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Executive summary
The work in this report was commissioned by EDF Energy as part of an investigation into the potential
environmental effects of hydrazine discharges from the proposed Sizewell C (SZC) power station.
Hydrazine is a very efficient corrosion inhibitor used in the cooling water circuits of boilers in nuclear power
stations and will be present at trace levels in the SZC cooling water discharges. It is harmful to aquatic
organisms at low concentrations but has a short half-life in the marine environment. The purpose of this
report is to measure the decay rate of hydrazine from seawater collected at Sizewell at concentrations
similar to those from proposed commissioning and operational discharges at Sizewell C.
An extensive set of experiments has been undertaken, with results obtained to a high degree of accuracy
with good replication.
The work in this study has shown that for concentrations of hydrazine between 30-3000 ng l-1, the decay rate
of hydrazine in Sizewell sea water follows first-order kinetics and has a half-life of 38 minutes. The proposed
operational discharge concentration is typically less than 75 ng l-1. The measured half-life will be used in
modelling the effects of operational discharges of hydrazine from the planned Sizewell C.
It is hypothesised that the low natural background levels of copper present in seawater are sufficient to
catalyse the decay rate of hydrazine at concentrations of 30-3000 ng l-1. However, at concentrations of
hydrazine above 3000 ng l-1 the relative amount of copper catalyst present in seawater is more limiting and
there is a change in kinetics, although the exact reasons remain unclear. This finding is confirmed by other
published studies. Therefore, when higher hydrazine concentrations are added to seawater and the ratio of
copper to hydrazine is reduced the decay rate is also reduced and will be more typical of those as described
in TR145 and TR218 i.e. around 35 – 47 hours for hydrazine concentrations of ~300 µg l-1. However, such
high concentrations are typically only found within the plant and not within discharges to the wider marine
environment which are at least an order of magnitude lower during commissioning. It is, therefore, the
behaviour at lower concentrations i.e. half-life of 38 min, that is relevant to use for modelling discharges into
the wider marine environment.
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1. Introduction

1.1

Background

To reduce maintenance time and cost for various industrial processes, corrosion inhibitors and oxygen
scavengers are often added to control the pH of water in secondary and cooling systems. Hydrazine is a
strong reducing agent that is frequently used in the cooling water circuits of boilers in Nuclear Power stations
because of its anti-oxidant properties [Audrieth & Ogg, 1951]. Nuclear power stations such as the proposed
Sizewell C require large amounts of seawater for cooling purposes and the discharged water may contain
traces of some process chemicals such as total residual oxidants resulting from the use of chlorine based
biocides as well as anti-oxidant chemicals such as hydrazine that are derived from boiler feed water effluent.
Hydrazine (N2 H4) is an ammonia-derived compound. It is generally considered that in all the aqueous
solutions of hydrazine it is present as hydrazine hydrate [Canada, 2011].
There is evidence that hydrazine is harmful to aquatic organisms at low concentrations [Canada, 2011,
CIDEN, 2008] and although its persistence is low to moderate this is dependent upon various water quality
parameters [Canada, 2011].
In Europe the Water Framework Directive requires all waterbodies to achieve good status by agreed target
dates unless they are designated as heavily modified in which case they must achieve good ecological
potential. Therefore, it is important to assess the potential for any components of cooling water discharges to
affect water quality.

1.1.1

Scope of work

This study aims to provide data for use in modelling hydrazine decay to predict likely concentrations in the
vicinity of the Sizewell C (SZC) power station. Two studies were conducted: study A to determine the decay
rate expected at the lower (ng l-1) source concentrations of hydrazine predicted in the cooling water
operational discharge at SZC and study B to determine the decay rate at the higher source concentrations
(µg l-1) potentially present in the construction drain during the cold flush commissioning phase at SZC.
The methodology was based on previous decay studies [Chimm, 2009]. Specifically, the decay of hydrazine
in the receiving water was estimated based on laboratory studies of discrete water samples collected from a
site offshore of the Sizewell nuclear power station. These data will provide the basis for modelling to predict
the likely hydrazine concentrations in the vicinity of the SZC cooling water and construction drain discharges.

