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The Modelling Universe

GEOTECHNICAL
ENGINEERING

SOCIAL-ECONOMIC
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AND BUSINESS (Bobashev, 2015)
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What is System Dynamics?

— Developed by Jay Forrester at MIT's Sloan
Business School in the 50s:

To model complex inter-relationships between
elements within a system or multiple systems.

- Feedbacks, Feedbacks and Feedbacks

— Applications in Public Health, Management
Consulting, Water Resource Management,
Public Policy, International Relations, Defense
and Securities etc. 4
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A Simple Example of Causal Loop Diagriamls.:: ‘
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A Simple Example of Causal Loop Diagrams.. -
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A Simple Example of Causal Loop Diagr'.amé.n:"
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Case Study

Soil Water Dynamics of Tailings Cap
Part I.: Model Building Process

Part Il: Simulation and Analysis



Step 0 — Conceptualization
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Step 1: Pick the Governing Equations;

0. — 0
Vol Water Content 0Uh) = {ff, +m <0
0, h=0

Hydraulic Conductivity K(f};:{ﬁ-ﬂ’"[‘ —;!—51"”””1‘ gf:

¢ _0-49,

Relative Saturation S.=—

Inter-Layer Transmission Rate f,-=—%l=’i}_t'if)‘f—t}+ﬁfwf5’] (E_h_ﬁ 1)
i—1 i

2

: : Ye W,
Evaporation-Suction Model he = exp|—=
{"I’g H*“".] P
exp —h,
Actual Evaporation Rate 2E_ RT
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PE 1 =k

Van Ganutchen - Maulem (1980) ; Wilson et al (1997); Huang et al (2011) 11



Step 2: List relevant variables;

identify the stock(s) and flows

Relative Humidity E Pﬂtﬂflﬁﬂl E
A vaporation (PE)
AE PE Ratio
Infiltration Fate
Relative Humidity Actual
of Soil Evaporation (AE)
Mean Air '
T Thickness
Laver 1 Water Storage
Suction Head Vol Water Saturated
Content Permeability
Transmission
Layerl Rate2
Permeability
Layer2

Permeability



Step 3: Construct the preliminary CLD; =

Identify feedbacks; discuss and debate

Potential
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Evaporation (AE)
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Suction Head Vol Water /
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/ Layer2
Layerl Permeability



Step 4: Use the Bull’s Eye Diagram to |dent|fy

the boundary of the model / system
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Step 5: Build the partial CLD; add polairji'ty_'gn_i:gns |
and identify feedback structures '

/' T o Negative (Balancing) Loop
T\T ) - Suction-Driven

-  Dominates when

i b/Q‘\f}l“ e d evaporation >
KI ]

precipitation

ission 4\
Rﬂttﬁ -

Q ‘\ Positive (Reinforcing) Loop

[Le “““S”ag‘ B o - Infiltration-Saturation Driven

- Dominates when
precipitation > evaporation
or when wetting front arrives
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Reservoir Properties : Water_Storage (Result Mode) =

Definition

Elemert ID: | Water_Storage Appearance...
Description: | B
Display Units;  [mm Type... | Stalar
Definition:
Initial Value: [inital_stwrage
Lower Bound:  [Residual Storage
Upper Bound: |Sat_smrage
Additions:
Rate of Change: IlF(det)ﬂmmﬂd, ds_dt,0 mm/d)

Discrete Change: (A

Withdrawal Requests:

Rate of Change: |.F[ds_dt<umm/d, ~d5_dt,0 mm/d)
Discrete Change: [A
Save Results
Final Values Time History

Close Help

pressien Properties : Transmission_Rate3 (Result Mode] @
Definition
Element I0: Transmission_Rate3 Appearance...

Description: m -

Display Units: — jem/min Type... | Scalar

Equation
0. 5%(K+L.ayer3.K)*({Layer3.Ph-Ph) /(Layer 3. Thk/2+Thk/2Z) +1)

Save Results
Final Values Time History

Close Help
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Step 7: Validation

Step 7: Run and validate
simple models under a
variety of conditions and
different materials.
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Step 8: Visualizati

Step 1: Geometry and Soil Properties Step 2: Boundary Conditions
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step 3: Simulation Settings
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Final Steps

Step 9:

Go back to the Bull’s Eye Diagram if
required as part of the iterative and
participatory modelling process

Step 10:
Parameter Estimation (Case Study)

Step 11.
Simulation and Sensitivity Analysis (Case Study)



Case Study

Soil Water Dynamics of Tailings Cap
Part I: Model Building Process

Part Il: Simulation and Analysis
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Global Dynamics— Total Water Stdkége'_._,:j A
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Global Dynamics— Total Water Storage...

1400 -

1200 -

= 1000
£
b ]
& 800 -
= Vary Initial SCof TT
§ 600 - SC=40% Same CST Ks in all scenarios
= ——SC=350%
5 400 —— SC=60%
— SC=065%
200 - = = No Consolidation
0 : : : |
0 1000 2000 3000 4000

Time (days)
22



[a—
fhn
=
=

1000

Cumulative Surface Runoff (mm)

500

)

Global Dynamics— Cumulative Ruhbff._'_-..:f
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Local Dynamics - Layer 4 (Depth: 52 cm)
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Concluding Remarks

 Why System Dynamics?

— Feedback Structures
— Rigorous Qualitative Process

— Foster thinking and shared understanding
through participatory modelling exercises

— Abllity to model soft variables
25



Concluding Remarks

 Limitations

— Poor Capture of Spatial Variation
— Over-Simplification

— Over-Complexity

— Complacency?

26



Acknowledgements

- Dr Nicholas Beler
1()° | DELIVERING 'l fulbert? NSERC
| nnovates
@ 5;8;%|& ENVIRONMENTAL Energy and Q CRSNG
INNOVATION ALLIANCE

PERFORMANCE Enwronment Solutions
Software Support:

Goldsim VeS'm

FSCA (Dr Silawat Jeeravipoolvarn)

27



