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Nomenclature

A cross-sectional area
Ao gate opening area
B pump curve coefficient
C pump curve coefficient
Cc coefficient of flow contraction
Cd valve or gate discharge coefficient
Cdf free-flow coefficient of discharge
Cds submerged-flow coefficient of discharge
Ce rectangular-weir discharge coefficient
Cf free-flow coefficient
Cme units conversion coefficient (Manning equation)
Co hydraulic-seal coefficient
Cv hydraulic head loss coefficient (pumps)
d inside diameter
D hydraulic drag term, equal to SfA

DS downstream
E modulus of elasticity
f pipe hydraulic head-loss factor (Darcy-Weisbach)
g ratio of weight-to-mass (9.81 m/s2)

Go gate opening
Gr gate leaf radius
Gw gate width
h water depth (hu = upstream; hd = downstream)
h̄ vertical distance from channel bed to area centroid
hc vertical distance from area centroid to water surface
he effective head (weirs)
hf hydraulic head loss
hv valve hydraulic head loss
hz static lift (pumps)
H reservoir geometry variable
K bulk modulus; minor loss coefficient
Kh V-notch-weir head adjustment factor
KL rectangular-weir length adjustment
Ks submerged-flow coefficient (weirs)
L reach length; weir crest length; pipe length
Le effective weir-crest length
m inverse side slope
mc inverse side slope in the sill section of a BCW
M momentum function
nf free-flow exponent
P pressure; upstream weir crest height
Q flow rate, or discharge
Qp pump flow rate
rg gate diameter (round gate)
ro gate opening diameter (round gate)
R hydraulic radius
Re Reynolds number
S submergence (hd/hu)
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Sf hydraulic loss gradient
So longitudinal bed slope
t elapsed time
T water surface width; water temperature

TDH total dynamic head
US upstream
V average cross-sectional velocity
V volume
w side-slope length
W throat width
Wp wetted perimeter
x distance
y weir crest-referenced depth
z crest or sill height

α, β, ξ various calibration parameters
χ transitional-flow-range parameter

∆Ed reach drop
∆Es upstream invert drop

∆h hydraulic head differential
ε roughness height

Ωo free-submerged orifice threshold
ρ water density
θ V-notch-weir angle
ν kinematic viscosity

Note: Each chapter begins on an odd-numbered page, so the last page of some chapters is blank.
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V.13. Parshall Flume

You do not need to enter any calibration data for Parshall flumes because each of the standard sizes has

accompanying parameters to define the hydraulic behavior for both free and submerged flow. These

parameters include the transition submergence, St, which is the threshold ratio of hd/hu at which

the regime changes from free to submerged, and vice versa. The transition submergence assumes no

hysteresis effects, but in practice this is not usually an issue since most flumes operate under either free

or submerged flow, only rarely changing from one regime to the other. The photo below is of a Parshall

flume with stilling wells and upstream depth recorder in Taiwan.

Parshall flumes are designed for flow measurement in open channels, but they can be applied as boundary

conditions in the app because (as measurement structures) they have well-defined relationships between

depth(s) and flow rate. This type of structure only operates under non-orifice flow regimes: free

non-orifice (fn) or submerged non-orifice (sn). The respective relationships among water depths and

discharge are:

Qfn = CfW (hu + ∆Es)
nf (V.51)

which is similar to the free-flow equation for weirs; and,

Qsn =
CsW (hu + ∆Ed − hd)nf

(−C2 − log10 S)
ns

(V.52)

where W is the throat width, unique for each standard flume size, and the narrowest part of the

rectangular lateral constriction in the flume; S = hd/hu; and, ∆Es and ∆Ed have the same units as hu
and hd (m or ft).

The value of ∆Es is usually less than or equal to zero, meaning that the floor of the flume is at or

above the upstream channel invert elevation. However, ∆Ed is usually greater than or equal to zero,

especially for flow measurement flumes like the Parshall.
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These are the Parshall flume calibration parameters in English units, for water depths in feet and

discharge in cubic feet per second:

W (ft) Cf Cs C2 nf ns St

1.00 4.000 3.110 0.0044 1.520 1.080 0.620
1.50 4.000 2.947 0.0044 1.540 1.115 0.640
2.00 4.000 2.970 0.0044 1.550 1.140 0.660
2.50 4.000 2.888 0.0044 1.555 1.150 0.670
3.00 4.000 2.867 0.0044 1.560 1.160 0.680
4.00 4.000 2.775 0.0044 1.570 1.185 0.700
5.00 4.000 2.710 0.0044 1.580 1.205 0.720
6.00 4.000 2.642 0.0044 1.590 1.230 0.740
7.00 4.000 2.593 0.0044 1.600 1.250 0.760
8.00 4.000 2.550 0.0044 1.600 1.260 0.780

10.00 4.013 2.479 0.0044 1.590 1.275 0.800
12.00 3.958 2.445 0.0044 1.590 1.275 0.800
15.00 3.904 2.411 0.0044 1.590 1.275 0.800
20.00 3.850 2.378 0.0044 1.590 1.275 0.800
25.00 3.818 2.358 0.0044 1.590 1.275 0.800
30.00 3.796 2.345 0.0044 1.590 1.275 0.800
40.00 3.769 2.328 0.0044 1.590 1.275 0.800
50.00 3.753 2.318 0.0044 1.590 1.275 0.800

In metric units, the calibration parameters are as follows, for water depths in meters and discharge in

cubic meters per second (transition submergence, St, exponents nf and ns, and the C2 constant are all

dimensionless, so the values do not change based on the system of units):

W (m) Cf Cs C2 nf ns St

0.305 2.261 1.758 0.0044 1.520 1.080 0.620
0.457 2.316 1.706 0.0044 1.540 1.115 0.640
0.610 2.344 1.740 0.0044 1.550 1.140 0.660
0.762 2.357 1.702 0.0044 1.555 1.150 0.670
0.914 2.372 1.700 0.0044 1.560 1.160 0.680
1.219 2.400 1.665 0.0044 1.570 1.185 0.700
1.524 2.429 1.645 0.0044 1.580 1.205 0.720
1.829 2.458 1.623 0.0044 1.590 1.230 0.740
2.134 2.487 1.612 0.0044 1.600 1.250 0.760
2.438 2.487 1.585 0.0044 1.600 1.260 0.780
3.048 2.466 1.523 0.0044 1.590 1.275 0.800
3.658 2.432 1.502 0.0044 1.590 1.275 0.800
4.572 2.399 1.482 0.0044 1.590 1.275 0.800
6.096 2.365 1.461 0.0044 1.590 1.275 0.800
7.620 2.346 1.449 0.0044 1.590 1.275 0.800
9.144 2.332 1.441 0.0044 1.590 1.275 0.800

12.192 2.315 1.430 0.0044 1.590 1.275 0.800
15.240 2.306 1.424 0.0044 1.590 1.275 0.800

As for the generic constriction, Qsn cannot be calculated for S = 0 due to a mathematical singularity; for

S = 0 the flow regime will be free non-orifice anyway. Moreover, S is undefined for hu = ∆Es, whereby

the discharge is zero because in this case the floor of the constriction coincides with the upstream water

surface elevation.
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V.14. Energy Balance

As described in Chapter IV.4.14, this boundary condition represents a non-structure location at the

downstream end of a canal reach (and the upstream end of another reach), somewhat like a uniform-flow

boundary, except in this case the specific-energy equation is applied. Any of the following can change

abruptly at an energy-balance location in the app: cross-sectional channel shape or size, longitudinal

bed slope, hydraulic roughness, or seepage loss rate. Thus, this boundary condition could involve only

a change in the roughness, for example, without any difference in the section shape or size. You can use

this boundary condition to effectively divide a single reach into multiple reaches with different roughness

values, side slopes, and others.

The energy-balance boundary condition applies only to submerged-flow, non-orifice conditions, and the

bed elevation drop at this location cannot be positive. That is, ∆Ed ≤ 0. Typically, ∆Ed = 0.

