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» An introduction to locks

* The Aquator lock component

- Overview of progress and challenges
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v

High risk — completely bespoke code

Little visibility

Chasing errors very difficult

Changes to the model configuration restrictive

Slowly becoming obsolete, updating would be expensive
Run times poor



Water resources model

Ability to model water movement through locks
Various different components
Interaction with canal pounds

Flexible
Support

Developer
Industry use

No need for hydraulic transfers
Transparent



Canal &

®» <a River Trust

Keeping people, nature & history connected




An introduction to locks

Flow

Elevation change

Plan view







An introduction to locks

Flow

Lockage




An introduction to locks

Flow

Leakage through gates
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An introduction to locks

Flow

Losses
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An introduction to locks

Flow

Bypass flow (or sluice)
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An introduction to locks

Flow

Weiring over gates
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An introduction to locks

%

15



The Aquator lock component




The Aquator lock component
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The Aquator lock component

€3 Lock setup: Lock 34 (LC34) (=]
5 WT Lock T Leakage T Losses T By weir T Sluice T Gates T Paddles T EadipumpT Ordering

Present Use Status

By weir

Sluice

Gates

Paddles

Back pump

™ allov VB4 to be altered
This component must be 'Customized' first to allow VBA code control

oK Close




The Aquator lock component

£ Lock setup: Lock 34 (LC34) =]

Summary | Lock T Leakage T Losses T By weir T Sluice T Gates T Paddles T BackpumpT Crdering

Warning Levels (maCD)

Volume (MI) |0.320

Pound floor elevation (maCD) 174,390 Coping level Il?E.EZ[J
{Bottom line in the diagram below) I ’ (upper warning level)

Annual lockage |302 Standard navigational depth Il?'S. 120
{lower warning level)

Lockage method IAnnuaI lockage ;I

Steps per day for weir flow calculation |24

d, maQD
| 7 _] x, maQOD
AV

v, maQD
pm| ’"I 7

Profile named "Morthemn Lockage Scalar® is providing the lockage distribution

[~ Allows VBA to be altered
This component must be 'Customized' first to allow VBA code control

OK Close




The Aquator lock component

™ Lock setup: Lock 34 (LC34)
Summary T Lok T Leakage T Losses T By weir T Sluice T Gates T

Datum level (maOD]) Il_}.5 590 Formula Test
(crest elevation)

(=]

Paddles T Ead-cpumpT Ordering

Present W Head above crest {m) I0.000 —>= Calculated flow (MI/d) I
Max capacity (Ml/d) |1nn.mm
Usz Evaluate |
Flow scale factor I1.000
r—Formula
Hydraulic formula ISiandard By-Weir ;I Wherex =v+s:
= 3/2 gi/2 3/2
VBA formula name IStandard ByWeir ;I | 0-=(2/3)%2 g1f2 Cus & hrs¥/ |
Wherexzv+s:
Parameters
Parameter | Description Range value| | ‘ Q= Cz£5(28)°5(h1-0.55)0 ‘
[01] b Effective weir breadth (perpendicular to flow), m  [MNot set 4,580
[02] C2 Coefficent 0.6-0.7 0.610
[03] = Slot height, m Mot set 0,140
[04] L Length of weir in direction of flow, m Mot set 0,280
[05] P Heightt of crest above pound base, m

pb= [+560

—MNotes

MNote that the flow equations assume modular flow. If you suspect that flow at a specific by-weir is non-modular within the
expected range of flows (and the difference will be significant), then a rating should be derived and the standard equations

not used. As Aquator does not calculate in-pound hydraulic gradients (modelled as reservoirs with single water level), all
by-weirs are treated as transverse and not side weirs.

[~ allow YBA to be altered
OK Close
This component must be 'Customized' first to allow VBA code control




The Aquator lock component

F.ey storages

|

Level data table

L |

3 Edit Spill (VBA).Equation parameters (VBA)

Fow

Level [rn]|

Area [sqkm]| Storage [MI]| Seepage[MI.-"d”

Spill [M14d]

1
2 [Twil]

3

100.000
53.700
52.500

0136616
0136616
0196616

234.92
235.94
0.00

0.00
0.00
0.00

Y Lock setup: Lock 65 (LC50)

Summary || Lok | Leskege | losses | Byweir |

Siice

| Gates | poddes | Backpump | Ordering

Present [V

Use ¥

Datum level (maOD)
(crest elevation)

Max capacity (Mjd) (100,000
Flow scale facter ~ |1.000

[s2.630

Formula Test

Head above crest (m)  [0.000 —> Calculated flow (MI/d)

Evaluate

Hydrauiic formula  [Standard By-Weir

=

VBA formula name  [Standard ByWeir

= |

Wherex <y +5:

Q.= (2/313/2 g1/2 C1 b B2

Wherex =y +s:

Parameters

Parameter | Deseription Range vae| | | Q= C265(20)°5(-0.55)°5
ib Effective wer breadth to flow), m _|Not set 4.100

07 c2 Coefficent 0.6-0.7 0.610

03] s Slat height, m Not set 0.000

4L Length of weir in direction of flow, m Not set 1.500

[05] P Height of crest above pound base, m Not set 1.300

pUb- [%100

Note that the flow equations assume modular flow. I you suspect that flow at a specific by-weir is nen-modalar within the =
expected range of flovis (and the differance will be significant), then a rating should be derived and the standard equations
not used. As Aquator does not calculate in-pound hydraulic gradients (modelled as reservoirs with single water level), all
by-vieirs are treated as transverse and not side weirs.

58.980

93.200 9.200

Datum () | Widthim] | SlotHeight(m) | L | oK
1 93700 3630 0.000 —
z 33.830 7.000 0.000 —I
3 33.810 8780 0.000 Help |
4

0.000

N\

I Allow yBA o be altered

‘This component must be 'Customized' first to allow VBA code control

oK Close

;-/“

Pound 48 - 85

Lock 48
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Ee] Aquator - [:\Water Management\024 National Water Resources Strateqy\WM_154_Rochdale Water Resource Plan\70 Work Process\Madelling\Aquator Mode\DB\Rochdale W] o || e ][ ==

G File Edit Setup Tools Window Help

F-HE Go@mRPE HE DV A s EHETS e

Parameters [Defaul Set] 2
- States [Defaul Set]
Sequences [Defal Set)
Vaiiables (Default Set]
El- Compenents
AB1 (Luddenden Foot)
AB2 (Hollingworth Entitlement)
- AB3 [Chelbum Entitlemenit)
CM1 [Hauks Clough Feed]
- CM10 [Smithyholme Feed]
CH11 (Sun Drain East Feed)
CH12 [Stonshouse Feed)
- CM13 [Warland Feed)
CH14 [Greenvale Feed)
CH15 [Clegg Hall DwWF]
- CM16 [ASHTON]
CM17 [Hollngwerth U5)
CH18 [Chelbum U/S)
- CM2 (River Caldet at Mytholmioyd)
CH3 [Goosegate Feed)
- CM4 [Beaumont Clough Feed)
CMS [Burnt Actes Feed)
CHE [Stoodley Clough Feed)
- CM7 [Shawplains Feed)
CH& Woodhouse Feed)
CH8 [Dobroyd Feed)
- DE1 (Lock 92 Statutory) 4-92
LCT (Lock 01)
- LC13 [Lock 14]
LC15 (Lock 151 feed
LC1E [Lock 17) 2 Statutory
- LC18 (Lock 18]

LC19 (Lock 20)
LC2 (Lock 02)
- LC21 (Lock 25]
LC26 (Lock 31)
T2 0 et 20

Z =50% H=7% W= 20%

W =-hA7 846 km | Y = -B0787 km

Hollingworth Entitleme!

Components
[ )
e Y

1@<+ 0
eEND KB X

HO/ 0=

Greenvale Feed Pound 37 - 38

Groups
© E O
(]

Annotations
A

Constraints
kY A
b e
E L

Comnectors
b e m
LS

»
Licenced to Canal & River Trust ‘

Design and development

Testing

Model build — Rochdale
25 locks (92), 24 pounds (91), 17
feeders, 3 entitlements

Model runs, some issues to be resolved

Data collation
Only previously had a spreadsheet
model
Learning Aquator & lock component
Configuration,
feeders as full available or
entitlement?
Small storage in pounds

23



Refine the Rochdale model
Use early models to refine configuration of locks
And pounds
Accounting for waste (out of system)
Reporting
Calibration
Using data from the SCADA network

Develop Grand Union South

Merging models into composite database
And then connecting up the network

24



Map Key
Canal & River Trust offices
Canal & River Trust waterways

AINA waterways

Rochdale
Canal

LEEDS
WIGAN
NORTHWICH
RED BULL NEWARK
FAZELEY
HATTON
MILTON KEYNES
GLOUCESTER
GOVILON
LONDON
A
DEVIZES

X“ﬂ e .

