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1.0 [bookmark: _Toc99912976]Introduction

In this report I am going to cover an automated process for a specialist aquarium, to nurture an endangered species. The endangered species that we will be focussed on preserving is the Zebra Seahorse (Hippocampus Zebra) a reef-dwelling fish that has come under recent threat due to the receding of coral reefs and poaching for use in Asian alternative medicine. The Zebra Seahorse is most common in reefs off the coast of Australia.
 This report will cover the system requirements for the aquarium, the necessary inputs and outputs associated with that system, the environmental requirements for the fish’ habitat, the automated adaptation that will control the aquarium, and the safety measures that will ensure that the species is protected from any unforeseen circumstances that could occur to the system.
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(Hippocampus, 2011)


[bookmark: _Toc99912977]1.1 Key considerations
For this automated aquarium, there are several key considerations that need to be controlled within the habitat: -
	Key consideration

	· Temperature

	· Food & Nutrition

	· PH Levels

	· Oxygen

	· Salinity

	· Ammonia Levels

	· Water Quality


[bookmark: _Toc99831153]Table 1 Key considerations
For the fish to remain healthy and protected in their environment, it is important that all these key considerations are monitored, controlled, and adjusted as necessary.

[bookmark: _Toc99912978]2.0 Planning
The location for the controlled aquarium(s) in this report is in a large unit behind the main aquarium in a European location. It is an indoor location which is sealed completely from any outside influence apart from ambient temperature, however the main building is insulated. As part of the protection and study of this species, it is necessary to have several tanks to house the species. This will give the option to separate & quarantine immediately if necessary. However, this report will focus on one aquarium and its automated system and any breeding/quarantine tanks will be duplicates of this.
The Full Automation of this aquarium is our main objective. To make this a reality, the resulting system will need to monitor, control and adjust all environmental parameters. 
 For this, we will require the following to be researched.
Sensors
To ensure the health of the fish and the corals that make-up their habitat, it is important to detect changes to the environment that could cause discomfort or negatively impact on health for both species. These sensors must be able to detect incremental change quickly and accurately so that the DCS (Distribution Control System) can make the necessary decisions/adjustments that will stabilise the habitat.
The collection of sensors should be able to detect changes in;
· Temperature
· PH Levels
· Oxygen Levels
· Salinity
· Ammonia/Nitrite/Nitrate Levels
· Water Quality/Clarity
· Water Level
Dosing Equipment
In order to regulate and control the environment as well as feed the species in the tank, we will need to include machines/systems that will add (dose) chemicals and nutrients to the water in order to preserve the health of all species (Fish and Corals) This equipment will be controlled by the DCS and data recorded on the sensors will influence decisions/adjustments made based on pre-set limits for each parameter. These additives to the environment are;
· Food & Nutrients
· PH Controlling Chemicals
· Ammonia Removing Chemicals
· Oxygen/Air Pumps




Water Cycling
Whether Industrial, Retail or Domestic, all aquariums containing living things require removal and introduction of water. They may vary in the quantity or intervals, but to maintain a healthy ‘system’ water needs to be recycled. 
 To simulate the natural habitat of both species, areas of the tank will need to experience a generous current flow. The Zebra Seahorse naturally drifts on ocean currents, and will attach itself to corals and plants by wrapping its tail to form an anchor point. Adding currents to the tank, and also providing sheltered areas will help to maintain strong, healthy fish, and help to simulate their natural habitat.
The strong current, coupled with nutrient dosing will also help to grow and strengthen the coral habitat in the tank, as in the wild, coral take-in nutrients from the ocean that are carried by natural currents.
As part of healthy water cycling, and outlet and inlet will need to make up part of the aqua-system. The outlet will remove water that sits low in the tank, and the inlet will add fresh, temperature and saline controlled salt water. The outlet will be baffled and covered so as not to harm or damage species when water is removed (a strong vacuum effect is harmful and shall be stopped) This is especially important when Sea-Horses give birth, as their young are almost microscopic in their first few days/weeks. So due care will be taken at this time to preserve life.
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There are several regulations relating to the protection of animals and species in the United Kingdom. There are also regulations related to the trade and control of different aquatic species. They are very specific in their allocation, but when moving and housing exotic animals, it is important to understand where to look to remain compliant with the law. They are as follows; 
- “Work in Compressed Air Regulations 1996”
- “HASAWA 1974”
- Animals (Scientific Procedures) Act 1986
- “The Aquatic Animal Health Regulations 2009”
- “Endangered Species (Import &Export Act) 1976”
- “Conservation of Habitats and Species Regulations 2010”
- “Marine Protection, Research & Sanctuaries Act 1972”

