Safety Evaluation of VHTR Co-generation system　(Oral)
1. I am ○○ from Japan Atomic Energy Agency. Today, I will present about the safety evaluation result of the VHTR co-generation system designed in JAEA.

2. In JAEA, we are progressing promoting the R&D for the VHTR system which could produce both hydrogen and electricity. For the Reactor technology, we constructed the HTTR was constructed and attained its maximum reactor-outlet coolant temperature and successfully delivered high temperature operation of 950°C coolant helium outside its reactor vessel in April 2004. For the hydrogen production, as addressed by Mr. Kubo in Session 5, we are performing R&D for thermochemical water splitting IS process has been performed and achieved a continuous hydrogen production of 30L/h, 175hr in 2005. In the next stage we are planning to construct couple the IS process hydrogen production system coupled with HTTR, which we call the HTTR-IS system. The This HTTR-IS system will be the first demonstration of hydrogen production utilizing nuclear heat in the world. Its hydrogen production rate is assumed about 800 – 1000 Nm3/h. JAEA has been We have started designing of the HTTR-IS system and commercial cogeneration system. since 2005, but its construction depends on the budget. In the commercial stage of the VHTR hydrogen system, the product hydrogen will be used for Fuel cell vehicles, and its cost will be assumed 20.5 JPY/ Nm3 which has economic competitiveness against other industrial hydrogen production. According to the increase of hydrogen demands, we assumed expect the first commercial system will be introduced that its construction will start in 2030s.
3. JAEA We designed the commercial cogeneration VHTR systems named GTHTR300C. There are 2 variants of GTHTR300C. The one is for co-generation of mainly generates electricity and hydrogen which can achieve high efficiency co-generation. The thermal load of H2 plant is 170MW and hydrogen production rate is assumed 25000 2.6MNm3/h. Its electricity generation is about 202MWe. The other is designed for hydrogen production only and the generated electricity will be used for its hydrogen production facility. The thermal load of H2 plant is 370MW, and hydrogen production rate is about 52000 5.6 MNm3/h. Both of the variants have the same flow diagram which is as shown here. It consists of reactor, Intermediate heat exchanger IHX, gas turbine, compressor, recuperator, and precooler and H2 plant. For the H2 plant, thermo-chemical water splitting IS process is the leading candidate because of its free CO2 emission and high efficiency expected. The reactor outlet helium gas temperature is 950 deg C, and produces about 900 deg C helium gas to IS process in the IHX. In the downstream of the IHX, gas turbine is installed so that the turbine can circulate primary helium coolant directly. The turbine inlet helium gas temperature is 850 deg C for cogeneration plant and 730 deg C for hydrogen production only. The helium flow into the low-pressure side of the recuperator to heat up the helium gas flowing into the reactor. and After cooling down in the precooler, and helium gas flows into the compressor. The pressurized helium gas flow into the high-pressure side of the recuperator and flows back to the reactor. 
4. This is the bird’s eye view of the GTHTR300C. There are 2 buildings; Reactor building and hydrogen production building. Reactor building includes Reactor, Turbo machine, IHX and heat exchangers such as precooler and recuperator. Turbine and compressor are placed horizontally to minimize bearing loads. Such turbo machine and IHX are installed in the same pressure vessel to achieve the reduction of the construction costs and installment space. Hydrogen plant building includes IS process apparatus such as H2SO4 decomposition facility, Bunsen reaction facility and HI decomposition facility. Reactor and gas turbine system is separated from hydrogen production plant. Between the reactor building and hydrogen plant building, confinement isolation valves are installed to isolate the hydrogen plant from reactor system and secondary circuits during the abnormal events of hydrogen production plant such as helium piping rupture.
5. In the For commercial stage of the VHTR system, the H2 plant should be define as a non-nuclear graded system due to the following reasons. Because One reason is to open the door to the non-nuclear industries. In the commercial stage, the IS process connected to the VHTR system will should be managed by non-nuclear industries such as oil and gas companies so that the IS process should be defined as non-nuclear grade to attract their interests. The other is to reduce the construction costs. Since its construction cost reflect on the cost of hydrogen production cost, chemical plant design standard should be applied to the IS Plant reduce its cost.
6. The safety philosophy for to achieve the non-nuclear graded IS process is consolidate into following two requirements. One is to exempt the IS process from nuclear safety system prevention system 3 (PS-3) and the other is to identify the abnormal events initiated in IS process as external events. In order to meet these this requirements, JAEA started we proposed the following 4 R&D items. Which are is; to mitigate Establishment of the IS process thermal load disturbance originated by the IS plant absorption method, to protect the nuclear safety items Countermeasure for against H2 explosion, to protect Countermeasure for toxic gas inflow into central control room of reactor facility against toxic gas, to reduce Reduction of tritium concentration releasing to environment in the secondary helium circuit and H2 plant product. The R&Ds are progressing but today, I‘ll talk about the establishment of the IS process thermal load disturbance absorption method for GTHTR300C.
