tide and current is
readlly available for inspection at speciflc locations as
well as for the entire bay. The area chosen was the West
Passage adjacent to Wickford Harbor {Fig. 1) which has
Interest because of a proposed nuclear power plant at
nearhy Rome Point.

Local tide and currents were taken from a simulation
of the tlme around the first high water., Before H.W,, the
tlde is lncreasing up the Bay, beling 1.35 feet at the mouth
and increasing to 1.70 feet north of Conanicut Island.
{Flg. 20 ). The current is in the flood stage and is
northwarc (into the Bay).

At four minutes after H,W., the tide 1is 1.39 feet at
the mouth and ebblng. The tide north of Conanicut Island
15 now sbout 1,80 feet., The current is now beglnning to
ebb, except Iin the deep center gection of the West
Passage, where it Is still in the flood stage. This 1s

consictent with the results of Jones {21) and Krabach (22),
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Fig. 20.

Predicted co-range lines (left column), and current vectors
{right column) in a portion of the west passage adjacent to
Wickford Harbor. The times relative to Newport high water
are 28 minutes before (top), 4 minutes after (middle}, and
32 minutes after (bottom).



62

who found the nesr-shore shallow water reversing sooner
than the centrel deep water.

Thirty-two minutes after H.W. the current 1ls uniformly
ebbing. The tide 1s Interesting because 1t is now near
1ts meximum at Wickford Harbor, guite a bit later than the
Newport H.W. It 1g& possible that Coriolls acceleration
causes water to plle up in the harbor in the presence of
the southward flowing current.

Current vectors for November 8, 1970, in the same
region (Fig. 21) shows an even more complex pattern, The
current is flooding near the shore, but ebbing in the
center of the channel. A clockwise circulation near the
harbor 1s evident, lending suppert to the observed eddy
structure proposed by Polgar {24) and Marine Research,

Inc. (23).

4,6 APPLICATION: HURRICANE SURGE

One of the more interesting applications of the tidal
model 18 the simulation of hurricane surge. The
devastation csused by the hurricane of 1938 has initiated
extensive study of Rarraganseti{ Bay physical oceanography,
primarily for the effects of a proposed hurricane barrier
project {25). Wind setup has also been studied at
Narragansett Pler (26)}.
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Fig. 21. Predi:ted current vectors in a portion of the west passage
adjac:nt to Wickford Harbor at 70 minutes before low water
at Newport. Note reverse flow in the shallow near-shore
water, and clockwise motion east of Wickford Harbor.
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For the purposes of this preliminary lnvestigation,
a hurricane will be modeled from avallable data on the
storm of September 14, 15, 1944 (27, 28, 29), That stornm,
wilth maximum winds of 90 mph, moved northeast over the
Atlantic coast and passed directly over the Bay, causing
tides 9.9 feet higher than normel at Frovidence. The
storm hed a radius of about 200 n.m., and traveled at an
average rate of 30 kts. The observed high water cccurred
ag the storm crossed the Bay.

According to Bodine (30), the total surge at an open

coast hes several components. That 1s
= ~
Sp = 8, + sy + + 8 h,6.1

where the total surge above the tldal effacts, ST’ is the
sum of the x- and y-components of wlnd setup, (Sx’ Sy)’
the atmospheric pressure setup (pr)’ and the breaking wave
setup (Sw). In addiltion, the local wind effects over the
Bay wlll contribute to the total surge at any locatlon
in the Bay. The model may be used to predict water
levels 1f the surge st the mouth and the wind distribution
over the Bay are given as input.

The total problem ls quite complex, due to the time-
dependence of the inputs, and the effects of the contin-
ental shelf on the surge. TFor this reason, several

assumptions will be made in the formulation of the inputs,
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and these wlil be mentioned in the development. It should
also bYe noted that this study does not attempt to be the
finel word in surge modeling, but an engineering approach
with emphasis on obtaining a practical solution. The
results show thal many of the simplifications are realistic.
The wind distribution over a szection of the hurricane
parallel to —he direction of propagetion ang through the
location of maximum wind speed was taken from data on the

storm given by Wilson (27). The analytic expression

r oo
Wy = 90 exp {-0.2{T - T_ | HeGu2

where Teye 1z the time the eye of the storm intersects the
coastline, itz a good approximation to the wind at 1800 and
2200 E.S.T. on September 14, (the storm passed directly
over the Bay at about 2340 EST) (Fig. 22a),

The winé direction changes as the storm approaches
the coast, blowlng firast to the west, then swinging around
to the east as tne storm passes. For the coordlnate system
with X, northward ang Y, westward (Fig. 23) the wind

direction, 91. from the x-axis was taken to be

q

3 e M r ° — — - -
20° + 3, - 90 [1 exp(~.023| -7, (v Lay

8 6,3
where

CH =1, T« Teye

= =1, T>T .
eve
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A 1s the angle to the right of north at which the

Harr
storm approaches and Vb is *he propagation speed of the
hurricane. This expression was obtailned from data used
by Bodine (30) (Fig. 22b). Now the ceoordinate system for
the Bay is inclined about 10,14° to the right of North

and the x- and y-directions in the mode)l will then be

WX = -W, Sin 8, 4.6.4
WY = —WH cos 82 }406.5
where B, = 90° - 10.1L° - 8y 4.6,6

The surge at the coast due to wind setup 13 a
dynamic problem extensively treated by Bodine {28). The
perpendicular components, Sx. will be calculated in a

simple fashlon., The surge due to & constant wind of
magnitude U is given by Ippen (17) as

s - AL 1n (_h'-.l._.__.) 4.6.7
g (hl - h - §x5 h +5 -
(Flg. 24a} for the cese of depth Incressing linearly from
h at the coast to hl at & digtance l. The coefficient,
k, is usually taken as 3.0 X 10'6. For varlable wind speed,
U? may be replaced (17) by its equivalent:
2 _ 1
U = T I juluea, 4.6.8
o

The integral is evaluated in Ref. 31. For the reglon just
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off Narraganseti Bay, ,ﬂ =70 n.,m., h = Q) %, hy, = 270 rt
(Flg. 24b) ana for |UJU, maximum of (90 mph)®, we have
5, = 322 .y n (—22-87.5;) 4,6.9

for which Sx = 2.23 feet.

The y-ccmponent, Sy, 1s more difficult to calculate
directly since 1t depends on the local geometry and
Corlolls effect on x-velocities. ilowever, the numerical
study of Bodine (30) gave a vealue of Sy = 52% of 8., for
a storm approaching perpendicularly to the comst. In
another study, (17), the Coriolis component waz found to

be 65%. For our study, the former value was used. Thus

=1, .6,
s_x+sy 15esx 1.6.10

The eontribution due to m decrease in atrospherie

presgure 1s given by Bodine {30) as
sﬁp = 1.14 AP (1 - e'R/‘") rt b.6.11

where aP 1is the pressure difference between amblent and the
minimum, in inches of mercury, R the radius of maximum
winds, and r the distance from storm center to the point of
calculation of the surge. For the 19! storm, AP = 1.34",
R=30n.m., and r = 35 n.m. (27) glving a value of SAp
of .89 feet.

The brea<ing wave setup 1is the smallest component,

and has been neglected here., The maximum surge experlenced
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at the mouth of the Bay is then 1.52 X 2.23 + .89 = 4,28
feef.
The surge ~arlatlion with time 1s taken from the

computed results of Bedlne, and 1s approximated by

1 — - ! -
Sp = Sp ey ©XP(--188 [T Teyejg) 4,6.12

(see Fig. 22c¢).

The wind distributlon and coastel surge were used in
the modeling of the 194 storm. The surge computed at
Providence Harbor ls seen in Fig. 25a. The peaks of each
curve are very close, within abhouf one-fourth of a foot,
although the computed pesk 1s about one hour after the
obgerved. This is probably due to the difflculty of
determining the exact time the storm passed. The computed
water level and the historical tide are shown in Fig. 25b;
the peak surge occurred near low water, thus saving
Providence from & flocod stage 12.5 feet above mean sea
level.

The surges computed at Newport, Bristol, and Providence
are seen in Fig, 26; the maxirum surge in the upper Bay 1is
epproximately five feet greater than in the lower Bay,
indicating the effects of wlnd and bay geometry. The

surge at one hour after T (Fig. 27) mlso shows this,

eye
Note that the higher water levels occur on the west shore

of the Bay.
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Fig. 27. Water-level isometry (in feet) in Narragansett Bay for
simulated hurricane at the time of maximum surge at Provi-
dence Harbor.
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V. OQUILINE OF THE MODEL PROGRAM

5.0 INTRODUCTICN

The mair. program, run in Fortran 1V, on the Unlversity's
IBM 360/5C digltal computer, consists of two baslc phases.
In the first phase, the initial data 1s read in, and all
parameters ard constants are initialized. A geetion
imbedded in this phase sets all boundary conditions each
time they &re called. The second phase consists of the
multistep operations which compute the water levels and
two velocity components. These operations are repeated in
& cyclical fashion fto obtain a time-history.

At every time step, five distinct ssctions of phase
two are entered. In the first half time step, U and S
are claculated implicitly for esmch gridline parallel to
the Y-axis. The printing section is entered, and the
process contlnues to the second half time step, where Vv
and S are cal:ulated, then U. Each of the sections is

desceribed below.

5.1 INITIALIZAT.ON

In this section of the program, the physicel bedy of
water 1g descibed in terms of the computational scheme.
All arrays are dimensioned, and seversl are put in common

storage for the subroutines, The arrays A,B,P,Q,R, and S
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are used in the metrix inversion portion of the implieit
computations. The array F stores velues of the Coriolis
parameter, herein taken as a constant. KONVRT ias used
in the printing rection. NI 1s used in the first phaszse
to write Initial depth values. NPRINT stores the steps
at which a printout 1s deslred, and DAVG is used in the
caleulation of average depths.

Arrays In common are SE, SEP, U, UP, and VP, the
water levels and velocitles at two time levels. C
denctes Chezy coefficlents, and H the depths. NBD and
MBD are the grld identificatlion arrays, and NOBD and
MOBL store informetion on the open boundsrles. The
arrays W, r?, 2, B, HP, EP, 4B, EB, ARN, ARGP, ARGB,
ARGLB, HL, snd EL Store tidal deta. ZIA, ZIB, ZIC, ZID,
ZIE, YIA, YIB, are utility arrays which store computational
parameters at each timestep. UAVG and VAVG store average
veloeclitles, and IFIELD stores the computational fleld.

The next group of statements set the 1nitial values
of several parameters such as grld dimensions, time step,
and certeln boundary conditions. These will be explained
in more detall later.

After the constanis of the difference equation, C,,
are set, all arrays describing the physical system are
set at zero. Then the subroutines KURIH, DIVE, FIND,

DEPTH, CHEZY, and JHECK, are celled, and the relevant
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data read in. These subroutines are described elsewhere
in thlis paper. Values of NPRINT are read.

Initial valies of velocity and water level are then
set, A starting value of tide can be specified with the
parameters HINV snd SEINV. Initisl values of velocity
and water level can be introduced by reading in the
appropriste metrices.

Finally, the 1nitial values are printed cut before

computation.

5.2 BOUNDARY CONDITIONS

The statements about the boundaries are Included in
the first phase for accessibility to the user. The
velocities at the Providence and Pawtuxet Rivers are
introduced after the model time 1s calculated. Then the
veloeity at the Mt. Hope Bridge 1s specified as in the
method of Section 2.7.

Several conditions at the mouth of the Bay can be
specified, using the parameter IMODE 1. For the tidal
input, the watzsr levels at both the most eastward and
westward grids are computed; the tide in the other grilds

i1s determined 5y linear interpolation.

5.3 THE IMPLICIT QPERATIONS

The first portlon of each half time step, one velocity
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component (U in the first half, V in the second) and the
water level are solved implicitly. The method is that
described 1n Section 1.3,

In the first half time atep, U and SE are solved from
equations A.1l and A.2. Choosing the first element in NBD,
the program identifies the gridline parallel to the x-mxis.
The R and 5 are initiallzed, devending on the lower bound.
The process continues, marching up the gridline, caleulat-
ing A,P,Q.B,R and § for each grid, until the upper bound
is reached. Marching backward down the gridline, UP and
SEF are alternately computed, %y the method of Section
1.3. The next gridline 1s identified, and the operation
continues until ell gridlines have been traversed. The
expliclt operations are then begun.

The implicit operatiocn in the second half time atep
is analogous to the firgt, except that VP and SEP are

computed along gridlines parallel to the y-axis.

5.4 THE EXPLICIT OPERATIONS

After the water level and first veloclity component
have been computed, the other velocity component 1s
computed explicitly by equations A.3 or A.6. Gridline
selectlon proceeds as before, but the direction ie per-
pendicular to that used in the preceding implicit
operation, The velocity 1ig computed st each grid, with-

out storage of any other parameters, since the operation
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is explicit.

5.5 THE FRINTING OPERATION

Between the first and second half time step, the
Printing section 1z entered. A check is made on the print-
out stepnumbers {contalning in NPRINT), and if specified,
the matrices containing SE, U, and ¥ are printed or
punched. Then regardlese of printing, the lower level
values {SE, U, V) are replaced by the newer ones {SEP,

UP, VP), and the next implicit operation is entered.

Punched :ard output, if desired, is also produced

in this section of the program.
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VI. THE SU3ROUTINES

£.0 INTRODUCTION

In this section the subroutines are outlined. The
subroutines DIVE and FIND are essential to the
formulation of gridline information, and will be
practically ldentical for all program uses. The sub~
routines DEPTH and CHEZY may be altered to reflect the
geography of the weter body belng modeled. In our model,
the depths are remd in on cards and stored for use, but
it is possible that analytlc expresslons can be used to
calculate depths, especlally read in on cards, or
caleulated analytically from the depths as 15 done in
our program. The surbroutine KURIH may be used to
calculate the tide analytically as 1s done here, or to
read in tabulated velues when no Coast and Geodetic
Survey tidal constants are available. Subroutine CHECK
coetficients are speclfled at all computational grid
rquares. ANALYZE prints out s comparison between
historical snd computed tides at three stations around

the Day.

£,1 SUBROUTINE KURIH

This subroutine calculates, given the minute, hour,
day, and year of the model starting time, the helght of
the tide st Newport, Provldence, Bristol, and the lower
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bounidary. Th: general spproach is to calculate the value
of the egquiliosrium arguments at the beginning of the year
belng modeled, and then the arguments a%t the start of the
model time. The data for Rhode Island locatlions {10) 1s
agsumed to be accurate, and the effect of wind, rainstorms,
etc., is not taken into account.

