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Abstract

This research paper provides theoretical scientific evidence for
removing tritium from ALPS treated water in fukushima daiichi.
This research is a theoretical study about the possibility of
using a membrane thermal separation process for removing
tritium from ALPS treated water in fukushima daiichi power
plant. The negative effects of the presence of tritium in natural
water are the main reason for this research on separation of
tritium from nuclear power plant water. In previous research
studies there are references to separation of tritum by a
thermal membrane process. This pervaporation process based
on experimental research. This paper describes
thermodynamics based on the separation of tritium from ALPS
treated water as scientific evidence.

Keywords: Tritium; Thermodynamics; ALPS treated water;
Thermal membrane; Nuclear power plant water

Abbreviations: R: Universal Gas Constant; P,,pqur
pressuRe: Vapour Pressure for HTO or Light Water in
Mixture; Pyro: Vapour Pressure for Pure HTO; Py,0: Vapour
Pressure for Pure Light Water; Pyaccum  PRESSURE:
Vacuum Pressure on Permeate Membrane Side; T:
Temperature K; Vyro: Saturation Vapour Partial Molar Volume
HTO; Vu,o : Saturation Vapour Partial Molar Volume Light
Water; Xro: Mole Fraction for HTO; X,0: Mole Fraction for
Light Water; p,o: Chemical Potential HTO in Mixture; pp,o:
Chemical Potential of Light Water in Mixture; PV: Pre Vapour.

Introduction

Following a major earthquake, a powerful tsunami disabled the
power supply to nuclear reactors in Fukushima Daiichi nuclear power
plant. On Friday 11 March 2011, an accident contaminated the soil and
the water environment in a large area in fukushima prefecture. The

main contaminants are radioactive caesium and tritium in water. The
main reason for this paper is to provide thermodynamics principles for
tritium separation from ALPS treated water. Tritium is a radioactive
hydrogen isotope with a half-life of 12.5 years that is emitted by a
nuclear reactor cooling system. More than 500 large reactors exist
around the world. Tritium is produced during the operation of nuclear
reactors of all types. Tritium is present in many organic compounds,
including those which are biologically important. Tritium is associated
with radiological risk if the human body absorbs it in organic
molecules throughout the environment along food chains to its
potential human consumer. Inorganic tritium is bonded to the carbon
skeleton of organic molecules. In this case, non-exchangeable tritium
is formed in aquatic life. The interaction of tritium with aquatic life,
plants, or fish causes tritium accumulation and retention in biological
structures, then in the food chain, and finally in the human body.

The chemical potential of organisms in thermodynamics is the
energy that can be absorbed or removed due to a change in analyte
concentration of the specific organism, such as a nuclear reaction or
phase separation. The chemical potential of organisms in a
combination is described as the rate of change of a thermodynamic
system's free energy with respect to the number of atoms or molecules
of the organisms included in the system. As a result, it is the partial
derivative of the free energy with respect to the amount of the
organisms, with the concentration levels of the other organisms in the
combination remains constant. The chemical potential is the partial
molar Gibbs free energy when both temperature and pressure are held
constant and the amount of particles is expressed in moles.

Materials and Methods

Tritium in the human body is replaced by the hydrogen in DNA
molecules and increases cancer genic risk due to radiation effects on
the human body [1-3]. These negative effects of the presence of
trittum in natural water are the main reason for the separation of
tritium from nuclear power plant water. The complete process for
treatment contaminated water and quantity contaminated water in
Fukushima daiichi plant as shown in Figures 1-3.
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Figure 1: The complete process for treatment contaminated water
and quantity contaminated water in Fukushima Daiichi plant.
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Figure 2: Storage capacity and amount currently in tanks ranging
in the year. Note: (=) Storage capacity for ALPS etc. treated water";
(—) Amount of ALPS etc. treated water” currently being stored; (=)
Storage capacity for cesium/Strontium-treated water; (=) Amount
of cesium/strontium-treated water currently being stored.

Theory and Formula

Theoretical design for any process is evaluated through the
difference in chemical potential between first state and second state.
The second state has lower chemical potential for the process. Any
system has tendency to moving in more stable state. The stable state
has lower molar Gibbs free energy and more entropy [4].