The specific energy is balanced at the boundary as follows:

(
hu + ∆Ed +

V 2
u

2g

)
−Kru

V 2
u

2g
=

(
hd +

V 2
d

2g

)
−Krd

V 2
d

2g
(V.53)

where hu and hd are the upstream and downstream water depths, respectively (m or ft); Kru and Krd

are the upstream and downstream local loss coefficients, respectively; Vu and Vd are the mean upstream

and downstream flow velocities, respectively (m/s or fps); and, ∆Ed is the drop in bed elevation (m or

ft).

Substituting Q = V A, and solving for flow rate, Q, at the boundary:

Q =

√
2g (hu + ∆Ed − hd)

(
1 +Krd

A2
d

+
Kru − 1

A2
u

)−1

(V.54)

where Au and Ad are the upstream and downstream cross-sectional areas (of water), respectively (m2

or ft2). This equation for Q defines the relationship between flow rate and upstream and downstream

water depths.

The local loss coefficient at the downstream end of the reach where this boundary condition is located is

taken as Kru in Eq. (V.54) because it is the upstream side of the boundary. Analogously, the upstream

local loss coefficient in the next downstream reach is taken as Krd. However, in practice, you would not

need to specify separate values for these two coefficients — in the typical case, you would specify one

of them and leave the other one as zero. Note also that the majority of the hydraulic head loss occurs

on the downstream side of the boundary.

This boundary condition can cause difficulties with the numerical convergence of the solution

to the system of equations during a simulation, especially when sudden changes in flow rate

or water depth occur. It is recommended to check the Simultaneous solution box in the

Preferences sheet, Options tab (Chapter I.4.1), whenever you have one or more energy-

balance boundary conditions in a system layout. This will help stabilize the solution at each

time step.
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V.15. Uniform Flow

This non-structure boundary condition is handled according to the selected equation for calculating

energy loss in each canal reach. This one is very simple to set up: there are no structure dimensions

or calibration parameters to enter because the channel cross section and reach calibration parameters

are used at uniform-flow boundaries. The choices for hydraulic energy loss (and uniform flow) are the

Manning equation or the Chézy equation.

The uniform-flow boundary condition is generally a gross idealization of the true flow conditions at

the downstream end of a reach, or at a bifurcation, because uniform flow is not usually observed

during unsteady flow conditions in open channels. Also, the app bases uniform-flow boundary condition

calculations on the upstream channel section and water depth, with no regard to the downstream depth.

Thus, it is assumed that the uniform-flow condition is satisfied at that location in the system without

performing any checks to ensure validity. This means that such boundary conditions are probably more

valid at the ends of canal branches (terminus points) than at intermediate locations in the system.

Finally, hydraulic disturbances downstream of a uniform-flow boundary condition will not be transmit-

ted upstream during a simulation, possibly causing unrealistic modeling results. This is because of the

fact that the downstream water depth does not factor into the calculations.

V.15.1. Manning Equation

The Manning equation can be used to characterize uniform-flow conditions as follows:

Q =
Cme
√
So

n

A5/3

W
2/3
p

(V.55)

where Q is the flow rate (m3/s or cfs); So is the longitudinal bed slope (m/m); n is the Manning

roughness factor; A is the upstream cross-sectional area (m2 or ft2); and, Wp is the wetted perimeter

(m or ft). The coefficient Cme is 1.0 for metric units, and 1.49 for English units. The area and wetted

perimeter are defined according to the channel cross-section geometry.

V.15.2. Chézy Equation

The Chézy equation can also be used to characterize uniform-flow conditions:

Q = CA
√
RSo (V.56)

where C is the Chézy coefficient; and, R is the hydraulic radius (m or ft), equal to cross-sectional area

divided by wetted perimeter (A/Wp). Chézy C is approximately related to Manning n as follows:

C =
R1/6

n
(V.57)

This relationship between Chézy and Manning roughness factors is approximate because it does not

account for the Reynolds number, nor the roughness height of the cross-section surface. In general,

the Chézy equation more accurately represents uniform-flow conditions, compared to the Manning

equation.
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V.16. Undefined

This boundary condition has no calibration — it is a non-structure boundary. It can be used when

a depth-discharge relationship is not needed at the upstream or downstream end of a reach. In such

cases, either the flow rate is specified, or the water depth is specified at a reach end (or at a turnout

structure), thereby eliminating the need for a separate boundary condition equation in the hydraulic

simulation. You cannot combine this boundary condition with any other structures at a reach end or

a turnout, and if you use it in a simulation, you must specify either the flow rate or water depth —

this can be done through a specified value, or through a scheduling graph (Chapter VII). Note that you

cannot specify both flow rate and water depth at any given location in an open channel — one or the

other (or both) must be calculated.

V.17. Centrifugal Pump

Centrifugal (and turbine) pumps are hydraulically defined by a characteristic curve relating total dy-

namic head, TDH, to flow rate, Qp. The pump characteristic curve is the same for a given pump design,

size, and operating speed, and is independent of the system in which the pump is placed, wear and

tear notwithstanding. On the other hand, a system curve represents the relationship between TDH and

Qp for the pumping installation, independent of the pump characteristics. That is, it depends on the

static lift, hydraulic losses, and outlet pressure, but not on the pump. The system curve is parabolic

(or approximately so), given that hydraulic losses are approximately proportional to the square of the

flow rate.

The TDH and corresponding Qp for a operating pump is referred to as the operating point. This point

must be on the pump characteristic curve and must also be on the system curve; so, the operating

point is necessarily the intersection between the two curves. The app attempts to ensure that there is

only one possible operating point for a given TDH value, whereby TDH decreases monotonically with

increasing flow rate along the pump characteristic curve; this is not always the case in practice with

commercially-available centrifugal pumps.

In the app, pumps always include a valve in the outlet pipe, but you can choose a null valve (one of the

default valve types) to simulate cases in which no valve is present. Thus, a pump is, essentially, taken

to be a compound “structure” which includes both the pump and a valve.

V.17.1. Characteristic Curve

A look-up table with user-supplied values of TDH and Qp is used to define the characteristic curve, and

the app linearly interpolates to find TDH, given Qp (or vice versa). It is assumed that the pump speed

is constant, meaning that the characteristic curve does not change shape nor position with any of the

operational conditions. However, you can edit the look-up table values during a simulation if desired.

The app requires at least three points on the curve, with a maximum of 512 points per pump. Each

point has a pair of flow rate, Qp, and TDH values.

The app automatically sorts the characteristic curve data according to flow rate. During a cross check

the app will examine the data for each pump curve and will issue warnings if the flow rate for any point

is equal to the flow rate of the previous point. A warning will also be given by the app, after sorting

the data by Qp, if the TDH increases with an increase in flow rate for any of the adjacent curve points

in the lookup table.
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V.17.2. System Curve

The system curve is defined by calculating the TDH as the sum of the static lift, pipe hydraulic losses,

valve loss, and velocity head. Thus,

TDH = hz + hf + hv +
V 2
p

2g
(V.58)

where hz is the static lift (m or ft); hf represents the pipe friction losses (m or ft); hv is the valve’s

hydraulic loss (m or ft), if any; and, V 2
p /2g is the velocity head. The static lift is defined to be the

difference in upstream and downstream water surface elevations when the pipe outlet is submerged, or

the difference in the upstream water surface elevation and the center of the outlet elevation for free

discharge. These two cases are illustrated in the figures below.

A pump with a submerged outlet pipe:

In the figures, ∆Es is the invert drop as specified for a pump in the Structures Data sheet (Section

IV). Also, in these two figures, ∆Es is negative because the pipe outlet is higher than the downstream

bed elevation, so they are the opposite of a drop. The downstream reach drop, ∆Ed, is also negative

in each of these two figures. This is the typical configuration for pump installations in canals.

Note that for pumps, ∆Es (invert drop) refers to an elevation change on the downstream side of the

structure, which is different than how ∆Es is applied for other structure types.

