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CHAPTER 1

| NTROCDUCTI ON TO DYNHYD5

1.1 OVERVI EW OF DYNHYD5

The WASP5 hydr odynam cs nodel DYNHYD5 is an update of
DYNHYD4 (Anbrose, et al., 1988), which was an enhancenent of the
Pot omac Estuary hydrodynam ¢ nodel DYNHYD2 (Roesch et al., 1979)
derived fromthe original Dynam c Estuary Mdel (Feigner and
Harris, 1970). DYNHYD5 sol ves the one-di nensi onal equations of
continuity and nmonmentum for a branching or channel -junction
(l'i nk-node), conputational network. Driven by variable upstream
fl ows and downstream heads, simulations typically proceed at 1-
to 5-mnute intervals. The resulting unsteady hydrodynam cs are
averaged over larger tine intervals and stored for |ater use by
the water-quality program

1.2 THE HYDRCDYNAM C EQUATI ONS

The hydrodynam ¢ nodel sol ves one-di nensi onal equations
descri bing the propagation of a | ong wave through a shall ow wat er
system whi | e conservi ng both nonmentum (energy) and vol une (mass).
The equation of notion, based on the conservation of nonmentum
predicts water velocities and flows. The equation of continuity,
based on the conservation of volunme, predicts water heights
(heads) and volunes. This approach assunes that flowis
predom nantly one-di nensional, that Coriolis and other
accelerations normal to the direction of flow are negligible,

t hat channel s can be adequately represented by a constant top
width with a variable hydraulic depth (i.e., "rectangular"), that
the wave length is significantly greater than the depth, and that
bottom sl opes are noderate. Although no strict criteria are
available for the latter two assunptions, nost natural flow
conditions in large rivers and estuaries would be acceptable.
Dam break situations could not be sinulated with DYNHYD5, nor
could small nountain streans.

1.2.1 The Equation of Motion

The equation of notion is given by:

hu . U
e &UW%ag’S%af%aW’8 (1)



wher e:

c

|

=
—+

c
SI=

the local inertia term or the velocity rate
of change with respect to tine, nlsec?

the Bernoulli acceleration, or the rate of
nmorment um change by nmass transfer; also
defined as the convective inertia termfrom
Newt on's second | aw, m sec?

gravitational acceleration along the 8 axis
of the channel, m sec?

frictional acceleration, msec?

w nd stress accel eration along axis of
channel, m sec?

di stance al ong axis of channel, m

tinme, sec

velocity along the axis of channel, nfsec

| ongi tudi nal axis



Gravitational acceleration is driven by the slope of the water

surface. Referring to Figure 1, the acceleration along the
| ongi tudinal axis is

GRA/IY

Accekrton of Grvily = g

Figure 1 Gavitational Acceleration

a, g &y sinsS

(2)

wher e:

g accel eration of gravity = 9.81 nf sec?

S = wat er surface slope, nmim

Because the value of Sis small, sin S can be replaced by S

Expressing S as the change of water surface elevation with
| ongi tudi nal di stance gi ves:




H = wat er surface el evation, or head (hei ght above an
arbitrary datunm), m

The frictional acceleration termcan be expressed using the
Manni ng equation for steady uniformflow

R2/3 MHl/Z
n M X (4)

T
wher e:

R = hydraul i c radius (approxi mtely equal to the depth
for wide channels), m

n = Manni ng roughness coefficient (usually between
0.01 and 0.10), sec/nt'®

I

|

=
X

= the energy gradient, nim



Referring to Figure 2, gravitational accel eration bal ances
frictional resistance for steady flow conditions, such that:

FRETDNAL RESBTANCE

For Stea dy Unibm Fbw

M2 iy 2/3
_ . u= BT [oH
Equa ton n F 3%

OverShortTi e hem |

g 2
= [ L J
af_ 4/3 U

0|

Figure 2 Frictional Acceleration

M

I
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(5)

af'g
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X

Unfortunately, tidally influenced estuaries rarely experience
truly steady flow. Over short tinme intervals, however, flow may
be considered steady and uniform Consequently, the energy
gradient fromequation 4 can be substituted into equation 5 to
gi ve:



2
a, " 1&%=”*U*U (6)

where P has been replaced by U tines the absolute value of U so
friction wll always oppose the direction of flow

Referring to Figure 3, one sees that the magnitude of the

wi nd acceleration termcan be derived fromthe shear stress
equation at the air-water boundary:

W ND STRESS
AMignit de

T < eed

10 Metes

-0 -
<

2
TW:CdpaW

FW=TW,As

“w=Fu /My Dk
H = Cd Pa
w = p_w

C = 100026
d

w 2

i /Py = L1651 -3

Figure 3 Wnd accel eration nmagnitude
J, " CyD, W

(7)
wher e:



Jw = t he boundary shear stress, kg/ m sec?

G = the drag coefficient (assuned to retain constant
val ue of 0.0026), unitless

D, = the density of air, kg/m

D, = the wind speed (relative to the noving water

surface) nmeasured at a height of 10 neters, nisec
The force exerted on the water surface, A, is:

Fy ™ J, A (8)

w w S

Substituting equation 7 into equation 8 gives:

I:w.CdAs Da\N2 (9)

This force causes a volune of water V, to accelerate in the w nd
direction:

a, " & (10)

The hydraulic radius, R is the channel cross sectional area
divided by the wetted perineter. In natural channels where the
width is much larger than the depth, the wetted perinmeter is

al nost equal to the wwdth. Over a channel |ength, then, the
average hydraulic radius is approximtely equal to the vol une of
wat er divided by the surface area:

R™V,/A, (11)

wher e:

As

Vv, = wat er vol ume, m

surface area, nt

Substituting equations 9 and 11 into equation 10 gives the

7



follow ng equation for the wind acceleration term

w Cd Da
wher e:
D, = density of water, kg/n?
D,/ D, = 1.165 x 103
Referring to Figure 4, the conponent of acceleration al ong
t he channel axis is:

WIND STRESS
B: Direction
w
Magnitude = W
Direcion= @
—_—_—

Channel Direction = 8
Wind Direction = &
Relative Angle = 'ﬁ

a "~ cos Y

Figure 4 Wnd stress direction
8




C, D
awS'—RdD—avvzcosR (13)
W
wher e:
R = t he angl e between the channel direction and the
wi nd direction (relative to the noving water
surface)

Both the water and wi nd have velocity conponents that
contain both magnitude and direction. |If the water is noving
with a velocity U, then the wind vector Wexperienced at the
water surface is given by the followi ng (see Figure 4):

wW* W, &U (14)

= the wi nd vector observed at a stationary |ocation,
10 neters above the water surface (magnitude =
W, direction = M)

a

= the current vector (magnitude = U, direction = 1),
n sec

Therefore, W is the relative wind vector with nagnitude W and
the effective wind angle relative to the channel axis is

R""&?2 (15)



