Intro

ADVANCED RULE DEMO

duction

This hands-on demonstration will help students learn how to use HEC-RAS to

enter and edit advanced rules to control the gate operations at an inline structure.

Problem

For this demonstration a project file (RuleDemo.prj) with the title “Advanced

Rule Demonstration” has been loaded on your workshop computers. The initial gate
information (opening rate, max opening, initial opening, etc.) has already been entered.

The rules will be used to open the gate on a lateral structure (RS 42.6) and
fill a small storage area until the SA water surface reaches 5 feet. As class
time permits, the flow being diverted will be limited to 20% of the flow going
over the inline structure overflow weir (RS 41.75). Finally, additional logic
will be added to keep the water surface in the SA from “overshooting” the 5
foot target.
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The default plan (“No Rules) models the lateral structure gates with 0-opening time
series. To create rules, select this boundary condition and press the “Rules” button.

Unsteady Flow Data - Mo Rules — O >
¥
File Options Help

Description: I J Apply Datal

Boundary Corh‘h’ons | Initial Conditions | Meteorological DaEI Observed Da13|

Boundary Condition Ty

Stage Hydrograph | Flows Hydrograph | StageFlow Hydr, | Rating Curve |

Mormal Depth | Lateral Inflove Hywdr, | Iniform Lakeral Inflowv | Garoundwater Interflawl

T.5. Gate Openings Elev Controled Gates | Mavigation Dams | IE Stage/Flow |
r— WE

Add Boundary Condition Location

AddRS ... | AddsA/2DFiowArea... | addconn.. | addPumpsta... | AddPipe Node ... |
Select Location in table then select Boundary Condition Ty
River Reach RS Boundary Condition
1| Mittany River Weir Reach 60.1 Flow Hydrograp
2| Mittany River Weir Reach 426 LS
3| Nittany River Weir Reach 36.85

This will open the Rules Editor. The first step, before entering any rules, involves
parameterizing the gate parameters. These five variables (open rate, close rate, max and
min opening and initial opening) will provide critical gate information unless the rules
override them. Then press Enter/Edit Rules Operations...

Rule Operations

Description: |open the gates on the LS and divert flow until the storage area gets to an elevation of 5 feet, Do
not divert more than 20% of the flow. When the water surface in the SA gets above 4 feet,
reduce the gate opening so as to not overshoot the 5 foot target

Gate Parameters

Location | Open Rate (ft/min) | Close Rate [ft/min) | Max Opening | Min Opening | Initial Opening
Gate #1

Summary of Variable Initializations:

IJser Variable Description Initial value I

Fule Oy

row | Operation | True | False |

l Enter /Edit Rule Dperaﬁuns.; I QK | Cancel I

AT
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Press the __cm™=nt_| hutton to write a comment ! Rules Demo for Class

Click on line number two to start the code there.

Click on the Get Sim Value _S=tsmveke | pytton to select a RAS result and name it as a
Variable.

Operation Rules

Rule Based Operations Rule Font Size: Il[] |~ Bold Font
row Operation | True | Fa... |
1 | Rule Demo for Class 0
Insert New Operation Current Selection Changes
’7 Comment New Variable |I Get Sim Value I Set Operational Param I Branch (IffElse) | Math I Table I ‘ ’7 # | EeY | | X | Enable | Chsable | Copy description
— Get Simulation Value
Assign Result Simulation Variables ~ IValue at current time step j
{~ Existing Variable - Time
¢ New Variable 3;3'50"-‘“0”
B-Cross Sections
I &-Inline Structures
-Lateral Structures
E:!-Sborage Areas
B-Storage Area Connections
B-Pump Stations
#-BC Lines ~ B B _
D e Faroire i v (Simulation variables in bold are only available for the current structure)

| Check Rule Set ... | OK | Cancel |

Select the storage area WS Elevation and assign the result to a new variable called
SAwatersurface as shown in the green circle below.