The pump outlet is submerged when hd + ∆Es > 0, and in these cases the static lift is:

hz = hd −∆Ed − hu (V.59)
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A pump with an unsubmerged outlet pipe:

where ∆Ed is the downstream reach ”drop,” as specified in the Reaches tab of the Reach Data sheet

(Chapter III).

The pump outlet is unsubmerged when hd + ∆Es ≤ 0, and in these cases the static lift is:

hz = −∆Es −∆Ed − hu (V.60)

where hu and hd are, of course, always non-negative.

V.17.3. Pipe Hydraulic Losses

The pipe hydraulic head loss is defined by the Darcy-Weisbach equation (Finnemore and Franzini

2002):

hf = f
L

D

V 2
p

2g
=

8fLQ2
p

π2gD5
(V.61)

where f is the (so-called) friction factor; L is the pipe length (m or ft); D is the pipe inside diameter

(m or ft); Vp is the mean flow velocity in the pipe (m/s or fps); and, Qp is the flow rate through the

pump (m3/s or cfs). You can take entrance, elbow and other localized losses into account by adding

an appropriate extension to the true pipe length. Thus, the length, L, that you enter may be greater

than the physical pipe length.

The Darcy-Weisbach friction factor, f , is defined in the app by the Swamee-Jain equation, as seen in

Eq. (III.10). Kinematic viscosity is calculated based on the specified water temperature for the reach

in which the pump is located. Also, it is assumed that there is only one pipe diameter; if there are two

or more diameters, you must figure out an equivalent length of pipe with a single diameter.
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V.17.4. Valve Hydraulic Losses

The hydraulic effect of a valve can be simulated in the pump outlet pipe. In the app, all pumps have

a valve somewhere in the outlet pipe, but you can choose a null valve type for those cases in which a

valve is not desired. Valve head loss is defined according to the valve type and percent valve opening

(Tullis 1984) as follows:

hv =
V 2
p

(
1− C2

d

)
2gC2

d

=
8Q2

p

(
1− C2

d

)
π2gD4C2

d

=
8Q2

p

π2gD4

(
1

C2
d

− 1

)
(V.62)

where hv is the hydraulic energy loss past the valve (m or ft); and, Cd is a function of the gate opening.

The value of Cd is determined by linear interpolation in tables of empirical data, given the percent

opening.

Alternatively, the app obtains the required valve opening by interpolating with a given value of Cd,

which would be determined according to a required valve head loss. This is done to simulate pump

valve automation with a given flow rate requirement (remember, the app assumes the pump speed is

constant).

For specified water levels and valve opening, the operating point is determined by the intersection of

the pump characteristic curve and the system curve. In this case, the value of Cd is determined by

direct interpolation in the valve lookup table for the known opening.

V.17.5. Defining the System Curve

The system curve can be defined as a polynomial function of TDH and Qp as follows:

TDH = hz + CvQ
2
p (V.63)

in which,

Cv =
8

π2gD4

(
fL

D
+

1− C2
d

C2
d

+ 1

)
(V.64)

where f is a function of Qp (except for fully turbulent flow), and all other values are known. Equation

(V.64) combines the head losses from Eqs. (V.61) and (V.62), plus the velocity head, divided by

Q2
p.

In using a look-up table of Qp versus TDH, a straight-line pump characteristic curve segment is defined

as:

TDH = αQp + β (V.65)

The parameters α and β are determined by fitting a straight line through two adjacent points on the

pump curve, as illustrated in the figure below. Thus, the operating point (Qp, TDH) is the intersection

between a straight-line segment of the pump curve and the parabola defining the system curve.

Note that in the following figure, the system curve begins at the origin (Qp = 0, and TDH = 0), which

is representative of a case in which there is no static lift. However, pump installations usually include

a non-zero static lift, whereby the system curve is shifted vertically upward by hz. This shifting of the

curve is taken into account in mCanal calculations by inclusion of the hz term in Eq. (V.63).
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The app tries each straight-line segment of the pump characteristic curve until the intersection falls

between the two adjacent flow rates on the pump curve, indicating a feasible operating point. If the

static lift is greater than or equal to the pump curve TDH at zero flow (the shut-off head), the app

computes a discharge of zero.

The intersection of the parabola that defines the system curve, and the straight line which passes

through two adjacent points on the pump characteristic curve, is located directly by combining Eqs.

(V.63) - (V.65):

Qp =
α+

√
α2 + 4Cv(β − hz)

2Cv
(V.66)

where the values of α and β are determined by trial-and-error to find a valid intersection between the

system curve and appropriate pump characteristic curve segment.

Once Qp is calculated from Eq. (V.66), the TDH is determined directly from Eq. (V.65). However, Cv

is a function of f , which is a function of the Reynolds number, which in turn is a function of Qp. Thus,

the calculation of Qp is necessarily iterative.

During a simulation, it is assumed that each pump is running continuously. Thus, the only

mechanism to stop the flow through a pump is to make the valve setting equal to zero, wherein

the shut-off head will be produced, corresponding to zero flow. However, flow through a pump

will also stop if the upstream water depth becomes too low, at which point the app will assume

that the pump has begun entraining too much air to continue pumping water. This occurs

when a pre-set threshold depth for pumps is encountered during a simulation, or when the calculated

depth at the upstream end of a pump goes to zero during the iterative numerical solution process at
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any given time step. If the calculated upstream water depth goes to zero, the threshold depth for which

pumping ceases will be automatically increased to the depth from the previous time step (provided that

it is greater than the current threshold depth); this is done to help avoid numerical instabilities and to

make the simulations more realistic.

V.18. Valve

Valves are used at pump outlets and as regulator structures in pipeline reaches. A valve is hydraulically

defined by a lookup table of percent valve opening versus discharge coefficient, Cd. These data are

usually taken from measurements in hydraulic laboratories, and published data exist for several valve

types and sizes. Calibrations depend not only on valve type, but on the brand and model, and in

general, on the size. In the app, multiple valve types can be defined for application in a hydraulic

simulation.

The coefficient of discharge is defined following typical hydraulic engineering convention:

Cd =
V√

2g∆h+ V 2
(V.67)

where Cd is the coefficient of discharge (dimensionless); V is average velocity (m/s or fps) at the valve

location; and, ∆h is the hydraulic head loss (m or ft), or head differential, across the valve. In the app,

the average velocity, V , is defined as:

V =
Q

Apipe
=

4Q

πD2
(V.68)

where Q is the flow rate in the pipe (m3/s or cfs) at the valve location; Apipe is the pipe cross-sectional

area (m2 or ft2), equal to πD2/4; and, D is the pipe inside diameter (m or ft). Thus, only pipes of

circular cross section are considered herein.

The value of Cd is assumed to be a function of percent valve opening. In reality, Cd can vary according

to the Reynolds number, but this effect is usually small and is not considered in the app. The value of

Cd can vary significantly with pipe diameter, types of connections or flanges, and other factors. This

is why it is important to understand the conditions in which the Cd data were measured, and the

limitations of their application.

Of course, percent valve opening can vary from 0 to 100%, whereas Cd values are restricted as fol-

lows:

0 ≤ Cd < 0 (V.69)

When Cd = 0, the flow rate is defined as zero (which is logical, and also avoids a mathematical

singularity). In fact, for all valve types and sizes, Cd must be equal to zero when the valve is completely

closed, that is, when the percent valve opening is zero. This induces the shut-off head when the valve

is at the pump outlet. The maximum Cd value can be nearly 1.0 for some valve types, but must always

be less than 1.0. Except perhaps in very unusual cases, the maximum Cd value will occur at 100% valve

opening. But the shape of the curve of Cd versus percent valve opening can vary significantly from one

valve type to another.
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Rearranging Eq. (V.67), two alternate forms can be obtained:

∆h =

(
1

C2
d

− 1

)
V 2

2g
(V.70)

and,

Q = Apipe

√√√√ 2g∆h(
1
C2

d
− 1
) (V.71)

In practice, ∆h = hf , where hf is the hydraulic head loss across the valve. It is noted that when

C2
d = 1/2:

Q = Apipe
√

2g∆h (V.72)

which is what would be obtained for ideal flow through an orifice, based on the Bernoulli equation

(Finnemore and Franzini 2002).