W ND STRESS

Fron VectorAn ks E

Vector X Y
u Usin @ Ucos 8
W ops Wogs P P Wogs cos P
W W os sing -Usin W oo cos P -Ucos @
w2 = u? + w? 2 U W e ® s (8 P )
OBS
W sin @ -Usin 8
OBS
a = tnNn 1
w Cos =
. 0] Ucos 8

Figure 5 Wnd stress vector analysis
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G ven observations of W,, U M, and 1, the magnitude and
direction of Wcan be cal cul ated using vector analysis (Figure
5):

WE " U2 % W, & 2 U W,  cos(2 & N) (16)
v tani W, sinN&Usin 2 .
an W, cos N & Ucos 2 (17)

W nd accel eration can either enhance or oppose stream fl ow,
depending on the relative direction of the wwind Q. For w nd
bl owi ng normal to the channel axis, cos Q = 0, and there is no
acceleration along the axis. For wind blowng along the axis in
a positive direction, cos Q = +1. Positive flowin the channel
w || be enhanced, and negative flow will be opposed. Conversely,
for wind blowng along the axis in a negative direction, cos Q =
-1. Positive flowin the channel wll be opposed, and negative
floww Il be enhanced (refer to Figure 6).

11



WIND STRESS EFFECT
Wind and Stream
cos
Directions ¢ ¢ Effect
W—>|ﬁ| 900 0 None

W= 00 1 Enhanced
U Acceleration
W

- U 180 © -1 Opppsed

4 o)

u— 180 -1 Opposed
-\

-y 0° 1 Enhanced

Figure 6 Wnd stress effects

1.2.2 The Equation of Continuity

The equation of continuity is given by:

NA . NG
T &W (18)
wher e:
A = cross-sectional area, ntf
Q = flow, m/sec

For rectangul ar channels of constant width B (refer to
Figure 7):

12



g‘g
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u
Qo
Wl
=|=
<10

(19)

EQUATDN OF CONTNUITY

9A _ 90
ot o X

RECTANGULAR CHANNELS

gH _. 1 909

t B X
Ri & of Ri & of
WaterSurf ce Vol e
EEv: tonCha e Chirye

Figure 7 Equation of continuity

wher e:
B =

H =

wi dth, m

wat er surface elevation (head), m
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I

Mt
= rate of water surface el evational change with
respect to tinme, nisec
e
B Mx

= rate of water volunme change with respect to
di stance per unit width, nfsec

1.3 THE MODEL NETWORK

Equations 1 and 19 formthe basis of the hydrodynam c nodel
DYNHYD5. Their solution gives velocities (U and heads (H)
t hroughout the water body over the duration of the sinulation.
Because cl osed-form anal ytical solutions are unavail able, the
solution of equations 1 and 19 requires nunerical integration on
a conput ati onal network, where values of U and H are cal cul ated
at discrete points in space and tine. A flexible,
conputationally efficient type of network has been devel oped for
t hese equations (Feigner and Harris, 1970). The "link-node"
network solves the equations of notion and continuity at
alternating grid points. At each tinme step, the equation of
nmotion is solved at the links, giving velocities for nmass
transport cal cul ations, and the equation of continuity is solved
at the nodes, giving heads for pollutant concentration
cal cul ations (Figure 8).

14



M ODEL NETW ORK

LINKS (CHANNELS) - CONVEY W ATER

NODES JUNCTDNS) - STORE W ATER

AT EACH TME STEP:

OF CONTNU ITY

M ASS
TRANSPORT

EQUATDN RS VELOC ITY
OF — —»| FLOWS

M OT DN
EQUAT DN HEADS

—p| NODES | —p-| \ /oy ES

POLLUTANT
CONCEN-
TRAT DN

Figure 8 Model

net wor k
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NOLLV.NISTHdTH MHOMLIN (T) WHOMLIN TICON (9) MHOMLIN TINNYHO (V)

I pue |
SNOILONNP
ONILOINNDD

TINNVHO

NOILONNr
JOHILNIO

AHOMLIN T3JON FHL 40 NOILVINISTHdIH

LNIOJaIN
NOILONNP

vIgvy
Jov4dns
NOILONNr

MYOMLIN NOILONNr (g)

net wor k.

Figure 9 Representation of the nodel
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A physical interpretation of this conputational network can
be devel oped by picturing the Iinks as channels conveyi ng wat er
and the nodes as junctions storing water (Figure 9). Each
junction is a volunetric unit that acts as a receptacle for the
wat er transported through its connecting channels. Taken
together, the junctions account for all the water volunme in the
river or estuary. Paraneters influencing the storage of water
are defined within this junction network. Each channel is an
i deal i zed rectangul ar conveyor that transports water between two
junctions, whose mdpoints are at each end. Taken together, the
channel s account for all the water novenent in the river or

17



estuary. Paraneters influencing the notion of water are defined
within this channel network. The |ink-node conputational
network, then, can be viewed as the overl apping of two closely
rel ated physical networks of channels and junctions.

Junctions are equivalent to segnents in the water quality
nodel , whereas channels correspond to segnent interfaces.
Channel flows are used to cal cul ate mass transport between
segnents in the water quality nodel. Junction volunes are used
to cal cul ate pollutant concentrations within water quality
segment s.

Li nk- node networks can treat fairly conplex branching flow
patterns and irregular shorelines with acceptable accuracy for
many studies. They cannot handl e stratified water bodies, small
streans, or rivers with a large bottom sl ope. Link-node networks
can be set up for wide, shallow water bodies if primary flow
directions are well defined. Results of these sinulations should
be consi dered descriptive only.

1.4 | MPLEMENTATI ON OF THE EQUATI ONS

To apply differential equations 1 and 19 to a |ink-node
conput ati onal network, they nust first be witten in a finite
difference form The equation of notion becones:

U ey cU Y g g2 &gnizu*u*
Tt Uy &9y & gas U (=0
C, D
%%—a\/\(zcos R, (21)
wher e:
u!
' = the velocity in channel i at time t,
m sec
)X,

= t he channel length, m

18



= the tinme step, sec

i = channel or |ink nunber

DY,
)X _ o o
= velocity gradient in channel i with respect
to distance, sec-1
DH,
)X,

= wat er surface gradient in channel i with
respect to distance, mm

Al'l values on the right hand side of equation 20 are
referenced to the previous tine step (t-)t).