Operation Rules

Rule Based Operations Rule Font Size: Il[] |~ Bold Font
row Operation | True | Fa... |
1 I Rule Demo for Class 0
2 ‘SAwatersurface’ = Storage Areas:WS Elevation(Value atl,\\;urrent time step)

Insert Mew Operation Current Selection Changes
’7 Comment New Variable Get Sim Value Set Operational Param I Branch (IffElse) | Math I Table I ‘ ’7 % | x='|'§| B ¥ | Enable | BﬁaHel Copy description
~ Get Simulation Value
Assign Result—————— o e ~ |value at current time step =]
" Existing Variable B-Inline Structures
{* MNew Variable B-Lateral Structures
3-Storage Areas
IIS.ﬂwabersurfaoﬂ l gl.ws Elevation I

et Inhow
i Total Inflow

- Total Qutflow Set SA Location
i Area “Storage Supply
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Even though there is only one storage area, the storage area must still be selected by
clicking on it as shown below. The name of the SA should then show up in the rule

(green circle).

Operation Rules

Rule Based Dperahmi Rule Font Size: |10 - l [~ Bold Font
row Operation I True I i
1 ! Rule Demo for Class )
‘SAwatersurface’ = Storage Areas:WS Elevation(Storage Supply,Value at current time step)
< >
r~Insert New Operation L | Current Selection Changes ———————————
Comment Mew Variable Get Sim Value Set Operational Param | Bran¥ (If/Else) | Math | Table | #| Ea| B * | Enable | pissble Copy d
. ] 2] ] X] ot oome || _cors
~Get Simulation Value 1 \‘
Assign Result - Cross Sections ~ I\«'alue at current time step LI
~ Existing Variable B Inline Structures
{* Mew Variable B-Lateral Structures
B-Storage Areas
ISAwabersurﬁoe WS Elevation Set SALocation
- Net Infiow
- Total Inflow
- Total Qutflow
-~ Area
- Volume
o Charane Aron Fmoetinee v (Simulation variables in bold are only available for the current structure)
|

| Check Rule Set ... | OK Cancel

Click on line 3
Create an If/Then rule by clicking on the Branch button _Branch ffese) |

Operation Rules

Rule Based Operations

row Operation
1 I Rule Demo for Class
2 "SAwatersurface’ = Storage Areas WS Elevation orae Supply. Value at current time step

not set]) Then

—Insert New Operation
Comment | MNew Variable Get Sim Value | Set Operational Param | Branch (If/Else) | Math | Table |

—Branching Operation (If/Else [Elself Else/Endif)
r—Branching Line Type: —————— Expression Expression

@ If () Then eat... %[ [ =] eae...| %]

" If () Andjor () Then
" Elself () Then [not set] [not sef]
~ ElseIf { ) AndfOr () Then
" Else

¢ EndIf
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And then click on the left most Edit button to bring up the Expression editor.

Operation Rules

Rule Based Operations Rule Font Size: |10 vl [~ Bold Font
row Operation
1 ! Rule Demo for Class
2 ‘SAwatersurface’ = Storage Areas:WS Elevation(Storage Supply,Value at current time step)
-3 If ([not set] [not set]) Then

Edit Rule Expression

(.
. — o —

Current Expression: I[ﬂOt set]

Clear Expresion |

—Branching Operation (If/Else Elself/ElseEndif)
—Branching Line Type: —————  —Expression Expression

& 1F () Then <] | | e

" If () Andfor () Then
" Elself { ) Then [not set] [not sef]
{~ Elself { ) AndfOr () Then
i~ Else

" EndIf

Click on the pull down menu under the Variable field and select the SAwatersurface
variable and then click ok.

(= )
e —— o —

Current E:q:u'esmon [

Clear Expresion | 0K | Cancel |

Edit Rule Expression
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From the operator pull down, select “<” (less than).
Select the second Expression and enter “5” in the constant field.