2

Methods
2.1

Method for collecting water samples

For study A, surface water samples were collected from onshore at Sizewell Beach (Lat 52.208587, Long
1.623361) on the 6th of March 2015. Upon return to the Lowestoft laboratory samples were stored at 15 ±
2°C until studies began on the 10th March 2015. For study B surface water samples were collected on two
occasions (12/01/16 and 28/01/16) at Lowestoft beach (Lat 52.458091, Long 1.741756) decanted into glass
beakers and allowed to reach temperature of 15 ± 2°C before testing began.
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2.1.1

Test conditions

Hydrazine degradation rate in waste waters has been shown to decrease with cooler temperatures [SCA
Blue Book methods, 1981]. In this study, all experiments were conducted in a controlled temperature room at
15 ± 2°C as this is representative of the receiving water at Sizewell (June – October).
Water samples were decanted, well mixed into 25L plastic containers and left overnight on magnetic stirrer
plates. For study A four litres (study B, 2 litres) of well mixed subsamples were then siphoned into 5L
borosilicate glass beakers in triplicate and kept constantly mixed using magnetic stirrer plates. For study A
subsamples for suspended load, sediment particle size and background water chemistry were also taken.

Figure 1 Set-up of Tank test conditions on magnetic stirrer plates during entire study
For study A, these tank conditions were set up to prepare for spiking the 4L triplicate subsamples at three
different hydrazine concentrations (30.5, 305 and 3050 ng l-1) alongside a control condition, a 25L container
containing seawater that was unspiked (see Figure 1). For study B 2L triplicate subsamples were spiked with
either 3.05 or 91.5 µg l-1.
2.1.1.1

Hydrazine spiking procedure

For study A, 200 µg ml-1 and a 0.5 µg ml-1 hydrazine dihydrochloride solution in methanol was prepared from
hydrazine dihydrochloride (>99.99%) (Sigma Aldrich, Poole, Dorset). For the 30.5 ng l -1 study, 800 µl of the
0.5 µg ml-1 solution were spiked into 4 litres of seawater. For the 305 ng l-1 study, 20 µl of the 200 µg ml-1
solution were spiked into 4 litres of seawater and for the 3050 ng l-1 study, 200 µl of 200 µg ml-1 solution
were spiked into 4 litres of seawater. Hydrazine was spiked into the vortex of the stirring seawater to ensure
complete mixing. For study B stocks were prepared and spiked in the same way for the 3.05 µg l -1 study, for
the 91.5 µg l-1 study a 600 µg ml-1 hydrazine dihydrochloride solution in methanol was prepared and 1000 µl
of this solution was spiked into 2 litres of seawater.
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2.2
2.2.1

Chemical analysis
Sample preservation

Due to the rapid degradation of hydrazine in the aqueous environment, samples were collected and
derivatized into a stable azine using the following procedure. A 250 ml sample was measured using a
measuring cylinder into a 500 ml amber glass Duran bottle with a PTFE lined cap and pouring ring which
contained 0.25 mg ± 0.03 mg of anhydrous sodium sulphite (Fisher Scientific, Loughborough, Leicestershire)
and 2.5 g ± 0.025 g of potassium hydrogen phosphate (Fisher Scientific, Loughborough, Leicestershire). For
study A the 250 ml sample was immediately spiked with 25 µl of 0.5 µg ml-1 isotopically labelled (15N2)
hydrazine surrogate solution and 2.5 ml of acetone (HPLC grade, >99.9%) (Sigma Aldrich, Poole, Dorset).
The study B 91.5 µg l-1 samples were immediately spiked with 250 µls of 200 µg ml-1 isotopically labelled
(15N2) hydrazine surrogate solution and 2.5 ml of acetone. The study B 3.05 µg l-1 samples were immediately
spiked with 625 µls of 2 µg ml-1 isotopically labelled (15N2) hydrazine surrogate solution and 2.5 ml of
acetone. Disposable nitrile gloves were worn during this spiking procedure and adequate ventilation was
ensured to avoid inhaling solvent fumes [Cefas COSHH, 2013]. The samples were stored under conditions
ensuring stability (room temperature for up to 3 weeks) if analysis could not commence immediately.
Subsamples were taken from each concentration tank and control tank at the following time intervals for
study A: 5 minutes, 1 h, 3 h, 6 h, 24 h, 32 h, 48 h, 56 h, 72 h and 100 h; and for study B at 5, 40, 70 and 100
minutes.