The equatlon for the helght of the tide above some
reference place is glven by

h{t) = H +E = {t) H cos [wnt + (v, + u} - Kn1 £.1.1

=l

{see Section 2.5 for definitions of the parameters). The
epoch of the ronstltuent, Kn, is usually combined with g
longltude and time correlation {relative to Greenwich) so

that the constltuent argument is given by
W,t + Greenwlch (V_ + a), -k

Thus wilth Ho' and K'n available in the tidal date sheets,
(10) and W_ tabulated (12), 1t remsins to determine the
node factor f{n), and Greenwlch (Vb + u) for any time. The
method 1s glven in Schureman. Ref. 12. The equllibrium
argument at Greenwich (Vb + u) can be expanded into the

sum of several astronomical angles.

YV=C . T+C_ - 8+¢C

- - - .Tr
=C, . pt ROyt Py Pt Cpt 3

1
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w=Cg ¥ +C +v+Cs- R 6.1.3
where T = hour angle of the sun
S = mean longitude of the moon
h = mean longltude of the sun
i = longitude of lunar perigee
Py = longlitude of solar perigee

For definitlion of the angles F and v, refer to Schurman,
(12}, Fig. 1. R 1s an zugmenting angle of only the L2
constiiuent argument. The associated coefficients, C,
take on the values 0, + 1, + 2, + 3, + 4, + 6, depending
uvpon the partlcular constituent.

Several of the terms in £.1.2 and £.1.3 can be

determined by evaluation of a serles

S = 270.45h + (1336 rev. + 307.802T) + .00252T2 6.1.4
h = £79.697 + (100 rev. + 0.7690T) + .00030T° 6.1.5
p = 33U.228 + (11 rev. + 109.032T)} - 0.01034T° 6.1.6
p, = 281.221 + 1.719T + .00045T 6.1.7

where rev. 1s the number of revolutions {at 360° per year)
and T the time. in Julien centuries (36525.0 days),
reckoned from the reference time (12.00 noon on December 31,

1899 hy the Gregorian calendar).

.
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In addit on, the longlitude of the moon's node N,

which appears 1n subsequent calculations, can be

repregented br

N = 259.182 - (31.41593 rev. + 13%.142T) + .0021T°

From this information, the followlng angles can be

computed:

Jnclination of moon's orbit to plans of

earth's equator.

H

Mean longltude of lunar perigee reckoned

from the lunar intersection.

by the equaticns:

cos {I) = .91370 - 0.035¢9 cos (N)

§ = N - arctan (1.01883 tan (N/2))
~ arctan (0.64412 tan (N/2))

v = arctan (1.01883 tan (N/2))
- arctan (0.61412 tan (N/2))
P=p - ¢
1/R,2 = 1. - 12 tan® (1/2) cos (2P)
+ 36 tan’" (Z/2))

sin (2P}

)
cotan® {I/2] - cos (2P)

R = arctan (

£.1.8

£.1.3

£.1.10

£,1.11

£.1.20
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where R, appears only in the L? constituent amplitude.

Furthermore, “or the constituent Kl,

sin2(2I) ein (2v) ) £.1.15
sin“(I) cos (2v}) + 0.0727

v! = arctan {

and for constituont K2,

sin(I) sin (2v) ) 6.1.16
SmE(I) cos (2v) + 0.0727

o= % arctan |

it should be noted that for any particular year, the
angles composing %)are computed for the beginning of that
year (hour O, January 1}, which the angles composing u are
for the middle of the year (hour 12 on July 1, or hour O
on July 2 in leap yesrs)}. Por thls reason, the
equllibrium angle a2t Greenwlch 1z first computed fer hour
0, January 1, and then advanced to the dey, hour, and
minute, using the angular velocity of the constituent,

After the constituent arguments the node factoras are

calculated by one of the following node formulae:

1) o 1000 6.1.17
+(2) o os” (1/2)/0.9254 6.1.18
f(3) - (f(E))E 6.1.19
L N (f(?))B 6.1.20

?(5) = F(a)/Ra 6.1.21



(7)< (.8965 s1n®(2I) + .6001 sin (21) - cos (v)
+ 0.1006)1/2
8 _ (19.044 sinu(I) + 2.7702 sinE(I] rcos (2v)
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A6) _ sin (1) cos®(1/2)
0.3

+ 0.0981)1/?

where T, Ra’ and v are calculated at the nearest day,

(the node factors vary only slightly over the year),

1.

5-

The program proceeds in the following order.

The year, day, hour, and mlnute of model time, as

well as the number of tidal constituents being

empolyed, are read in.

£.1.22

The names, then the amplitudes end epoches for Newport,

Providence, Bristol, mnd the mouth, of each constituent

are read in,

The values of the coefficlents, C, and the node

formulme numbers are read in.

The number of Julian days to hoth the beginning and

middle of the year is determined, then converted to

Julian centuries.

The values of N, h, p, Py- 8. I, §, v, P, Ra'l
R are determined for both times.

The equilibrium arguments are calculated, then

advanced to the model time.

and
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7. N, p, I. £, v. P, Ranl. and the node factors are

computed for the day and year.
8. The tide is computed for Newport, Providence, and

Bristol, and a graphical dilsplay printed.

At the end of the subroutine, the approximate time
of high water at Newport is determined from the M2
constituent. This value, TS, relatlve to the model

starting time, 1s used in the Mt. Hope boundary condition.

f.2 SUBROUTINE DIVE

In this subroutine, the computation field is simply
read 1n, and stored in the matrix IFIELD for subsequent
use. At computetional grids, IFIELD has & value of 1;
at water boundarv grids it has a value of 2. At land

grids, 1t is C.

6.3 SUBROUTINE FIND

Here the field of computation is examined, and the
gridlines in both the x- end y-directlons are flagged.
The wector NBD consglsts of Integer elements, whlch contain
information on the gridlines parallel to the x-axls, 1s
similar.

The elements have the general form

ab/cd/ef/gh



B?

where ab indicates the type of boundary, cd the column
(NBD) or row {MBD) of the gridline, and ef and gh are the
lower and upper computation grid numbers.

The boundary code 1is

ab = 00 s50lld boundaries

ab = 20 lower boundary veloeity
abh = 10 lower bound tide heilght
ab = 2 upper bound velocity

ab = 1 lower bound tide height

6.4 SUBROUTINE DEPTH
This simply reads in the initial mean low water depths,

in feet, then adds & linear mean tide. and converts to

yards.

6.5 SUBROUTINE CHEZY

Thls subroutine scans each grid square, and if at
least one depth is non-zero, calculates the Chezy
coefficlent by the relationship

c- 152w

1/

A Manning factor, N, 1s determined for each grid from

Eq- 2.1‘-10
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£.F  SUBROUTINE ANALYZE

This is used to compare series and computed values of
the tide at Newport, Bristol, or Providence. The stored
value 1s displeyved numerlcally and graphlcally alongslde
the series value. The subroutine can be generalized to

store and print any quantity at the end of the run.

6.7 SUBROUTINE CHECK

When boundary grids are altered, there exlsts the
possibility that a depth or Chezy value will be omitted
in the destm set. This subroutine checks that all para-
meters are specifled before computation, and indlcates

which values may be missing in the dlsgnostic printout.
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VII. PROGRAM USER'S GUIDE

7.0 SYSTEM DIMENSIONS

All arrays In the COMMON and DIMENSION statements
must be glven sultable storage., Values must be assigned

the following:

NMAX = Maximum grid size in the y-direction
{Fig. 3) which will require changes
in format of output if 1t exceeds 32.

MMAX = Maximum grid size in the x-direction

not to exceed 9G.

DIMENSION A( ), B{ ), P{ )}, @ ). R( ), s{ ),
F( ). KONVRT(D), NH( ), NPRINT( ), DAVG( )

The vectors A, B, P, Q, R, S are used in the
implicit computation, and should have the
dimension equal to MMAX or NMAX, whichever is
larger. Simllarly, with F, KONVRT and NH have
the dimension NMAX. NPRINT 1s arbitrary, and
DAVG ghould have the dimension MMAX.

COMMON SE{ ), SEP( ), V( ), vP( ), u{ ), vp( ),
¢( ), B( ), vAVG( ), UAVG( ), IFIELD{ ).

These are two-dimensional arrays, wlth the
general dimensions

SE(NMAX, MMAX)
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NBB, ( ) MBD ( ) These vectors are used in storing
gridline Information, and therefore have as
dimenslons the number of gridlines in the x- and
y-directions, respectively. Both should have
dimensions about one and a half times MMAX of

NMAX , whichever is larger.

MOBD ( ), KOBD ( )}, These stcre information on
the gridlines which have either upper or lower
boundaries. The dimenslen of MOBD is the number
of open bounds on grids in the M direction, plus.
Similarly for NOBD.

wi{ )»Fz{ ). 2( ) E( ) H{ ), EP( ),

HB{ }, EB ( ), ARN ( ), ARGP ( ), ARGB{ ),

ARGLB, {JHL( )}, EL{ ). These store information on
the tidal data, and should have the dimension

of the number of tldal constituents employed.

2Ia( ), zIB( ), zIC( ), 2ID{ ), 2ZIE{ ), YIA( ),
YIB{ ). These utility vectors may have any dimension,
usually the largest number of time steps (MAXST)

ever used.

LOGICAL READIN The logical varisble, READIN, has
elther of two values. (.TRUE. or .FALSE.)},
indicating whether initial values of the
matrices SE, U, and V, are read in from data.
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7.1 EXECUTION PARAMETERS

These are the input constants which are most likely
to change over several program runs, so sppear first for

convenlence to the user.

AT AT 1s the length of one-half time
step, or the time step of each
of the two implicit-explicit
operations. The total modeled
time 1s, therefore, twice AT
times MAXST. Printouts occur
at the end of = full operation,
so consecutlve outputs occur

twice AT apart in model time.

MAXST This 1s the total number of full
time steps to be executed. The
utility vectors ZIA, ZIB, should
be dimensgloned equal to the
largest MAXST the programmer is

1likely to uge.

READIN Thls logical variable is get
elther .TRUE. or .FALSE. See

explanation in Section 6.1.

JTPUNCH The arrays SE, U, and V can be
stored at any time step by setting



IRMS
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IPUNCH = (NST) where NST 1is the
particular time atep., When
IPUNCH is set greater than
MAYXST, no punched output 1s

generated,

For step numbers greater than
IRMS, the average U and V

veloclties mre calculated.

TEYE, VHURR, ANHURR, SURGE, WMHURE are the hurricane

parameters, described in Section
4,6. TEYE is the time, in hours,
from model stert time at whlch
the hurricane intersects the
coastline., VHURR is 1its
propagation speed (kts) and
ANHURR its approach angle
{degrees) to the right of north.
SURGE 1s the maximum surge at the
coacst, and WMHURR the storm's

maximum wind veloclty (mph).



93

7.2 COMPUTATION PARAMETERS

Thege are several physical and program parameters

which remain constant for most program runs. In the Bay

model, the length unit 1is yards.

AL

AG

CMANK

ANGLAT

1s the length of each square grid,
or, equlvalently, the distance
between each point of water level

calculation.

1s the acceleration due to gravity,

gn

is the Manning frictlon parameter,
N.

is the max number of grid squares

in the x-~direction.

i1s the angle of latitude of the
body of water, in degrees. For
small areas, the latitude of the
center is sufficient, but the
vector F can be used to incorporate

letitude variation.

is the number of i1teration per-
formed during the matrix inversion
of the implicit step. For smell



MOBD ( ), NOBD(

MINDO, NINDO

IMODE1, IMODE2
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time steps, a value of 1 1s

sufficlent.

) are vectors storing gridline data

on the open boundaries. For

exanmple,
MOBD{1) = ab/cd/ef/g

1s the 1" MOBD vector. The

value ab is the row number M

of the boundary, which runs from
N =rcd to N=ef (ef>cd). The
value of g 1s 1 for a water level
speclfication, or 2 for a velocity

specificatlon.

are equal to the total number of
MOBD and NOBD vectors plus one,

respectively.

These mode parameters are used to
control the type of houndary
conditionsa, which are changed
during experimentatlon. Each
made value corresponds to a
specific boundary condition type
to be employed. IMODEl refers to

the boundary at Rhode Island Sound,



IMODEL

IMODEZ
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and IMODEZ the Mt, Hope Bay
boundary. The conditions are

glven btelow,.

1 NRormal es*ronomicel tlde

Z Zero tide

2 Water level extrapolated from
Interlor field

4 Flowrate continuity

5 Hurricane surge

£ Hurrlcane surge plus tide

=1 Tidal and River flow

2 River flow only

2 Flowrate continuity

QPROV, QBLACK, QPAWT, QTAUNT are the flowrates {cubic

HINV,

SEINV

feet per second) for the Providence,
Blackstone, Pawtucket, and Taunton

Rivers, respectively.

are parameters describing the
initial water level conriguration,

by the equation

SE{N,M) = HINV + SEINV (1 - %%c-) 7.2.1
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CDRAG

CRHO
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is the maximum number of gridlines
in elther the x- or y-directlons.

See NBD, MBD.

iz the wind frictlon drag

coefflclent, in the stress equation.

1s the ratioc of the densitiea of

alr/water.
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V1II. FURTHER APPLICATIONS

8.1 HYDRODYNAMIC MODEL

Many applications of the numerical model Ilnvolving
the computed water levels and velocities are feamsible.
The most apperent are studles simllar to those described
in Chapter 4, focusing upon different locatlons in the
Bay. Several such studies are presently in PICEIress.

The tidal flow through & segment of the Bey 1s the
subject of one current project. Flowrates are computed
through the boundaries of a portion of the upper West
Passage by the method described in Section 3.5. From
these, the net flow at any time can be determined. An
attempt iz being made to correlate the net flow with
the tide at Newport, the object being to obtain an
analytic function for the flow 28 a function of the tidal
range. The relationship, which has the nature of s
transfer function, can be used as input to a phytoplankton-
zooplankton model being developed by the Graduate School
of Oceanography at the University.

This approach is easily adaptable for use in the
future development of a finite-element model (one which
employs a small number of non-uniform elements, rather
than a large number of square grids, and makes use of

transfer functiona). Computed flowrates across the
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boundaries would form the input to such a model.

Another closelv-related future project would be the
modeling of a small portion of the Bey with a square-
element. gridnet. The grld squares, however, could be much
smaller than the one-half nautical mile dimension of the
precent model., Water levels, for example, computed from
the Bay model, would be boundary condition daste for this
fine-grid model. Such a2 "localized" model would be useful
in studies of small=scale circulation patterns in the
vicinity of waste water outfalls or breakwaters.