The water surface gradient, )H/)X,, can be conputed from
the junction heads at either end of the channel. The velocity
gradi ent, however, can not be conputed directly from upstream and
downst ream channel vel ocities because of possible branching in
the network. If branching does occur, there would be several
upstream and downstream channel s, and any conputed velocity
gradi ent woul d be anbi guous. An expression for the velocity
gradient within a channel can be derived by applying the
continuity equation 18 to the channel and substituting U A for Q

WA o« , IC . A MU
Rearrangi ng terns:
WU « ;1 HA , U IA
x %A %A X (23)

Witing this in finite difference formand substituting B R
for A and B )H for WNA gives the foll ow ng expression for the
vel ocity gradient:

19



)H,
%

)Ui 1

> AR (24)

mL;

) H,
St &

The term )H /)t is conputed as the average water surface
el evati onal change between the junctions at each end of channel
during time step t. Substituting equation 1.2.23 into 1.2.20 and
rearrangi ng gives the explicit finite difference equation of
nmotion applied to each channel i:

U JH U 2 dH
tow 0 i i i i 25
ut " u A))t[=Ri 3t A)[ R &gJ 3%, (25)
n.? Cy D
& i4/|3 U U % Rfj Da W2 cos R;] (26)

Witing the equation of continuity (19) in finite difference form
gi ves:

H' & H )Q
] ] = ]
)t & B, )X, (27)
wher e:
] = junction or node nunber

The nunerator )Q is given by the sunmation of all flows
entering and leaving the junction. The denom nator B, )x; can be
expressed directly as the surface area Ajs of the junction.
Substituting these identities into equation 25 and rearrangi ng
gives the explicit finite difference equation of continuity
applied to each junction j:

| "G
HETH &t g (28)
]

At this point, one equation for each channel and each

20



junction in the conputational network exists. Gven input
paraneters describing the network configuration and geonetry,
initial values for channel velocities and junction heads,
boundary conditions for downstream heads, and forcing functions
for freshwater inflow and wind stress, equations 24 and 26 are
sol ved using a nodified Runge-Kutta procedure. The solution
proceeds in eight steps, which are repeated throughout the

si mul ati on:

1) For the mddle of the next tine interval (i.e., for
timet + )t/2), the nmean velocity for each channel is
predi cted using the channel velocities and
cross-sectional areas and the junction heads at the
begi nning of the current tinme interval.

2) For t + )t/2, the flowin each channel is conputed
using the velocity obtained in step (1) and the
cross-sectional area at the beginning of the current
i nterval

3) At t + )t/2, the head at each junction is conputed
using the flows derived in step (2).

4) At t + )t/2, the cross-sectional area of each channel
is conputed using the heads conputed in step (3).

5) The mean vel ocity for each channel is predicted for the
full time step (t + )t) using the velocities,
cross-sectional areas, and junction heads conputed for
t +)t/2 in steps (1), (3), and (4).

6) The flow in each channel for t + )t is conputed using
the velocity for the full time step (conputed in step
5) and the cross-sectional area conputed for t + )t/2
in step 4).

7) The head at each junction after t + )t is conputed
using the full step flow conputed in step (6).

8) The cross-sectional area of each channel after a ful
tinme step is conputed using the full step heads from
step (7).

9) Steps (1) through (8) are repeated for the specified
nunber of tinme intervals.

1.5 THE MODEL PARAMETERS
21



This section sumrarizes the i nput paraneters that nust be
specified in order to solve the equations of notion and
continuity. Oher paraneters cal culated by the nodel also are

di scussed.

1.5.1 Junction Paraneters

The i nput paraneters associated with junctions are initial
surface elevation (head), surface area, and bottom el evati on.
Vol unes and nean depths are calculated internally. A definition
sketch is given in Figure 10.

x JUNCTDN

SURFACE AREA

\
SURFACE SLOPE
<7/  HE/D I~
= A /
\/ / Y
BOTTOM
ELEVAT DN
(AVERAGE)

Figure 10 Definition sketch for junctions.

Surface elevation or head, m-Junction heads represent the
mean el evation of the water surface above or below an arbitrary
hori zontal datum The datumis usually the nean |ocal sea |evel.
If initial surface elevations are not input, they will be
cal cul ated from bottom el evati on and dept h.

Surface area, nt--Except when branching or |ooping occurs

22



(i.e., when nore than two channels enter a junction), the surface
area of a junction is equated to one-half of the sum of the
surface areas of the two channels entering the junction. Wen
branchi ng or | oopi ng does occur, the junction surface areas can
be determ ned by | aying out a polygon network using the Thi essen
Pol ygon nmethod, as in Figure 11. Since the polygons are normally
irregular, a planineter nmust be used to obtain the surface areas.

Bottom el evation, m-The nean el evation of the junction
bott om above or below the datumis defined as the bottom
elevation. |If initial surface elevations are specified, bottom
el evations wll be calculated internally by subtracting the nean
depth fromthe nean head.

Volume, n¥--Initial junction volunes are conputed internally
by multiplying the junction surface area by the nean depth of the
channel s (weighted by their cross-sectional area) entering the
junction. Junction volunes are updated throughout the sinulation
by addi ng the product of the surface area and the change in
surface elevation to the initial volune.

1.5. 2 Channel Paraneters

The i nput paraneters associated with channels are | ength,
wi dth, hydraulic radius or depth, channel orientation, initial
vel ocity, and Manning's roughness coefficient. A definition
sketch is given in Figure 11

Length, m-The channel length is the distance between the
m dpoi nts of the two junctions it connects. Channels nust be
rectangul ar and should be oriented so as to mnimze the depth
variation as well as reflect the |location and position of the
actual prototype channels. The channel length is generally
dependent on a conputational stability criteria given by:

L, $ (/oy, £U) Dt (29)
wher e:
L, = | ength of channel i, m
Yi = mean depth of channel i, m
U = velocity in channel i, nfsec
it = conputational tinme step

23



accel eration of gravity

(o]
I

Wdth, m-There is no apparent limt on the width of a
channel. If a channel is too wide inrelationto its |ength,
however, the mean velocity predicted may mask inportant velocity
patterns occurring on a nore |local scale. For well defined
channel s, the network channel w dths are equated to the average
bank to bank w dth.

VELOCIY TOP

PROFLE VEW
|
| : AVERAGE
| A4
—————————————————— NSl
VELOCIY HYDRAULE 1 SDE
PROFLE
RADUS : VEW

CROSS
SECTDNAL
AREA

AVERAGE
DEPTH

PLAN
VEW

SDE SLOPE

CHANNEL
ORENTATDN

Figure 11 Definition sketch for channels

Cross-sectional area, nf--The cross-sectional area of a
channel is equal to the product of the channel w dth and depth.
Dept h, however, is a channel paraneter that nust be defined with
respect to junction head or water surface elevation (since both
vary simlarly with tine). Initial values of width and depth
based on the initial junction heads and the initial
cross-sectional areas are conputed internally. As the junction
heads vary, the channel cross-sectional areas are adjusted
accordingly.

Roughness coefficients, sec/n'3--Channels are assi gned

24



"typical" Manni ng Roughness coefficients. The value of this
coefficient should usually lie between 0.01 and 0.08. Because
this paranmeter cannot be nmeasured, it serves as a "knob" for the
calibration of the nodel.

Velocity, msec--An initial estinmate of the nean channel
velocity is required. Although any value nmay be assigned, the
conputational tinme required for convergence to an accurate
solution wll depend on how close the initial estimate is to the
true value. Convergence is usually rather quick

Hydraulic radius, m-Previous applications of DYNHYD have
used channel s whose widths are greater than ten tinmes the channel
depth. Consequently, the hydraulic radius is usually assuned to
be equal to the nean channel depth.