Figure 2 Subsamples of 250 ml taken at set time intervals and derivatized in 500 ml bottles

2.2.2

Sample extraction

Samples were extracted following Cefas Standard Operating Procedure (SOP 2153 Rv2) Determination of
Hydrazine in sea water by GC/MS Triple Quadrupole [Cefas SOP, 2013]. Each batch of samples analysed
included a procedural blank and a quality control (QC). Five calibration solutions (Study A calibration levels
at 5 ng ml-1, 50 ng ml-1, 100 ng ml-1, 1000 ng ml-1 and 2500 ng ml-1). Study B 91.5 µg l-1 calibration levels at 5
µg ml-1, 7.5 µg ml-1, 25 µg ml-1, 50 µg ml-1 and 100 µg ml-1 Study B 3.05 µg l-1 calibration levels at 300 ng ml-1,
600 ng ml-1, 1500 ng ml-1, 2000 ng ml-1 and 2500 ng ml-1) used for hydrazine quantification were also
derivatized with each batch of samples.
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2.2.2.1

Preparation of calibration solutions, quality control and method blank samples.

The required number of sample bottles were first prepared by acid washing using industrial dishwasher
(Miele G7883CD) followed by solvent rinsing each bottle with dichloromethane, 25 mg ± 0.03 mg of sodium
sulphite and 2.5 g ± 0.025 g of potassium hydrogen phosphate were added to each bottle. 250 ml of clean
filtered sea water was added into the calibration, procedural blank and quality control sample bottles, and
were mixed well to ensure reagent dissolution.
The quality control sample bottle was spiked at 20 ng l-1 for study A, and two quality controls were employed
for study B: 200 µg l-1 (matched to the 91.5 µg l-1dose treatment), and 8 µg l-1 (for the 3.05 µg l-1 dose
treatment) hydrazine. Study A calibration levels, blank and QC bottles were spiked with 25 µl of 0.5 µg ml-1
15N hydrazine surrogate working standard solution before being thoroughly mixed. Study B 91.5 µg l-1
2
calibration levels, blank and QC bottles were spiked with 250 µl of 200 µg ml-1 15N2 hydrazine surrogate
working standard solution before being thoroughly mixed. Study B 3.05 µg l-1 calibration levels, blank and QC
bottles were spiked with 625 µl of 2 µg ml-1 15N2 hydrazine surrogate working standard solution before being
thoroughly mixed. Subsequently, 2.5 ml of acetone was added to each of the calibration, blank and QC
sample bottles and mixed well.
All the bottles were placed in a horizontal position on the mechanical shaker and secured using the securing
bars and padding to stop the bottles from moving against one another during shaking (See Figure 3).

Figure 3 Subsamples are placed into a shaker to complete derivatization
The revolutions per minute (RPM) was set to 250 and shaking commenced for a minimum of 30 minutes to
complete the derivatization. Following derivatization, 20 g ± 0.2 g of sodium sulphate was added to every
bottle and shaken immediately to dissolve.
Using 4N Sodium Hydroxide solution (Fisher Scientific, Loughborough, Leicestershire) the pH of every bottle
was adjusted to ~ pH 10. 16 ml of dichloromethane (Rathburns, Walkerburn, Scotland) was then added to
each bottle, shaken briefly and the pressure vented at least three times to ensure no leaks occur from the
bottle during shaking on the mechanical shaker. All bottles were placed in a horizontal position on the
mechanical shaker as above and shaken for a minimum of 6 minutes to complete the extraction.
The contents of each bottle were then poured into a 250 ml separating funnel and the phases allowed to
separate for a minimum of 15 minutes (Figure 4). The lower dichloromethane layer was drained into a
conical flask which contained approximately 12 g sodium sulphate.
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Figure 4 Solvent liquid separation of phases to clean and remove water from samples
The remaining aqueous layer was poured back into the correct bottle and re-extracted as described above a
further two times. The extracts were combined, left in contact with the sodium sulphate to dry for a minimum
of 30 minutes and then poured into a round bottomed flask. The residual sodium sulphate was rinsed with a
small volume of dichloromethane three times and added to the sample in the round bottomed flask to ensure
transfer of all analyte from the flask.
The sample extracts were evaporated using the rotary evaporation equipment (Figure 5) to approximately 1
ml in volume and 50ng d14-NPDA was added to every extract as an injection standard.