In the app, a centrifugal pump will have one valve at the pump outlet. A pipeline reach may have

one valve at the upstream end, with CdUS , and another valve (possibly of a different type) at the

downstream end, with CdDS . During a simulation, linear interpolation is used in the lookup tables to

determine the Cd value for a given valve type and percent opening.
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VI. Pump and Valve Calibration

As indicated in Chapter V, the calibration requirements for centrifugal pumps are much

different than those of most other structure types. Pumps and valves both use look-use

tables in the app to define their hydraulic behavior, and the data for both structure types

can be edited from the same sheet.

Note that there may be a mixture of pumps and other structure types among the turnouts

in a reach, but if any of the regulators at a location (upstream or downstream end of a

reach) are pumps, all of the regulators at that location must be pumps (otherwise an error message will

be generated).

A layout configuration file can store data for up to 128 pumps and 128 valves. The tables of calibration

data for either can have up to 512 pairs of values.

VI.1. Pump Calibrations

For pump data, click on the Pump characteristic curves button under Type of data at the upper

left of the sheet. A pump characteristic curve defines the calibration of the pump; that is, the hydraulic

behavior of the pump. This is largely analogous to the calibration of any other structure type, except

that instead of defining the relationship between water depth and flow rate, it defines how a pump’s

flow rate reacts to different total hydraulic heads, referred to as total dynamic head, or TDH, values.

Total dynamic head can be thought of as the resistance the pump faces in moving water within a piped

system, both upstream and downstream of the pump location. When the resistance is lower, the flow

rate will be higher.
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When you create one or more pump characteristic curves, pumps will appear as as one of the boundary-

condition options in the Structures Data sheet. However, there are no sample pump curves in the

default system layout, so until you define a characteristic curve, you won’t see pumps as an option for

regulators and turnouts. The figure above shows some sample characteristic curve data on the sheet,

including a graph view at the left. Note that the highest point on the curve for the example data is

for zero flow: the TDH at this point is referred to as the shut-off head, which is the TDH when the

pump is operating, but no flow is passing through it. This will be the case when the outlet valve is fully

closed.

Most centrifugal pumps develop the maximum head at or very near zero flow, meaning the shut-off

head is the highest point on the pump characteristic curve. In fact, this is usually a desirable feature

of a pump curve because it means the pump performance will be stable. The alternative is maximum

TDH at a non-zero discharge, which makes it possible to have two different operating points for the

same head.

In many practical situations, the static lift will be the majority of the total dynamic head, but pipe

hydraulic (”friction”) losses may also be significant, especially when the pipe is long and or of small

diameter. When pumping from one open-channel reach to another, and the pipe outlet is submerged,

the static lift is simply the difference in water surface elevations. You specify the relationship between

flow rate and TDH in a pump through a look-up table with pairs of Qp and TDH values. These data

are available from pump manufacturers, and sometimes from independent test facilities.

The app performs parabolic interpolations within the look-up table, so you usually will not need to

enter more than 10 to 15 data pairs to have an acceptable approximation of the pump characteristic

curve. Each pump look-up table must have at least three Qp-TDH data pairs, and the lowest Q value

must be zero (with a corresponding TDH that defines the shut-off head). TDH must not increase with

an increase in Qp.

The app automatically sorts the data by flow rate, Qp, from low to high, and eliminates any entries

with the same Qp value.

The last two rows of data points (with the largest two Qp values) will define the final straight-line

segment on a graph of TDH versus Qp, and this segment will be extrapolated beyond the point defined

by the last data pair (i.e. to an even higher Qp value) during a simulation, if necessary. Also, if the

first data pair does not have Qp = 0, the segment will be extrapolated to a flow rate of zero during a

simulation, if necessary.

VI.1.1. Entering and Editing Data

There are two sets of +/- buttons on this sheet: one is for data sets and the other is for table rows.

The name of the currently-selected pump (if any) is seen in the box just below the Pump data set list.

To create a new pump characteristic curve, enter a unique pump data set name, and then click the +

(plus) button for Data sets at the upper right . Next, type in data pairs for TDH and Qp in the table

– click on the + (plus) button (the one for Table rows) below the table to add more rows, if necessary.

Each non-blank row of the table must contain a pair of values.

To delete rows from the table, first select one or more of them, and then click the - (minus) button

below the table, or press the delete key on your keyboard. You can select multiple rows in the table,

individually with the key and in blocks with the shift key.
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The Table rows - (minus) button does not do anything unless one or more rows

in the table have been selected. You can can also click on Select all rows or

Unselect all rows from the popup menu.

To delete an entire characteristic curve, select one from the Pump data set list at

the upper right and click the - (minus) button for Data sets, above the table. The

- (minus) button is disabled if there are no pump data sets. Note that deleting

all rows of data in the table will not delete the pump curve – you must click on

the - (minus) button for Data sets to accomplish this.

You can change the name of an existing pump curve by entering a unique name

in the box below the list and clicking the change button.

VI.1.2. Writing Data to a Text File

Right-click over the graph view to see a popup menu (seen at right). It is the same list of menu

commands for both pumps and valves, from which you can copy and paste data, and read from and

write to text files. These operations are described in more detail below.

You can write the data from a pump characteristic curve look-up table to a text file, and you can input

data from text files into a look-up table. This can facilitate the transfer of data between mCanal and

other applications. For example, you might have data in a text file and you want to have the app read it

without having to retype all the values into the grid component. Or, you may wish to output a look-up

table from the app to a text file so that it can be imported into a spreadsheet application.

Right-click over the curve view and select Write data from the popup menu. The information will

be written to a file in the same folder as the simulation results data (Chapter IX.3.1) with a file name

something like this: “Pump Data (index 3).txt”. If a file with the same name in that folder already

exists, it will be overwritten, so you might want to rename the file to something more specific. The

outputted text file will look something like the sample shown in the table below when opened into a

text editor or similar app, in which the three columns of numbers are separated by commas.

mCanal: Pump Data
Layout file: /users/HSimpson/Documents/mCanal

Columns: Row, Flow rate, TDH

Pump name: Centrifugal ACME (key: 1)

1, 0.000, 10.000
2, 0.020, 9.800
3, 0.040, 9.400
4, 0.060, 8.800
5, 0.080, 7.700
6, 0.100, 6.000
7, 0.110, 4.700
8, 0.120, 3.000

End of Listing
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The index (in the text file name) and key values are internally managed by the app to keep track of

the different data sets, even if you change the pump name, add new pump data sets, or delete others.

This is because you may already be using one or more sets of pump curve data at locations within a

system layout, and so they will still be recognized by the app, regardless of the name given to the pump

data.

To write all of the pump-curve data sets (if you have more than one) to a single text file, select Write

all data from the popup menu.

VI.1.3. Reading Data from a Text File

When you read from a text file, you import data from that file into a pump characteristic curve look-up

table. Right-click over the graph view and select Read data from the popup menu. A window will

come up and allow you to select a text file from the available drives and other storage media to which

your computer has access. You can choose from files that do not have the “txt” filename extension, but

they must be plain text files.

The data in a text file for a pump look-up table must be organized into at least two columns: the left

column has the flow rates and the right column has the corresponding total dynamic head values. Thus,

each row of data should have two numeric values, separated from each other by a comma on each row.

The end of each row must have a return and or line-feed character to demarcate the end of the row and

beginning of the next one – if it looks like the table below when opened in a text editor, it will have

one or both characters at the end of each row, and that is fine.

