A quantitative prediction of water clarity

in aquarium systems

Calcul mathématique de la transparence de l’eau

des aquariums

P. Cooley1, R. Phillips2
1PC Aquatics a PBS&J Program, 175 Calle Magdalena, Encinitas,

CA 92024, USA

2 Monterey Bay Aquarium, 886 Cannery Row, Monterey, CA 93940, USA

Abstract

As aquarium exhibits get larger and larger, reaching up to 20,000 cubic meters (6.0 million gallons) with viewing paths up to 60 meters (200 feet), the effect of water clarity as measured by turbidity is becoming more and more important. In addition, as more naturalistic exhibits are becoming commonplace, the impact of clarity in closed and semi-closed systems as compared to a natural system are more critical.

A proposed method to mathematically correlate system design parameters including flow rates, food loads and treatment efficiency and method is proposed. The goal of this correlation is to better understand the relative impacts of these parameters on anticipated water quality, develop a rational design method for sizing larger life support systems and minimize over design of the systems.

Résumé


Alors que les présentations d’aquariums deviennent de plus en plus volumineuses, atteignant jusqu’à 20 000 m3 avec des points de vue allant jusqu’à 60 m, l’effet de la transparence de l’eau, mesurée par la turbidité, prend de plus en plus d’importance. De plus, les présentations plus naturelles et réalistes devenant monnaie courante, la transparence de l’eau en système clos et semi-clos, comparée à un système naturel, devient primordiale.


Nous proposons une méthode mathématique qui permet de corréler certains paramètres tels que les débits d’eau, les apports de nourriture ou l’efficacité des techniques de traitement de l’eau. L’objectif de cette méthode est de mieux comprendre l’impact de chacun de ces paramètres, de prédire la qualité de l’eau, de développer une méthode de conception de très gros systèmes de maintenance et de miniminer le surdimensionnement de certains installations.

Introduction

The purpose of the life support system is to maintain water quality and clarity in the system that promotes animal health and facilitates a positive viewing experience for the public. Some of the water quality parameters that the life support designers are concerned about include turbidity, pH, nitrogen, carbon dioxide, phosphorous, bacterial levels, levels of oxidants, etc. As the requirement by curators and husbandry staff gets more stringent, the costs of these life support systems go up and can now range up to 25 % of the overall capital cost of the aquarium. Every dollar that is spent on the life support system takes money away from the viewed exhibit, which is the part of the aquarium that most people appreciate. Therefore, it is the responsibility of the life support designer to be cost effective in the design of the life support systems and ensure that the improvements that are recommended actually improve water quality. One of the problems with the life support design process in the past has been a lack of quantification of water quality parameters. Specifically, what is the effect on water quality by the addition, subtraction, and/or enhancement of various water treatment processes. Without the ability to quantify the effect of these changes, life support processes will continue to be a “black box”. Due to lack of time, this paper will focus on one parameter: Turbidity.

Method

Turbidity, the measure of clarity of the water, is critical to aquarium systems because of the importance of viewing the animals. In addition, large aquariums, with long underwater viewing paths, accentuate the water clarity problems. Also, the public has the perception that cloudy water is also contaminated water.

In the past, life support designers have used a qualitative approach to sizing the life support system. This is accomplished by using empirical data from existing systems, including turnover rates, relative feed rates and life support systems configurations, and extrapolating these systems to similar systems and similar conditions. Obviously, there is some validity to this approach because it is important to design systems that have a proven track record. However, this approach has problems. One major problem occurs when troubleshooting existing systems, looking at alternatives that may be expensive and quantifying the relative effects of our recommendations. Without the ability to quantify the relative effects of our recommendations, recommendations may be made that over-state or understate the effect. This leads to wasting money in areas that may be ineffective and lack of emphasis in areas that may have been more effective.

Another problem with utilizing the qualitative approach occurs when new methods are applied to existing systems and we need to quantify the effects of these new methods. When using a qualitative approach, equipment manufacturers can make unsubstantiated claims as to the effect of their processes and because they are not asked to quantify the effect of the equipment, they can make these claims with impunity.