Figure 5 Rotary evaporation of samples to reduce sample volume to 1ml
The samples were then transferred to an amber 2 ml glass autosampler vial (Figure 6), capped and stored at
2-8°C until GC/MS triple quadrupole analysis.
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Figure 6 Sample transfer from sample flasks to autosampler vials

2.2.2.2

Instrumental analysis and quantification

Aliquots of the extracts (2 µl) were analysed on a 7890A Agilent gas chromatograph (GC) coupled to a 7000B
Agilent triple quadrupole mass spectrometer (QqQ-MS) (Figure 7); using a Restek RXI 5Sil MS column 60 m
x 0.25 mm x 1 µm with a 1 ml min-1 constant flow of helium carrier gas. The inlet temperature was 150°C with
oven temperature held at 35°C for 1 min, then ramped at 10°C min-1 to 220 °C and held for 5 min giving a total
run time of 24.5 min per sample.
Quantitative analysis of samples was carried out using the Quantitative Analysis Mass Hunter software
programme from Agilent. Hydrazine present in the samples was derivatized to acetone azine and the labelled
15N hydrazine surrogate was derivatized to 15N acetone azine. These derivatives elute from the column
2
2
unresolved from one another as a single peak at approximately 12.2 minutes. 15N2 acetone azine was
quantified using the peak with product ion of m/z 99. Acetone azine was quantified using the peak with product
ion of m/z 97. For each sample the response ratio was calculated by peak area m/z 97 / Peak area m/z 99.
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Figure 7 7890A Agilent GC-; with autosampler coupled to a 7000B Agilent QqQ-MS
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3

Results

3.1

Test conditions

The water quality for the Sizewell seawater samples is shown in Appendix A. The level of all parameters
measured is representative of measurements recorded at Sizewell over a two-year monitoring survey
campaign as reported in BEEMS Technical Reports TR314 and TR189. Measurements of the same
parameters taken for seawater samples collected at Lowestoft have been shown to be in the same range.

3.2

Hydrazine measured concentrations

For study A, the results of each decay experiment (treated with a hydrazine spike of 30.5, 305 and 3050 ng lrespectively) are shown in Figure 8. Note that the initial concentration of hydrazine for each experiment, i.e.
the concentration at time = 0 hours was the measured concentration 5 minutes after the spike was added,
which is consistent with the method used in Chimm (2009).

1

Figure 8 Decay curves for experiments treated with (from l-r) 30.5, 305 and 3050 ng l-1 hydrazine
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Table 1 Study A, added hydrazine concentration spikes and mean average and standard deviation (n=3)
measured hydrazine concentration over time for each hydrazine spiking trial
Added concentration of hydrazine
Time (hours)
30.5 ng L-1

(Std. dev.)

305 ng L-1

(Std. dev.)

3050 ng L-1

(Std. dev.)

0.0

26.4

0.22

277.5

34.4

1286.4

42.14

0.92

7.0

0.46

74.7

5.7

685.1

10.36

2.92

2.3

0.41

2.6

0.9

218.9

16.41

5.92

1.9

0.51

117.0

6.37

31.92

1.8

0.36

68.9

5.82

47.92

45.2

3.54

55.92

27.0

1.92

71.92

23.9

4.30

99.92

19.9

4.68

For study A, for each spiking trial the added hydrazine decays to below the detection limit (1.5 ng L -1) before
the end of the experiment, much sooner than in previous experiments, but this reflects the low
concentrations used here. The mean average results for each set of 3 replicate measurements, along with
the standard deviation (Std. dev.) are reproduced in Table 1. For study B spiking trials (data shown in Table
2) a relatively shorter trial period is included as these data will be used to inform initial decay rate in
particular for the construction discharge upon initial release just prior to it more fully mixing. In this case
decay at these higher hydrazine concentrations (µg l-1) is slower.
Table 2 Study B added hydrazine concentration spikes and mean average and standard deviation (n=3)
measured hydrazine concentration over time for each hydrazine spiking trial
Added concentration of hydrazine
Time (hours)
3.05 µg l-1

(Std.dev)

91.5 µg l-1

(Std.dev)

0.0

2.66

0.01

87

0.4

0.66

2.17

0.04

81

0.4

1.17

1.86

0.01

76

5.5

1.67

1.51

0.01

75

1.1
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4

Modelling the rate of decay of hydrazine at Sizewell
4.1

Analysis of decay rates

For the purposes of estimating the rate of decay of hydrazine, it has been assumed that the main process
involved is the reaction of hydrazine (N2H4) with dissolved oxygen (O2) to form nitrogen (N2) and water
(H2O):
𝑁 𝐻 + 𝑂 → 𝑁 + 2𝐻 𝑂
Equation 1
The rate of decay of hydrazine (