An investigation involving Bay tidal dynamics is
a possihle project. One tople would be a comparison of
model predicted currents with those given in the tidal
current charts adapted from Haight(1l4). OF special
interest iz *he method of conversion of chart velocltles
for the range of the ftlde a2t Newport. The varlations of
curren* dlrectlions over several tidal cycles could be
examined. Another possibility 15 a study of time of high
and low water relative to Newport for specific coastal
locations around the Bay.

A proiect presently underway is the determination of
particle paths, which are the solutions of the approximate

equatlons

Xigg = %3t f u (xi,yi.t} dt 8,1.1
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Yiqp =¥y + T v (xgargot) at 8.1.¢
2
where (x,.¥,), (xi+1,yi+1) are the coordinates of the
particle position at times ti and ti+1’ respectively,

The solution accuracy increases as the time difference

-t = At

Bt Y

decreases. The paths are Presently being used to study
the motion of oil sptlls, but may be used in flushing
studies, whereby the time for particle Introduced at any

point in the Bay to reach the mouth can he determined.

8.2 SALT CONCENTRATION MODEL

An obvious use for the hydraulic flow Predlcted by
the model 1s the velocity data for the generalized

concentration equation,

Be ., LB 4 Re d ey |3, hey
ST tugptv 3 3% {D ax} 5 (D E?) =C, 8.2.1

where C is the concentration of any conservative property,
D 1s a dispersion coefflclent, ang C. a source term. The
eaglest concentration to model is s&lt, since it is con-

servative and much dats on its distribution is available.
The model would predict the two-dimensional salinity dis-
tribution from elther boundary conditions or source terms.

The dispersion coefficlent can be approximated snalytically
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by the Elder dispersion expression (32), and cheéked
agalnet data.

The concentratlon of any specles can also be modeled
with the above equation. Speciflcally, dye studies can
provide Informatlon about concentratlion dynamics In the

Bey.

8.3 TEMPERATURE MODEL

Once the salinlty model 1s operstlional, 1t is but
a rmall step Lo slmulating the concentration of heat.
The equation is identical to (B.2.1), with the added
complexlty of heat iransfer across the upper surface
{imbedded 1n the term Ct)' The heat model could be
used to investigate the effects of adding heated water
tc the Bay. Another application is the predlietion of
temperature as an input to models of biclogical growth

rates and populations.

8.4 WATER QUALITY MODEL

With temperature and conservative concentration
models, the dynamics of non-conservative specles, such
as dissolved oxygen (DO) end biochemical oxygen demand

(BOD), using the relatleons
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—L-laa?ob +u§—£(BOD) +v-g-§(BOD) - afon)
L, (8.4.1)
~W(DW(BOD))+G {BOD) - J =0
%{DO)+u-g-i(DO)+v§-§-(DO) _%(D_{__)_aago)
(8.4.2)

o gy (DO}) - r ({DO_)}-(D3)) - P +d (BOD) = 0

where d 1s the BOD decay coefficlent, J the BOD source,
r the aeration coefficlent, D-Os the saturation value,
and P the rate of DO incresse due to photosynthesis or

cther causesn.
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APPENDIX A: The Model Equations in Finite-Difference Notation

The three basic equations, 1.1.22, 1.1.23, and 1.1.24, may be
expressed in finite difference form, using the netation cutlined in

Equations 1.2.8 through 1.2.15. The results are:

Y. First Half Time Step

X=Homentum:
t+1/2 _ |t 1 7t LAT t+1/2 &t 1 AT ptHL/2 et
U =y +5£\Tft’-§EU Bxu— sV GU
1 AT t+1/2 1 t 1 t+1/2
- TE ES" - TR TG 0 (A
at ¥+ E-AL Y
e 1 Y et
Conservation of Mass:
t+1/72
trl/2 t 1 AT t+1/2
n = n - EEﬁx [(h + T'I ]
- 1AT x . oyt ot
5 i BY W™+ 0"y v1 s (A.2)
at X , Y .
[+ c
Y-Momentum:
t+1/2
t¥l/2 t 1 AT &t = 1 AT t ,t+1/2
v = ¥V - E'EE'Gx vy U - 5 E_ v v
1 AT t t+1/2
- FI gﬁyn - —ATR() - EAT F(y) s (4.2}

1
at Xc, YC+ E-ﬂL.
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Il. Second faif Time Step

K-Momentium

=t .4 LK W
ut*jsut’é + Q!}.Tf'n'tt -ié“‘{—ut‘*gut*

at Xc +30L, ‘c

Conservation of Kass

tel ted ted
et ang Lt e
f&gﬁ[(ﬁl* 7 Jh‘lj gt
at Ic, -rc
Y-Mamentum

t+1 toi AT =t+§ - Al =t+4 *tf’
verl .y P2l e d 5 0 Y

i AT Lt tet 4T : t+d
4 vlg 598 ™

(A.4)

(4.5}

{Ab)
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where the bottom estress tecrm, R, is definsd am
t 4 t.2 =t .2 L
rtx=QU[lU)*U‘)

@t (T2

H
: t,2
n:** s g ut+$[(ﬁt+i)3‘{v }

R @)

- _ 3
bel _ qutot [(ut+})2* tVt*1)2J

AP W LT

= 3
Ht¢§ .y vt.i ((ut'*jz . (ut*§)2]

o PR At

and the surfece stress terme, ¥ , ars defineq as

ted t+} 2
Fx = K {w‘ )
N ol
t t,2
F = K {u
Y { v)
W s RY)E

ted ted.2
fx = K {wx J

(E’ . ﬁx)t+§

(8a7)

(4.8)

4h.9)

(A.10}

(R 11)

(8.12)

(N.33)



rtd - K U"t.01)2

1 Y

(" . q)tt

where K = k Pnir

Puatar
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LA.14)



106
APPENDIX B: The Sclution of the Implicit Equations

he implicit method of solution for N and 4 in the first
half of the time step is pressnted herein. The sulution of
of h and ¥ ip the second ies ansloyous. Starting with sguations
4.2 and A.1 (in Appendix A}, and writing out the finite-difference
approxisations, ws have

l.‘._! Um_§ + h‘m + r.'!umé - ﬂ- (8.1)
“Tullm * ul¢§ RIL P Bnog (8.2}

whare the coefficients r are

=X

R dmsd (8.3)

e
[ =1

rl:!

r_ = ¥

n (B.4)

*k
(-3

and “n’ B. are the remaining terms in squatiana A.2 and A1,
respectively. Both W end U are at the t+i time level (except
for §* in 8.3, which is at tims ).

Suppose the Ffiret computationsi grid is at m=2, and the last
is med, Then ths values of n occur with aubscripts msz2,35.e.0,
whils U valuss hava subscripts met#,24,...J+4 {(ses Figurs B.1).

Solving eg. 8.1 for M at m=2 gives

L ]
. - «3
My = Ay ¢ Ty Yy T T2y Upy {B.5)

whare u;} is the velocity at the boundery. For the case of
& iand boungary, u:# is zero. EqQuation B.95 msy ba rewritten

L 1]
{B.6)

where P, = 24 (B.7)
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—= Y N

| oidier . LOWER
|,|,2 ““““ BOUNDARY

|’ll= o UPPER
" BOUNDARY

Y L__1__3
XM

Fig. B-1. Pefinition sketch showing placement of water-level (n) and
velocity [u} along a grid row example in the x-direction.
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and uz = u2 + r1é u;* {8.8)
EqQquation 8.2 at m=2 is
UZi "Byt Tyt Py My {8.9)

Taking the expression for n, from Aq, B.6, and substituting into
tha above ,

”zg = 32* s, (-92 u2é . uz) - Ty My {8.,10)
or Ugg = =Ry My + 5, {Ba108)
whare ﬂz - fa {8.11)

1¢32P2
52 - Bz + rzﬁz (B.12)
1+ r292

The naxt watar level, “3' ig (from eg. B.1 at mx3)

qa = n3 + rzéuzﬁ - '3&”35 (B.13)
and substituting thw expression for Uz* from ag. 8.10a,

Mg = Ay ¢ FyploRolly + S5) = ryUq,
or “: ™ -pauat + QS WBe14)

where 93 = rJ} {B.15)

1 + rziﬂz
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and  u, = M3t Ttz (8.16)

1 raﬂz

The velocity u3§ ls obtajinaed from e B.2 at &=3 ;

03§ - B&i + rsqs - r‘q4 (B.17)
Or Usy = -Nymy, ¢ 54 (8.18)
r
where R, = 4 (Bs19}
1+ !3P3
g + I_i}
5, » 34 373 (8+20)
1 4 t393

Thie procaedure (celculation of P.. Q.. R., and 5-) is
repested For all wm up to ms), shere, for a land boundery st
J'#‘

*
n; = -PJUJ’* * HJ (Be21)
- N
and nJ is easily computsd since UJ*ﬁ in zero.

Suppose, howaver, that inatead of land bounderies,
the first {(m=1) and last (m=Js1)} are watar boundaries,
with either veliocity or water level values given. For a

firat grio watar lewvel value, n:, ag. H.2? glves
*
u1* . BI* + BNy - TN, x SRM, ¢ 5 {B.22})

whare R = T, (8.23)
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* B.24)
aad S, w8y, ¢ En] (Be

For a Pirst grid velogity, u;i, 89, H.5 will suffice. Ftor
the cese aof a last grid water level veluse, q;‘1, ag, B.2

leads to
*
UJO} - BJ+"§ * rJnJ - r3+1nJ+1

L 4
= ANy, ¢ 5, (E.25)

There sre three methads of speacifying the lest grid
L ]
(m=Je+1} velacity. The first ie to specify the value UJ’1‘*
and apply sq. 8.1 to obtain

*
\J¢1 " -pJ¢1uJ+‘+ﬁ * GJ&1 (8.26)

which iavolves the calculation of N at the bounaary grid
(mxJ)}. Secondly, it is possivle to calculate thﬁ from
L]
uJ*‘l@*
velacity at a=J+d could be apecified, ang eg. 2,21 used
directly, This laat method is the most efficisnt, and

uaing a fiowrate conservation ilaw. Fineily, the

is the ons uased in the present moael calculetione.

In genseral, the coefficiente can be written as

4
P- - med ({B.27)
1+ r._1ﬂ.-1
g = Ag * rm!snﬂ (B.28)

Ry = - {8.29)




m

5 = mid nm (8.30)

starting at the lower boundary (m=1), A_ and 5. are

-
calculatad, (from y.23 and H.24 for a water level baundary;
n1 = 51 = 0 for a land boundary; H1 1
u velpeity boundaryj. T7Then at the computational grige

=G, 5, = u:'i for
\mx2 Lo me]) am. P-, Uy Bn' Rm' and 5. are calculated

in that order for each m. st m = J, UJ’% ASBSUMES iis
agpropriate value (zaro for a land boundaryj; the mpecified
value for a velocity boundary; or computsd from ag. B.25
For g watar level boundary)., The remaining veiues of

n and U are then ocotained from the recursive relations

Ny = “Falmes * Uy (8.31}
Um-i = -Rn. e S5, {(8.32)

for m decreasing from mxJ ta m=2.
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APPENDIX C: The Model Program Listing

C SET DIMENSINNS OF THE SYSTEM

c
DIMENSTON A{48) +BL48}P{48),0{a8) RE48)5{481Fla8),
LKONYRTLZ 1) s NH{2 1) yNPRINTULOG) +DAYGE BO}

COMMON SE{ 19,401, SEPIL19.48) VI 19,48)+VPL19+48)
UL1Gv48)sUPL19+48) 20 EL19+48)+HIL1F 46} [FIELDILT,48)
NHO{BS} . MBCIE85) NOADI &) +MUBDE 4 b UAVGLL1Gvad ),
VAVGI19+49) s ARGLEBL 20} s ARN T cU) + ARGB (20 2ARGPL20) 4
HLU20)s Z020)2HBL2004HP{20)EL1200s EL20),
FRI20)VEPL20), F2L 200, WL20) «L1A1LUGC) ,ZIBI1CUO0)
ZI1C01009)

CIMENSTUN wAVGII9,480,71001000)

LOGICAL REAUIN, TEST

-

SET EXECUTIUN PARAMFTERS

xRNy ]

CATA YR, CAY ., THR , TMIN/ 44, ¢ 258, s Caa st (0 /

IMCOFEL=L(TIDE) +2(0 TIOE, JCEXTHAP SE), 41U 4SISURGE) o {SURGE«TILE]
CATA [MODELs IMIOE2S 442/
BATAE AToMAXSTCMANNG [PUNCH, TRMS/L200+2004020-100041504
CAT A OPROV (OTAUNT s IBLACK y QPANT 7100044020044 000044000047
CATA TEYE. VHURKE ¢ ANHURK s SURGE y WMHURR /20, # 30, 250, 94.28+90./
CATA HIMVYSEINV WX o WY sCMAG I EMAGSE 30 e 0 a0aalinslasla/
CaT 4 QL'AGoCRHﬂaCDH&G.#NGLAT/IUIZ-?le.Ti..00114:-0025.61.6/
DATA NMAX HMALe ML NINDGsMINDUeNSECT/19443+L 9344480/
NTRDL L= 1523242
WOARGI20=0410112
MOBC{1}=0103042
MNBa{2)=4832C~1
MU 3)=4811131
FPADIN=.FALSE.
AY=1la
TEST=.FALSE .
IFLIMADEL.FR.ad CMAG=10L00.
IFLEMODEL.RD . 4] CMAGSE=10UC.
1F{IMOCELWEJ 4 0p0T 2)=MUBD{2) +]
[Fi IMDNEL.FJ . a4)MIBL{ 3 =M0RNI3) ¢ ]
ciy T B7

[w]

SET APEN RIAUNDS

&yO M

89 CONT INUE
Tl=K~-1
Tl=T1*AT/360C,
T2=Ti+1./00.
T3=Tl+b./&0.
T4=Tl-T§
THURR=ABS(TI-TeYE)
C SET LOWER BROUNDARY
GO TN {10B80+103Cy 182, 1083, 1CH4.1CB4) +INCUEL
103C SLA=0.
SLRE=C.
IF(IMGDEL.EQ.2} GO TO 10481
79 CONTINUE
CO B3 I=1+NTERM
SLBEB=F2( i )J*HBLIT)*COSUwl [3*T3+ARNIL) ) #5185
B3 SLA=F2(I)*HL (I} *COSIWl1)*T2+ARN{T)} }+5LB
1081 SEPIQB,4B8)=5LH/3,.
SEP(09,48)={5,%#5LB+1.%5LER) /18,
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SEPEYLLy48)={2.%5LB+4,%51PR) /6.
SEP{12+4E8)=(1.%SLR+5,%S5LBR) /18,
SEP{13,48)=5L68/3.
GO Ta 1090