0.000, 10.000
0.020, 9.800
0.040, 9.400
0.060, 8.800
0.080, 7.700
0.100, 6.000
0.110, 4.700
0.120, 3.000

You can also import data from a text file that was previously created from mCanal using the Write

data popup menu item. If there are more than three comma-separated values in the file, the app will

ignore all be the right-most two values – this means that you can read an outputted text file from the

app, even though the first column has row numbers (they are ignored when reading).

VI.1.4. Copying and Pasting Data Sets

If you only want to copy a look-up table from one pump to another, it is more convenient to use the

Copy and Paste commands from the popup menu. You can also use Cut if you want to move all of

the table data to another pump by subsequently pasting it, but this operation also deletes the pump

curve from which the data were cut.

Copying and pasting also works between Apple Numbers, or Microsoft Excel, and mCanal. However,

if you copy from Numbers or Excel to a pump curve, be sure to copy only two adjacent columns of data

(numeric values), otherwise the operation may not produce the desired results.

Copying and pasting operations are exactly the same for valve calibration data in this sheet.
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VI.2. Valve Calibrations

For valve data, click on the Valve calibrations button under Type of data at the upper left of the

sheet.

To add a new valve type, enter a unique valve name and click the “+” (plus) button. To delete a valve

type, select it from the list and click the “-“ (minus) button. You can change the name of a valve type

by entering the new name and clicking the change button.

The ordinate range on the graph view for valve calibrations is always 0 ≤ Cd ≤ 1, and the abscissa

scale always goes from 0 to 100%.

When entering valve Cd data, you must supply a full range of openings, from a minimum of

0% to a maximum of 100%. Valve Cd values usually increase monotonically with increasing

valve opening. When this is not the case for a particular valve, you should be skeptical of the

calibration and or data. Note that if you delete valve types from the list, you may have to go

back and check the valve subtypes (Chapter IV) in the app for layout configuration files that

contain valve structures. This should be done for both regulators and turnouts.

You can also read valve Cd values from a text file or write the data to a text file, just as described

above for pump data sets. Range-checking is automatically performed by the app so that 0.0 ≤ Cd ≤
0.9999.
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VII. Scheduling Operations

You can program the operation of control structures (regulators and turnouts) and specify

time-dependent flow rates and water depths through scheduling graphs. All of the different

kinds of scheduling graphs are based on two-column tables in which the left column (abscissa

values on the graph view) is always elapsed time during a simulation. Thus, when the right

column (graph ordinate) is flow rate, it is a hydrograph, which is a plot of flow rate versus

time. You can use time graphs to specify how flow rates, depths, and or adjustable control-

structure settings change with elapsed time during a simulation. In summary, through the use of these

graphs, you can pre-program certain operational characteristics.

Select Parameters, Scheduling from the main menu, or click on the corresponding toolbar icon, to

display the scheduling sheet. The figure below shows an example of the sheet with flow rates for a

turnout.

Recall that “setting” usually refers to the vertical opening of an adjustable control structure. When

multiple changes are desired during a simulation, and they are known ahead of time, it is more convenient

to use scheduling graphs than to interrupt the simulation manually (or through the application of

simulation pause times) and type in those changes.

Simulations always begin at time zero, and the times that you enter in scheduling graphs must be based

on this starting point.

When you save a configuration data file, all of the scheduling data are stored along with layout, dimen-

sional, calibration, and other information (Chapter I.5).

The Scheduling category list allows you to select from various data categories, depending on the node

type selected under the Node name list. Bifurcation nodes never have scheduling graphs – instead,

apply scheduling data to the reach at the downstream side of the bifurcation. Confluence nodes are a

special kind of Reach node and have all the same scheduling graph options as reaches.
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Nevertheless, Confluence nodes are never identified as Terminus nodes because the downstream water

depth is calculated, not specified. The scheduling-graph options under the Scheduling category list

are as follows:

Reach nodes:

• Reach depth (US or DS)

• Reach flow rate (US or DS)

• Regulator setting (US or DS)

• Regulator flow rate (US or DS)

• Turnout setting

• Turnout flow rate

• Turnout downstream depth

• Terminus downstream depth

Source nodes:

• Source flow rate

• Source upstream water depth

Flow rates will be in m3/s or cfs, and water depths in m or ft. But structure settings can be in m or ft,

opening angle (degrees), or percentage opening, depending on the type of boundary condition.

The parameter “Turnout downstream depth” (for reach and confluence nodes) refers to the specified

depth of water on the downstream side of a turnout, which is outside of the simulated hydraulic system.

This depth is relative to the bottom of the channel at the turnout location. See Chapter V.6 for further

explanation of this parameter. ”Terminus downstream depth” is analogous to ”Turnout downstream

depth,” except at the end of a branch with no downstream layout nodes – this pertains to one or more

regulator structures at the downstream end of a terminus reach, to specify the depth at the downstream

side of the structure(s). Turnout downstream depth is only provided as a scheduling-graph option for

those reach nodes that are identified as terminus nodes.

For scheduling graphs, primary and secondary source nodes both have the same two options: flow rate

and upstream depth. Upstream depth at a source node needs to be specified because it is outside of

the simulated system – otherwise, the flow rate needs to be specified. The same applies to turnouts,

except that the downstream depth is specified because for turnouts, the downstream depth is what is

outside of the simulated system.

The table at the upper right of the sheet is where you enter and edit data values for a scheduling graph.

This component functions similar to a spreadsheet app, with multiple rows but only two columns. The

left column has time values, and the right column contains flow rates, depths, or structure settings. A

label above the right column indicates the type of value and units. Note that you cannot do anything

in the grid component if you have selected a category and parameter that do not exist for the current

layout (e.g. if you select turnout flow rate when the selected reach has no turnouts).

When you have entered some data, you can see a plot of the values in the graph view at the lower part

of the sheet. Time will be on the abscissa and the flow rate, depth, or setting will be on the ordinate,

and the data are always arranged in chronological order before the plot is drawn.
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Right-click over the graph view to display a popup menu (shown on the next page)

with various options: showing or hiding symbols in the graph view, changing line

and symbol colors, changing line thickness, and others. Symbols are optionally

shown at each data point, but are always connected by straight lines, which can

be either orthogonal (staircase) or sloping.

The graph-view ordinate is automatically scaled to match the data range in the

right column of the table, but if all of the ordinate values are the same, the plot

will not be displayed. The abscissa is also scaled by the app, according to the

time values that you specify in the left column of the table. Abscissa scaling is

automatically set to seconds, minutes, hours, or days.

Line-width options include Thin, Medium, Thick, or Heavy. You can change line

and symbol colors from the same popup menu, and you can show or hide the

symbols that correspond to the data pairs in the table. You can also export the

data to a text file to use graphing and data analysis features in other applications,

such as spreadsheets, as discussed below in “Using Text Files.” If there is more

than one scheduling graph, the Prev and Next buttons will be enabled, and you

can click them to scroll through the graphs.

VII.1. Data Validation

When a configuration data file is read into mCanal the scheduling values (if any) are checked for

consistency and validity to eliminate potential problems. For example, any graph with no valid data

points is ignored upon reading the file, and any scheduling graph with an invalid system layout node

reference is ignored. Thus, if you delete a node from the system layout, all scheduling graphs that

are referenced to that node will be ignored upon reading that file, and when you save the file, those

scheduling data will be lost.

As indicated above, the data are also arranged in chronological order by the model – this is done

automatically. When sorting the data, the app will also eliminate any data pairs with duplicate time

values from the table for a given scheduling graph.

VII.2. Entering Data

Going back to the table, there are many features for entering, editing, displaying, and applying the

scheduling data. Each of the two data columns has a number of cells that can contain data values.

When there are more than a few rows of data, the table values can be vertically scrolled.

As you scroll through the values in the table, a vertical light-gray line can be optionally (Show graph

highlight from the popup menu) displayed at the corresponding point in the graph view. Times are

always shown as days, hours, minutes, and seconds, in the left column of the table, and they are always

non-negative. However, the values in the right column can be negative for some kinds of scheduling

graphs.