Channel orientation, degrees--The channel orientation is the
direction of the channel axis neasured fromtrue north. The axis
is assuned to point fromlower junction nunber to higher junction
nunber, which by convention, is the direction of positive flow
(1.e.: upstreamto downstream

1.5.3 Inflow Qutfl ow Paraneters

25



I nfl ows and outfl ows can be specified as constant or tine
variable. Inflows are represented by negative flows(i.e.: to
introduce a flow across a boundary into the network it nust be
negative); outflows are represented by positive flows. For each
tinme-variable inflow, a piecew se |inear function of flow versus

Fbw

Ti e

Pecew e Lieir H rction

Ti e Fbw

Diy Hou rl in 1 3lsec

1 09 3 3.

2 0 00 4.

3 13 00 8l .

4 12 30 7.

5 12 00 75.

6 18 30 2.

7 09 3 3.
Figure 12 Inflow tinme function.
time is specified, as in Figure 12. |If the sinulation extends

beyond the |l ast specified flow, the flow assunmes a constant
inflow equal to the |ast specified flow

1.5.4 Downstream Boundary Paraneters

26



The downstream boundari es can be defined by either
specifying outflows or surface elevations (tidal function).
Surface el evations at each downstream boundary can be specified
by an average tidal function or by a variable tidal function. A
definition sketch is provided in Figure 13.

For some sinulations, the average tidal variability wll
produce accurate predictions of tidal transport. Tidal heights
(referenced to the nodel datum are specified at equally spaced
interval s throughout the average tidal cycle. Nor mal | y,
30-mnute intervals will suffice. These data can be obtai ned
fromtidal stage recorders |ocated at or near the nodel boundary.
If no recorders are available, the predictions presented in the
U.S. Coast and Geodetic Survey Tide Tables can be used.

DYNHYD5 reduces the height versus tine data to the foll ow ng
function using the subroutine REGAN.

y " A%A,sin(Tt) %A;sin(2Tt) %A,sin(3Tt) (30)

% Agcos( Tt) %wA,cos(2Tt) %A,cos(3Tt) (31)

wher e:
y = tidal el evation above or bel ow the nodel datum m
A = regression coefficients, m
T = 2B/tidal period, hr

—
I

time, hr

27
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Figure 13 Definition sketch of downstream boundary.
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If the regression coefficients A are known, they can be
specified instead of the height versus tine data. All seven of
the coefficients nust be specified in the above order. The
average tidal function is repeated throughout the sinmulation.

|f data are available, variable tidal patterns nay be
si mul ated by specifying the high and | ow tidal heights versus

time for nultiple tidal cycles. |In this case, the subroutine
RUNKUT will interpolate with a sinusoidal curve between the data
points. If sinulation extends beyond the specified tidal cycles,

the sequence will repeat. To insure proper repetition, an odd
nunber of data points nust be specified with the |ast data point
equal to the first.

1.5.5 Wnd Paraneters

The input paranmeters associated with wi nd accel eration are
wi nd speed, wind direction, channel orientation, and channel
hydraulic radius. The last two were di scussed as channel
paranmeters. A definition sketch was provided in Figure 11 and 4.

W nd speed (nfsec) and direction (degrees fromtrue north)

29



are neasured at a point 10 neters above the water surface. This
wind is to be representative for the entire water body. Val ues
of wind speed and direction can vary with tinme. Piecew se |inear
functions of wind speed and direction versus tinme are specified
(simlar to Figure 12 for flow). |If the sinulation extends
beyond the | ast specified wind, the piecewi se |inear functions
are repeated.

1.6 APPLI CATION OF THE MODEL

A great deal of flexibility is allowed in laying out the
network of interconnected channels and junctions that represent a
system but there are several guidelines for making the best
representation. First, both hydraulic and quality factors should
be consi dered when sel ecting boundary conditions. ldeally, the
downst ream boundary should extend to a fl ow gage, a dam or the
ocean. The upstream boundary should extend to or beyond the
limts of any backwater or tidal effects on the inflow ng
streans. Such a network elimnates problens associated with
dynam ¢ boundary conditions, such as changing salinity or other
qual ity conditions, which could be present if an inland point
were chosen for the seaward boundary. Oher considerations
i nfl uenci ng boundary | ocations and the size of network el enents
include the location of specific points where quality predictions
are required, the location of existing or planned sanpling
stations (and the availability of data for verification), the
degree of network detail desired, and the conputer tine avail able
for sol ution.

I n nost applications of DYNHYD5, Manning's roughness
coefficient (n) will be the primary calibration paranmeter. The
val ue of n can be highly variable, depending on such factors as
bed roughness, vegetation, channel irregularities in
cross-section or shape, obstructions, and depth. Values of n can
potentially vary fromless than 0.01 to greater than 0.08. For
the larger rivers, reservoirs, and estuaries to which DYNHYD5 can
be applied, however, values will usually fall between 0.01 and
0.04. Deeper, straighter reaches have | ower roughness
coefficients. 1In general, the value of n increases upstream as
channel s becone nore constricted and shal | ow

When cal i brating DYNHYD5, changing the value of n in one
channel affects both upstream and downstream channel s.
| ncreasi ng n causes nore energy to be dissipated in that channel.
As a result, the height of a tidal or flood wave w || decrease
and the tinme of travel through the channel wll increase.
Lowering n decreases the resistance to flow, resulting in a
hi gher tidal or flood wave and a shorter tinme of travel.
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1.7 LINKAGE TO WASP5

The hydrodynam c results generated by a DYNHYD5 sinul ation
can be stored for use by WASP5 water quality sinulations using an
external formatted file containing segnent volunes at the
begi nning of each tinme step and average segnent interfacial flows
during each tine step. WASP5 uses the interfacial flows to
cal cul ate mass transport and the volunes to cal cul ate constituent
concentrations. Segnent depths and velocities may al so be
contained in the hydrodynamc file for use in calculating
reaeration and volatilization rates.

When |inking DYNHYD5 to WASP5, both the networks and the
time steps nust be conpatible (though not identical). This
I i nkage is acconplished through an external file chosen by the
user at sinmulation tinme. The first step in the hydrodynam c
I inkage is to devel op a hydrodynam c cal cul ati onal network that
is conpatible with the WASP5 network. An exanple is given in
Figure 14. Note that each WASP5 segnent corresponds exactly to a
hydr odynam c vol une el enent, or node. Each WASP5 segnent
interface corresponds exactly to a hydrodynam c |ink, denoted in
the figure with a connecting |ine.