1CB2 SEPUICRByAB)=2.%SERP{03+47)I-SEP{CB.46)
SEPLOe 4 )=2.25EP A%+ 4Ti-SEP{ Gy )
SEP (L1448 =2.%5FP{11+47)=SEP(11l+40)
SERPI12448 =2.%5EPL{ 12y 4TI-SFPL123401)
SEPUL344d0)=2.%5cP{13:47}-SEP{13,46)
GO 1O jasc

1083 CONTINUE
TEMP2=0.0
O L1883 L=H.9
LtL=L-1

L1183 TEMPZ=TEMPZ #({ti{L+4Ll¢HILL 40 +5C (L y40)+SE(L+&TIISUP{L, 46])
LGLl=TEMPZ2/2,
UP{tv47)=0L/UHT 304 T +HI T, 4T)+5E (8, 41142,
UPLQe 4 1) =01 UM OuaTI+HIG a7 v 2, %SELG47))
TEMP2=0.C
CO 70 L=1t.13
Li=L-1

TO TeMP2=TEAP2 +{H{L s a0} vHILLy 46} +3F (Lyand+SF{L 4T} I *UPLL,40)

Cl=TEMPZ2/ 5,
UPTLLeaT ) =w /i LlyaT)+H| L1QeaT342.%5411sa7))
UPL1254T)20 L0002, 4T 4H{ L 4TI 4285011 ,47})
UPLL30 Al 1= 17400 130473 ¢H( L24aTI#2.%SF(13 +471)
GO T3 1630

ldusg COMNTINLE
SLHE=SURGE=CXP I~ , Las# THIRK *& 2}
RAC=180./3414157

C WA= [N SPLED (KNMOITS) Tl SPLTH. WY 15 TO CAST

fHURR=1.C
[FUTLLGT.TEYE) CRUKRR=—].
WHUR = AMHURR* L, L 9% AP (- . 20% THURR)
THETALSCRURRSGI . ¥{ L. ~EXPL-.C232 THURREVHURR] } #4290, ~ ANHURR
THIETAZ=(9J .~ L. la=THL TAL) FRAD
wX=—aHURHR*S5IN(THFTA2)
HY =—AHURRECOS{THETAZ)
S5LAB=51L A
[FOIMOEE LuEQ.a) GO TO 7%
G T 1C41

1LU90 CONTIMUE

C SET MT. ROPE BAY BUUNLARY
UMeB=0.,
GU TO (1051+1C9241C93),IMODE2
1091 OMHB=150.5%C0S{ 2. #P [*{T4-9.82)1 /12,421 +33.2%C05(2.%PI*[T4—56,29)/
1 6.21)0+36.4%L05(2.%PI%(T4-3.32)/4.14)
GMHBE=OMKER®*1CO0Q.,
109¢ QMHB=QMHE—. T2* TAUNT
OMHB=2 .8 0MHB/ (2T *AL *(H{18,23)+H(18,22)42.*SE(16,23))}
VP{18y231=QMHD
GO TC 10%8
1093 VP19 23i=VP(LlB+23 % (HI1BeZ3)4HI18,22)) /(HIL9s23)4H{19,22))
1 HP{ 18,240 %(HL 1B, 24)4H(18,23} ) /{H{ 19264} +H{19,23))
1098 VPil8+24)=VP118,23)/1C00.
C
c SET PROVIDENCE ANU PAWTUXET RYVYER BCUNCARIES
Al= 5%AL®(HI3,1)+H1 24 1) 42.%SEL3,1))
A2= S*ALX{H{3, 1i+k{4,1042.%SE(441}}
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Ad=Al+A2

UE3, L)={CPROV PG ILACK ) FU2T*A3 )

Ulh, L) ={IPRUVAQBLALK ) /L 2T 2% A3

Vi4e k1) =UPANTZUIHI4, 11} #5FE 4. 1111 %CE)

Vi, LZI=QPAWT /Lt La, J1F+5E04, 11 0I*CEX1000.14
TFIISTEP~1130k« %5y 301

STOHRE VALUES

COMT INUE
LIALNSTI=SER{LlUs0h®2,
LTHANST)=SEM{ o703 %2,
ELCANSTYI=SeP (U2 00)% 3,
Ce) T He
CUNT INUR

INITIALLZLE ALL VAR LARLE S

PI=3.1415%27

ARC= ANGLAT* 2,1410527/ 1k,
Fr=3,141=20251%04RG)/210ll.
NET=3

1Ck=1}

1P=1

Ll=aTeaL/AaL

C2=AT/70L

LA=AT/ 4.

La=b.#aT*0 G

Ch=54 %Al

Lo 2 ¥ CORAGRCRHC=AT* | L, bd /2, b5 %2
G0 6 M= LeMmAX

D6 Ms1abMAax

SE(R M=

SEPIN«MI=dou

WiV GINg M) =0,
VAVGINGMI=LW0

JAVGINM) 20y

VP {N.MI=3.,0

UP[NsM)=(,.0

VINgMI=0,

U{NQH]=OQ

Cih.MI=0.

Hine¥M)=C.d

Fin)=FF

CONTINUE

CALL SUBRIDTINES

CALL KURIMIMAXS To AT o NTERM ¢ TS ¥ 20AY y THY, TMIN)
CALL DIVEINMAX MMAX])

CALL FINCIMINDGMINDMMAX WNMAX e MINIC fAINDTeNSECT)
CALL DEPTH{NMAX+MMAX]

CALL CFEZY(NMAX,MMAX (CMANN)

ChALL CHECK{NMAX MMAX)

REAC{54+25]) LnPkINTINI.N=L+28&)

FORMAT{2&13)
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READ IN INITIAL VALUES 0OF TINDE, U VFLOCITY . AND ¥ VELOCITY
TFIREADINY CO T 3o
GnoT 37
36 CONTINUF

0N &I30 M=]l,kFmax

6030 READIS,6029) {5-{NM)eN=14121)
DU &3] M=1,MMAX

00Z1 REACIS:€C37) (ScUNsM)N=L34NMAX)
MY L0352 M= 1,MMAR

BOZ2 KEAC[H546C397 { LiNeMIMN=L41l2)
B0 6033 M=],¥M8K

6023 REAC(S26C39) [ LiNsMIsN=134AMAX)
D1 &334 A=]1,MMAX

6024 PraD{5+£C3S)  VINJMEN=L,12)
e £G35 F=1,MMAX

GU3S REACIS. 6403490 1 WINsMY N=l34hMAX)

U39 FORMAT{LZFE,2)
[l 6J40 M=1.MAanx
D EUGY R=1,NMAX
SEFINeMISSEIN, b))
UP K Mi=y b, 4)

60aC VEINeMITVIM,1)

37 CONTINUE

SRITE ENITLIAL YALUES

WRITFlzeL2)
12 FORMAT{LbFLs FLX, ZARLNITIAL DEPTHS TN 1 Y. /)
[T T W R
B 4 N=LeMNdAX
40 PMHINISHIN ) EET, 60101
FOARITEIG, 6O0LI e (AR N) oh=1 5P MAKY)
wh1TElGe Lo CMAMN
L% FORMATLLEL /1A "CHEZY VALUES (YDS5) FUR MANNING N =1,F5.3/)
L0 FORMAT (LK, 12yl Xy 32F4,0)
CN 1& JA=1,MMAX
1 WelTDlhs O JAV(L{sJAaN=1NMAX)
wikITE{os 1T}
VY FORMAT{IHL s /1K« 2EHINLITIAL WATEA LEVFLS IN FEET)
CO 13 JU=1.MMAX
Lo 13 N=1eNMAX
LY KOAVRTIN)=SEPINGJL)®300.
18 wRITELOr €001 F JOotXKINVRT{N} oN=1 oNi#aA X])
GOLEB FURMATISRKe LUl IZ i X+Fha242X) )
IF(REAJINY Gu 70} 020
GC T s0ZE
6320 WRITEL6,6021)
60721 FORMAT(LlRL, 13X, lohINITIAL L 1IN FPS)
DU 6J23 M= MMA X
00 6022 N=1.NMAX
U2 KCNVRTINI=300.# N, H)
6023 WRITELGe £3C1F My (KONVRT(N) yN=LsNMAX)
WRITE(Ls6Q24)
6024 FURMAT(1+L, 10X, 26HINTFIAL V IN FPS}
Dii 6U26 H=14MMAK
B0 6025 N=1NMAX
ENZ2E KONVRTINI=3CU*VIN,™])
6U26 WRITE(Gs6001) My LKONVYRT(N] sN=L +NMAK)
6028 CONTINUE
ISTEP=2
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GO Ta 54cC
6001 FORMATILLF +12+1%y3214%)

COMPUTE UP AND SE® ON ROwW N o FIKST HALF TIMESTEP)

88 ISTEPR=1
NST=NST+]
K=Z2%NST-1
2001 [F{NST.GT.MAXSTY GJ TN 410

CONTINUE TO SET {PEN ROUND
GO T AS

9u NuM=1

130 [FINUMLEY.NIND) 6N TG 150
NSRCH=NBDINUA I/ 1U00Q0

N =ABOANUM}/ LCOO0  —NSARCHXL0D

My =HROTHNUMY/ LOU-NSROH*1Q000-N® 140

L =MACINU ) ~NSPCHE LOCO0UC-N¥ LOOCO-MF*1UD
tL=L-1

LLL=L+]

[A=sNSRCH/LY
TB=NSRCH=LO% 1A
MiEF  =MF-1
ANN=N+1
NN=N-1
I7T=1
KIMEFR=0,0
S{MFFI=U.0
GAMMA=( .
IFITALEQ.L) GO Tr 9%3
IFila.FR.2) GU TO 952
GU Ta 99
G992 RIMFF )=l
SIMEF)=UP{NJMFF)
COU 10 99
932 MEF=MF-1
TEMPLO=UINNNMFF)
[FITEMPLULEQLUL) TEMPLO= LiNNsMFE ]
TEMPLI=U{NN.MFF }
IF{TEMPLll.EQ.0.) TFMPLL= L{NNK, MFF}
M=MFF
MMM=MF
TCHECK= 10
H5100 FORMATLLORs "= . 1242Xe"M=* g 1242Ke "NST=Y 3 T442Xs "CHECK POINT *, 14}
TEMPLZ=—COF*WXFALSIWR]I/USE{N M)+ SELIN MMM FH{N M) HHINN, M)}
990 ALPHA=],
KAMEFI=CL/ (14020 ULNoMF)=LIN,MFF ) *¥ (1. ~ALPHA)}
S{MEFI= {IUINMFF )+C L*=SEP{ N, MFF)-TEMP L.
1 —UiNsMFFI®SURTLUINGMFFI*EZ2+LT{ vl N FF)+ VINNMF] }¥%2) /16,317
ZULSE(NsMFFI4SECNy MF ) +HINsMFF ) +H (NN MFF) I ®{ (CIN+MFF] +C{NsMF})
AnE 2N 04+ {VINSMFIeVINNGMF I ¥, 255 (ATHF (N} —(1.~GAMMAL *( 2%
G{TEMPLO —U{ Ny MEF } I-GAMMAZC 2% { Lif Ny MFF I-TEMPLLI )/
5(1s + C2%¥LUIN+MFI-UIN,MFF) 1 %{1.-ALPHA})
99 CONTINUE
K=MF
l0Y 0O 102 M=K,L
ICHECK=20
IFLTEST) WRITEL 646100) NeMyNSTHICHECK
MM=M-]
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FaM=M+1
TEMPI=S5EINM]
IF{ITGTS 1) TEMPG=SEP(NyM}
988 TeMPL=SE(NNN.M)
FHITEMPLLEQ .0.) TEMPI=2,%SF{NsM)I=SEINN,M)
986 TEMP2=SE{NN,M)
TFOTEMPZ.EQa0.) TEMPZ=2, %S0 IN, M) -SE{NNN,M}
GE4 TeMP3=SE(N, MMM}
TFITEMP3.EQGL0.) TEMPI=2 (RSE(N,M)~SELNMM)
TFUITLGT L F) TEMPI=SEP (N, MMM
TFUTT 0T LaANDLTEMPALFQ.UL ) TEMPI=Z, %SEP [N M)—SEPI Ny MM)
906 TEMPA=SEIN,4M)
TEATEMP A4 FQ U] TEMPAZZ  #SEIN(M)=SEIN MMM}
IFLIT oGTal) TEMPS4=S5TP{NMM)
IF{IToGT e 1aANILTEMPSG JEQ O} TEMPG=2 , 9SEP{ MM —SEP[ N, MMM}
913 AlME= SE(N.M) - 3%C2*L FINP)+HIN MMI+SEINGM) +TENPL 1%
IVANMI# 5%02H (HI NN MMI+HEINNMI+SE{N«MI+TEMP2 JEVI NNy M}
PiMI= 0¥ CZE{ PN MIFHINNGMIFTEMPS +TEMPI J /1 Lo+ 5%C2*
LUATUN, Ma ) +HINN MM ) +TEMPY ¢ TENPY JRRQ(MM) )
CIMI=TAIMI+ SRC28 { H{ N, MM I +HINN, MM+ TEMPSG + TEMPS ) 25 {MM)
T/ Lo+ o SRC2HEFINSMR I +HINN, MM E+TEMPS +TENPO J R MM) }
IFIM.EQ.LIGD TY QC?
Fl4a GAMMA= (.5
TEMPLO=UINNN M}
IFATEMPLOL.EQ.D. ) TEMP10=  UINN,M}
G1e TEMPLI=ULINNM]
IF(TEMPL1.EJdQ.) TCMPL1z  L{NAKK, M}
18 TEMPE=ATHFIN)—{ 1. —GAMMAT*L2%{ TEMPL O—LI{N, M) ) —GAMMARC 2%
LEUAINSM)-TEAPL]L)
TEMPE= L2E%TEMPO
TEMPL2=2~CoelX2AAS{wX) JUSEAN M)+ SE{N, MMMI+HI N, M} +HINN,M} )
RIMI=U{NsMIHTEAP S #{VINSMI+VINMMMI 3V IMNN M)+ VINN,MMM) )
U —UINsMIESQRTL UINGMI*E2 S {00VINGMEHVIN HMM) #VINNs M) $VINN MMM )
EN1eF 2110 VI A LUSFINyMI4SECN  MEMISHEN oMY #H{NN M} 3R [CIN M} #C (M, MM
3Rk ¥ C4~TEMP L2
Al PFA=C.S
TEMPL= 1 40 2. AGHP {MI+{ Lu—ALPPAIF{UINMMM) —U I N,M) ) +
1ALPHA% (UINsMI=U(N,AM} )}
RIMI=  CL/TEMP1
SIMI={B{MI+ CLl*QIM})j/TEMP]
102 COKFINUE
ICHECK=30
IFITEST) WRITE(0+6100) NyMahST, ICHECK