Operation Rules

Fule Based Operations Rule Font Size: |1|:| vI [~ Bold Font
row Cperation
1 I Rule Demo for Class
2 ‘SAwatersurface” = Storage Areas WS Elevation(Storage Supply. Value at current time step)
-3 If (SAwatersurface’ [not set]) Then

Edit Rule Expression

(e,
i, M +

Constant

< Current Expression: |5

[ Insert Clear Expresion | 0K | Cancel
Con

—Branching Operation (If/Else/Elself/Else /Endif)
—Branching Line Type: Expression [~ Expression
@ If () Then Edit...l'x_l j‘[Edit... EI
i If { ) AndfOr () Then |
 Elself () Then Awatersurfac [not set]
{~ ElseIf { ) And/Or () Then
i~ Else =
" EndIf -
<>
| Check Rule Set ... oK Cancel

Dam Break Workshop 6



The next step is to add a rule to open the gate.

Click on Line 4

The gate opening will be set to the maximum gate opening of 10 feet.

However, because the gate opening rate is limited to 0.1 feet/minute (as entered on the
main Rule Operations Editor) and the time step is one minute duration, the gate opening
will only increase by 0.1 feet per time step.

Because opening the gate is an “Operation” set it with the Set Operational Param
button Set Operational Param

Then Scroll down and select “Gate.Opening”. Even though there is only one gate group,
it still needs to be selected (green circle).

Operation Rules

Rule Based Operations Rule Font Size: |10 «|[ Bold Font

row Operation

1 I' Rule Demo for Class

2 ‘SAwatersurface’ = Storage Areas:WS Elevation(Storage Supply,Value at current time step)
-3 If (SAwatersurface’ < 5) Then

4 Gate.Opening = [not set]

< >

Insert New Operation
Comment MNew Variable Get Sim Value ||_SetD|:leraﬁonaI ParamJ Branch (If/Else) | Math | Table |

Set Operational Parameter (j.e. gate opening)

Expression
= | Edit... | ¥

[not set]

Gate.Coeffident.Discharge
Gate. Coefficdent. Trunnion Exponent
Gate.Coefficent. Opening Exponent

Select Gate Group

Gate: -
1Gate #1

\Gate opening height for the gate group.  Check Rule Set ... oK Cancel

W
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Select the gate group and Edit the Expression and set it to a constant of ten.

Operation Rules I} l

Rule Based Operations Rule Font Size: |1[.‘| - I [~ Bold Font i

row Operation ‘
1 I' Rule Demo for Class I

2 ‘SAwatersurface’ = Storage Areas:WS Elevation(Storage Supply,Value at current time step) |
-3 If (SAwatersurface’ < 5) Then I
4 Gate.Opening(Gate #1) = [not set] |

Edit Rule Expression

(==, =)
@*% +

Current Expression: |10

Clear Expresion | 0K | Cancel |

—Set Operational Parameter (j.e. gate opening)

Expression

[Edit.. I

[not set]

Gate.Flow Maximum A
Gate. Flow Minimum

Gate.Opening Rate

Gate.Closing Rate
Gate.Coeffident.Discharge

Gate. Coefficdent. Trunnion Exponent
Gate.Coefficent. Opening Exponent hd

Select Gate Group
( Gate: |Gate #1 -

[Gate opening height for the gate group.  Check Rule Set ... | oK | Cancel |

When the SA water surface gets to 5 feet, the gate needs to be closed. A new If/Then test
could be created for this. However, it is simpler to just add an “Else” statement to the
existing test.

Click on line 5.