Each scheduling graph can have either sloping or staircase lines that connect the data points in the

table. The figure above gives an example of a staircase scheduling graph, and the figure below shows

the same data with sloping lines. This option changes the way that the data are displayed in the graph

on the sheet, but more importantly, it affects the way the scheduling values are interpreted (based on

elapsed time) when applied in a simulation.
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If you choose the Sloping lines option, mCanal linearly interpolates during a simulation to determine

an ordinate value for a specific elapsed time. But if you select the Staircase lines option, ordinate values

change abruptly after the specified time value, in a staircase fashion, as seen in the graph view, where

all line segments are either horizontal or vertical.

The rows in the grid component will automatically extend downward as you enter data. You can use

the arrow keys to move to a cell in the grid component, or you can click over a cell to select it. Then

you can type in a data value and press the Tab key, the up or down arrow keys, or the Enter key. If

you have a list of values to enter, you may find it convenient to type in each value and press the Tab

key to move down through the list. Or, if you want to enter all of the time values first, just press the

down arrow key after each entry. Edit the value in a cell by clicking on the cell, then clicking once again

to enter the edit mode. After editing, press the Tab key, or the up or down arrow keys.

You can select all of the table rows or unselect all rows from items at the bottom of the popup menu.

You can select/unselect individual rows in the table by holding down the key while clicking, or

blocks of rows by holding down the shift key and clicking. Add new rows of data by clicking on the

+ (plus) button, and delete selected row(s), if any, by clicking on the - (minus) button. You can

also delete selected rows by pressing the delete key. If you delete all rows of data in the table, the

currently-displayed scheduling graph will also be removed.

Finally, from the popup menu you can choose the Sort data item to arrange the data pairs chronolog-

ically in the grid component. This is only necessary if you have not entered time values chronologically

in the left column. Usually, mCanal will automatically arrange the data.

The only way to undo scheduling-graph editing changes is to click on the Cancel button at the bottom

of the window, but remember that this action will undo all changes since the scheduling sheet was last

displayed.
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VII.3. Graph Mirroring

The contents of some scheduling graphs will be automatically mirrored when you enter data. These

kinds of graphs include reach flow rates, regulator settings, and regulator flow rates. Mirroring occurs

only at serial reach connections, which means reach interfaces along a given branch in the system layout.

Thus, this applies only to branches with two or more reaches. Mirroring does not take place at the

downstream end of a split reach.

Regulator structures at serial reach connections are shared by two reaches, except at the downstream

end of a reach with a split (Chapter II.4). That means that the downstream regulator(s) at a serial

reach connection are exactly the same regulator(s) which are found at the upstream end of the next

downstream reach, so regulator flow rates and settings at one side of the connection must be the same

as those on the other side. This is automatically ensured by the app. You can verify this by specifying

regulator data at such a reach connection, then moving to the next upstream or downstream reach to

find the same scheduling data values.

The other kind of scheduling graph which is subject to mirroring is reach flow rate. The flow rate

leaving the downstream end of one reach must be exactly the same as the flow rate entering the next

downstream reach if it is a serial reach connection (assuming the upstream reach does not end in a

split).

Graph mirroring will involve the creation of a new graph if it does not already exist at a serial reach

connection, or will modify the existing data set. All mirroring actions are taken care of by the app. See

Chapter IV.1 about automatic mirroring for regulator configuration data.

VII.4. Copying and Pasting Data

You can copy and paste scheduling data to and from other applications, and among graphs within the

scheduling sheet. For example, you can copy scheduling data from one reach to another, or from one

structure to another. These commands are available through the popup menu over the graph view.

Copy is enabled on the menu when there are one or more data points in the table. Paste is enabled

on the menu when text data are available on the macOS global pasteboard.

Copying means taking the data currently loaded (or entered) in the grid component and duplicating

the values, in a text format, on the pasteboard. The data are copied in successive rows of text, with

two data values on each row (time and ordinate values), separated by a tab character. Pasting means

taking text data from the macOS global pasteboard and replacing any information already found in the

table. In both cases, the time values are integers, interpreted as elapsed seconds.

You do not need to highlight the data values before copying or cutting to the pasteboard; all of the

currently displayed data values will be copied to the pasteboard. When you use the Copy command, the

data remain in the pasteboard until they are replaced by another cut or copy command from mCanal

or any other application.

Scheduling data that are copied will not contain any information about formatting, with the exception

of the line connection type (sloping or staircase). The line connection type is included by appending

the word “sloping” or “staircase” to the end of the data, and it will be applied when pasting the data

to another scheduling graph. You will see this below the last row of data if you paste scheduling data

into a spreadsheet application.
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If you copy data from a spreadsheet application, the data must be in two columns (time on the left

and flow rate, depth, or setting on the right) and one or more rows. Include the word “sloping” or

“staircase” just below the last row of data – otherwise, set the option in the app after pasting the data.

When you copy the data from the spreadsheet to the pasteboard, the pairs of data on each row will be

separated by a tab character, and the data can be directly pasted into the table of the scheduling sheet.

If you copy data from a word processor or text editor to the pasteboard, and will be pasting into a

scheduling graph, be sure to place a tab character after the time value on each row of data. Otherwise,

the data will be misinterpreted when pasted into the table.

VII.5. Using Text Files

You can write the data from scheduling graphs to text files and you can input data from text files into

a scheduling graph. This can facilitate the transfer of data between mCanal and other applications.

For example, you might have some data in a text file and you want to have the app read it without

your having to retype all the values into the scheduling graphs data entry window. Or, you may wish

to output a scheduling graph from mCanal to a text file.

VII.5.1. Writing to Text Files

Right-click over the graph view and select Write data from the popup menu. The filename extension

will be “Scheduling data (index 2).txt,” or similar, and it will be written to the same folder as specified

for simulation results. If a file with the same name in that folder already exists, those data will be

overwritten – to avoid this, be sure to change the file name or move it to a different folder immediately

after writing the data. The outputted text file will look something like the example shown below when

opened into a text editor or word processor. Columns of values are separated by commas.

mCanal: Scheduling Data

Layout file: /users/Someone/Documents/mCanal

Data category: Reach flow rate

Reach location: downstream

Layout node type: reach

Layout node name: Main canal

Row Time (s) Ordinate (m)
1, 0, 0.000
2, 1800, 0.300
3, 4800, 0.571
4, 6180, 1.204
5, 8100, 1.250
6, 14100, 1.480
7, 18900, 1.090
8, 21780, 0.875
9, 23580, 0.505

10, 28740, 0.292

End of Listing
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You will not necessarily know what kind of scheduling data they are by simply looking at the text file

unless you recognize the values in the two data columns. Similarly, the units are not specified for the

values in the right column – this depends on the units option selected in the Preferences sheet. The

left column always contains elapsed time values (in seconds), and the right column has data values for

flow rate, water depth, or structure setting.

Choose the Write all data popup menu command to send all scheduling graphs to a single text

file with the name ”All scheduling data.txt.” Each set of data will be preceded by descriptive header

information.

VII.5.2. Writing Metadata to a Text File

There can be many scheduling graphs in a configuration file, so you can create a list of scheduling header

information to a text file. The list will show metadata for all scheduling graphs in a given configuration

data file, even some of which might not visible or accessible. A scheduling graph can become hidden

when you make structure (including regulators and turnouts) and or reach deletions to configuration

data after having entered scheduling graph data. For example, if you add a turnout structure to a

reach, define a scheduling graph (flow rate or setting) for that turnout, then delete the structure, the

scheduling graph will still be in the configuration data file, but will not be accessible. However, if

you were to subsequently add one or more turnouts to the same reach, the hydrograph will again be

accessible.

Right-click over the grid component of the window and select Write metadata from the popup menu.

This will create a file called ”Scheduling metadata.txt” in the same folder as for the results output files.