IFITBLEQ.Z) TEMPLI=UP{NsL)
IF(IBLEQ.L) GO T 103
D TN 104
103 CONTINUE
TEMPLO=UINNN, L)
IFI{TEMP10.£Q,3,) TEMPL1O= UINNsL)
921 TEMPL1=U(NN,L])
IFITEMPLL.EQ.Ts) TEMPL1= UENNN4L)
923 LLL =L+l
LL =L-1
PMM=1 | L
M=¢
ICHECK=40
IFITEST) WRITE(6+6100) N ,MsNST, ICHECK
TEMP12==Co*AX*ABS{MXE/{SE{NsMI+SELNMMMI+HIN, M) #H{ NNy M) )
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ALFRA=G.
TEMPL ={—CLl¥S0P{lisLLiJ+Ult e d* (1 CariunTOUlN LI ®* 2+ [ IVINLLI+
IVINNGL IR 2 3/ Lo VA LUSEGMaL I+ 8o INyLLLI#
SHINe LI+ NN PP LCINSLI+CU M LLLY )42 ) -TEMPLZ) +
2% [ATEFIN)=-GAMSARC R[Ny L) = TEMPLL)-{1.-GAMMA) £ 2%
AlTEMPLO-UINS LY IH{VIN LI+ VIANLL))
SHCI¥IIL I/ T 40 2%LAGHPILIF{LINSLI=UN,LLY)®ALPHAY)
CONT INUE

UP{MeL )=TEupPL

M= |

(0 198 J=kL

MMz M-]

SERAINGM=—P (M) IR, )+ A

R My MM =R (R MIF 50 Ny 4 SEMM]

fz w1

IFESHROE by 200 G T 110

Gy Tno1Ll

Al= SEP{NNNsMEFR)

[EEALabES e ald Al=SER({MuyMTF}

SITPANSMEF s fSELNSMFF J#SED{ ,MF) 481 ) /3%,
(FINSROCFLFOLG2Y G T 119

CnoTa 120

Al=SEPUNMNSLEL)

TF{ALLEQ.U) Al=3l2IMALLL)

SEPINLLL Y= ISEONGLLL ) +#SEPINGLIRAL) /2.0

[T=17T+§

[F{IT.LELMED G0 TT 101

KUM=NUM+]

i v Lug

COnT INUF

NUME L

COMPLTE v g Lk AN ™ (FI25T HALF TIMESTER)

TEANIM (EQ M TN 6 TN 2y¢

MERLHEMACLINUMY/ LUt oy

K SMACIRUMY A LSS0 —MarCREEY Y

W =MAEC UMY AIUC SMSECHELIUIY —MEL UL

L =SMED(NUM ) =4S CHE LCICO0d-MELI00 I=hE %10

Li=L-1

Lil=L+1

NFF=NF-1

MMMz M+]

MMz W]

1A=#SRCH/ILO

IR=MSRCF-10%*[4

0O 204 N=hFGLL

ICHECK=8Y

TFETEST) WRITEL0.6L00) Ne#,NST,.ICHL (K

MN=hi-1

NNN=N+1

LETA=D,5

TEMPA=C2¥{ L lea=nb TAY L VINNNGM)=VINSFIFeHETAR(VINMI—VINN M) )
TErAPl=V IR, MIFE2 40 LLUP (N MY+ UPTNMN, MI+UP [N MM+ UPINNN MM) J%€2)
il16.)

TEMPZ={SERLIN ™M) #SEPANIAN G M)+ FIA MM SH{N, M) )2 (TN M)+
IO URNNe M) JE%2
TEMPLI2=—CEBWYRABSINY I /LSEIN M) +STANAN s M)+ H{ Ky M) +HIN, MM} )
TEMP3I= 140 4*SURTITLMP L} /TEMP2+ TEMP4+TEMPL2
TEMP2= 1, FTEMP 3
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204C DRI TA=D.3
TEMPLO=V N, 1Y)
[TEFATFRP LY. Sua e ) TRMR L y (N, M)
Y26 TEMPLLI=VIM, MM}
TFITEMP L.t WeBa) TEMPLL=  VIN,wM¥])
924 Tf"Pl=IAT*Flwlril.-UELTﬂ)*CP*{TtWULCvV(N,M]J+DELTA*CZ*
LiIVAIheMI=TEuR L1 bx.25
204 VPINM)=TEAP 3%
L(V{Np"l-Tf“Pl*iUP{NoMirUPtHnN;*)rUPIk.MM)}UP(NhN.HNJ)
2= CLIFISTANNNy I=SELN M)
ILFECK=¢60
LELTEST) wRITE{ G, 100) NeMyhSTo ICHFC
[F(IRGFLL0) TE49 =0,
TRiT3abdee) TEAPL=YyPL{L,v)
IF{ IR Eva 1) Gu Ty 208
Cu 1) 2C&
ZIE CONTINUT
TemB LU=V (L yeM)
TFELTEMP G P daad TRMDPICE WL »™M)
931 TERP]L= ViL M)
[TEITEMPLLILFLD0 ) TEALI= L ¥¥M)
33 LLL=L+1
4FTA =0,
LL =t—-1
TFMP4=C OO TARIVIL yM)-VILLy¥))
TErPLl=VILe A bEE2 4 L ({UP{L Mo LP{L MM I R&2) f10.)
TEMPZZ{SEPLLa M) #SERTLLL s MI+HLL MM R Lo M) S{CTL M) +CULLL M) )52
n=y
AMvIELLL
1P"Pld=—Cu*d¥#AJSIle/{thN-M]+Sflhhh.Ml+HiN.M}+HIN,MMIJ
1FMP5=1.fL4*hJ<T{TEMPll/ItMPEfTEHP4+TEHPLZ
TEMP 2=} W /TEMP 3
CCLTA=0.5
TFM?1=.2:*(&T*Flﬁl+{l.-utLTA)*CZ*(TtVPlU"V(L.MIl+DELTA*C8*
LIVIL«MI=TFiMPLL})
TEMPL  =TEHMPIRAVIL M) =TIMPI*(LOIL M) +UPLL MM} )
1=CI*(SE{LLEs M) =55 (L,4)))
296 VRILMIsTEMP}
FWilastGau) TeMeti=g,
TFUEALEL. ) TEMPLI=VPI{NFF «¥}
IFITEACFC 1) G Tl 2C7
GO T9 204
207 NFF=NF-1
TEMPLO=V{NEF MMM
ITFITEMPLOLFJ. O, FEMPLO= VINFF oMM
G3& TEMPLL=V{NFF, MM}
TRITEMPL) JEQ.d. ) TEMPLL= VINFF M MM]
I36 BETA=1.
TEMPY=C 2% [ | ,~8ETAYRIYINF 4 M)=y({NKF, M})
TEMPI=V{NFF.M)#*2+{l{UPINF.NI+uP[hF.MMj}#*2!/1&.!
TtMPg:(SEP(NFF.ﬂl+StP[NF.H}+HtNFF.leH(hFF-HHIi*
TI{CINFyMPFLINFF ) %22
H=NFF
NNN=NF
JCHECK= TC
TEFLTESTE WRITC({0+461C0) NeMaNST,ICHECK
TEMPIZ=—CO*H?*ASSIHYIf(SF(N-H]*SEINNN|M1+H1N.MI+H1N.HHIl
TEMPI= | 440 4% SORTITEMP L) /TEMP2+ TEMP4+TEMPL 2
TEMP3=1./TEMP3
LEL TA=0.L5
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TEMPL= o 25%{ AT*F{N)+( L —DFLTA)*C2*{TEMPL C—V{NFF,M)}

1 +DELTAKCZX(VINFFoM}I=TEMPLL))
TEMPL

2C3 VPINFF4MI=TEMPL
NUM=NUM+L
GO 10 201

202 CONTINUE

PRINT INSTRULTIINS

500 IFUISTEP-21297,296+257

295 CONTINUE

STORE VALUES
TF{NST EQ.Q) GO
o TN a1
CONTTNUE
[VL=NST

T 82

82

STEMPR4(VINFFyM)-TEMPL*{UP{NF , ¥} +UP I NF,MM) )
i —CL#{SE(NF, M)-SE{NFF,M1)]

IF{IVL aGELIRMS) CALL VELANALDTI VL. [RMSMAXST,CMAG, WAVGE

TFINST.EJ.NPRINTLIPY)
G T 297
IP=1P+]
CALL
MUM=]1
D) 2692 N=1.NMAK
DO 292 M=)l MMAX
UlhsM)=UP[NsM)
VIKeMI=VP(N,#)
SEINsMI=SEPINM)
IFINSTLEQ.EPUNCHY
GU TN aLed
IF{ISTEP LEQ.Z)
) TO 6060
CONT INUF
NE 6051 M=1.MM8K
ARITE(Ty6059) LSE{NeM)pN=1,412)
D0 6052 M=l,MMAX
ARITE(T.60%9) (SFlineM}aN=13,NMAX]
13} 6053 M= MMAX
wWRITE[T+6C59) |
O &d54 M=1.MMAX
WRITFIT.E05%) |
D1 6055 M= ] MMAX
WRITE{ Tyuu5%)
00 £056 M=].MMAX
WRITE(T,6059) (
FORMAT{12F5.2)
CUNT INUE
GO TO{299,88),[STEP
[STFP=2
K=2%*NST

SET NPEN BOUNDS
GO TO 89

GO TN 295

292
GO T oGas
6045 GO T £55U

&350

6033 UtNsMIsN=1412)

G054 LUfMamM) ai=13 s hMAR)

60355 Vi{NgMI¢N=1,12)
6056
6059
5060

ViNsMIsN=13,NMAX])

299

COMPUTE VP AND SEP OMN COLUMN

301
939

IFINUM.EQ.MIND) GO TQ 390
MSRCH=MBC(NUM}/100000G

PRINTU{NST yMMAX ¢ hMAXJCHAG,LDIM, AT ,CMAGSE)

M {SECOND HALF TIMESTER}
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] =FADINUM] /LO0UY  —-MSRECH*1CO

NF sMHEDINUMY /LUD =-M5RCH®1QQ00 ~M%x200

L =MEL{NUM) ~MSRLE*1 Q3G 200~ M+ 10000-NF #1000
MM=M-1

MMM |

Li=L=1

LLL=L+]

1A=SMSRLER/I0

1g=MSACE-10%1A

NFF=NF=-1

RINFFI=U LD

SINFFR}I=0.0

IF{TALEQ.1) G Tl 340

TFIEALEQ.2) G T 44]

GO TN 218

NFF=NF-1

TEMPLI=VINFFM44)

TF{TEMPLIQ e, 0) TEMPLO=VENFE, 8M)

TEMPLL=V{NFF499)

TFITEMP L] .Fgade) TFHAPLL=  VINFFMMM)

NHNN=NF

N=NF

N=NFF

ILHECK=8C

THFITEST) WRITE{ 0se130) Me Mg NST,ICHECK

TEMPLZ=—Co*wWY ¥ ARSLWY I/ USEINSMI+SEINNNMIFHIN, ME+HTN,MM) )
CELTA=ULD

dETA=1.

RUINFFISCLAT 1040 2% (VINFeMI=V{NFF M))9(1l,=-BETA))
SINFRI=IVINFF+MI+LIRSEPINFF«M)-TEMPLZ
I=VINFFeMIXSIRTIVINFE yMIZX 26 { L{UINF M) +UINF ,MM) }2%2} /16,1007
EULISEINFF oMY +SE[NF o)+ HINFF yMI+HINFF s MM} YL CENFF qMI+CENF, M) )
3FF2PJ*Ca~ 20%(ATEFINI#{ L, =DFELTAIRC 2% (TENMPLO-VINFF M)} )
G+DELCTARC2¥ I VINFF MI-TEXPLLY ). {U{NFMI+UINF MM} } )/
SU1avC2% (1. —BEVA pR( VINFMI=VINFF .M} )}

GO TO 318

RINFF)=(C.

SINFFI=VPINFF M)

CONTINLE

K=NF

IT=1

0 202 N=KsL

ICHECK=50

IFLTEST) WRITE[ 6461001 NeMyeKST, ICHECK

NNzhN-1

MNN=N+1

TEMPO=SE(N,M])

IFUITLCTal) TEMPI=SEP{NeM)

TEMP1=SE(N,MMM)

IF(TEMPL.EQ.Q.)} TEMPL=2.%SE{NsMI-SE{N MM}
TEMP2=SF(N,MM)

FFITEMPZ oEQals) TEMP2=2.%=SCINsM)-SE{N,MMM)

TEMP3=SE {NNN,M)

IFITEMPE tEQafed TEMP3I=2.%SE (NyM)—SE LNN,M)

EFLITLGYo1) TEMP3I=SEP(NNN.M}

IF{TT oGV 1 ANDLTEMPI.EQ+0u} TEMPA=2 *SEPINsMI—SEP{NN.M}
TEMP4=SE(NN+M]

IFITEMP4 .EQ.G.) TEMP4=2 *SE(N,M)-S5E[NNN,M}
[F{ITLGTL1) TEMP4=SEP ( NNy M)
TF(ITaGT o la ANDuTEMP 4 4EQaQu] TEMP4=2 ,#SEP{Ny M) =S5EPLNNNM)
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AUNIESFINY M= 340 2% {HING MY +E NN M) +SEIN M)+ TEMPL ) 2UTN, M)
1+ JS5®C2%(RINGMA T eHINNGMM JHTEMPZ  #5E (Ao M)} RUTK MM)

PINIZ LO%C22LHINMI+HI N MM #TEMPO+TEMPS 1 /(1. ¢ 52(2%
FAHINN, MY 4HINN, MM )+ TEMP 4 +TEMPG JERIMAD)

DANIZLAINI #.9%C 2F0HINRG M) +H{NN M)+ TEMP4+ TE#PS J¥5 [NN])

Li/ilat CORC2H[HENNGMISHI RN ¥M + TEMP4HTEMPY ) *¥R NN ]
TF{NLEQLL)Y GU T 3d2
TELTA=C.5

TEMPLI=V In, M)

ITFLTEMPLO[LaGel TEMPLY=  VIN,tM]

TcMPLl=ViN, M)

IFITEMPLE«Fidaia) TEMPLL=  V{N,NEM)

TEMPOL=ATEF (NP # [ J.—JELTAPEC2H{TEMPLU-VINs™))
I +UOELTa*( 2% (VI IhM)=TcMP11)