The “Else” is created by first clicking on the Branch button and then selecting the Else
radial button.
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Operation Rules

Rule Based Operations Rule Font Size: |10 vl [~ Bold Font
row Operation
1 I Rule Demo for Class
2 ‘SAwatersurface’ = Storage Areas: WS Elevation(Storage Supply Value at current time step)
-3 If (SAwatersurface’ < 5) Then

4 Gate_DieniniiGate #1i =10
>

€

—Insert Mew Operation
Comment I Mew Variable I Get Sim Value | Set Operational Param I Branch (If/Else) l Math I Table |

—Branching Operation (If/Else Elself/Else/Endif)
—Branching Line Type: ——————
{ If () Then

 If () AndfOr () Then
{ Elself { ) Then
{ Elself { ) AndfOr { ) Then

" EndIf

The next rule needs to close the gate by setting the opening to “0”. A rule could be
created from scratch just like the rule shown in row 4. However, it is much quicker to
copy and paste rule 4 and then change the value of the expression.

Highlight row 4 by clicking on it and then click the Copy button (or use Ctrl+C on the
keyboard).

Move the control below row 5, as would normally be done for a new rule, and click on
the Paste button (or Ctrl+V).

row | Operation

1 I Rule Demo for Class
2 "Shwatersurface’ = Storage Areas WS Elevation(Storage Supply, Value at current time step)
3 If (SAwatersurface’ < 5) Then
4 Gate Opening(Gate #1) =10
5
b

Else
Gate Opening(Gate #1) = 10

CTRL-V
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fter pasting the new rule, the row may look highlighted by the blue line but the bottom
half of the Rule Editor is blank (as shown below). This can be fixed by moving the blue
line up a row and then back down. (The highlighted blue line can be moved by using the
up and down arrows on the keyboard.)

Operation Rules l,\\,
Rule Based Operations Rule Font Size: Ij_[] TI I_ Bold Font

row Operation

1 I' Rule Demo for Class

2 ‘SAwatersurface’ = Storage Areas: WS Elevation{Storage Supply,\Walue at current time step)
-3 If (SAwatersurface’ = 5} Then

4 Gate Opening(Gate #1) = 10

5 Elze

B Gate Opening(Gate #1) = 10

Edit Rule Expression

(. )
e — o —

Current Expression: F

Clear Expresion | Ok | Cancel |

—5Set Operational Parameter (i.e. gate opening)

Gate,Flow Maximum A
Gate, Flow Minimum

Gate.Opening R.ate

Gate,Closing Rate

Gate.Coeffident. Discharge

Gate. Coeffident. Trunnion Exponent
Gate, Coeffident, Opening Exponent b

Select Gate Group
{ Gate: |Gate #1 |
|Gate opening height for the gate group.  ChedkRule Set ... I 0K | Cancel I

Click on the Edit button and change the constant from “10” to “0” to close the gate.
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Every If/Then rule must have a corresponding End If.
Create a new Branch rule &= @ss) | and set it to End If.

At this point, the editor could be closed, the data saved, and the model run. However, it
is useful to check the rules for bugs while the editor is still open. Click on the Check
Rule Set button and RAS will pop up a window that will list the bugs, if any.

Rule Based Operations Rule FontSize: |10 «|[~ Bold Font I

row Operation | True | Fa... |ﬁ !
1 I' Rule Demo for Class 2 2
2 ‘SAwatersurface’ = Storage AreasWS Elevation(Storage Supply. Value a... 3 3
-3 If (SAwatersurface’ < &) Then 4 5
4 Gate.Opening(Gate #1) =10 T T
5 Else 6 6
6 Gate.Opening(Gate #1) =0 T T
7 End If 0 0

L

Insert New Operation
Comment MNew Variable | Get Sim Value | Set Operational Param Branch (If/Else) | Math | Table |