[

]

) caused by the reaction in Equation 1 can be expressed as:
𝑑[𝑁 𝐻 ]
= 𝑘 [𝑁 𝐻 ] [𝑂 ]
𝑑𝑡
Equation 2

Where square brackets, [ ], denote the concentration of the species within the brackets, k is the kinetic rate
constant for the reaction and a and b are the kinetic rate order with respect to hydrazine and oxygen. Both a
and b are not related to stoichiometry and must be experimentally defined. However, it is possible to isolate
the effect of one reactant from the other: since the experiments were conducted in an open system with
constant stirring, [O2] is easily replenished and far in excess of [N2H4] and can therefore be considered to be
constant. Thus the Equation 2 is reduced to:
𝑑

[

]

where 𝑘 = 𝑘 [𝑂 ]

= 𝑘 [𝑁 𝐻 ]

Equation 3
This technique, also known as the isolation method, is well established [e.g. Atkins, 1998] and often used in
conjunction with the method of initial rates, whereby the initial rate of a reaction is experimentally determined
for a range of different starting concentrations and the results are then used to calculate rate order and rate
constant. Results would then usually be confirmed by considering rate alone for the whole reaction [see, for
example Ishida et al., 2012, Buxton & Stuart, 1996].
Following this method, plotting loge([N2H4]) against loge(

[

]

) should result in a straight line, which has a

gradient of a, and intercepts the vertical axis at loge(k’), from which the rate constant can be determined.
Figure 9 shows the plot for the initial rate for the experiments in this study, additionally, the average rate over
the first 3 hours of experiment. Three hours was chosen because the majority of hydrazine had decayed by
this time in all three treatments, as can be seen in Figure 8.
Although the analysis of initial rates for study A shown in Figure 9 gives a rate order of 0.89, analysis of data
for the length of the reaction mean yields a kinetic reaction of 0.98 i.e. very close to 1, which is in good
agreement with previous studies by Ishida et al. (2012) and Chimm (2009).
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Figure 9 Plot for study A showing initial rate (blue circles) and average rate (light blue squares) against
concentration data (blue circles) and lines of least squares fit (red lines)

4.2

Model to fit to data in this study.

Having shown that the decay rate of hydrazine is first order (i.e. a = 1), the hydrazine concentration varies
over time as:
[𝑁 𝐻 ] = [𝑁 𝐻 ] 𝑒
Equation 4
Where [N2H4]0 is the concentration of hydrazine at the start (t = 0). It should be borne in mind that this is only
true if the oxygen concentration is much greater than the amount needed to react with hydrazine and
therefore effectively remains constant. This is a reasonable assumption both in the experiments in this study,
as discussed above, and in the seawater at Sizewell, where the water is well mixed and cool enough to hold
large amounts of oxygen at saturation levels and the air/sea exchange of oxygen is assisted by the windy
conditions.
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Figure 10 Study A decay in hydrazine concentration over time: Model Fit (red line) to experimental data
The plot in Figure 10 shows that in study the decay in the concentration of hydrazine can be modelled using
Equation 4 with k = 0.0003 s-1, which yields a half-life (the time in which hydrazine concentration falls to half
its original level) of 2310 seconds (38 minutes). This result is actually longer than the half-life yielded by
Ishida et al. (2006) or Buxton and Stuart (1997), but it must be emphasised that experiments in this study
were carried out at lower pH and much lower temperatures, conditions that will be relevant to the expected
discharges of hydrazine into the sea at Sizewell. The half-life and decay constant, k, are directly relevant to
the modelling of hydrazine in operational discharges from Sizewell.