[EMPL=, 25%TEVM PG

TEMPL2==Cosn Y%A 3 5] aY |/ LSFINsMI+SF {NNA MIFHIN,M] #HIN, M)
N{NI=VINGSMI=TERPL SO IN MICUINNN g M) FUITNNNp MM+ ULIN, MMY )
I= Vi MIRSRTIV NS MY 2824 (LT Ul N M) U CANN M) LI R MM FUINNN M)
21E 207 L& VA LS litaMI+SELRNN e M tHiN o 4HINs MY P R{LC (N M)+
FCAINNNyMPI%RZ ) %04 —TEHMP L2

AFTA=0.4

TEMP L= 1, 4520 AR L)+l La=3ETA (VNN Y=V NeM} )+
L BETAR{WEANLMY-VINNMI}D

KiN)l= (1/TEMeL

SINEP={A{AI+  C1%UEN})/TFAR]

CONTINUE

LLL=L+1

LF{INLES L0) TEMP L= 2.
TF Ll oELe2) TEMOL=yR{ L, ¥}
IF{lALca 1) G Ty iC?
Gl T 305
CONT INUF
TEMPLO=V{L 94
FFITEMP L. EDese ) TEMPLG=S  VIL M}
TEMPLL=VIL VM)
IF(TEMPLL.EJ.Du) TuMPll= VIL MMH)
LLL=sL+1L
Lb=L~=1
HFTA=0.
M=L
MNN=LLL
[CrECK=100
TELTEST) WRITH{ 6,6100) AyM NST, ICHELK
TEMPLZ==Co¥aY¥ARSEaY ) /ISELN ME+SEINNA s MI+HIN, ¥ +HIN MM} )
TEMPL = (=CLle3EP(LLL +MI4V{LeMIS( 1, —Ca®SQRTIVIL M1 *2Z¢ [{{U{L M)¥
TULL MM IE2 23/ 0 b/ CISTIL M+ SELLLL oMY F
GHEL «MIH{L +MMIIFLICIL o MI+CIELL M) D ¥R} I—TEMPLIZ]}+
.25 LAT#FIN) e[ L.—CELTA)SC 2L TEMPLO-VIL oMY I+ DELTARCZ #
GAVIL MI—TEMPLL) I ®L UL ¢ Mi+ULL fMM)]
GaC1xQ{ LI/ UL a4 25 0AGRPLL ) +RETA®{V{LyMI-VILL M} }}
CONT INUE
VPILMI=STEMPL
N=L
D0 336 J=K.l
NN=N-1
SEP{MNyMI=—P{nl+ VAN MI+LIN)
VPINNGMI==R{NN)=SEP {NsM)+SINN]
N=N~1
IF{MSREMLEQ.2CT G 1N 210
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GULoTd 311
3J1C Al=SEP(NFF,. M)

IFCALEGL0e) ALTSERP(NFE (MMM)

SEPINFR M= [SE(NFF oMY+ SERPIKF, ME4AL) /3.0
3LL IF(MSRCF.EGL2Y G T 312

GrTN 41k
SEE AL=SFRPILLL oMV}

TETALLEQLOud AL=SEPLLLL 4MMM)

SESLLLL oM I=(SFULLL o M) #SEP{L oM} +AL ) /5, 0
21T i1T=1T+]

IFEITWLELNTY G5 T 304
GTe NIM=NUM+ ]

G T4 30t

COMPLTE Lk OY RuUW W (SEGCNL RALE TLMESTEPR)
330 vz

340 [RARUM QLML) O T 4G2
LO2] ASACHERGLINUMIS LIGCJI0Y

i =RLCANUMB/ LOC IO =9SR0 ke L0
ME ENBLINGH Y S LY0-NSHLEH L) 20u=N% LG C
L ENBCINUAL - N5 CHF LU =N 1O S C-MF %] Y0

1A=NSRCKH/A LY
T3aNSALR-10%T4
INEN eS|
nREN+]
LL=L-1
Lil=L+1
AFT =MF-1
Vi 40 M=WMEL L
ICFECK=114
FFOTESTY wRITZS{ Gate10d) NeMymSi, [CHo LK
IJMW:-‘A-&]_
AM=M=]
MLPEA=D 2
TEMPézﬁZ*((1.*&LUFAJ$¢UIN"”MJ—UIN-N)!+ALPHn*IUINoMi—U(N-HMJll
TEMPL SRy A E e O IVINGMI# VIR MM VINK M) ¢V ENNGMMM) )% %2 )/ 1, }
TF“PZ:(SEPIN.WJ+SFP(N.MF”J#klN.“l*d(\thJl*lﬂ{N'Ml+ClN,HMH}l**Z
TEHPLZ==Coru X AHSEAXI/EST {aMI#SECN G MMMI+HIN, ) ¢HENA, M) )
YrMPj=l.+Cé*SJRr[TEMplI/TEMP&+TEM?4+T&HPIJ
TFAP 3= L. /TEMP 2
GAMMASG LS
TEMPLO=UINMN, ™)
TF{TEMPlULEW .. DL TEMPLO=  UINN.M)
S73 TEMPLL=U(NNed}
TEITEMPL1.EQuCa) TRMPLLE  LINKY,M)
U0 TEMPL=AT*E (N}={ 1 = GAMMA YRC 28 ( TEMP LU—UG{ N, M}
1-GAMMARC2%( J{NMI-TEMP11)
TEMPL=,25%TEMP]
434 UP{NyM}=TEMP 3%
1 (UTN, ¥ IETEAP LEIVP ENG M) #VPE N, MMM« P INN, M3+ VP L NN, MMM} )
2= ClE{SE{NMMMI~SE(NgM)I )
IFLIBLEQ. LY GO T 40Y
[F{IRLEQ.2) GO T 420
G0 TO 406
405 CUNTINUE
TEMPL1O=U{NNN, L}
THITEMPLOWEQWQe ) TEMPLIO= LINN,L)
LO01 TEMPLIL=UINN.L)
TEMP4=C2% AL PHAR{UINs LI—UINLLL))
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TEMPl=uUINL ) #¥2 ¢ ({IV{NsLItVIRNsL)I2%2)/16)
TEMP2=(SEPINsLI#SEPINSLLLY+HIN L) #HIMN LI IE(C{N,LI#CIN, LLL) J %32
M=

MMM=L ||

[CHECK=120

TFITEST) WRITE{ o+l 00} KNyMeNST,ILHELK

TFMPL2=—Co%W X¥ARSTIWXI/{SEANsMI«SEINMMMI+H{IN M) +HINNM} )
TEMPI=L 0 SORTITEMPL) FfTEMPL+TEMPY +TEMPLYZ
TEMP3I=1./TEMP3

GAMMA=(.5

TEMPL= 298 (ATHF{n}—{ 1.~ OAMMAITC 2% TEMPLC-UIN L) I-GAMMARCZ *
LEJIN,LI-TEMR]I1])
URPIMNeL)=TEMP3S L LU INeLE+TEMPLELVRINSLIEVRLAN,LI)
I-CI#{SEINsLLLI-SE(N,L) )}

G T2 4C6

LLb=L+]

LL=L-1

SEPINWLLLI=2.%5ERPINS L}=SEPL NyLL)

IFIIALEG LY GO T 407

GO T 408

MFF=MF—1

TEMPLI=UINYNLMEF]

IFATEMPLO.EQL0. ) TAMPLC=  UL{NAJMFF)

TEMPLL=UINN,MFF)

TFCTEMPLELEDLQa ) TEMPLIL=  UINNALMFF])

ALPFA=1,

TEMPA=C2% [ 1.—AL PHAF(UINMFY—ULRNs MFF )}
TEMPI=UINsMFE =224 ([{VINSMF] eV IAN, MR )¥%2) /1041
TEMP2={SEPINsMFFI4SERIN METFHINyMEF I IANSMFE) JS(CINSsMFY+C LN MFF)
1}%%7?

¥=WFF

NMN=MF

{CHECK=130

IF{TEST) ARITE( @ 61000 AyMyNSTICHELK
TEMPL2Z=~CorWXK*ARSIWXI /AL SETNG M) #SE (N MMM +HIN«MI+H{NNM) )
TEMP3=1,4C4%SURTITEMPL) /TEMPZ+TEMPY + TEMPL 2
TEMPI=]1./FEME A

CAMMA=(Q,f€

TEMPL=.25% L AT#F (N)—{ La—GAMMA) #C 2% ( TENPLO-UINMFF) }-GAMMA*C2 *
L{UINsMFF}=TEMPLI1))

UPINe MFFLI= TEMPA*(UINMFFI+TENMPLEIVPIN,MFI+VPIAN,MF))
I-CL*¥{SEINMFI-SE{N.MFF} 1)

CCNT INUE

NUM=NUM+ L

G D 340

COMT INUE

GO TQ 540

CONT INUE

CALL ANLYZEL{MAXST.NTERM AT}

STGP

END

SUBROUT INFE PRINTO{NST MMAX  NMAXSCHMAG,COIM AT, CMAGSE)
COMMON SE{19+48)+5EP(19948)+VI19+48),VP(19,48),

1 UL19+48),UPL19+4E)

DIMENSTION KANVRT{25)

TEME=NST

TIME=TIME*2,%AT/3600.

CO0IM=13.0000
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WRITEL{E 50201 NST, TIME

FORMAT(IH1. 43HAVERAGED SE AND SEP FCR SECCND HALF OF STEP,IS,
I SXe"TIME = !'4FGAaZs? HRSH)

Ct) 60C0 M=, MMAX

DU G000 N=fJNMaAK

KENVRTINI={SEAIN MI4SEPINeM) I 2SO #CDIMREMAGSE

WRTITE(A: 0DLIMe EKONVRTINY =1 (NMAX)

FORMATI 1R +I2.1Xe3214)

WRITEL{Gs 50200 NST,.TIME

FORMATILRL, ALFAVERAGED Vv AND VP FOR SECCND HALF OF STEP. 5,
I 92X+ "TIME = *,FHa2e Y HRSY)

Do 6003 M=1,MMAK

DG 60CT N=lanMAK

KOMVRTINI={VINyMI+VP{NyM} 12O, sCO IM*CMAG

AR ITE{SENCL) M { RTNVRTIN) ¢A=]1 ,AMAX}

nAlTE G, S0 2 NST, TIME

FURMATEIH L. 41HAVIRAGED U AND UP FOK SECCND HALF OF STEP, TS,
L Sr *TIME = o E,207 HESY)

OU 6004 Mz ], ¥MMax

Dl 6308 N= Ll NMAX

KONVRTAINI=UINg 4 +UR TN, M) 250, 20D LM MAG

WRITE G 600L) My (KONVETIMNY yh=] ,AMAX)

RETURN

ENG

SURKRUOUT INE KURIH
SUARIUTINE KR TE{MAKST e AToNTERM s TSy YR 4DAY, THR . TMIN]

CUMMON SEC(L9+43) sSTPULY 481+ VI19,48) ,VP{19,48},
Uil@y4834UP{ LHs48) 01 L9 4B ) HI 19,48&) 'IF“:LD‘LQO‘OE' ¥
NRU(SSJ.MGU(E)]¢NQSUI41.HDHU(4}'UnUGI19'46Iu
VAVGI LG v48) 4 ARGLAI 20D+ AFNI2C) 2 ARGREZO) yARGP{20)

HLUZ20Ve 21203 HIC20).HPE20),FLE20) s EC20),
EBL20L, EPL 200, 720201 wwl20) 2 1IAT10CC) +21BLLGOD] 4
LICLloun)
CIMENSTON FAIL0I2CTI20)4CS02C)CHI2G sCPI23)4CPL{Z0),C90020),
T CXT{2D) 3 CNUC20 3. CRT20) v GL2GH+NODE{20) 4 TITLELZO)
REAL LINFNLAQ)LINEPT 40} oL INERL40)
CATA BLANK,OOTSTAR/Y 0 8 teey
NTERM=17
DO 16 J=1+NTERM
REARDIS 181 ToTITLRELI N2 (JdbaHP U s HBIS o ECJ) yEPLJ) 2 EBLY
FORMAT [12+A4,3F9,3,3F%,. 1}
U0 30 J=1,NTERM
REACASo LOLI Dol 3o CTUIECSCIN o CHEIY sCPLI) o CPLEU) +COO(Y) yCXTLUD,
ZONULI 2 CR{d e NOUET S )
FORMAT{ I2,FiC.745F3.0,I11}
DO 175 J=1,NTERM
REAI{ S+ 1T, TITLE(J)oHLE Y) LT )

N S SR TV N

176 FORMATII2 A4 Fo.a.FT.1)

WRITELG6:+ 29}

29 FORMATOLHL» /49K 'T I DAL C UNSTI TUANT PARAME T

1* E T ER S*)
WRITE(64599)

99 FURMATL / 415Xy "NEWPORTY 686X, 'PROVID* 9K+ "RRISTOLY , 15X « *ARGUEMENT Y,

1240

121

1 3SX."NQOCE")
WRITE(&6,4120)
FnPHAT(5K.'NAME"5x-3(‘H'.Tx.'E'-BXIq'SPEED‘,5X¢'T'oQIc'S'.4Xo'H'-
1 AXKa"PlaaXs "PLY g 3Xy "G0" o3+ "XI " y3X e "NU' 33X, 'R, 2%, "FORMULA" }
GG 121 J=1+NTERM
WRITE(6,4122) J'TITLE'J]DI‘J"E'J’.Hp(JlIEP(J"HBIJ'IEBIJ"H‘J]'
1 CTAJICSTUS1s CHUJD »CPEU) s CPLI) sCRU U} «CXE L) »CNU(I ) 4 CR V)« NODEL D)



126

122 FUEMATLZX, [2e 1R ae 2Xs 2T L2y b xaF Eal y 1 X102 KaF8.5,42X,9W{F3.U,2X)412)
WRITE(EA LT T}

177 FUORMATE 774 LOXs *LUwER RUUNCAKY ')
wHITELG, 178)
178 I-'-ITRML\TIEK-'NA’“H'.‘j)«q'k‘-?k""l
U LT9 J=1NT=PM
173 WRITECL LADI S TITLRE (bbb (b LG
180 FURMAT (X 121 Xa8 3+ 2X0F L oba X Fel )

RAC=5T7.24957195%

IYR=Y¥YR/4.,
FoAY=143.0
FIvyr=A%)ya
CLhAY=S Lao IR
[FIFIYRSEL YR 3 Ty 57
FLAY=LlRZ2.0

53 GUAYSGLAY+165.
FlYR=FI¥YR+].
IFIFIY . CTed34) ST
Jedr 1%, 6 YR ) U1 Tip bs
S0 T by

54 wioAY=CGEAY+],

97 CONTINUE
CAY=CAY—1.u0
CLAY=CUAY~1.0U+ 004
L= (COAYAFPDAY )/ 20520,
IT=CLAY/3e529.
Tl=24, QLB DAY +#TE+THIMN G,
TA2=THE#TIMINSBG,
T3=132,C/A0
Ta=Tl-1l./560.