Branching Operation (If/Else Elself/ElseEndif)
|| ~Branching Line Type:
'] ¢ 1f () Then

||| & 1f () Andfor () Then

|| Bself () Then

ll'| ¢ Elself () Andfor () Then
! ("~ Else

RAS X

Ma inconsistencies were found in the current rule set

I o |_cwes |

Fix any bugs, run the data set, and look at the lateral structure hydrographs.
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@ Stage and Flow Hydrographs =
File Type Options Help
River: |Ni“3”\‘ River j ﬂ [ Time Series |Maximum [ Time atMax | Volume(acrefo) [| « Reload [
W
Reach: |Weir Reach - River Sta.: [42.6 LS - ﬂﬂ L{HW US Stage 12.30/ 09Apr 1999 0000
| 2|HW DS Stage 12,30 09Apr1999 0000
¥ PlotStage I~ PlotFow [~ ObsStage [~ ObsFlow [ Use Ref Stage 3| TW Stage 10.75|08Apr1999 0238 j
Stage Flow ITabIe | Rating Curve | Gate Openings |
Plan: Rules River: Nittany River Reach: Weir Reach RS: 42.6
4 Legend
1 Stage HW US
—_—
Stage HW DS
10 —
Stage TW
8
@ Stage and Flow Hydrographs = | B | |
L]
g File Type Options Help
% 4 River: ‘Nit‘lany River ﬂ ﬂl Time Series | Maximum | Time at Max | Volume(acre-ft) [| « Reload Data |
"
o Reach: |Weir Reach - River Sta.: [426 LS - ﬂﬂ L HW S Stage 12.30| 094pr 1933 0000
2 2| HW DS Stage 12.30|09Apr1999 0000
[V PlotStage W PlotFlow | ObsStage | ObsFlow | Use Ref Stage 3| TW Stage 10.75 08Apr1999 0238 j
0 Stage Flow Table 1 Rating Curve | Gate Openings |
2 Stage HW US | Stage HW DS Stage TW Flow HW US | Flow HW DS |Flow Leaving | Gate Flow - Gate 1 Gate Open - Gate £1
Date INST-VAL INST-VAL INST-VAL INST-WAL INST-VAL INST-WAL INST-VAL INST-VAL
) FEET FEET FEET OFS OFS OFS CFS FEET
76| 0BApris99 0115 11.91696 11.91694 4.07508 | 3534.91200 186%9.53800 1732.15300 1732.15800 7.50000
& 77| 0BApr1999 0116 1191556 1191554 4.31684| 3555.75000| 1867.63500 1755.18100 1755.18100
2400 78| 0BApr1999 0117 1191414 1191412 4.56177| 3576.61400 1865.74500 1778.20100 1773.20100
| 79( 0BApr1999 0118 1191272 11.91270 4.80987 | 3557.52100  1863.85500| 1801.21900 1301.21500
N | N 80| 0BApris99 0119 11.91130 1191128 5.06114%3618.45300 1861.97500| 1824.23500 1824.23500
81| 0BApris99 0120 11.91046 11.91044 $630.33200 | 1868.55000| 1801.09900 1301.09900
82| 0BApr1999 0121 11.9099% 11.90995 BE36.55000 | 1876.94200| 1777.98200 1777.98200
83| 0BApr1999 0122 11.90975 1190975 . 79535 3637.63000 1884.06600 1754.83000 1754.83000
84( 0BApr1999 0123 11.90983 11.90984 6.03439| 3634.20800 1889.39700 173179400 1731.79400
85| 0BApris9s 0124 11.91016 11.91018 6.26975| 3626.10900| 1893.31800 1708.72000 1708.72000
86| 0BApr1999 0125 1191071 11.91073 6.50193| 3614.35800 | 1896.30700 1607.31300 1607.31300
87| 0BApr1999 0126 1191315 1191319 6.70905| 357244400 1920.10600 1504.23700 1504.23700

Since the lateral structure is connected to the storage area, the Stage TW of the lateral
structure is the same as the water surface in the SA. The lateral structure is diverting
flow into the SA and when the target water surface reaches 5 feet, the gate starts closing
(although the target is dramatically exceeded by the time the gate gets fully closed).

The next step is to limit the diversion to no more than 20% of flow that is going over the

dam.