31



Link-Node
Hydrodynamic
Network

_{ 1 —

7

WASP5
Network

Network Mapping
Hydrodynamic WASP4
Volume Elements Segments
1 0
2 1
3 2
4 3
5 4
6 5
7 6
8 7
9 0
10 8
1 0

Figure 14 Link-node hydrodynam c |i nkage.
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To link with WASP5 the user nust specify whi ch DYNHYD5
junctions wll be linked to WASP5 segnents. It is no |onger
necessary to link junctions and segnents one to one; the user has
the capability of linking a section of the hydrodynam c
simulation. It is inmportant to insure the "w ndowed" section is
contiguous. Wen |inking boundary junctions to WASP5 they are
desi gnated as 0 segnent (the WASP convention for boundaries).

You nust provide the |inkage map for WASP5 in the DYNHYD5
dat aset .

WASP5 may have additional segnents not represented by
junctions. For exanple, WASP5 benthic segnents wll have no
correspondi ng junctions. Junction nunbering need not correspond
to segnment nunbering. Junction to segnent mapping is specified
in the DYNHYD5 i nput data set. The WASP5 tine step nust be an
even nultiple of the DYNHYD5 time step. The ratio of tine steps
must be specified in the DYNHYDS i nput data set as paraneter
NCDYN. Typical ratios are between 6 and 30. DYNHYD5 averages
each channel flow over NODYN hydrodynam c tinme steps, and stores
this average value for use at the correspondi ng WASP5 segnent
interface. DYNHYD5 stores each junction volune at the end of
NODYN tinme steps for use at the correspondi ng WASP5 segnent .

Thi s averagi ng and storage process continues for the entire
hydrodynam c¢ simulation. WASP5 will use these flows and vol unes,
repeating the sequence if the water quality simulation is |onger
than the hydrodynam c sinmulation. |f the volunmes of the segnents
differ by nore then 5% fromthe beginning to the end of the
hydrodynam ¢ summary file, the WASP5 sinulation will not continue
beyond t he hydrodynam ¢ sinul ati on.

It is inportant to note that the hydrodynam c nodel has
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addi ti onal nodes outside of the WASP5 network. These additional
nodes correspond to WASP5 boundari es, denoted by nom nal segnent
nunmber "0." These extra hydrodynam c nodes are necessary because
while flows are calculated only within the hydrodynam c network,
WASP5 requires boundary flows fromoutside its network.

To i npl enent the hydrodynam c |inkage, the user nust specify
flowoption 3 in the input dataset. |[If IQOPT is set to 3, a nenu
of previously prepared hydrodynamc files (*.HYD) is presented.
Foll owi ng the choice of a proper file, the sinmulation tinme step
will be reset by the hydrodynamc file. The time steps read in
Data G oup Awll be ignored. Simlarly, water colum segnent
volumes will be read fromthe hydrodynamc file. The user nust
neverthel ess enter a tinme step and volunes for each segnent in
the usual |ocation. During the sinulation, flows and vol unes are
read every time step.

The contents and format of the hydrodynamc file are
detailed in Part B, The WASP5 | nput Dataset, Section 5. 2.
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CHAPTER 2
THE DYNHYDS5 | NPUT DATASET
2.1 | NTRODUCTI ON
This section describes the input required to run the DYNHYDS5
hydrodynam cs program This information is provided to the user
who el ects not to use the preprocessor program PREDYN. PREDYN
allows you to create/nodify datasets with relative ease and has
conplete online help. The user should be cautioned about
potential changes to the dataset or manual that may acconpany
versi on updates of the software. The printed manual may becone
dat ed as enhancenents are nmade or errors are identified and
corrected. Please downl oad the | atest manual acconpanying the
current version of DYNHYDS5.

To arrange the input into a logical format, DYNHYD5 data are
divided into 12 groups, A through L

A - Si mul ation Contro
- Printout Control

- Hydraul i c Summary
- Junction Data
Channel Data

- I nfl ow Dat a

- Seawar d Boundary Data

T @& T m O O W

- W nd Dat a

I - Preci pi tati on/ Evaporati on Data

J - Vari abl e Junction Ceonetry Data
K - Vari abl e Channel Geonetry Data
L - WASP5 Junction to Segnent Map

The following is a brief explanation of each data group.

Data G oup A consists of prelimnary data, such as network
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paraneters (nunber of channels, nunber of junctions), sinulation
time step, and the begi nning and endi ng day of simnulation.

Data G oup B allows the user to specify printing options.

Data G oup Cis responsible for the storage of flows and
volumes. The stored file created by this data group can be used
as an input data set for the water quality nodel.

Data Group D describes the nodel network and initial
conditions at each junction.

Data Group E describes the nodel network and initial
conditi ons at each channel.

Data G oup F lists all inflows into the nodel system Flows
may be constant or variable. Inflows are considered to be
negative, and outflows are positive.

Data G oup G describes the seaward boundaries. The maxi num
nunber of seaward boundaries has been set to five, but can be
respecified by the user. There are two types of tidal inputs:
average tide, and variable tide. The average tide is a snooth,
repetitive curve that fits the equation

Head * A, % A,sin(Tt) A;sin(2Tt) A,sin(3Tt) (32)

A.cos(Tt) Ajcos(2Tt) A,cos(3Tt) (33)

The variable tide is a half sine wave that has highs and | ows as
specified by the data set.

Data G oup G has three options for defining the tidal cycle.
Option 1, the user specifies the coefficients in equation 32 for
an average tide. Option 2, the user specifies data and the nodel
cal cul ates the coefficients in equation 32 which define the
average tide. Option 3, the user specifies the highs and | ows of
a variable tide and the nodel fits a half sine curve through the
poi nt s.

Data G oup Hlists wind speeds and directions.

Data Goup | lists precipitation and evaporation into or out
of designated junctions.
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Data Goup J gives the variation in surface area with
changes in head for designated junctions. The default is zero,
or constant surface area.

Data G oup K gives the variation in width with changes in
head for designated channels. The default is zero, or constant
channel wi dth.

Data Goup L gives information mappi ng the DYNHYD nodel
network onto a WASP nodel network. This information is read only
if a hydraulic summary file is being prepared (as specified in
Data G oup CO).

2.2 DATA CGROUP A:  SI MJULATI ON CONTRCL

Record 1--Title of Simulation (A80)

ALPHA(J) = al phanunmeric characters to identify the
system date and run nunber. (20A4)

Record 2--Description of Sinulation (A80)

ALPHA(J) = al phanunmeric characters to identify the
system date and run nunber. (20A4)

Record 3--Data Group ldentification (A80)

HEADER = al phanunmeric characters to identify the data
group, " PROGRAM CONTROL DATA." (20A4)

Record 4--Sinul ati on Control Data
(315, F5.0, 15, F5.0, F3.0 F2.0, F5.0, F3.0 F2.0)

NJ = nunmber of junctions in the nodel network.
(15)

NC = nunber of channels in the nodel network. (I15)

NCYC = total nunber of tinme steps for execution
(nunber of cycles). |If equal to zero, the
nodel w Il conmpute NCYC internally (cycles).
(15)

DELT = tinme interval used in execution (sec). Note

that it is inportant that the tine step neet
the Courant condition, that is, it should be
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| ess than the shortest channel |ength divided
by the wave celerity (see equation 29 in
section 1.5.2 above). (F5.0)

| CRD = file containing the initial conditions for
junctions and channels. |If equal to O or 5,
data set is read. |If equal to 8, a file 8,
previously created by subroutine RESTART, is
read. (I15)

ZDAY = begi nning day of sinulation (day). (F5.0)

ZHR = begi nning hour of simulation (hr). (F3.0)

M N = begi nning mnute of simulation (mn). (F2.0)

EDAY = endi ng day of sinulation (day). (F5.0)

EHR = endi ng hour of simulation (hr). (F3.0)

EM N = ending mnute of sinmulation (mn). (F2.0)

ALPHA( 1), ALPHA(2), and HEADER assist the user in
mai ntaining a log of conputer sinulations, but are not actually
used by the DYNHYD5 program

Each record in Data G oup Ais input once; therefore, Data
G oup A consists of 4 lines of data. Data Goup B starts on the
5th line (no blank l|ine).