ANT {259, b22=(13a,142- J0U2E2  TH¥TI/RAD=31, 4159227
BAR=2T*LGT,

Tr=0Ah

AAR= AAH= I

A= (29,06 140 T49ds L THlaLCUa0 AL THR2D/RACHAARS L300/ RAD)
AP=(334,3204( LU9405dm 0Ll 034%2 142 T) /RAISG I, LLOUISLT

AP 1=(231.2214 1L TP+, COO4G*LTIHITY /KA

ARS=2T8]1236.

[5=AAS

AAS=AAS- 15

AS=l 2T04434+307,E£52%2T+{ 4 QU257 P RIT#%2 ) JRADFAASHL 3604/ RAD}
CS1=0.451370-0.04565%C08(AN)

INT=SUMTI1.00-0 ST4%2)

TNi=SNE/CST

AlT=ATANITNT)

TNI2=SIN{AL/Z.}/CNISTALZ2.)

CINL2=1.7TN12

TNRN2=SINIAN/Z.) JCUSTANS 240
AKi=AN-ATAN(1.0L88 3¢ TNNZ I ~ATAN{ Q. 0441 2% TNNZ )

ANUZATANG 1. CLdB8 3R TNNZI~ATAN{C.044 1 2% INN2Z)

APCAP= AP -AX [

ARAINVESCRT (o= 12 %L TNEZER2)CIIS{ 2. $APC AP +56 , # TNL2 %4 )
ARCAP=ATANISIN{ 2., %APCAP)/ICTNI2*%2 /¢, —CAS{2.%APCAP) )}

BN=(269.182-1 1344142~ CO2L1*2S)®IS5)/RAD=3L,.41592%15
BP=(334.328+0109.032-.01034%25#25) /RAD+63.11533%15
CSI=0.913TU-C.035£9%COSIENE

SNI=SGRT(Ll.00-Cal**2)
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TNI=SNI/CSI

Bi=ATANITNT)

TNIZ=SINIBI/Z2.}/CNS5{1B1/2.])

CTNIZ=L1./TNIZ

TNNZ2=5INIBN/2.} /COUS{BM 24}

BXI=BN-=-ATAN{1.J1883* TANZ}=ATANIO.&4412%TNNZ )
SNU=ATANL 1016835 TANZI-ATANIC.54412% TNN2)
RPCAP=AP—RX [

BRCAP=AT AN[STIN[ 2 *BPCAPISICTNIZ¥¥2/6,-CCS{2.2BPLAR)))

ERANU=ANU

1317 32 J=1.MTEH

DiJI=0.L0C

[FlJeFdan) GO TT &2

G0 TO ab

dEMI=RBNU

BNL=ATAN IS INGZ J*3TIRSINIBNUY IZESINGZ, %28 *COS{ANUI #3.334T))
IFL4.EQ.E} Gu 10 bs

Git T4 TO

SHNU=BNL

ANUT DL H0% ETANLCSINUIA L #% 2% SINT 2.2 RML) I /CSINIRT } ®%2&C0S{ 2. *BNUJ )+
1 0.0727)1

GULA)=CT (I T4 5 (12 ASHCHO LIRAHCP(JIFAPHCPLII) #APL+C90 1 J ) 29D .7

SRADHCAT LI *=ANIFONUL D) EBNUHC R J) =RRC AP
niJlswildr/ran
ARMEI =W {3 ) 2TLeG (I ~E0J)/RAD
AGLA{S )= LI I*T440GL D -LLTI)SHAD
ARGPII =w L) PFT14G 104 I-EPLJH/RAD
AKCEIJI=WlD)*TL4+GUJ I-EO L)) FRAL
ENU=H3NU
CUNTINUE

IT= LGCAYSDAY) /36525,
AP= (334432640 1C%.C32-.01034%2TI%/T) /RAD+69.11503%27
AN=(257,182-1184.142- COZL*ZTI®LT) /RAD-31.41552%2T
CST=0u91370-0,03565*CTS{AN])

SNI=SORT(L.{C-CS#%2)

TNI=SNT/CST

AL=ATAN{TNI )

TNI2=SIN(AL/24)7C0OSIAT/24)
TNA2=SIN{AN /2.3 /COS{AN/ 2.}

ANU=ATANE1.CLBE34 TNNZ)-ATAN{ C. 04412 xTNNZ)

AX 1= AN—ATAN(L.CLEBARTNNZ I -ATANT 064412 %TNNZ)

APCAP= AP—AX T
ARATNVESCRT(1.- L2, (TNI2%%2)8CTUS{ 2. %APCAP) 436, xTNI2Z¥%4)

S2s5AsPLleSlsT2
FALL)=1.C00

{ TB) M2, [2N2)+N24MUZNUZ,
FA{2)=COAS{AL/Z.1%%4/0,9]154

M
FAL2)=FA{2)%%2

M6
FAL4)=FA[2)%%*32

{215) L2
FACS)I=FA{2)*ARA INY
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{ 75) OL.01
FALGI=SINIADI®CNS(AR /2. )%%2 /(. 33800

(2271 K1
FA(TISSORTI o963 SIN{ 2 AL ) * %+ 0, 60C1ASINI2 . *AT ) *COS LANUDR +0 . 100G}

{235) K2

FALB)=SORTL19.0444RSINIAL * & 442 TTO2*SINIAT Jxx22C05{2 . 5ANU) +.0981)

00 40 J=1.NTEFRM

Jd=NNDE{J}

F2iJi=Fa{JJ]l

C2=1l.0y

Ci=by.do

¥YP=3.0

T=0.00dd

CAY=DAY+L.

WRITE{Gs 78}

FORMATEILFL,SXy' T 1T 3 A L L LRV E S

WRITE{Ge 72} CHaYRDAYY THR o TMIN

FORMATL/ .55, TIME JINTERVAL='" F3.0,5K" YEAR=T+F3.0," DAYZ',Fa.Dy
UOHK=', F3.0 " MIN=?,F2.0}

WRITE{S. 5}

FORMATL/ » 1 BXs ENFWPORTY ¢ 33X "ARISTUL 428 X4 ' PROVIDENCE® }

wRITE{Es24a] YP

FURMAT[33XeFéalt FT)

WRITE(6e 8D

FORMAT(Z2X, 3{" I+ 300 %) 1' )

211 50 K=1.39

LINFNIK}=PLANK

LINEPIR)=BLAKK

LIMNEBIK}=ELANK

NHR=130C./AT

N0 25 J=1+eMAXST s NHR

5=0,0

SLP=3.000

SP=0.0

SR=0.0

T2=T=~1./60,

CO 21 F=1.NTEKM

SP=F2{[)4HP ([ 1*.COSIWI I P*T+APGP (L) F+5F

SO=F2 L0 et TIxCOSIWl TI*T+ARGH{T ) )+ 5t

SLB=F20 T 42 {1 1+*CO0S{WiT)XTZ+ARGLBLL) }+5LB

S= F20I1#Z i DI*COSTWLI T I#*T#ARNI L) }+5

TIDEN =5

TIGELB =SLA/3.0
TinEP =5pP

TICER =54

LINENI(20)=00T
LINEP[20)=D0OT

L INEB(20)=D0T
KN=(TIDEN/YP)*19,+20,
KP=(T IDEP/YP}®LI.+2(,
KB={TIDEGB/YP)*L9.+20.,
L INEN(XN }=5TAR

L INEP{KP )=5TAR
LINEBR{KB]=5TAR

T=T+C2

L=J=-1

WRITE(6s 523 {L INENCK) eK=1¢38) o ILINEBIK) +K=1438) 4 (LINEPIK]} ¢K=1+351],L



[

[

&

52

[
i

1C

[2%]

[= B L N TY)

129

L INFNIKN)=BLANK
LIKEPIKP }=HLANK
LINEB{KB)=BLANK
CONT INUE
FURMAT [2Xs 114A1,13}

TS=Q.
(CHEECK=COS{ARNT )}
IFICCrRECK L T.CL) GO TR 11
L T s

Th=tall

COFECK=CSTW{ 1a%TS+akNT{ 1))
SCHECK=S TN Wl 1) =TS+ARNL L))
FCBECK=ATANISCHECK FCCHECR 512042/ Lo.?8313)
T5=T5=FMRECK

RFTLURN

L

SUBRKOUT INE [2IVF

SUBRJUTINE CIVFINMAX ¢MMAX])

COMMON SELL19,43)»SEPL1%48),v( 19,48) WP L] J148),
UI19145]QUPIIQ'ﬁﬁ'vC(19948)OHi19'ﬂ81OIF{ELD(L9|48’F
NEDUBE e MADIHRS )L NOBDL4 F yMUBEDN (4 ) yUAVGL L9, 48 ),
VAVGI 1944810 AAOLE(20) yARNIZ 0 + ARG 0) vARGRI20)
HLOLO s 20203 mBL2+HP{20) L LR2C) s ECZ20),
SRL2Z0)SEP 1200820200 «Wl20) o ZTA{L0CCH 2181200V},
410101000

NIMENSION N C4C)

WRATTEEGL,O)

Bl L N=l.h9Aax

NCIM =N

Wk ITEfoe ) (NGUN}eii=1,NMMAX]

Ou 2 M=1,MMAX

REAC{S3) (TFIEL N M) aN=LsNMAX)

D0 10 N=l.NMAX

NRDIN)I=IFTELDIN M)

[FINBDIN)LEYL2) NUOIN}=OQ

CUNTINUE

WRITE{&s4) My (IFIELDIKsM] yR=1,hMAX)

DN 2 N=l.NMaX

H{he MI=FLOAT{NGD (N}

RETURN

FORMAT (3212}

FORMAT{ 1¥ o [2,3X,32]21}

FCRMATLLELS LUXy 2LHWATER LEVI LS IN FIELD)

FORMATA IFO 2 M, 3X,3282)

ENI

Lo N PV PR

SUBRDUTINE  FIND

SUSBROUTINE FING{MIND y NINUsMMAX, A¥AX ,MINUDNINDO,NSECT)

LOGICAL START
COMMON SE(19+48)ySEP(1G+48) ¥ 19,48),vP (19,48},
UELG, 4B UPLL19+48)4C{19+48)HI 19,48 4IFIELOLLF+48),
NBDL85) . MBOLES)WNOBDI(4) +MUORD( 4+ UAVGL19,48),
VAVGIL1G,.48)+ ARGLBIZ2C) +ARNE 207 JARGBEZD)  ARGP(20)
HLL20)y ZL20)+HBL{20) +HPI20D4ELL{20)s £120Q),
ER(2Q)s EP(20),F2020) Wl 20),21A010U0),21IBLIOOD) ,
ZIGTU1000])
DO 1 J=1¢NSECT
NBOUJ =0

Lt R T P
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1 MEL{J)=0
MIND=1
NIND=1
DO 2 N=2.NMAX
START=.,TRUF.
N 3 M=Z.MMAX
IFL.NOT.START) Gt Tu 4
IF{H{N+M}.EQ.0IGD T 2
NSLININD =M= 1GO+NBO {NTND)
START=.FALSE.
Gu Tn 3
4 IF{HIN.M}.NELDLIBY TO 5
NAG{NIND I=M- 1 +NBO(NINU I+ L G0CO®N
G TN 6
5 IF{M.NELMMAX) GU TO 3
NEDININDG }s M+NSDININD F+L IOC0*N
& NIND=NIND+HL
STHRT=,.TRUF .
3 CONT INUE
Z CUNTINUE
00 12 M=2,MMAX
START=.TRUE.
Gl 13 K=z NMAX
FEALLNOTLSTARTIGD TA 14
IFf AihsM)oEQede) 50 TO L3
ABCCAINCGISNELOI+AR JEMIND )
START=LFALSE.
at tir 12
14 [F{HIN+¥)NEWDo ) 67 TO 15
MACIMING J=N= LRI 4{ND ) +LOGCO*
GU TD 16
15 TFINJNELNMAX) G T9 L3
MECIMINUISN#MBIIMIND) +10000%N
16 MIND=MENT 4]
START=.TKUE .
13 CONTINUE
12 CONTINUF
KUM= |
100 IF{NUMLFQ.NING) GJ T2 300
N= WEDINUME/ZLJUOU
MF = NRAD(NUMIS10D -N=LOD
L =N3BRIRUMI=N*1J000=MF:10C

MELEF=MF-1
LRIG=L +1
Na=1

200 IFI{NALEG.MINDOLIGD TO 210
M=MOBO{NAI/L1CI000
NTUP=MORCINA} /1O —M*LOUO0 ~NBMNT*L0C
NRCT=MOBDINAI/LCID ~M*100
IFINAERNCGT 1) GO T SC1
IFUEINLCELNBUT ) JANDINJLELNTOR) }  AND. {MFLEF .EQ.M}} NBOLNUM) =
INBO{NUME 410000000
[FCUINGENBOT) JAND L IN.LELNTCPI 3L ANDL{LRIG.EQaMI} NBDINUM)=
INBOD(NUM) +1 CCOCO0
GO 10 205
501 IF{{IN.GELNBOT] JAND{NJLE.NTCP})..AND.{MFLEF.EQ.M)} NBD({NUM]=
INBLINUM) +20000000
IF({ (N GENBOT) ANDS IN4LENTOP) )4 ANDL{LRIG.EQ.M}} NBLINUM}=
INBCINUMI+20Q00000
205 NA=NA+}
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Gl Y 200

€10 NuM=NUM+]
G TH 100

30¢C CUNTIMUE
NLiM=1

101 I[FINJM.EC.MIND) GO TO 301
M=MBO{NUM)/LGOCO
NF=MBOINUMYALOU  ~MELCT
L=MBDINUM ) =M+ S35-NF21 00

NF ROT=NF-1
LYCP=L+1
Nas]