Add two more Get Sim Value rules _%t5m¥ake | One that gets the total flow in the inline
structure (there is only a single inline structure at 41.75) and a second that gets the total

flow for the lateral structure. New variable names will have to be entered (green circle).
Note also that these rules must come before the If/Then test rule.

Click on Line 3 to add.

Dam Break Workshop
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row | Operation | True | Fa _. |

1 I Rule Demo for Class 2 2
2 ‘SAwatersurface’ = Storage Areas WS Flevation{Storage Supply Value a3 3
3 I‘LSFInw’ = Lateral Structures:Structure Total Flow(Mittany River,Weir Re. .} 4 4
-4 [T SAwatersuface = o) [hen 5 B
5 Gate.Opening(Gate #1) = 10 8 8
6 Else T 7
7 Gate.Opening(Gate #1) =0 8 8
8 End If 0

Insert Mew Operation
Comment Mew Variable | Get Sim Value | Set Operational Param Branch (If/Else) | Math | Table |

Get Simulation Value

Assign Result T | SetMNode Location 1
(" Existing Variable [Eructure Total Fow | River: |Nittany River |
{* New Variable StrocturestageFoed) Reach: |'L"I.|'eir Reach ﬂ
Weir,Flow
[LSFlow] Weir.Flow Maximum RS: |42-6 Ls ﬂ
i~ Weir.Flow Minimum
row Operation | True | Fa... |A
1 I Rule Demo for Class 2 2
/\} 2 ‘Flowlnling' = Inline Structures:Structure Total Flow(Mittany River Weir Re._. 3 3
3 ‘LSFlow" = Lateral Structures:Structure Total Flow(Mittany River,Weir Re... 4 4
: ‘SAwatersurface’ = Storage Areas WS Elevation(Storage Supply Value a... 5 5
-5 If (SAwatersurface’ < 5) Then b T
6 Gate.Opening(Gate #1) = 10 9 9
7 Else 8 8
8 Gate.Opening(Gate #1) =0 0
9 End If 0 -

Insert New Operation

Comment Mew Variable |I Get Sim Value I Set Operational Faram Branch (If/Else) ‘ Math | Table |

Get Simulation Value

Set Mode Location

Assign Result . {Structure Total Flow | A
(™ Existing Variable i - Structure.Stage (Fixed) River: |Nit'3"'?f' River j
(¥ MNew Variable .~ WeirFlow Reach: |Weir Reach |
¢ b Weir.Flow Maximum
[Flowrine . Weir.Flow Minimum RS:  |41.75 IS |
¢ i Weir.Weir Coefficient

There are multiple options for how the 20% limit could be added. In this example, the
If/Then test is going to be changed to a compound test that has the 20% built into the
same row.

Highlight the If/Then test in row 5 and change the Branching Operation to a compound

test. The rule for opening the gate is going to be changed so that it only opens if the SA
water surface is less than 5 and the diverted flow is less than 20%. The “And” operator
comes up by default (green circle). Since the check requires that both parts of the test

Dam Break Workshop 13



must be True in order to open the gate, the And is correct. (The other choice is an Or
operator which would be used to check if either test is true.)

row | Operation | True | Fa... |

1 I' Rule Demo for Class 2 2
2 ‘Flowlnling” = Inline Structures:Structure Total Flow(Mittany River Weir Re.. 3 3
3 ‘LSFlow" = Lateral Structures:Structure Total Flow(Nittany River Weir Re... 4 4
4 ‘SAwatersurface’ = Storage Areas:\WS Elevation(Storage Supply,Value a... & 5
) If (SAwatersurface’ < 5) And ([not set] [not set]) Then 6 7
6 Gate. Opening(Gate #1) = 10 9 9
7 Else 8 8
B8 Gate Opening(Gate #1) = 0 0
9 End If 0