 “Prohibits the dumping of material into the ocean that would unreasonably degrade or Endanger the marine environment or ecological systems”
The final quote stated above in the MPRS Act is directly what we are helping to fight with. Humans have used the ocean as a dumping ground for as long as we have been able to build and manufacture. As a result, humans have gradually eroded the once untouched habitats in our oceans. Whether it is through physical damage from Bottom Trawling (a heavy net that drags along the sea floor), Coral Bleaching, rising sea temperatures, over-fishing and chemical/plastic dumping, our marine life is suffering. This is why we have been asked to develop a specialist program that will help to study and recover the population of the Zebra Seahorse
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The most essential part of any aquarium is management of the habitat/ecosystem. When housing any species in an aquatic environment, it is important that you understand the needs of the species, their relationship with their habitat (coral, plants and fauna) their relationship with different species, and that the upper and lower tolerances for water quality are accepted by all species in the tank. Below I have outlined the importance/role of each water property and the cause, effect & remedies for change.
The pH (Acidity & Alkalinity)
It is important to understand the pH ranges for the species in the aquarium. Different species prefer different pH levels, so it is important that pH is closely monitored inside the tank. For our project, we will be studying a saltwater species. This species (along with most other saltwater dwellers) lives abundantly in pH ranges of between 8 - 8.4. Any lower than this can be stressful for the fish, even inhibiting. Low pH water makes bone-growth difficult for fish with skeletons made from calcium carbonate, in some extreme cases it can even begin to erode bone. So it is important that even small changes to the pH range are dealt with immediately (but not quickly, fast changes can be harmful also, it must be gradual)
	pH Influencers

	Decreased aeration will ↓pH

	Driftwood will soften water∴↓pH

	Adding CO2 will ↓pH

	High levels of Nitrates causes ↓pH

	Pollutants and Waste cause ↓pH

	Crushed Coral in filters will help to ↑pH

	Hard water causes ↑pH / Soft water causes ↓pH

	An overstocked aquarium can be ↓ in pH


[bookmark: _Toc99831154]                                          Table 2 pH Influencers
	Lowering pH
	Raising pH

	Decrease aeration in the tank
	Liquid Additives (Avoid if possible, rapid changes)

	Driftwood Softening
	Adding crushed Coral to filtration system/chamber

	Introducing CO2
	Make Limestone or Sandstone part of habitat

	Peat Moss in filtration media can be used
	Surface Agitation (Removes CO2)
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Ammonia
Ammonia and its resulting Nitrites & Nitrates are and unavoidable toxin that will exist in an aquatic ecosystem due to excretions from marine inhabitants (fish, plankton, bacteria and other organisms) This ammonia can come from excretions from these organisms, the gills of fish & uneaten fish-food that falls to the bottom of the tank and rots.
 Fortunately, there are natural bacteria that can consume this Ammonia [NH3] and turn it into Nitrite [NO2-] (Nitrifying Bacteria), and then more bacteria that turn these Nitrites into Nitrates [NO3-] This is known as the ‘Nitrogen Cycle’. Nitrates [NO3-] are far less toxic than Ammonia, but too much of any of these is not good for species inhabiting the ecosystem.
 Despite this toxicity, in its weakest state (NO3-) regular water changes (10% volume) are enough to keep the Ammonia levels low, provided that there is a stable culture of Nitrifying Bacteria present, but if levels become too high, chemicals can be added in order to reduce/remove these levels.
	Ammonia Level (NH3)
	Ammonium Level (NH4)
	Acceptability

	0ppm
	0ppm
	Ideal

	0-0.19ppm
	0-9.9ppm
	Acceptable

	0.2-0.69ppm
	10-24.9ppm
	Treat Immediately

	0.7-3.35+ppm
	25-50+ppm
	Toxic


[bookmark: _Toc99831156]Table 4 Ammonia Levels
Salinity
For the benefit of the report, salinity can be simply described as the ratio/dilution of salt in water. 
 Different aquarium types require different levels of salinity for their inhabitants. Salinity is mostly measured in parts per thousand (ppt) or Specific Gravity (SG). The ideal Salinity for our studied species, the Zebra Seahorse is 1.022SG.
	Salinity
	Aquarium Type

	<0.5ppt
	Freshwater

	0.5-30ppt
	Brackish (Common Tropical)