7. One of the severe accidents Thermal load disturbance of IS process shall be considered due to the malfunction of control system, pump and valve in GTHTR300C is loss of the IS process thermal load. Loss of IS process will initiated by loss of chemical reaction triggered by pump trip or leakage of process fluid. Loss reduction of the IS process thermal load in the IS process will lead the IHX primary outlet helium gas temperature increase, so the turbine inlet helium temperature increase immediately. To prevent the turbine blade from damaging by over-heat, the helium temperature shall be controlled at steady state condition. If not succeeded, detection of the turbine inlet temperature increases makes the turbine shall be shutdown and helium gas circulation stops. Finally, reactor scrams. If the mitigation system for controlling the gas turbine inlet helium temperature is not available, IS process shall be designed as a nuclear graded system. This means that the reactor operation is affected by the IS process abnormal events, so to achieve the non-nuclear grade IS process, some kinds of countermeasure for loss of the IS process thermal load are necessary.  
8. For the countermeasure for the thermal load disturbance of the IS process in the GTHTR300C, JAEA proposes to provide three control valves to mitigate the thermal variation of helium gas. the operational sequence shown in this diagram. When some abnormal events occurred in the IS process such as process pump trip, turbine inlet helium gas temperature will increase. Detecting the temperature increase, turbine inlet temperature control valve CV3 will actuate to control the temperature. As a result, the flow rate of the turbine and compressor will change and power generation rate will change. Therefore, CV1 will actuate to control the flow balance so that the power generation rate will be able to be controlled. These valve actuation leads to the decrease of the flow rate of reactor core, so the reactor outlet temperature power will be controlled by the control system. Using this operational sequence reactor can operate normally whenever the abnormal events occur in the IS process.
9. To evaluate the credibility of this operational sequence, dynamic numerical calculation code was developed based on RELAP5 MOD3. Since RELAP5 is developed for LWR, some modification was applied to model the HTGRs. This is the nodalization and brief description of the GTHTR300C model. This code is one dimensional, and it can calculate thermal hydraulics of the non-condensable gas such as helium. Field equation consists of mass continuity, momentum conservation and energy conservation equation. For heat transfer correlation, some experimental equation was applied for reactor core, IHX and heat exchangers. Also conventional heat transfer correlation include in RELAP5 is able to use. This code also has a helium gas turbine and compressor models to calculate electricity generation rate. This code also modeled the control systems, valves. For the reactor kinetics, point nuclear equation is applied so that the reactor power is able to calculate. In this model, simulating the fluctuation of the hydrogen production plant thermal load, temperature boundary was set at the inlet of the IHX secondary helium gas side.     
10. Using the code, dynamic calculation was performed. In this calculation, loss of the IS process thermal load of GTHTR300C for cogeneration was assumed. The X coordinate shows the elapsed time from loss of the IS process thermal load and Y coordinate shows each calculation results. To simulate the loss of the H2 plant thermal load, temperature increase was set as step input at IHX secondary helium gas inlet temperature to calculate on the safe side. This figure shows calculation results of the temperature variation at turbine inlet and flow rate of the CV3, the turbine inlet temperature control valve. When the loss of IS process thermal load occurs, turbine inlet temperature increases, so the CV3 valve actuates and inlet temperature will be controlled. From the calculation results the temperature increase is up to 19 deg C. The actuation of CV3 causes the flow rate increase of the turbine inlet, turbine bypass flow control valve, CV1, start to actuate. From the calculation results, turbine speed only exceeds 5 rpm. 
11. The calculation results of the heat transfer quantity are shown here. IHX heat transfer quantity decreases due to the loss of the IS process thermal load and its decrease amount is about 150MW and the increase amount of the heat transfer quantity of precooler is about 50MW. At the same time, Due to the CV1 actuation, inlet flow rate of the reactor core decreases, and reactor power also decreases to control the reactor outlet temperature by the reactor power control system. From the calculation results, reactor core flow rate decreases to 88 % and reactor power decreases to 84 % of the rated operation’s value, it means that the reactor thermal power decreases about 100 MW and the heat balance is maintained. The calculation result of the reactor outlet temperature is successfully controlled at 950 deg C.
12. Here are the concluding remarks. JAEA started the R&D for the safety design of commercial VHTR systems GTHTR300C both for cogeneration and hydrogen production only and dynamic simulation models for GTHTR300C were developed. Using this code, dynamic calculation for loss of the H2 plant thermal load was performed and the validity of the operational sequence was verified by the calculation results. Thank you for your attention.                           