© Crown copyright and database rights, 2013, Ordnance Survey 100030994. © Next Perspectives, 2013. Contains Royal Mail data, © Royal
Mail copyright and database right, 2013. Contains National Statistics data, © Crown copyright and database right, 2013 25






Aquator User Group — 2013

Modelling the country’s canal network using Aquator

Part 2: How the Lock component works within Aquator

Chris Green (OSS Ltd)




The Canal & River Trust Aquator Lock Component

» The most complicated Aquator component ®
» Has both river and supply functionality ®
» Two types of water movement — always moved and optional ®

» Requires passes both down the canal system and up the system ®

> Sub daily calculation of weir flows &




The Canal & River Trust Aquator Lock Component

Two types of water movement — always moved and optional

Always moved (e.g. Lockage, by-weir flow)

Calculations proceed down the system from top to bottom early in the day

Canal now possibly in an imbalanced state

Optional (e.g. Sluice, back pumps and sometimes Paddles)

Calculations proceed up the canal system from bottom to top restoring the balance




The Canal & River Trust Aquator Lock Component

Two types of water movement — always moved and optional

Always moved (e.g. Lockage, by-weir flow)

During Aquator’s river regulation phase using Regulation Order (RO)

Optional (e.qg. Sluice, back pumps and sometimes Paddles)




10 Kile Pound

Calculation order

Foxton ‘optional transfer

Pound dis Foxton spill

Foxton ‘always moved' transfer

Elkington Brook

Husbands Bosworth Winwick Feeder

Welford

Foxton dis transfer . _______

Sulby spil

Combined Welford + Naseby supphy
Sulby - Welferd transfer

Welford Arm

Welford ‘alwa Welford arm "opticnal supply

< =

Leicester summit SR . YR . - We
= Welford supply reservoir Welford
Welford Welford dis transfer
;! Welford "optional transfer Welford spil
N Welford Arm compensation
Leicester summit spil
Naseby spill Naseby
Watford backpump output }.’I . Setup Model x|
; Properties T Parameters htates T Sequences T Wariables
Watford d/s transfer \
— Fiegulation order (RO — Optimization————————— [~ Demand saving | _______
@ (L Cancel Naseby
oea ¥ On [enforce) ;
* Global Help |
3 Wattord Level1 [ 5 %
Bl IAqua-SoIver j |
Level2 | 10 %

Model passes ———————— Leveld | 15 =
[ Satisfy leakage

[~ Satisfy minimum flows

‘Watford

LT
|—|- [ ptimize LewelE
]i- " i . .« .
Velford ‘optional transfer | Satisfy minimum demands v Cumulative
¥ Demand excess water
Watford 'always moved’ transfer L - )
—Advance order [&0) ™ Distribute — Model options
Mame | 40 | DisplapMame : | [ Demand magimum water [~ Diagnostics
RiE 2 10 Mile Paund ﬂ |—|_ Smgoth [¥ Firz Events
Ry 2 Braunzton Summit s .
Cust d d d
Braunston Summit RVE & Leicester summit I Customized demands v énlmfate
R4 4 welod : : L Single
Ao 5 W:Ifs:d i —&llocation algonthm———— Step Pn|_|,|
Braunston Summit spil RWv3 5 M azeby IEquitabIe j J [~ Forecasting
a0l 5 Sulby -
I/\ — Route order algoithm—— ‘ g’

IAdvanced W2 an) j _I — Capture options Canal & River Trust
[~ “erzion Info
[~ Farameters

= :
v Allow Adwvance Order (40 to be set manually -1 I 1 iwlamings [~ None [~ States
L — -

— Action after




The Canal & River Trust Aquator Lock Component

o x|

Summary T Lock T Leakage T Losses T By weir T Sluice T Gates T Paddles T Back pumpT Ordering

This tab applies to all Locks and Reservoirs (pounds) within the model

Daily calculations take place in the following order:

(1) Reservoirs receive catchment inflow, rainfall & evaporation

(2) Aquator's river regulation phase: Starting with the topmost lock and then progressing djfs, locks should push the ‘always moved' water to the pound below.
This order is important and is currenty:
Index | Qrder |Name |Display name
1 2 LC1 Welford
2 3 L2 Foxtan
3 3 LC3 Watford

(3) Any demand centres in the model try and meet their demand

(4) Reservoirs (pounds) try and fill themselves to their 'fill curves from other sources (e.g. 'optional’ water from the ujfs pound or back pumps).
This order is important (starting with lowermost pound and then working upstream). It is currently:
Index | Qrder |Name |Displar_.-' name
l 2 RVE 10 Mile Pound
I Braunston Summit
Leicester summit
Welford Arm
! Welford
g RY3 Mazehv
(5) Reservoirs (pounds) spill if over full

The ‘Qrder’ button below can attempt generating the correct order for (2) and (4) above provided that "Allow Advance Qrder (AQ) to be set manually'
is ticked { |V &low Advance Order [A0) ko be set manually |3 on the 'Parameters' tab of the Model Setup form:

Start Regulation Order | 2 i Order

If this automatic ordering does not work correctly use the Model Setp form, tick "Allow Advance Order (AC) to be set manually', and use that form to define the order.







