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Executive summary 

Executive Summary: 

The Hinkley Point C (HPC) Development Consent Order (DCO) was granted by the UK Secretary of State 

for Energy and Climate Change in March 2013. The DCO and associated Licences and Permits detail NNB 

GenCo’s environmental monitoring requirements with respect to the construction and operation of the new 

station. HPC water discharge activity permit pre-operational condition PO10 of the Environment Agency’s 

permit number EPR/HP3228XT requires NNB GenCo to confirm and justify their final control strategy for 

HPC. Pre-operational condition PO10 stipulates that, prior to the commencement of the hot functional testing 

phase of commissioning, the operator shall submit to the Environment Agency, for approval, a Hydrazine 

Removal Plan which confirms and justifies their operational strategy for the removal, control, and monitoring 

of hydrazine. 

This report presents the chemical plume modelling results associated with hydrazine discharges during both 

commissioning and operation phases of HPC, involving different hydrazine discharge locations, periods and 

concentrations. The modelling has been performed using the validated GETM 3D model, applied in previous 

studies at Hinkley Point, with a measured hydrazine decay rate of 0.000236 s-1 corresponding to a half-life of 

49 minutes. 

The concentration at which hydrazine would be discharged into the marine environment has yet to be 

confirmed. The aim of this study is to provide information on the likely plume concentrations compared 

against biological receptors to facilitate the discussion with NNB GenCo engineers to determine an 

acceptable discharge concentration. The effects on the key ecological features of the site (Corallina and 

Sabellaria) have been assessed by evaluating the predicted hydrazine concentration profiles at several 

stations where these species are present. Corallina spp. is a calcareous, branching red seaweed of national 

importance, although official conservation status is uncertain. As part of the Severn Estuary Special Area of 

Conservation (SAC), Sabellaria spp. reefs are a key ecological feature of the site and are included, as 

biogenic reef habitat, under the SAC designation. The two species of Sabellaria spp. that are of interest are 

Sabellaria spinulosa and Sabellaria alveolata. S. alveolata is widespread in the subtidal areas around 

Hinkley Point, while S. spinulosa appears to have a more limited local distribution. As well as a qualifying 

interest feature of the Severn Estuary SAC, Sabellaria reefs are ‘Habitats of Principle Importance’ listed 

under Section 41 of the NERC Act 2006 and reef structures are listed under Annex I of the EC Habitats 

Directive (see BEEMS Technical Report TR068 Version 2).  

Precautionary PNEC assessments are applied to support evaluation of an appropriately protective discharge 

concentration. A chronic PNEC of 0.4 ng/l has been considered for the long-term discharges, calculated as 

the mean of the concentration values, and an acute PNEC of 4 ng/l for short-term discharges, calculated as 

the 95th percentile. This approach to assessment is conservative as more recent Canadian Federal Water 

Quality Guidelines for hydrazine indicate concentrations below 0.2 µg/l (200 ng/l) have a low probability of 

adverse effects for marine life. The Canadian Federal Water Quality Guidelines (FWQGs) are benchmark 

values intended to protect all aquatic life for indefinite exposure periods. Here they are evaluated as 95th 

percentiles but maximum instantaneous exceedance is also considered. 

Commissioning discharges 

During commissioning, the waste streams are expected to be treated in two 750 m3 storage tanks before 

controlled discharge into the marine environment. As a precautionary measure, the worst-case scenario has 

been considered where a simultaneous discharge of both tanks has been assumed, corresponding to a daily 

discharge of 1,500 m3. The hydrazine has been modelled over a 30-day period with a discharge of 83.3 l/s, 

at the temporary jetty, in daily pulses of 5 h starting at noon. To investigate the effect of the release 

concentration, three different concentrations have been considered, 10 µg/l, 15 µg/l and 30 µg/l. As the 

plume is initially buoyant, due to the freshwater release, the model results show higher hydrazine 

concentrations at the surface compared to the seabed.  

At the highest release concentration of 30 µg/l, in terms of the acute and chronic PNEC values which are 

considered more precautionary, the areas of exceedance at the surface are the largest at 14.55 and 36.63 
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ha. Only in the case of a 30 µg/l release concentration are small areas of exceedance at the seabed also 

predicted (1.86 and 5.98 ha for acute and chronic PNECs). Based on these assessments all the hydrazine 

release concentrations are likely to have localised effects predominantly in the water column. In the context 

of the more recent Canadian Federal Water Quality Guidelines for hydrazine, 200 ng/l, there is no 

exceedance in terms of 95th percentile concentrations at the surface or bed. If maximum values are 

considered, then concentrations do briefly exceed 200 ng/l over an area 5.37 ha at the surface but with no 

exceedance at the seabed. 