Over the years, a more quantitative approach based on a steady-state mass balance has been developed. Figure 1 illustrates a typical aquarium system compressed to its major components. 
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Basically, this Figure illustrates the components of the system, including the aquarium tank where food (tss) is being added, and the life support system where turbidity (tss), is being removed. In order to define some of the parameters:

· FIN is equal to pounds/day of tss being added by animals (proportional to pounds of food being fed)

· Q is the flow rate

· V is the volume of the tank

By performing a relatively simple mass balance around the system, we can create an equation, which can be solved for the turbidity or total suspended solids in the tank. By using actual full scale operations to quantify constants, we have been able to develop the following graph of turbidity versus turnover rates.
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Now, of course, there are some assumptions associated with this mass balance. The assumptions are 1) the feed rate is constant, 2) the life support system consists of full flow filtration with ozonation, 3) the filter efficiency decreases with incoming turbidity, 4) the impact from make-up water and backwash recovery systems is minimal.

Now obviously this is a simplification of real life. However, it has some advantages over the qualitative approach, which is also assuming a steady-state system. It also has some limitations on troubleshooting because it doesn’t fully represent what is happening in the system. The biggest issue is that the feed rate is not constant through the day. This is commonly observed in aquarium systems where water clarity is compromised. We will commonly see the water quality clear up overnight when feeding is reduced, then once feeding resumes, the clarity will degrade until the feeding stops.

The real answer, then, is to come up with a quantitative, non steady-state model. Utilizing some of the same constants in the steady-state model, our goal is to be able to predict the turbidity as the function of various design variables versus time.
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The problem in the past, is that there has been a lack of actual test data quantifying the relative clarity in aquarium systems. However, recently, we have been able to gather some data with the Monterey Bay Aquarium on their Outer Bay Water Tank (obw). This tank has the following characteristics:

· 990,000 gal tank

· 137 Minute Turnover

· Full Flow Filtration

· Sidestream Ozonation

· Make-up Flow 70 gpm

Over the past five years, since its opening, the obw Tank has been experiencing water clarity problems. Interestingly enough, as the animals in the exhibit have matured, and the feed rates increased, the water clarity is getting worse, which is what we would obviously expect. Monterey has installed a transmissometer in the actual tank which has provided them with a continuing measurement of tss in the tank. The meter uses a light back-scattering sensor to measure suspended particle concentrations and produces an output in total suspended solids. In reality, it’s not really total suspended solids but really a measure of the amount of absorbance of specific wavelengths of light passing through a given volume of water. Shown here are two graphs of total suspended solids and turbidity versus time, the arrows indicating specific feed points.
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This data was collected by Mr. Roger Phillips, the Director of Applied Research for the Monterey Bay Aquarium. You can see the data is following a fairly consistent pattern. tss levels dropping as the feed rate decreases, when the feed is added to the system tss levels increase in the tank to a peak point. After a period of time, those feed rates tend to drop. This is the point where the filter system, is able to catch up with the total suspended solids being excreted by the fish.

A couple of things to note. First, that the turbidity levels are very, very low, ranging from 0.02 to 0.08 ntus. We have correlated the turbidity to tss levels through the use of a laser turbidimeter. In the aquarium, because of the lighting and viewing path associated with this large tank, turbidities above 0.07 create a major problem for water clarity. Turbidities below 0.05 are preferred. Secondly, although the food load has increased over the years, the peaks have not increased but the percent of time where the water clarity is above the acceptable level has increased as a result of the expansion or widening out of the bell portion of the curve. This is what is causing the problem. The concern is that as we continue to increase the feed in the future, the percentage of time where acceptable levels of turbidity are exceeded will be excessive. So the question is, how can we quantify this non steady-state model?  

Initially, we have attempted to model this by fitting differential equations to simulate incoming tss and removal efficiencies of the life support system.
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Now obviously, this equation only applies to the obw tank and we need more data to actually quantify the constants.

Once we finally correlate this data, we will be able to more accurately predict how improvements to existing systems will effect the relative clarity experienced. This should be a major breakthrough in the area of troubleshooting existing systems, and should help us define the relative impact of proposed improvements.

Conclusions

However, that is not my ultimate goal. The ultimate goal is to be able to model the life support systems in a predictive sense, predicting the efficiency of life support systems as a function of the efficiency of individual processes proposed for the system, the amount of animals and type of animals anticipated, and the internal generation rates. This, however, will require the collection of a lot more data. Data for different types of systems, different conditions, different make-up water conditions, and different internal generation rates. By collecting this data, we can predict the relative effects of these factors on anticipated turbidities.

In addition, we need to start quantifying other parameters within the systems as well. Parameters such as co2 and nitrogen: ammonias, nitrites, nitrates. Without this information we will be continuing to install equipment that is either over-designed or under-designed. This process needs to be a cooperative process by facilities throughout the world to ensure that we’re getting the most benefit from the dollars we expend.
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