2.3 DATA GROUP B: PRI NTOUT CONTRCOL

Record 1--Data Group ldentification (20A4)

HEADER = al phanunmeric characters to identify the data
group, " PRI NTOUT CONTROL DATA. " (20A4)

Record 2--CQutput Control Information (2F10.0, 15)

FPRI NT = time for printout to begin (hr). (F10.0)
Pl NTVL = tinme interval between printouts (hr). (F10.0)
NOPRT = nunber of junctions for which printouts

(results) are desired, can be 1 through NJ.

(15)
Record 3--List of Junctions (1515)
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JPRT( 1) = junction nunber for results to be printed.

(15)
There will be NOPRT entries in Record 3 (I = 1 to NOPRT).

Records 1 and 2 are entered once. Record 3 may contain
several |ines depending upon NOPRT. One line nay contain up to
16 entries. Therefore, if NOPRT is equal to 1-16, then Record 3
will consist of 1 line. |If NOPRT is equal to 17-32, then Record
3 wll consist of 2 lines, etc. The total nunber of l|ines for
Data Goup B equals 2 + (1 + INT((NOPRT-1)/16))).

2.4 DATA GROUP C. HYDRAULI C SUMVARY

Record 1--Data Group ldentification (20A4)

HEADER = al phanumeric characters to identify the data
group "Summary Control Data." (A4)

Record 2--Summary Control Data (15, F5.0, F3.0, F2.0, 2F5.0)

SUMRY = opti on nunber that controls how the
hydrodynam c scratch file (file 2) is
processed to create a pernmanent sunmary file
(file 4) for the water quality nodel to read.
| f equal to zero, then no sunmary file wll
be created. |If equal to 1, a formatted file
wll be created. (I15)

TDAY = day to begin storing paraneters to file
(day). (5.0)

THR = hour to begin storing paraneters to file
(hr). (F3.0)

TM N = mnute to begin storing paraneters to file

(min). (F2.0)

DTDUMP = time interval for storing internediate
results in scratch file; usually 12.5, 24.0,
or 25.0 hours (hr). (F5.0)

NCDYN = nunber of hydraulic time steps per quality
tinme steps desired. (F5.0)

| NTSCR = frequency with which to store hydraulic data
on scratch file, nmeasured in hydraulic tine
steps. (f5.0)
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Records 1 and 2 are entered once. Therefore, Data Goup C
consists of two |ines.

2.5 DATA GROUP D: JUNCTI ON DATA

Record 1--Data Group ldentification (20A4)

HEADER = al phanunmeric characters to identify the data
group, "JUNCTI ON DATA." (20A4)

Record 2-- Junction Data (15, 3F10.0, 615)

JJ = junction nunber. (15)

Y(J) initial head (or surface elevation) in
reference to a horizontal nodel datum at

junction JJ (m. (F10.0)

SURF( J) = surface area at junction JJ (nf). (F10.0)
BELEV(J) = bottom el evati on above (or bel ow) the
hori zontal datum plane (usually taken to be
mean sea level)(m. (F10.0)
NCHAN( J, 1) = channel nunber entering junction JJ. Maxi mum

nunber of channels entering any one junction
issix (I =1-6). Start list with | owest
channel nunber. (15)

Record 1 is entered once in Data Goup D. Record 2 is
entered NJ tinmes (NJ = nunber of junctions). One line is used
for each junction. Therefore, Data G oup D consists of 1 + NJ
l'ines.

2.6 DATA GROUP E: CHANNEL DATA

Record 1--Data Group ldentification (20A4)

HEADER = al phanumeric characters to identify the data
group, "CHANNEL DATA." (20A4)

Record 2-- Channel Data (15, 6F10.0, 215)

NN = channel nunber. (15)

CLEN( N)

| ength of channel NN (m). (F10.0)

40



B(N) = wi dth of channel NN (m. (F10.0)

R(N) = hydraul i c radius or depth of channel NN (m.
(F10.0)
CDI R(N) = channel direction, or angle in degrees

measured fromtrue north. The channel
direction points in the direction of positive
flow, fromthe higher junction nunber to the
| ower junction nunber (degrees).(F10.0)

CN(N) = Manni ng roughness coefficient for channel NN
(sec. m¥% . Ranges fromO0.01 to 0.08.
(F10.0)

V('N) = the initial nmean velocity in channel NN,

m sec. (F10.0)

NJUNC( N, 1) = t he connecting junction at the | ower end of
channel NN. (I5)

NJUNC( N, 2) t he connecting junction at the higher end of

channel NN. (I15)
A channel may only connect two junctions. Therefore, only
NJUNC(N, 1) and NJUNC(N, 2) exi sts.
Record 1 is entered only once in Data Goup EE Record 2 is
entered NC tinmes (NC = nunber of channels). One line is used for
each channel. Therefore, Data G oup E consists of 1 + NC |ines.

2.7 DATA GROUP F: | NFLOW DATA

Record 1--Data Group ldentification (20A4)

HEADER = al phanumeric characters to identify the data
group and type of inflows, "CONSTANT | NFLOW
DATA. " (20A4)

Record 2--Constant | nflow Nunber (15)

NCFLOW = t he nunber of constant inflows that will be
read. (I15)

| f NCFLOW= 0, skip to Record 4.

Record 3--Constant Inflow Data (110, F10.0)
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JRCF(1)

junction that will be receiving the foll ow ng
inflow (I10)

the value of the constant inflowinto
junction JRCF(I) (m¥/sec). Value will be
negative for inflow, positive for outflow
(F10.0)

CFLOW( 1)

Record 4--Data Group ldentification 20A4)

HEADER = al phanuneric characters to identify the type
of inflows, "VARI ABLE | NFLOW DATA." (20A4)

Record 5--Variable Inflow Nunber (15)

NVFLOW = the nunber of variable inflows that will be
read. (I15)

If NVFLOW= 0, skip to Data G oup G
Records 6 and 7 are repeated as a unit NVFLOWti nes.