— Insert New Operation Current Selection ¢
Comment | New Variable | Get Sim Value | Set Operational Param | Branch (If/Else) | Math | Table | lril EI @I

—Branching Operation (If/Else Elself/ElseEndif)
Branching Line Type: ————— Expression Expression Expression Expression

@ Edit...|}<_| |< 'l Edit ... }(| |And 'l Edit ... X|| 'l Edit ... )(|

% If () AndfOr { ) Then

" Elself () Then

i~ Elself () Andjor () Then
"~ Else

" EndIf

Swatersurfac 5 [not set] [not set]

For the third expression select the lateral structure flow and set the second test to “<”
(less than).
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Operation Rules

Rule Based Operations Rule Font Size: Im vII_ Bold Font
row Edit Rule Expression
1
2
3 * >
4
-5
: @ N % + @
7
g Current Expression: IrFIowInIine
9 ]
Clear Expresion | SAwatersurface 0K | Cancel |
—Insert New Operation Current Selection CH
Comment | Mew Variable | Get Sim \u'aluel Set Operational Param | Branch (If/Else) | Math | Table | ’7,51.' |=L—':|| ﬁgl
—Branching Operation (If/Else Elself/Else Endif)
r—Branching Line Type: ————— Expression Expression Expression Expression
i~ If { ) Then
Bdit... |*<| [|< 7| Edit... | And jl Bdit... | *<| (1=~ Edt.. |
arsrTeaane R [ SR E [ese ]| %
Awatersurfac 5 [not set] [not set]

" ElseIf { ) Then

i~ ElseIf { ) AndfOr () Then
(" Else

" End If

| Check Rule et ... | oK | Cancel |

For the final Expression, select the variable for the flow over the inline structure. Since
the test for the lateral structure flow is limited to 20% of the inline flow, a coefficient of
0.2 should be added.

-5 If {| Edit Rule Expression
G
7 m (==, me=m
8 * =
9 En

-Insert New Oper|

Current Expression:
Comment | EEET
rT— Clear Expresion | Shwatersurface 0K | Cancel |
-Branching Opera

ThE =71

Branching Line Type: Expression Expression Expression — Expression
€ 1F () Then Edit ... | X |< +]| ... x| II\nd ] | edt... | |< 4l e k|

% If () And/Or () Then
" ElselIf { ) Then

P EeoTE £V B d e POV Teee

Swatersurfac 5 'LSFlow' [not set]

The final If/Then test is shown below.

Dam Break Workshop 15



! Rule Demo for Class
‘Flowlnline” = Inline Structures:Structure. Total Flow(Mittany River,Weir Reach.41.75 Value at current time step)
‘LSFlow’ = Lateral Structures:Structure.Total Flow(Nittany River,\Weir Reach,42.6 Value at current time step)

‘SAwatersurface’ = Storage Areas WS Elevation(Storage Supply Value at current time step)
If (SAwatersurface’ < 5 LSFlow' < 0.2 * 'Flowlnling’) Then

Pl b3

6 Gate Opening(Gate #1) = 10
[ Else

8 Gate Opening(Gate #1) = 0
9 End If

With the additional test, the SA fills more slowly and the overshoot of the target is
considerably reduced. Once the flow gets up to the 20% limit, the structure is oscillating
between opening and closing the gate every other time step. Although this is not shown
in this demo, more rules could be added to limit how frequently the gate is adjusted.

