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In offshore production, the two-phase mixture of oil and gas is transported from the sea-bed oil wells to the surface facilities by pipelines and risers. Two-phase flow can be in different flow regimes; severe slugging is one flow regime which is undesirable in offshore production and an effective solution is needed to prevent it. Active control of the top-side choke valve is the recommended solution. Different control strategies can be used for stabilization of this system. Finding a simple and robust control solution is motivation for this research. 
1. Possibility of anti-slug control in offshore oil-fields using sub-sea choke valve
Anti-slug control using only the top-side choke valve is a difficult control problem in terms of controllability. In theory adding a secondary manipulated variable improves controllability of the system. Previously inlet flow rate to the pipeline was assumed to be constant. In order to include the dynamic of the subsea choke valve an oil well was added to the system. Subsea choke valve is between the well and the pipeline; for example it can be used to regulate pressure at bottom-hole of the well. A simplified model has been developed for well-pipeline-riser case study. It is needed to fine tune the simplified model based on dynamic of the sub-sea choke; this can be done with help of bifurcation diagrams. Then, we use analysis based on the the simplied model to see if adding subsea choke as a manipulated variable is beneficial.
· Learning OLGA to use the OLGA case for well-pipeline-riser and modifying the case if needed. 

· Making Bifurcation diagrams for operation range of sub-sea choke valve. 

· Fitting the simplified model and modifying it if needed. 

· Control simulations using basic (PID) controller in OLGA and Matlab. 
· Analyzing different closed-loop transfer functions.
· Controllability analysis based on chapters 5 and 6 of Multivariable Feedback Control book by Sigurd Skogestad. (This last task is optional)
2. Anti-slug control on OLGA model using model-based controllers in Matlab 

Most of the control strategies and frequency analysis that we use are linear methods. However, severe-slugging has a highly nonlinear dynamic and on the other hand there is always a model-mismatch because of using simplified models for control design. It is important to evaluate robustness of our control strategies against nonlinearity and uncertainty. The closest dynamical model to the physical phenomenon that we have is the OLGA model.  Advanced controllers such as LQG or H-inf designed based on simplified models can be tested in order to control the model in OLGA. Different tasks regarding this project can be defined as the following:
· Learning OLGA and OLGA-Matlab-Link Toolbox. 
· Using the two OLGA cases for severe-slugging and modify them if needed. 
· Using simple PID controllers existing in OLGA. 
· Becoming familiar with simplified models for severe-slugging. 
· Developing model-based controllers (LQG, H-inf or MPC) in Matlab. 
· Connecting Matlab and OLGA to control severe-slugging. 
· Evaluating robustness of the controllers against non-linearity and uncertainty.
3. Anti-slug control with non-linear state estimation and MPC* 

Based on the results from controllability analysis it is known that using top-side measurements is very difficult. This is because of RHP-zeros in dynamic of the top pressure. However, one possibility is to combine top pressure with one flow measurement and use them for estimation of states or other sub-sea measurements are not normally available. 

Because of highly nonlinear nature of the system, linear estimation techniques such as Kalman Filter will fail in more real conditions. Nonlinear estimation such as Unscented Kalman Filter can tested in conditions that KF fails. 

Having the states estimated, the optimal state feedback is one immediate control solution. However, it is known that if choke valve saturates on fully-open or fully-closed, the control system fails. It can be taken care of by considering a constraint on valve opening which leads to use of MPC.
· Studying about Kalman Filter (KF) and Unscented Kalman Filter (UKF)
· Becoming familiar with simplified models for severe-slugging 

· Using KF+LQR (LQG) for control of linear and nonlinear model 

· Using UKF+LQR for control of the nonlinear model 

· Using KF+MPC and UKF+MPC (Constraint on valve opening 0<u<1) 

· Evaluating performance of different approaches 
(*This is a good project for students passed Optimization and Control course)  

4. Experimental study of anti-slug control in offshore oil-fields
Experimental tests on mini-scaled or medium-scaled loops for sever slugging is one way to evaluate performance of the different control strategies. Two loops are available at NTNU; a newly constructed min-scaled loop in Chemical Engineering Department and a medium-scaled S-riser in Process and Energy Department. Pressure measurements of different points of the riser and the actuated valve are used for anti-slug control. However, the best solution from the theory is cascade control with pressure control as the outer-loop and flow control in the inner loop. It is planned to have flow measurement with Coriolis sensor. Different tasks regarding this project can be defined as the following:

· Using single-loop pressure control. 

· Using single-loop flow control.

· Cascade control using pressure and flow rate.

· Using laser sensor for density measurement and comparing with measurement from the Coriolis sensor.

· Probably a demonstration in IFAC workshop in May 2012 in Trondheim.