The following shows an example of the contents of a list of scheduling graph headers:

mCanal: Scheduling Metadata

Layout file: /users/BSimpson/Documents/mCanal

Number of scheduling graphs: 3

Num Kind Rows Lines Node name Reach end Gate
0 Source flow rate 12 sloping Primary Source n/a 0
1 Reach flow rate 18 staircase Reach 1L Downstream -1
2 Regulator flow rate 8 staircase Reach 2R Upstream 2
3 Turnout setting 25 sloping Reach 2R n/a 4

End of Listing

VII.5.3. Reading from Text Files

When you read from a text file, you import data from that file into a scheduling graph. Right-click over

the graph view and select Read data... from the popup menu. Another window will come up and

allow you to select a text file. The data will be checked for duplicate time values and then they will be

sorted chronologically before being loaded into the table and displayed in the graph view.

As mentioned above, the time values must be provided in seconds in the text file. But when they

are displayed in the app, they will be shown as days, hours, minutes and seconds. Following are the

contents of a sample scheduling-data text file, with time (s) in the left column, and setting (or other)

in the right column:
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0, 0.1
60, 0.12

133, 0.145
207, 0.107
483, 0.95
592, 0.9
750, 0.1

These are the results in the app interface after reading the data, in which the time values are automat-

ically formatted as minutes and seconds (in this example, days and hours are zeroes in all rows):

0:00:00:00 0.1
0:00:01:00 0.12
0:00:02:13 0.145
0:00:03:27 0.107
0:00:08:03 0.95
0:00:09:52 0.9
0:00:12:30 0.1

The data in text files for scheduling graphs must be organized into two columns: the left column has the

time values (in seconds) and the right column has the flow rates, depths, or settings. Thus, each row

of data must have (at least) two numerical values, separated from each other by a comma. If there are

more than two columns of data values per row, on any given row, the app will ignore all values except

those of the right-most two columns. For this reason, you can read an outputted scheduling-data text

file, because the first column with row numbers will be ignored.

VII.6. Using Scheduling Data in a Simulation

One or more different scheduling graphs can be used during a hydraulic simulation. When a scheduling

graph is used, the current elapsed time determines the entry location into the scheduling graph. This

entry point will not necessarily coincide with a particular point on the graph, so linear interpolation

is performed between two adjacent points when the line connection option is “sloping.” If the line

connection is “staircase,” no interpolation is performed – in this case, the ordinate value of the most

recent scheduling graph data value (equal or prior to the current elapsed time) is used.

If the elapsed simulation time exceeds the largest abscissa value in the table, the ordinate value of the

last data point in the graph is applied. For example, if the last data point has a time value of five hours

and an ordinate (flow rate, depth, or setting) value of 2.000, the scheduling graph will return that same

value of 2.000 for elapsed simulation times of five hours or greater. Similarly, if the elapsed simulation

time is less than the smallest time value in the graph, the first ordinate value will be used until the

elapsed time exceeds that smallest value. The figure below shows a sample hydrograph with sloping

line connections that starts at one hour and ends at five hours, with an interpolated value of 4.5 m3/s

at an elapsed time of 2.5 hours.
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You can disable the application of individual scheduling graphs during a simulation without deleting the

corresponding data values. This is accomplished by unchecking the appropriate Use graph box in the

Flows and Depths or Gate Operations sheets (Chapter VIII.4). Unchecking any of those boxes does not

affect the scheduling graph itself – it only tells the app to ignore the graph during a simulation.
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VIII. Numerical Parameters

Select Edit, Numerical Parameters from the main menu to display this sheet. There are

many calibration and other numerical parameters that can be specified prior to a hydraulic

simulation. The parameters in this window are all global in scope, meaning that they are for

the entire system layout, not for individual layout nodes, reaches, or structures. Calibration

data for individual elements of a layout are specified in the Reach Calibration and Structure

Calibration sheets (Chapters III.3 and V).

It is not recommendable to change these numerical parameter values without a thorough

knowledge of how the change(s) might affect a hydraulic simulation, and what the change(s)

might mean in terms of the numerical solution of the governing mathematical equations. That

being said, tweaking the values in this window can mean the difference between numerical

convergence and divergence of the solution to the hydraulic equations, and between success

and failure of a simulation. Thus, a knowledgeable user can modify these values to achieve a successful

simulation for specific conditions when the simulation might otherwise fail with the default numerical

parameter values.

The Numerical Parameters sheet has three tabs, each of which is described below.

VIII.1. General

VIII.1.1. Time Step

You can specify the time step used in a simulation by entering a value in minutes and seconds. For

example, to use a time step of 5 minutes, enter a value of “5:00.” Or, to use a time step of 30 seconds,

enter a value of “0:30.” Larger time steps may be appropriate when only slight and infrequent operational

changes (e.g. flow rates, structure settings, and others) occur during a simulation, but when frequent

and large changes occur, a smaller time step is justified.
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VIII.1.2. Spatial Weighting

The symbol φ is used for spatial weighting in the implicit numerical solution of the governing hydraulic

equations. It is part of a type of four-point implicit solution method and is used to help account for the

spatial (in the direction of flow) nonlinearities that exist in unsteady flow. It is also used to balance

numerical accuracy with numerical stability. The typical range is 0.50 < φ < 0.65.

When the Calculated box is checked, the app will determine the value of φ for each computational cell

(Chapter III.3.5) in a pool, at each time step of a simulation, according to the following equation:

φ = 0.5 +
(WSEus −WSEds)

5∆x
(VIII.1)

where WSE is the water surface elevation (m or ft); the subscripts “us” and “ds” refer to the upstream

and downstream ends, respectively, of a given computational cell (Chapter III.3.5); and, ∆x is the

length of the computational cell (m or ft). A computational cell is defined by four computational

nodes in the x-t plane.

Note that in Eq. (VIII.1), φ is equal to 0.5 whenever the slope of the water surface is zero, corresponding

to zero flow. This is especially important when starting a simulation from a zero-flow, steady-state

condition. Also note that the calculated value of φ is not likely to exceed 0.70, even in regions of very

high hydraulic gradients, such as near the advancing front of a pool over a dry channel bed. Finally,

observe that, according to Eq. (VIII.1), the calculated value of φ will necessarily be less than 0.5 when

reverse flow exists, that is, when WSEus < WSEds.

You should consider leaving the “Calculated” box in the checked state unless you are doing

research and or comparing model results to another hydraulic model and need to specify a

fixed value of φ during a simulation. But, when the box is unchecked and the value of φ is not

set at 0.5, the steady-state startup condition will be erroneously determined to be unstable by

the model when the flow rate is zero and the reach is full of water (at full supply level).

VIII.1.3. Temporal Weighting

The symbol θ is used for temporal weighting in the implicit numerical solution of the governing hydraulic

equations. It is also part of a type of four-point implicit solution method and is used to help account

for the temporal (time) nonlinearities that exist in unsteady flow. It is also used to balance numerical

accuracy with numerical stability. Typical ranges are 0.55 < θ < 0.65.

VIII.1.4. Water Density

The water density value is used in mCanal to calculate the wave speed in pipeline reaches. The value

in metric units for plain water is approximately 1,000 kg/m3, and in English units this value is taken

to be weight per unit volume. Thus, in English units it is approximately 62.4 lbs/ft3.

VIII.1.5. Gradually-Varied Flow

The ordinary differential equation (ODE) solver can be: (1) Euler method ; or, (2) Runge-Kutta. These

are two common methods used to solve ODEs in general, and provide sufficiently accurate solutions

to the ODE, which is used in the app to determine steady, non-uniform flow profiles in open chan-

nels.
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The Euler method is the simplest and the fastest, but perhaps the least accurate. Note that for small

layouts of only one or two reaches, the speed of the ODE solver will not be relevant: both methods will

produce very fast results.

The Runge-Kutta method uses a pair of 4th- and 5th-order methods. It is very accurate for the purposes

in mCanal, typically generating ODE solutions to within an accuracy of a fraction of a millimeter of

water depth in an open channel.