	35ppt
	Reef/Saltwater
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Oxygen Levels
The reason that we test for oxygen levels in the water is to maintain the health and living conditions for all species occupying the tank. It is obvious that we need to maintain oxygen levels for the Seahorse’, but we also need to consider the health and environmental conditions for the Corals, Plants and Bacteria in the tank. Corals need a steady flow of oxygenated air to develop, and bacteria will absorb oxygen and nitrogen molecules. These bacteria are a key part of the ecosystem, as they help to digest & remove toxic ammonia & nitrites.
Food Regulation
In order to simulate real-world feeding patterns, a weighed amount of food & nutrients for both the seahorses and the coral will be distributed in random patterns over a period of a day/days. This has two key benefits, the first being that for the seahorses, they will not receive one ‘dump’ of food every day, which could cause health issues from over consumption, this distributed technique will average out feeding over each individual. It will also cause the fish to forage for food around the habitat as they may not be near the source of feeding when it occurs. For the coral, the circulation of water in the tank will evenly distribute nutrients that they can absorb freely. The second reason for sporadic feeding, is to prevent and abundance of uneaten food that may not get discovered and will therefore cause an ammonia spike as it begins to decay. We have monitoring & treatments for ammonia/nitrites/nitrates, but a good bacteria culture that has been established should reach a level of equilibrium/self-maintenance.
Temperature controls
The immune system for Seahorses is very delicate, they are prone to bacterial diseases if they are kept in and unsuitable environment, so it is very important to monitor and regulate the temperature of the tanks. As a result, it is recommended that the water in the tanks is kept at least 21-23C in winter and 25-27C in summer. This is cooler than many reef-tank environments, but it is important to stick to these ranges for the health of the fish. As we are using a controlled tank, and the outside temperatures should remain fairly stable due to the aquarium’s geographical location, then we will aim to keep the tank permanently between 23-25C. We can go to our upper and lower limits, so long as it is done gradually so as not to induce shock in the animals. 
 In order to maintain the temperature of the tank and all re-fill tanks (fresh & saline) we will be using PID controller to calculate and regulate the temperatures. 
Water Levels & Water Change
For healthy management of the tank ecosystem, we must ensure that water levels are maintained, and water cycling occurs regularly. With regards to water levels, agitation of the surface water that will occur due to air-bubbling and current flow will accelerate evaporation compared to still surface water. This evaporation will reduce the water level in the tank over time (noticeable over a period of days) causing the salt solution (salinity) to increase. Fresh water (at the correct C) can be added to ‘top-off’ the tank and balance the Salinity.
 Another important factor will be the cycling of fresh saline water. To ensure ammonia & nitrates are kept sustainable, refreshing at least 10% of total tank volume once a week, will keep the ecosystem balanced and sustainable without chemical intervention.
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Here below is my system block diagram. The Automation process consists of 4 individual systems controlling various key element The systems works by using the DCS as the main control hub to communicate between the PLC system, SCADA system (DATA recorder) and Alarm system.
[image: Chart, diagram, box and whisker chart

Description automatically generated]
[bookmark: _Toc99912990]Figure 1 Automated control system block diagram
DCS
A distributed control system is a control system for many processes. The reason for using this control system is that it does not run on a individual computer source, it allocates different work packages to different systems, in this case the PLC to carry out its jobs while the DCS maintains the central core of the information. The DCS also helps maintain a steady process due to the adjustments in the system which can made when an error is detected in a solo part. There are a series of nested levels used in this system.
	Nested levels