2500
12
10
2000
g ||
]
) 1500 —
— vl
= [T
o 4 <
3 3
- [=]
S 2 1000 =
w
0
500
-2
-4
0
OTApr1999 2400 08Apr1999 0800 08Apr1999 1600 08Apr1999 2400
Time and Date
Stage and Flow Hydrographs = | B |-
File Type Options Help
River:  |Nittany River ~| | Time Series | Maximum | Time at Max | Volume(acre-ft) f| « Reload Data |
= N
Reach: |Weir Reach - River Sta.: [426 LS - ﬂ ﬂ LHWUS Stage  12.30 0SApr1395 0000
— 2| HW DS Stage 12,30 09Apri1999 0000
[+ PlotStage [T PlotFlow [ ObsStage | ObsFlow [ Use Ref Stage 3| TW Stage 5,39 08Apri%9g 0328 j
Stage Flow ] Rating Curve ] Gate Openings ]
Stage HW US |Stage HW DS | Stage TW | Flow HW US | Flow HW DS |Flow Leaving | Gate Flow - Gate #1 Gate Open - Gate #1
Date INST-VAL INST-VAL IMST-VAL INST-VAL INST-VAL INST-VAL INST-VAL INST-VAL
FEET FEET FEET CFS CFS CFS CFS FEET
13| 08Apr1999 0012 11,9997 1199973 -4.76950| 2173.94900| 1979.01800 277.82290 27782290 1,20000
14| 0B8Apr19599% 0013 11.99850 11.99846 -4.75124| 2194.31500| 1977.07900  300.96370 300.96370 1.30000
15| 08Apr1999 0014 11.99722 11.99719 -4,70979| 2214.94600| 1975.17500  324.10250 324,10250 1.40000
16| 0BApr1999 0015 11.99594 11.99590 -4.60514| 2235.82500| 1973.33000  347.23%60 347.23%a0
17| 0B8Apr1999 0015 1199455 11.99461 -4.61732 ) 2256.93100| 1971.54700 370.37420 370.37450
18| 08Apr1999 0017 11.99335 11.99332 -4.56630 | 2273.22300| 1969.81400 39350830 393.50830
19| 0B8Apr19599 0013 11.99206 1199202 -4.51210| 2299.65300| 1968.12800  416.64000 416.64000
08Apr1999 0019 11,9907 11.99073 -4,45472 | 2321.17800| 1966.46600  393.47830 393.47830
21| 08Apr1999 0020 11.99005 11.99001 -4,40052| 2333.58400| 1973.30200 415.61530 416.61530
03Apri999 0021 1198910 11.98907 ~4.34314) 2349.44300| 1973.46400| 393.45910 393.45910
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A final option is to start closing the gate before the SA reaches the 5 foot target. This is
done by closing the gate to 0.3 feet once the water surface gets above 4 feet.

Additionally, comments can be used to document and explain the rule data set.

Operation Rules

Rule Font Size: 14 ~ | [¥ Bold Font
row | Operation |:
1 ! Rule Demo for Class
2 !
3 ! Get LS flow and flow over dam and SA WSE.
4 !
5 ‘Flowinline’ = Inline Structures:Structure.Total Flow(Nittany River,Weir Reach,41.75,Value at current time step)
6 ‘LSflow' = Lateral Structures:Structure.Total Flow(Nittany River,Weir Reach,42.6,Value at current time step)
7 ‘SAwatersurface' = Storage Areas:WS Elevation(Storage Supply,Value at current time step)
8 !
9 I If SA WSE is less than 5 feet and flow diversion is no more than 20%
10 ! Then open gate (or keep it open). Otherwise close it (or keep it close).
11 !
-12  If("SAwatersurface’ < 3) And (‘LSflow" <= 0.2 * 'Flowlnline') Then =
13 !
14 If ("SAwatersurface’ < 4) Then
15 ! SAis less than 4 feet so keep opening it.
16 Gate.Opening =10
17 Else
18 I 8Ais between 4 and 5 feet. Reduce opening to not
19 ! overshoot 5 foot target.
20 Gate.Opening = 0.3
21 End If
22 !
23 Else
24 Gate.Opening =0 B
25 EndIf
Insert New Operation Current Selection Changes
’V Comment | New Variable | Get Sim Value Set Operational Param | Branch (IffElse) | Math Table ‘ ’Vil EI QI il Enable | Bissble Copy descriptions to Clipboard .... I
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