4.3

Further analysis of rates at higher concentrations

In order to test how far the first order relationship holds, initial rates and average rates over the first 6 hours
were analysed from study B using the same laboratory techniques as in this study, and data from BEEMS
TR218 – and compared to the experiments in study A. The average rates for all data sets are shown in
Figure 11.
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Figure 11 Average rates for data in this study (circles) study B data using the same analysis technique
(squares) and data from a TR218 (diamonds)
The dotted line in Figure 11 is the line of best fit for the average rates generated in Figure 9, which fits the
data in other experiments (Study B) undertaken at 3000 ng l-1, but the data deviates away from this straight
line for experiments using hydrazine spikes of 91000 ng l-1 (orange squares) and above (yellow triangles.)
The experiments reported in TR218 were at replicate spike concentrations of 134, 135, 133 µg l -1 and 265,
285, 289 µg l-1 (spike concentrations were of hydrazine only although the report also includes data on
hydrazine and chlorine in combination).
This means that at higher concentrations of hydrazine, the measured rate is lower than we might expect,
which broadly confirms findings from previous studies at both Sizewell (BEEMS TR145 and TR218) and
Hinkley Point [BEEMS TR146], where lower decay rates are reported for higher concentrations.
It is unlikely that this deviation is caused by changes in temperature, pH or other conditions, since these
were controlled as part of the method. The concentration of oxygen is still far in excess of that needed to
react with hydrazine (258 µmol l-1 O2 compared with 2.8 µmol l-1 N2H4), so it is extremely unlikely that the
concentration of oxygen is becoming limiting in this case. It is possible that the different technique used for
the analysis of Hydrazine in this study may account for some change. However, this is unlikely, since the
results from TR145 have been cross compared with samples analysed by an external laboratory, where the
current method of analysis was already in use.
Another possible explanation put forward by Chimm (2009) is that high concentrations of suspended
particulate matter (SPM) account for lower than expected rates, but preliminary experiments for Sizewell do
not seem to support this hypothesis.
The deviation from the straight line in Figure 11 indicates that there are other competing reactions that may
become more prominent at higher concentrations. Hydrazine is an extremely reactive compound, and even
at the relatively low seawater temperatures there are several competing reactions. In particular, the reaction
of dissolved hydrazine and oxygen has been shown to be catalysed by several transition metals, although in
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natural seawater only copper would be effective [MacNaughton et al., 1978]. Copper is naturally present in
seawater and is present in low concentrations at Sizewell.
It is probable that at low concentrations of hydrazine, the decay reaction is catalysed by the naturally
occurring copper. In well oxygenated seawater, this faster reaction proceeds as a kinetic first order reaction
with half-life of 38 minutes and is independent of the concentration of copper.
However, the measured concentration of all species of copper in the seawater at Sizewell is ≈ 6 µg l-1. Even
if it is assumed that the Cu(II) oxidation state predominates, only a small proportion (~ 400 ng l -1) will exist as
free Cu2+ ions, because most will be complexed as copper carbonate (CuCO 3) or copper hydroxide (CuOH+)
[Byrne, 2002]. As the concentration of hydrazine increases over about 300 ng L-1, the amount of hydrazine
just starts to exceed the amount of available free copper. However, it is not until the amount of hydrazine
exceeds 3000 ng l-1 (stoichiometrically equal to 6 µg l-1 Cu) that an appreciable effect is seen on the rate of
reaction. It might be expected that at this stage the reaction must proceed via the slower, uncatalysed
reaction. This leads to a deviation from the straight line in Figure 11 and the decay of hydrazine at higher
concentrations proceeding more slowly than expected.

5 Conclusions
The work in this study has shown that for concentrations of hydrazine between 30-3000 ng l-1 the decay
reaction with oxygen proceeds with first-order kinetics and a half-life of 38 minutes. It should be noted that
this result applies to the conditions maintained in the experiments undertaken: seawater taken from Sizewell
(or similar Lowestoft seawater) and kept stirred in an open system at 15°C. Since these conditions were
chosen to represent average conditions at Sizewell, the result should apply to any operational discharge at
the proposed development site as these are expected to be at approximately 75 ng l -1 concentration. This
result will be used in modelling the effects of operational discharges of hydrazine from the planned Sizewell
C.
It is hypothesised that the low natural background levels of copper present in seawater are sufficient to
catalyse the decay rate of hydrazine at concentrations of 30-3000 ng l-1. However, at concentrations of
hydrazine above 3000 ng l-1 the relative amount of copper catalyst present in seawater is more limiting and
there is a change in kinetics, although the exact reasons remain unclear. This finding is confirmed by other
published studies. Therefore, when higher hydrazine concentrations are added to seawater and the ratio of
copper to hydrazine is reduced the decay rate is also reduced and will be more typical of those as described
in TR145 and TR218 i.e. around 35 – 47 hours for hydrazine concentrations of ~300 µg l-1. However, such
high concentrations are typically only found within the plant and not within discharges to the wider marine
environment. It is, therefore, the behaviour at lower concentrations i.e. half-life of 38 min, that is relevant to
use for modelling discharges into the wider marine environment.
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Appendix A Sizewell water and sediment physical and
chemical parameters
A.1