VIII.1.6. Linear System Solution

The matrix solution method is Gaussian elimination by default, but you can choose one of the other

options if desired. Gaussian elimination is the fastest and most computationally efficient of the methods

included in the app, and it uses the least amount of memory. Nevertheless, this method can lead to

numerical divergence of the mathematical solution in rare cases. Thus, you can also select from the

Gauss-Jordan and Lower-Upper (LU) Decomposition methods for the solution of the linear system of

equations that is created at each iteration of the Newton-Raphson method (Press, et al. 1992), in each

pool of each reach at each time step.

The Gauss-Jordan method uses full pivoting and can provide a more accurate matrix solution than

Gaussian elimination. But it is usually the slowest of the three methods included herein, and it becomes

exponentially slower with increasing number of computational nodes. In most cases, application of the

Gauss-Jordan method will not be necessary. LU Decomposition uses partial pivoting and is usually

faster than Gauss-Jordan elimination, but not as fast as Gaussian elimination.

These solution options are relevant only to pool-by-pool calculations. For simultaneous pool solutions

(Chapter I.4.1), a special implementation of Gaussian elimination is applied, and is not affected by the

choice made herein.

VIII.2. Limits

This tab contains a group of numerical values that affect the mathematical solution to the equations

involved in a hydraulic simulation. You can edit each value within pre-defined parameter ranges.

VIII.2.1. Convergence

Area tolerance is used as part of the definition for numerical convergence of the equations in a reach at

a time step during a simulation. This is a coefficient multiplied by the calculated flow cross-sectional

area at a computational node during Newton-Raphson iterations. The product of coefficient and area is

the largest absolute value of the corresponding function vector in the augmented Jacobian matrix (see

below) that will trigger numerical convergence for the node.

Theoretically, all function vectors are equal to zero at convergence, but in practice this is usually

not possible – thus, the application of tolerance values. Newton-Raphson iterations continue until

convergence criteria are met at all function vector elements, or until a specified maximum number of

iterations has occurred at a given time step.
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Jacobian Matrix This is a square matrix populated with first-order
partial derivatives of the hydraulic equations with respect to the
dependent variables. It is a banded matrix, used as part of a method
to essentially convert a system of non-linear equations to linear
equations. It is an integral component of the four-point implicit
solution to the set of equations at each simulation time step. It
is an augmented matrix because it includes the column vector of
adjustments to the dependent-variable values.

In the app, dependent variables include flow rates and cross-
sectional areas (convertible to depths, as defined in Chapter III.4)
at each computational node. The independent variables are distance
along a reach and elapsed simulation time.

VIII.2.2. Inter-step Iterations

The app updates hydraulic conditions on a reach-by-reach basis at each time step during a simulation.

With some structure types, this approach is inadequate because a careful balance is required across

reaches to avoid numerical divergence. Thus, there may be “inter-step iterations” which repeatedly

update hydraulic conditions for each reach in the system layout, one-by-one, during a single time step,

until flow rates at reach ends cease to change (for that time step). This parameter lets you specify

the maximum number of such iterations before the simulation proceeds to the next time step. This

parameter is ignored unless the system layout includes more than one reach.

The inter-step tolerance affects inter-step iterations. The inter-step flow-rate tolerance is the maximum

allowable difference in flow rates at a reach end (upstream or downstream), from one inter-step iteration

to another. When the actual flow rate difference at all reach ends is less than or equal to the specified

tolerance value, inter-step convergence is attained in a system layout, and the simulation advances to

the next time step. This parameter is ignored unless the system layout includes more than one reach.

The inter-step area tolerance is based on calculated cross-sectional areas and is applied as described

above for flow-rate tolerance.
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VIII.3. Transitions

This tab applies to underflow gates and to centrifugal pumps. Underflow gates can operate under four

different hydraulic regimes, including free and submerged orifice flow, and free and submerged non-

orifice flow. The threshold between orifice and non-orifice flow occurs approximately when upstream

water surface coincides with the bottom of the gate. However, this is not exactly correct, so you can

specify transition parameters that affect both the threshold and the transitional range. A transitional

range can be used to smooth the change between some of the possible regimes, providing additional

robustness and stability to hydraulic simulations. See Annex E for more details.

The two pump parameters are for defining the threshold upstream water depth at which the pump

”breaks suction” by entraining so much air that it causes water to stop flowing through the pump.

VIII.3.1. Orifice-flow contraction coefficient

This is the contraction coefficient (Cc) on the downstream side of an underflow gate, which defines the

ratio of the minimum depth of the high-velocity jet through the gate to the vertical opening of the gate.

A theoretical value for Cc can be derived from hydrodynamics of what is referred to as ”potential flow”,

resulting in Cc = π/(π+ 2) = 0.611. Although this exact value is often used in hydraulic equations, the

true value can vary significantly in practice.

VIII.3.2. Orifice free-submerged transition range

This is a parameter (χo) used to determine the extent of the transitional flow rate between free and

submerged orifice flow. If it is equal to zero, the transition range collapses and a simulation regime

change will occur instantly when the threshold is reached. The threshold can be based on a comparison

between the product of the contraction coefficient, Cc, and the vertical gate opening, Go, and the cal-

culated downstream depth. If the calculated downstream depth exceeds CcGo,the regime is submerged

orifice; otherwise, it is free orifice.

On the other hand, the momentum function can be applied to distinguish between free and submerged

orifice flow.
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In the app, there is no non-orifice free-submerged transition range because the calibration equations

for Cutthroat flumes are used for non-orifice flow at underflow gates. Those equations already have

a smooth transition and they cover both free and submerged orifice flow. Applying the Cutthroat

flume equations can be appropriate because they model channel constrictions, in general, for non-orifice

regimes, and underflow gates behave hydraulically as channel constrictions in such conditions.

VIII.3.3. Orifice-nonorifice transition range

This is a parameter (χon) used to determine the extent of the transitional flow rate between orifice and

non-orifice flow. If it is equal to zero, there is no transition range and a regime change will occur instantly

during a simulation when Co multiplied by the upstream depth equals the vertical gate opening.

VIII.3.4. Hydraulic seal coefficient

This is a coefficient to determine the transition point between orifice and non-orifice flow regimes. It is

multiplied by the depth of water on the upstream side of an underflow gate structure and compared with

the vertical opening. If the product of Co and upstream depth is less than the vertical gate opening,

insufficient upstream hydraulic seal exists, and the regime at the gate is determined to be non-orifice;

otherwise, it is considered to be orifice flow.

VIII.3.5. Use momentum function

When this box is checked, the momentum function is used to define the threshold between free and

submerged orifice flow. This is the default option. When the box is unchecked, a simple ratio between

the calculated downstream water depth and the depth at the vena contracta is applied. The definitions

for the momentum function and free-submerged orifice transitions are provided in Annexes B & E.

VIII.3.6. Absolute minimum

This is the absolute minimum depth (m or ft) at the upstream side of a centrifugal pump, below which

the app assumes that water will stop flowing through the pump. It is a threshold used to approximate

the point at which a pump would break suction due to entrainment of air. During a hydraulic simulation,

mCanal may automatically increase the effective absolute minimum if the calculated upstream depth

goes to zero during solution of the equations at a pump.

VIII.3.7. Fraction of reach depth

The specified fraction is multiplied by the depth of the canal reach at a pump location to determine the

minimum depth at which pumping can occur. However, if this depth is less than the absolute minimum

value, the absolute minimum is used as the threshold value instead.

VIII.4. Resetting to Defaults

Click on the Use Defaults button reset numerical parameters to their default values. The button only

affects the parameters for the currently displayed tab. Clicking the button for the General tab resets

those parameters, and then switching to the Limits tab and clicking the button again will reset those

other parameters. And the same for the Transitions tab. When you select File, New from the main

menu, all numerical parameters and options will be at their respective default values.

Chapter VIII, page 116 mCanal NRCE, Inc.










































































