	Level 0
	Non return valve

	
	Pneumatic Globe valve

	
	Submersible depth sensor

	
	Galvanic dissolved Oxygen level sensor

	
	Ammonia-nitrogen ion sensor

	
	Pneumatic chemical doser

	
	Vibrating tray doser

	
	Ph sensor

	
	Thermocouple

	
	Titanium water heater

	
	Air stone 
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	Nested levels 

	Level 1
	PLC 

	
	PID

	Level 2 
	DCS
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SCADA (Supervisory control and data acquisition)
SCADA is a software with hardware elements which allows the Aquarium to be run while Monitoring, gathering, and processing real time data. The SCADA system will also allow the aquarium to be controlled locally via the HMI. The SCADA system interacts and responds to the systems, sensors, valves and the complete system via the Human Interface in the Central control room. Although this system will be a full automated process there will still be a HMI required to review any of the data captured via the SCADA system as well as to view faults and to allow the system to be topped up with chemicals and also foods. The main reason for the SCADA system in this process is to record events and then save them into a log file for future use or investigations. The SCADA systems are also great to help maximise efficiency, process data, communicate system problems and help reduce downtime in any of the component’s issues.
ALARMS
The alarms will be generated via the SCADA system which will produce error codes and sound these out in control room and will also give visual aids to show there is a problem. The alarm system will also broadcast the alarms generated by the SCADA across a Wi-Fi network to all smart devices held by members of staff on call at the aquarium.
PLC 
The PLC system the aquarium process will use will have one safety Slot along with six I/O Slots. The reason for using one PLC with a number of different slots is to reduce cost but it will also allow for future expansion if need be, as there is room for addition slots.
Here below are all the inputs and outputs that will be controlled by the PLC system via Ladder logic. The PLC works as a closed loop system, consistently monitoring and adjusting for each factor.
	PLC Signals

	INPUT (I)
	OUTPUT (Q)

	Water change
	Water IN

	Water level
	Water OUT

	Oxygen level
	Air supply

	Ammonia 
	Sodium Hydroxymedhanesulfonate
Supply

	Food timer
	Food supply 

	Safety failure/alarms
	Safe mode

	pH level
	CO2

	
	Reduce pH

	Temperature
	Heater
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	PLC – Safety I/O unit

	Safety failure 
	Discrete signal back to PLC

	Alarms
	Discrete signal back to PLC 

	Safety mode
	Discrete signal back to DCS


[bookmark: _Toc99831161]Table 9 PLC - Safety I/O unit
	PLC – SLOT 1 Water control

	Water Change signal 
	Discrete signal internally of PLC (Ladder logic)

	Water level sensor
	Submersible depth sensor

	Water in/out
	Pneumatic globe valve 

	Prepared water for fresh fill
	PID 

	
	Titanium water heater
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	PLC – SLOT 2 Oxygen level

	Oxygen level
	Galvanic dissolved oxygen sensor

	Air supply 
	Pneumatic pump

	
	Non return valve

	
	Air stone
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	PLC – SLOT 3 Ammonia level

	Ammonia sensor
	Ammonia-nitrogen ion sensor

	Sodium    
 Hydroxymedhanesulfonate supply 

	Pneumatic chemical doser
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	PLC – SLOT 4 Food supply

	Food timer signal 
	Discrete signal internally of PLC (Ladder logic)

	Food supply 
	Vibrating tray doser
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	PLC – SLOT 5 pH Level

	pH level
	Submersible combination pH sensor

	CO2   supply
	Discrete signal back to Slot 2 – Air supply

	Reduce pH
	Pneumatic chemical doser


[bookmark: _Toc99831166]Table 14 PLC – SLOT 5 pH Level
	PLC – SLOT 6 Temperature level

	Temperature sensor
	PID controller

	
	Thermocouple

	Heater
	Titanium water heater
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PID controller 
[image: Diagram
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(PID Controller workings, 2018)
Globe valve 
[image: Diagram, engineering drawing
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(Globe valve principles, HK Divedi 2015)

[image: ]Titanium water heater







(Titanium Heat exchanger, ND)

Pneumatic double diaphragm pump
[image: Diagram
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(Double diaphragm pump, M.Smith 2017)
Non-return valve
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(Direction control valves, ND)

Air stone
[image: A close-up of a stethoscope
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(Aquarium air stones ND)







Thermocouple 
[image: Diagram
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(Thermocouple, 2014)
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Pneumatics 
I decided to use various pneumatic controls within the system because they are clean and quiet (in relation to other mechanical methods) this means that the location for the aquarium should be tidier, and ambient noise levels low for fish and staff. There are no dangerous chemicals used and no liquids at high pressures, so risk of harmful ingestion to fish and staff is removed. All-round, this system was the best solution for the tank and its species.
Automation
The reason automation was selected was to remove the need for excessive human involvement. Technology advancements have allowed us to design a system that manages itself, making decisions and regulating effectively. The only human interaction is only required for responding to emergency alarms, fish & environment inspection, and chemical/food bulk top-up. 
Hydraulics
When deciding whether to consider hydraulics for the system, I realised that the scale of our system did not warrant the power delivery associated with hydraulic controls. Pneumatics were adequate for our needs, were low risk and cleaner. Hydraulic Fluid (DOT 4 for example) is an extremely hazardous and corrosive chemical that added unnecessary risk for our tank inhabitants.
Overall, I believe that the system I have proposed adequately fits the brief that I have been assigned. The system is as autonomous as it could be for the management of a living organism but is still able to make decisions remotely without extra human involvement. I feel that this report has fitted the brief and I can consider it successful. 
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