Sizewell water quality parameters

Sub samples of the water collected at Sizewell were taken for analysis of a range of physical and chemical
parameters. The results of this analysis are shown in Table A1 below.
Table A1 SZC Decay study seawater sample metals and metalloids analysis, units are in µg l -1

Metal

Concentration µg l-1 (except where stated)

Arsenic

3.51

Selenium

<1

Beryllium

<10

Cobalt

<10

Molybdenum

<30

Silver

<1

Cadmium

<0.2

Copper

5.69

Lead

3.32

Nickel

3.21

Zinc

9.86

Calcium (dissolved)

444,000

Magnesium (dissolved)

1270

Sodium (dissolved)

10,300 (mg l-1)

Iron (dissolved)

1870 (<100)

Manganese (dissolved)

65.6 (<20)

Mercury

0.017

Strontium (dissolved)

7490 (7640)
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Table A2 SZC Hydrazine decay study seawater sample nutrients, inorganic and physical parameter analysis,
units are in µg l-1

Nutrient/inorganic

Concentration µg l-1 (unless stated)

Cyanide as CN

<500

Ammoniacal Nitrogen as N

<10

Nitrite as N

5.7

Nitrogen: Total oxidised as N

450

Nitrate as N

444

Orthophosphate reactive as P

28

Fluoride

1250

Sulphide as S

34

Bromide

64000

Potassium, (dissolved)

407000

pH

8.01 (pH units)

A.1.1 Sediment physical parameters
Suspended sediment concentration in Study A Sizewell seawater and hydrazine spike samples is shown in
Table A3 and the percentage contribution of different particle sizes of sediment is shown in Table A4.

Table A3 SZC Hydrazine decay study seawater suspended sediment concentration mg l-1

Sample

SPM

STD Error

Seawater 10.3.15

335

0.33

Control 16.03.15

298

0.24

100 ng l-1 16.03.15

321

0.05

10,000 ng l-1 16.03.15

381

0.08
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Table A4 SZC Hydrazine decay study seawater suspended sediment particle size analysis, units are
percentage of particles at a given modal size (µm)

Sam
ple

707
.1

50
0

353
.6

25
0

176
.8

12
5

88.
39

62
.5

44.
19

31.
25

22.0
97

15.
63

11.
05

7.8
1

5.5
24

3.9
06

Seaw
ater
10.3.1
5

0.0
0

0.
00

0.0
0

0.
00

0.0
0

0.
04

0.7
3

1.
60

2.9
9

4.7
4

6.70

10.
47

14.
20

14.
79

12.
80

9.7
6

Contr
ol
16.03.
15

0.0
0

0.
00

0.0
0

0.
00

0.0
0

0.
04

0.7
6

1.
66

2.8
2

4.2
9

6.29

10.
29

14.
53

15.
39

13.
24

9.8
8

100
ng l-1
16.03.
15

0.0
0

0.
00

0.0
0

0.
00

0.0
0

0.
04

0.8
0

1.
75

2.9
4

4.8
7

7.61

12.
01

15.
21

14.
80

12.
16

8.8
8

0.0
0

0.
00

0.0
0

0.
00

0.0
0

0.
04

0.8
1

1.
76

2.5
0

4.1
9

6.30

10.
57

14.
75

15.
40

13.
15

9.8
0

0

10,00
0 ng l1

16.03.
15

Sampl
e

2.76
2

1.95
3

1.38
1

0.97
7

0.69
1

0.48
8

0.34
5

0.24
4

0.17
3

0.12
2

0.08
6

0.06
1

0.04
3

Seawat
er
10.3.15

6.66

4.28

2.77

1.95

1.53

1.25

0.99

0.73

0.48

0.30

0.17

0.06

0.01

0.0
0

Control
16.03.1
5

6.59

4.20

2.78

2.03

1.62

1.30

0.98

0.66

0.37

0.19

0.08

0.02

0.00

0.0
0

100 ng
l-1
16.03.1
5

5.86

3.68

2.37

1.70

1.38

1.17

0.95

0.72

0.49

0.33

0.19

0.07

0.01

0.0
0

10,000
ng l-1
16.03.1
5

6.52

4.13

2.71

1.98

1.59

1.30

1.01

0.70

0.41

0.23

0.11

0.03

0.00

0.0
0
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