Au <0.0 for separation ............ (1)

The process is based on generating chemical potential difference
less than zero for required compound to be separated from liquid
mixture on membrane side and vacuum side of membrane and other
compounds have chemical potential greater than zero. In fukushima
daiichi ALPS treated water; there is mixture of HTO and light water.
The main processes for separating HTO from light water are used
pervaporation and vacuum membrane distillations [5]. The vapour
pressure for HTO 35.57097 Kpa at 75.6°C and the light water vapour
pressure is 39.503423 Kpa. This process is used vacuum pressure at
vacuum membrane side is 37 Kpa and heating the liquid mixture at
76°C before entering membrane compartment in liquid side [6,7]. This
separating light water from mixture by evaporation and concentrating
HTO in liquid phase and enrichment HTO in mixture. Vacuum
Membrane Distillations (VMD) is amongst the most favourable MD
configurations. In this process, the vapour is withdrawn by exerting a
vacuum pressure to the permeate side of the membrane, which is kept
as just lower than the saturation pressure of volatile components in the
hot feed.

The Per-Vaporation (PV) is a membrane separation process for
separating liquid mixtures wherein the upstream of dense PV
membranes is in contact with feed liquids and the downstream is kept
at vacuum state. These two processes vacuum membrane distillations
and pervaporation are same principles, but the difference is membrane
type. The chemical potential of tritiated water HTO and light water in
the feed and the vapour at vacuum side, the difference in chemical
potential of HTO and light water in feed side and vacuum side is given
by [8-10].

— P

A#HZO =R7In XH20 + VAPOUR PRESSURE )

>
VH: 0 (l vACUUM

By ipour pressore =X Hy0 THY0 cviii 3)
A/uHTO = RT ]Il XHTO HTO ( pressure vacuum - vapour pressure ) .......... (4)
Biporeressore = X proburo ..o (5)

The isothermal condition, the chemical potential difference (J/mol)
between the feed side and vacuum side is given by assuming that the
activity coefficient is unity and the partial molar specific volume of
HTO and light water.
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Figure 3: Amount of treated water being stored broken down by
the sum of the ratios of the concentrations required by law (estimated).
Note: (| ) Repurposed tanks.

Results and Discussions

Thermodynamics principles for any chemical or physical process,
this thermodynamic base is explained main process parameters in
symbolic logic form, the molar Gibbs free energy or chemical
potential function is explained for any process from one state to
second [11-15]. The system is moved in direction of increasing
entropy and decreasing Gibbs free energy. To overcome this, applying
another potential such as vacuum pressure in second state or any other
potential as in any separation process. These equations from 1 to 5 are
the main design process equations and main parameters. Considering
these equations for design separation thermal membrane process
(membrane distillations and pervaporation) as in the ALPS treated
water in fukushima daiichi [16-19]. Nuclear power plant. The
Fukushima Daiichi. Nuclear waste effluent treatment is the largest
ever nuclear waste treatment process [20-22]. The only remaining
problem is tritium removing from ALPS treated water in Fukushima
Daiichi. Nuclear power plant. For using membrane distillations
process and pervaporation process. The only adjusting process
parameters for removing tritium from light water. The main
parameters for using membrane distillations process and pervaporation
process are trittum mole fraction and light water mole fraction and
process temperature and membrane type for pervaporation and
vacuum pressure on permeate side on membrane to enrichment tritium
in process feed side. Pilot study also providing more and details
information for increasing process performance. The mole fractions
for trititum and light water play important role based on the value of
mole fraction in first term in equations 4 and 2. Providing numerical
value for the possibility for removing tritium from mixture or no. This
thermodynamics principle are played crucial role in design any
process for any purpose.
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Conclusion

Trittum is harmful for aquatic life; Tritium is associated with
radiological risk if the human body absorbs it in organic
moleculesthroughout the environment along food chains to its
potential human consumer.

Thermal membrane process, Membrane distillations and
pervaporation are abled for separation tritium from light water but the
adjustment process parameters and thermodynamic analysis are very
important for reaching separation tritium from light water.

Pervaporation membrane process was used in separation tritium in
many previous experimental research studies without any
thermodynamic analysis.

Thermal membrane process such as membrane distillations and
pervaporation are very useful, more economic and not sophisticated,
suitable for removing tritium from ALPS treated water in Fukushima
Daiichi. Nuclear power plant.

The equations are derived for mixture of light water and tritium
hydroxide HTO due to lack for details analysis for ALPS treated
water.

In case the results of equations 2 and 4 negative, which meaning the
tritium and light water will cross membrane in permeate side. Use
membrane distillations with sweeping gas membrane distillations and
use very low pressure in gas side less than vapour pressure of light
water and higher than trittum heavy water HTO and add to equation
chemical potential function mole fraction term in permeate side.
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