Record 6--Variable Inflow Breaks (2110)

JRVF(1) = junction that will be receiving the foll ow ng
variable inflows. (110)
NIENCR(I) = nunber of data points (breaks) for variable

inflowinto junction JRVF(l). (I110)

Record 7--Variable Inflow Data (4(F5.0, F3.0, F2.0, F10.0))

DAY( K) = day of VFLOWI,K) (day). (F5.0)
HR( K) = hour of VFLONI,K) (hr). (F3.0)
M N( K) = m nute of VFLONI,K) (min). (F2.0)
VFLOW |, K) = val ue of the variable flow corresponding to

DAY(K), HR(K), and M N(K) (nB/sec). Value
wi |l be negative for inflow, positive for
outflow. (F10.0)

Records 1 and 2 are entered once in Data G oup F. Record 3
is entered NCFLOWtines with one junction nunber and one flow per
line. Records 4 and 5 are entered once in Data G oup F. Record
6 is entered NVFLOWVtines, but not consecutively. Record 6
shoul d be entered (one junction, one nunber of breaks), then
Record 7 with 4 flows per line until NINCR(lI) flows have been
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entered. Then Record 6 entered again followed by Record 7. The
nunber of lines for Data Goup Fis equal to

4 + NCFLOW + NVFLOW (1 + | NT((NOPRT-1)/16))

2.8 DATA GROUP G SEAWARD BOUNDARY DATA

Record 1--Data Group ldentification (20A4)

HEADER = al phanunmeric characters to identify the data
group, "SEAWARD BOUNDARY DATA. " (20A4)

Record 2--Seaward Boundary Nunber (15)

NSEA = nunber of seaward boundari es on nobde
network. (15)

If NSEA = 0, skip to Data G oup H.

Record 3--Seaward Boundary Paraneters (415, 4F5.0)

SEACPT = Seaward boundary input option (15): 1
i nput regression coefficients for single
tidal cycle; 2: input height versus tine for
single tidal cycle; 3: enter high and | ow
tidal heights versus time for nultiple tida

cycles. (15)
JJ = junction nunber receiving the tidal input.
(15)

NDATA nunber of data points (or breaks) used to

describe the seaward tide (15).

(I'f SEACPT = 2, height versus tinme data for a single tida
cycle will be fit to the followi ng regression:

Head = Al(J,1) + A2(J,2) sin(ot) + A3(J,3) sin(2ot)
+ A4(J,4) sin(3ot) + A5(J,5) cos(ot) +
A6(J, 6) cos(2ot) + A7(J,7) cos(3ot)

| f SEOPT = 3, tidal highs and lows will be fit to half sine
curves.)

MAXI T

maxi mum nunber of iterations allowed to
cal cul ate average tide. (15)
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MAXRES = maxi mum error allowed in cal cul ati on of
average tide (calculates coefficients to
describe tidal cycle). (F5.0)

TSHI FT = allows tidal cycle to be shifted on the tine
scale. Therefore, if all data have been
entered and error of 6.5 hours has been made
intine scale, one can enter 6.5 for TSH FT
(hr). Usually equal to zero. (F5.0)

PSHI FT = allows tidal cycle to be shifted on the phase
angle scale (radians). Usually equal to
zero. (F5.0)

YSCALE = scal e factor for observed heads (F5.0):
B(HEAD) = B(HEAD) * YSCALE

| f SEAOPT = 1, use Records 4.1 and 5.1 => coefficients for
average tide are given

| f SEAOPT = 2, use Records 4.2 and 5.2 => cal cul ates
coefficients for average tide.

| f SEAOPT = 3, use Record 4.3 => variable tide is
cal cul at ed.

SEAOPT = 1:
Record 4.1--Tidal Paraneters (2F10.0)

PERI OD( J)
TSTART(J) = starting tinme for tidal input (hr). (F10.0)

tidal period (hr). (F10.0)

Record 5.1--Coefficients (7F10.0)

Al(J,1) = 1st Coefficient. (F10.0)
Al(J, 2) = 2nd Coefficient. (F10.0)
Al(J, 3) = 3rd Coefficient. (F10.0)
Al(J, 4) = 4t h Coefficient. (F10.0)
Al(J, 5) = 5th Coefficient. (F10.0)
Al(J, 6) = 6th Coefficient. (F10.0)
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AL(J, 7)

7th Coefficient. (F10.0)

These coefficients describe the curve with the foll ow ng
equat i on:

Head = A1(J,1) + A2(J,2) sin(ot)
A3(J, 3) sin(2ot)
A4(J,4) sin(3ot)
A5(J,5) cos(ot)
A6(J, 6) cos(2ot)
A7(J,7) cos(3ot)

+ 4+ + + +

This conpletes data for SEAOPT = 1; go to Data G oup H

SEACPT = 2:

Record 4.2--Tidal Paraneters (2F10.0)

PERI OD(J) = tidal period (hr). (F10.0)

TSTART(J) starting tinme for tidal input (hr). (F10.0)

Record 5.2--Tidal Data (4(F5.0, 1XF20, F2.0, F10.0))

DAY(1) = day corresponding to BHEAD(I) (day). (F5.0)
HR( 1) = hour corresponding to BHEAD(I) (hr). (F2.0)
M N(I) = m nute corresponding to BHEAD(1) (mn) (F2.0)
BHEAD(I) = tidal elevation (head) at tinme DAY(l), HR(Il),

and MN(1) (n). (F10.0)

This conpl etes data for SEAOPT = 2; go to Data G oup H

SEACPT = 3:

Record 4.3--Tidal Data (4(F5.0, 1XF20, F2.0, F10.0))

DAY(1) = day corresponding to BHEAD(I1) (day). (F5.0)
HR(1) = hour corresponding to BHEAD(1) (hr). (F2.0)
M N(I) = m nute corresponding to BHEAD(1) (mn) (F2.0)
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BHEAD(1) = tidal elevation (head) at tinme DAY(l), HR(I),
and MN(I') (m. (F10.0)

This conpl etes data for SEAOPT = 3; go to Data G oup H

As di scussed above, three options for describing the tidal
cycle exists: 1) give coefficients for average tide, 2)
cal cul ate coefficients for average tide, or 3) give highs and
|lows for variable tide. For all three options, records 1, 2, and
3 are entered once. For Option 1, Records 4.1 and 4.2 are
entered once. For Option 2, Record 4.2 is entered once, and
Record 5.2 is entered as many tinmes as needed with 4 tidal
el evations on each line. For Option 3, Record 4.3 is entered as
many tines as needed with 4 tidal elevations on each line.

2.9 DATA GROUP H W ND DATA

Record 1--Data Group ldentification (20A4)

HEADER = al phanumeric characters to identify the data
group, "WND DATA." (20A4)

Record 2--Wnd Data Nunber (15)

NOBSW = nunber of w nd data points (or breaks).
If NOBSW= 0, skip to Data Goup |I.