201 TF{NALEQWZNINCUIG) TO 211
N=NUBDINAI/LCOGOD
MLEF=NOBRCINAYZ1000-N®13G
MRIG=NCHO{NA}Y/1O=NZ10DU0-MLEF%1CO
MAERN=NIBHINAJ-N*LICCUCO-MLEF*10U00-MRIG®LD
PF{MIERNLGT A1) SO T 402
IFIMeGELMLEFLANC WML MRIGLAND O NFBOTLEQLN) MBD{NUM) =MBD{NUM)
L + LCCCsuan
IF{MGE sMLEF 2 ANUWLM,LELMRIG JANDLLTOPLEQLN) MBD{ MM}z MBD {NUM )
1 +100090C
GO T 20¢
502 1F{M.GEMLEF,ANDMoLELMRIGLANDWNEBOT,EQo NI MBD{ NUM} =MBD {NUM}
L + 249400000
TFIMLGELMLEF LAND .M LECMRIG. AN LL TOPL Q. N} MBDINUMY =MBO( KUM}
1 +22£3CC¢C
20& NA=NA+]
Gd TN 201
Z11 MUMaNUM+]
CC 12 101
301 CUNTINUE
WRITELO, 200
NHAF=NSECT/ 2
DN 22 J=1.NFAF
JJ=J+NHAF
22 ARITE{Gs20} JoNGNIJII+MBOLI) 4 JJyNBDT JJ} s MBED(JJ])
Wr [TE(&,30) NIND,MIND
30 FUORMAT(/Z+42Xs'NING = ' 12,5X'MING = ¥,12}
21 FURMAT (2K e 14+ 2Xe 194 LXc 19y 10Xl 4+2Xe[Sy1Xel9)
243 FORMAT (1P Le 3X s 3HNUM ) 6X o SHNEDs 7X ¢ BHMBD ¢ 13 X 3HNUM 46X 4 3HNBD ¢ 7X 5 3HMAD)
RETURN
END

SUBROUTINF CEPTH

SUBRUUTINE CEPTHINMAX ,MMAX)

COMMON SEL19,48)45EPL19+48)+VI119448) VP (19448},
UC19,481.UP{19-4€8,C019+48)+HI 19448} 2IFIELDI1T+4B],
NER(B5) «MBCIESI.NOBDI 4, MOBOL4) yUAVG(19 48],
VAVG(L9448),ARGLAL 204, ARNL20C) »ARGBL20) s ARGP{20}
HLI20), Z120}aHBLZ201,HP{2Q0)4ELLI20), EL20),

EBL203. EPL20), F2{20) »Wi 200 ,Z1ACL000)+ZIB¢1000])
ZICI1000d
DIMENSINN NH{21}
WRITE(6.5)
5 FORMATULHL, /42X " INITIAL DEPTHS (FEET) AT MEAN LOW WATER'/)
GN 10 M=L,MMAX
READL(5, 20) (H{N+sM}sN=1,NNAX}
20 FORMATI(20F4.0)
DO 15 N=l.NMAX

[+ R T SR P
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5 MHINI=H{N M) +.43]
10 WRITF(6y30) Myl{Nr{i)sN=1aNMAX])
30 FIRMATILIX  J241%0 2114}
ACC MEAN TICE
WRITE{a, 35}
35 FUORMATULRL /95Xy VINITIAL DEPTHS {FFFT f1MFS L1u) AT MSL " 40X, AVG,
LUEPTH* /)
CNIT=0,
TAv=0,0
M1 50 M=) MMAX
B=MMAX
CxX=M
A=l.d+u.32{t-0Cal} /8
GN=a
Cav=d.0
Nl 4% N=LeNMAX
TFiFINM} FRLO. 00 GO T 41
HiteMI=F [N, M) +A
4] EFLIFIFLOIN,M). Q.0 GU TD 4%
MN=N=-]1
CAV=0AVF LSHLHINMI+H{NNGM))
GN=GNt1.
45 CONTINUE
TAV=TAV+DAV
IFIGN.GT .. LAVSDAV/GN
IFIGNJFEQaded JAVW=0.
GHNT=0ONT+GN
3 48 N=laNY4X
a6 WHINI=HINMIEL1G.+0T1
WRITE(G+4T) Mol NHINY+N=L s NMAX) ;LAY
‘fi? Fr}“"‘ﬂnT(lXoIZl1101914!5X'F3-1)
CONYERT T YARDS
3] 48 N=Ll NMAX
48 AiheMiz=b{NaMYI /3,
S0 CONT INJE
AR ITSI 66y GONT .
&0 FORMATL/4X, '"TITAL NUMAFKE OF Gu]J5 JEXLLUIENG BUUNDS) "9 3X.F4.01
TAV=TAV/GNT
WRITE(&, TO) TAV
TC FURMATC/ 4%t AYG . DEPTH OF BAY '42X.t9,2)
RETURN
D

SUBRAUTINE CHELY

SUBROUTINE CHEZ Y INMAXyMMA X, CMAKNN]

COMMON SETLS 481+ SEPI L9903 ov {13,481 ,VP (199448}
UGL3448Y LI 10348 4L l19+4B) HIL1G,:4H) 2 IFIELDI19+48]) +
NERIBS) +MBLTE5 e NIBDI 4 MUBD{ Gy UAVGI 19443 ) o
VAVGL 19, 48) s Ak GLBL 203+ ARNIZQ) yARGBL20) 4 ARGPLZO) &
HLL20), 2020),HB3020)sHP{20)sEL {20}« 120},

ERL20 ) EPLZ2O)+F2E20) 4wl 20),Z2140100C) 42180100014,
Iic{louc)

Fl=.3

Oy 59 M=]1.,MMAX

FIZCMANN®L L. # FL¥(Llo=(2.%M) /(1. ¥MMAX))}

DO 40 N=1sNMAX

NN=N=-1

MM=M~1
IFINLEQ.1) GO TO 16
IFUIFLELO(N,M).EQ.C) GO TO 10

=l N
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20 IFIM.EQ.1) GO Tu 2C

A=HINy MM +H (NNJ MM
GO TO 35

JJ A=F{NsMI+EIANS)

35 A= (AFHIN.MI+H{NN.M) 1%, 25
CANaM)=1,49%0%% (1o /0l }/IF3* 1,732}
GO 1O 37

1O CiN.M)=0.0

37 LINT INUE

40 LONTINUE

50 CUENTINUE
RETURM
END

SLARIUTINE VELANA
SUBRIUTINE VELANAL IVL s IRMS ,MAXS T ,CMAG WAV G
CLMMON SELLQ+48) +SEPILT,48) oV 19+48) VP L1 Ge4B)

VL1948 4UP {1904l 2 Cl19+48) s MI19448) ,IFIELDLIL D487,

NRDLES) +MEBU{ 850 NUBD T4} MOBD L4} yUAVG (194481,

VAVGI L9+4B V4 ARGLRI 20} s AKNIL EC) ¢ARGR {20} L ARGP(20) »

HLE20)s Z1203,F312G0)+HP(2CYEL {200y £E20)

ERL200 0 EP{ 201+ F2020) 4wl 23) +ZTA(LCCC)21B(L00D)

2ICL10C0})

CINERSEION KRUNVRT{L1S) wAVG(19,48)
NDATA MMAX MMAX/ 19, 48/
DI 1d M=1l,¥Max
DO 10 N= L, NMAX
NM=N-1
MM= M-
IF{M.FEQ.1) MM=M
VAVGINMI=UAVGINsM)+U{h, M)
VAVGINGM)=VAVE{ N M) +V N, M)
12 CunT INUE
TFUIVL JFQ.MAXST) GO TO 2%
GO TD 40
2% CONTINUE
FI=MAXST—[RMS+1
WRITE(6,102) CMAG
D 35 M= 1,MMAX
DO 30 N=1.NMAX
UBVGINsMI=UAVGEN, M) %3, /FL
30 KONVRTIN)=UAVGIN,M) 2 NAG
WRITE( 6, 100) My { KONVRTIND sN=1,NMA K]
WRITE(T, LOLI(UAVGIN, M} N=GL,02)
WRATTE( T+ JOLH{UAVG{N+M) s N=09, 15}
WRITE( T+ 1OL){UAVGIN M) yN=16,19)
35 CONTINUE
WRITE(6,1C3) CMAG
D) 45 M=1,MMAX
DO 40 N=1l,NMAX
VAVGINMI=VAVGI{N,M)%3./F1
40 KONVRT{N)I=VAVGE Ny MISCMAG
WRITELG,10Q) My [KONVRTIN) oN =1 +NMAX]
WRITEC T LOL I IVAVGINGME,N=01,08})
WRITEUTs LULIUVAVGINGM) s N=09,15]
WRITEL T+ LOLI{ VAVGINsM) N=16,19)

45 CONT INUE

60 CONTINUE
100 FORMATISX,12,5X.2015)

101 FORMAT{BE10.4)

L R R P A
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FORMAT(LHLs /7 45Xs " MEAM TIMES *,C1C.4./)
FORMAT{1HL. / /9%, 'V MEAN TIMES 1,E1C.44/)
RETURN

END

SURRIUTINE ANMLYZE{MAXST NTERH,AT)

SUHRDUTTINE BMLYZE{MAXSTHNTHRM4AT)

COMMON SE(LI446)+STPIL12048)sVI19443),WP(19,48],
UELlP+4H) UPLL?4481,0C019+48)sHILG,48)[FIELC{L9+s48),
NEGLAS) +MBLLES ) oNUBDRLA ) MDROL 4 )y UANGILG 48] 4
VAVGL LG 48] e ARGLAT 200 4 ARN{Z0) +ARGBIZ0) ARGP{20) »
HLE200s ZU200+H3020) »HP{LOeELIZ2Q) s EL120)
EB{20)+EPL 2O, F20200 w2002 1a01000)+Z1BL10U0),
Z1ciicact

CIMENSION XIA{LCCC)4ALINELGD)

DATA BLANK«DUTSTAL/ Y Peltaly?®/

CT=,23233333
NSTFP=6L0. /4T

30 lg K=Ll+&1

AL TNE{K J=BLANK

F=0.

D0 30 N=1lyMAXST,NSTEP

5=0.

oq 29 1=1.17

§= FROTI4ZC112COSLwt THRT+ARNIT) )+S
AlA{N}=5

T=T+CT

TA=Q.

01 43 N=L+MAXST NSTEP
TFCARSEZTAINIILGT LAY LA=ARSIZLLACNED
IFCARS{RIAIN}Y«GTZA) ZA=ABS{XTAINI)
£5=1A

ARITELBy 8Y)

WRITELS+ 48}

00 60 N=LeMAXST o NSTCP

AL INEC21)=00T

M= L+l Z AN /251830,
JS=3l.+(XIAINI/LS 30,

AL INELJMYI=5TAR

ALINE(JS)=DUT

WRITELE,50) Ny ZTAAND W XLIAIND s {ALENELJ) 4J=1yb1}
AL INE(JM)=HLANK

AL INE{JSI=ulANK

CONTINUE

T=0.0

DO 90 N=LeMAXST+NSTEP

Sa8=3.0

DO 80 1=14147
SB=F2{T1)aHB 1 I=COS{ Wl I *T+ARGH (1)) +5R
DO 100 N=lysMAXST.NSTEP
IF(ABSCZIBINY)LCTLZA) ZA=ABS{LIBIND)
TFCABSTXIALNY)LGT . ZAY ZA=ABSIXIAINE)
T=T+LT

ZS5=1A

WRITE(64+45)

WRITE(bs65)

PO 110 N=L,MAXST.NSTEP
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—
AT
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T W N =

186

ALINE(3IL1=00T
JM=3 L+ (ZIPIN}I/ZS)#30.

JS=2 .+ { XTA(N)I/FZSI%30.

AL INE{JM}=STAR

AL INE(JS)=DUT

WK ITEL6+50) Ny ZIRINF o XTAIN) w{ALINEL Jhsd=14&l)
AL ENE(JS }=BLANK

ALUINELIMI=BLANK

CUNT INUE

T=u,
DU 159 K=1,MAXST.NSTEP
SP=(1.0
nil 149 T=1417
SP=F2LEh*HP (P I%COSIWLT)*T#ARGPLL))+5P
XIA(NI=5P
T=T+CT
Z4=0.0
IO 1680 W=l MAXST,NSTEP
IFTARS{ZICINY) asTW2A) ZA=ABS(ZICIND)
[FOABSTIXIAINIY.GTLZA) ZA<ABS{XIAINY)
£5=24
WRITE{6445)
wRITE(SL, 48)
O LTG N=1, MAXSTNSTER
ALTNE(3LI=NAT
JS= 2L+ XTA(N)/ZS)I®ED,
dM=3 1l # L ZICINI/LS50%30.
AL INE4JIMI=STAR
ALINE{SSI=DNT
WHITFLG,50) NoZ TCANI e XIAINY o {ALINES J) yd=1,01)
ALTNELJS I=RL ANK
AL INELIM ) =BL ANK
CONT INUE

?URMAT(lFlval?Xo'MUUEL'Q5XQ'SERIES"lOX"HATER LEVEL CURVE ATY)

FORMAT (52X .+ "NEAPIRT? /)

FORMATI(S 22X, *PRUVIDENCF ')

FORMAT (52X, "BRISTOLY)

FORMAT (BXel1 3¢ 5X s Z{F6.2+43X )+ VE 1, 61LA] 41 1)

RETURN

FNI

SUBRDUT INE CHECK{NMAX,MMA X}

SUBROUT INE CHECK INMAX ,MMAX)

COMMUN SEDL9+48) . SEPILT+48)+ VI 19448) s VPIL9448)
UCL1Se4B)sUPTLT«48)4CIlL9246) ¢HIL9,48) ,IFIELDILP,48) ,
NHDIB5),MBDY £5) yNOBD{4A) s MOBDI 4} s UAVGL 19,480,
VAth19.48).ARGLBIZUJ.ARN(203;&263(20!.ARGPIZO].
HLT20)s Z(201.HBIZ2O)HP{20}+ELTI2C) s E{20},
ERLZ0)eEPL 200, F2{ 200 +WL20) +Z1A0100C) +ZTB41000) «
2IC010001)

BIMENSICN ALINE{L1CO)

OATA BLANK»DOT,ZERO2AH ACyAB/* 1,0, 4,104 ,IH? eCa egrey

WRITE(B45)

FORMAT{1HL,/+5X.*FIELD DIAGNOSTIC *)

N0 40 M=],.mMMax

00 20 N=1,NMAX

AL INF{N)=BL ANK

EFCTFIELDIN,M}.NE,0) GO TD 10

IFIHIN«MINELO.0) ALINELNI=DOT
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Gl TO 2¢

CUNT [NUE

AL INE(NI=ZERLD

IF(RINMILEQL.OL.CF ALINE{NI)I=AH
IFICINSM)aEQ.3.0) AL INE{N}=AC
IELH{NM) b G 0.0 ANDLCINGM) JFR. 0431 ALINE[N)I=AB
CUNT INUE

WRITE(6H+30) My {ALINEIN] ¢N=14kMAX])
FORMAT [1X+ 13, 2Xe50(A1s1X})

CONT INUE

RETURN

ENC
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