Record 3--Wnd Data (4(F5.0, 1X, F2.0, F2.0, 2F5.0))

DAY( K) = day corresponding to the follow ng w nd speed
and wind direction (day). (F5.0)

HR( K) = hour corresponding to the follow ng w nd
speed and wind direction (hr). (F2.0)

M N( K) = m nute corresponding to the follow ng w nd
speed and wind direction (mn). (F2.0)

W NDS(K) = w nd speed neasured at a di stance of 10
nmeters above the water system (nifsec).
(F5.0)

WDI R( K) = wi nd direction neasured at a distance of 10

nmeters above the water system Mist be
measured from True North (degrees). (F5.0)

46



Records 1 and 2 are entered once for Data Goup H Record 3
is entered as many tinmes as needed with 4 wind speeds on each
line. The total nunber of lines in Data G oup His equal to 2 +
(1 + INT((NOBSW1)/4).

2.10 DATA GROUP |: PRECI PI TATI OV EVAPORATI ON | NPUT

Record 1 -- Data G oup ldentification Header (A80)

HEADER = al phanunmeric characters to identify the data
group, "PRECI Pl TATI ON EVAPCRATI ON DATA. "
(20A4)
Record 2 -- Input Data description (15, 2F10.0)
NOEVA = Nunmber of Precipitation Data Points (I5)
SCALE = Scal e Factor (F10.0)

CONVE = Units Conversion Factor (F10.0)
If NCEVA = 0, skip to Data G oup J.

Record 3 -- Precipitati on/ Evaporation Ti ne Function
(4(F5.0,1X, 2F2.0, F10.0))

DAY( K) = Day corresponding to rainfall event

HR( K) = Hour corresponding to rainfall event

M N( K) = M nute corresponding to rainfall event
EVAP( K) = Preci pitation/ Evaporation Rate (M SEC) for

correspondi ng DAY(K), HR(K), M N(K). If
rainfall units are cmday or cmyear the
conversion factors are 1.157E-7 and 3. 17E- 10.
NOTE: Precipitation is positive, evaporation
IS negative.

K =1 to NCEVA

Record 1 and 2 are entered once. For record 3, four sets of
data can be entered per line. |If NCEVA = 0, skip to segnent

mappi ng.
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2.11 DATA GROUP J: JUNCTI ON GEQVETRY | NPUT DATA

Record 1 -- Data Goup ldentification (A80)
HEADER = al phanunmeric characters to identify the data
group, "VARI ABLE JUNCTI ON GEOVETRY DATA. "
(20A4)
Record 2 -- Nunber of junctions with Variable Surface Area (15)
[J = Nunmber of Junctions with variabl e surface

areas. (I15)

If I1J =0, skip to Data G oup K

Record 3 -- Junction Geonetry Data (JJ,SAN(JJ)) (15, F10.0)
JJ = Junction Nunber (I5)
SAN (JJ) = Rati o of change in surface area with respect

to surface el evation (F10.0)

Record 1 and 2 are entered once. Record 3 is entered 1J
times.

2.12 DATA GROUP K CHANNEL GEQVETRY | NPUT DATA

Record 1 -- Data Goup Ildentification (A80)
HEADER = al phanunmeric characters to identify the data
group, "VARI ABLE CHANNEL GEOVETRY DATA."
(20A4)
Record 2 -- Nunber of Channels with Variable Wdth (I5)
| C = Nunber of Channels with variable width. (15)

If IC =0, skip to Data G oup L.

Record 3 -- Channel GCeonetry Data (15, F10.0)
| CC = Channel Nunber (15)
SLOPE (1 CO) = Rati o of change in channel width with respect

to change in HEAD (F10.0). Note: A value of
zero inplies a rectangul ar channel.

Record 1 and 2 are entered once. Record 3 is entered |ICC
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tinmes.

2.13 DATA GROUP L: DYNHYD JUNCTI ON TO WASP SEGVENT NAP

Record 1 -- Data G oup ldentification Header (A80)

HEADER = al phanunmeric characters to identify the data
group, "JUNCTI ON TO SEGVENT MAP." (20A4)

Record 2 -- DYNHYD to WASP Li nkage Options (215)

HDEPVEL = Switch controlling the witing of information
to the interfacial hydrodynamc file for
WASP (15):
O -- DYNHYD wll wite tinme variant segnent

vel ocities and depths for WASP.

1 -- DYNHYDwill wite one set of segnent
velocities and depths for WASP to read.
Note: This option should be used in
situations where depth and velocity are NOT
changi ng radically.

NPAI R = Number of DYNHYD junctions to nap to WASP5
segnent network. (15)

Record 3 -- DYNHYD Junction to WASP Segnent Map (215)
JUNSEGEJ) = Junction nunber to map out for WASP i nput.
(15)
WASPSEG(J) = WASP segnent to recieve the flow data from
JUNSEG. (15)

This option allows the user to map portions of the DYNHYD out put
for WASP.
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2.14 DYNHYD5 Qut put

DYNHYD5 si mul ati ons produce several files that may be
exam ned by the user.
data set with a unique extension - *.DDF, *.QUT, *.HYD, and *.RST
(where * is the nane of the input data set).

These files use the file nanme of the input

The DDF file contains 17 display variables for each channel

at each print

i nterval

t hroughout the sinulation. These

vari ables are defined in Table 1. To exam ne these variables in

gr aphi cal
post processor.

or tabular form

the user may run the WASP5

TABLE 1 DYNHYD5 DI SPLAY VARI ABLES
Nunber Vari abl e Definition
1 Q Channel Flow, cns
2 \% Channel Velocity, nisec
3 Y(1) Upstream Juncti on Head, m
4 Y(2) Downstream Junction Head, m
5 CN Manni ngs Coeffi ci ent
6 DGl Upstream Depth, m
7 D2 Downstream Dept h, m
8 FLONA 1) Upstream Fl ow, cns
9 FLONA 2) Downstream Fl ow, cns
10 QDI R(1) Upstream Fl ow Di rection
11 QI R(2) Downstream Fl ow Di recti on
12 VELOCH 1) Upstream Vel ocity, nfsec
13 VELOCH 2) Downstream Vel ocity, nfsec
14 MOM Channel Monent um
15 FRI C Channel Friction
16 CRAV Channel G avity
17 W N W nd on Channel, nisec

The QUT file contains a record of the input data along with

any sinulation error

messages that may have been generated. A

printed record of user-selected junction and channel volunmes and
interval s throughout the sinulation is provided.

flows at print

The HYD fil e contains averaged hydrodynam c vari abl es for
use in future WASP5 sinul ations. These include basic network and
inflow information; junction volumes (n?¥), flows (n¥/ sec), depths

(m, and velocities (nfsec);
fileis in ASC I

f or mat .

and channel flows (n¥/ sec). This

The RST file contains a snapshot of junction volunes and

channel

flows at the conclusion of the simulation. This file may

be read by DYNHYD5 to continue a series of sinulations.
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