Potential ecological effects on Corallina and Sabellaria 

At no point was the acute PNEC (95th percentile) or chronic PNEC (mean) exceeded at Corallina features. 

As an additional precautionary measure, maximum instantaneous concentrations were also assessed 

against the acute PNEC using a time series at each station. 

At the eight Corallina stations shown below, the highest maximum instantaneous concentration was at 

station 6 with 2.49 ng/l, 3.73 ng/l and 7.46 ng/l, for the three release concentrations, respectively. The 

instantaneous plume never exceeded the acute PNEC for the 10 and 15 µg/l release. However, for the 

30 µg/l release the plume is very short lived, with concentrations exceeding the acute PNEC for typically a 

single model time step (1 h), well below the 95th percentile threshold. The acute PNEC is exceeded once at 

stations 2, 5 and 6 and three times at station 3 over the course of a month. The highest 95th percentile 

concentration occurred at station 2 with 0.07 ng/l, 0.11 ng/l and 0.22 ng/l, for the three release 

concentrations, respectively.  

At no point were the acute PNEC (95th percentile) or chronic PNEC (mean) exceeded at Sabellaria features.  

The predicted instantaneous concentrations at the eight Sabellaria stations (A-F) shown below Figure (i) , 

exceeded the acute PNEC at stations D and E for all release concentrations. At a 30 µg/l release 

concentration stations B and C in addition to D and E also exceeded the acute PNEC.  

The highest maximum instantaneous concentration was at station D with 12.07 ng/l, 18.11 ng/l and 

36.22 ng/l, for the three release concentrations. Whilst the instantaneous plume is predicted to exceed the 

acute PNEC at Sabellaria sites at all three release concentrations, the plume is very short lived, with the 

plume exceeding the acute PNEC for typically 1-2 hours. The highest 95th percentile concentration was at 

station E with 0.28 ng/l, 0.42 ng/l and 0.85 ng/l, for the three release concentrations, respectively. 

In summary at 30 µg/l, the dilution and mixing of the hydrazine overcome the benefit of the stratified buoyant 

plume and the PNEC is exceeded offshore at the seabed for both the chronic and acute PNECs. In terms of 

overlap with ecological features, acute instantaneous concentrations are exceeded at four locations for 

Corallina as well as Sabellaria and for the latter there is a greater frequency of occasions when 

instantaneous peaks exceed the PNEC. 

At a 15 µg/l release strategy, for instantaneous concentrations the acute PNEC is never exceeded at the 

Corallina features and only at Sabellaria stations D and E. Furthermore, the plume is very short lived (1-2 

hours) and concentrations are well below the acute PNEC (4 ng/l as a 95th percentile) at all features.  

The acute PNEC of 4 ng/l is a highly precautionary screening threshold when compared to the Canadian 

Federal Water Quality Guidelines for hydrazine of 200 ng/l for low likelihood of adverse effects and therefore 

no adverse impacts on ecological features are predicted.  

This assessment is very precautionary but based on the areas of exceedance above the PNEC values at the 

seabed as well as for the number of locations and frequency of exceedance of instantaneous concentrations 

at the investigated Corallina and Sabellaria stations, a release concentration of 30 µg/l is not recommended.  
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Figure (i): Location of the intertidal Corallina spp. and Sabellaria spp. around Hinkley Point. 

 

Commissioning Discharge Recommendation 

Reducing the maximum discharge concentration of hydrazine to 15 µg/l in the HPC discharge tanks during 

commissioning (cold flush test) before discharge through the temporary jetty outfall should be sufficiently 

precautionary to prevent any adverse environmental impacts to Corallina and Sabellaria features.     

Operational discharges 

During operation, waste hydrazine stored in the treatment tanks and then released via the HPC cooling 

water (CW) outfalls with an annual hydrazine discharge of 24 kg per annum released into the main cooling 

water flow. To investigate the impact of different hydrazine discharge rates during operation, two discharge 

scenarios have been considered. Hydrazine was modelled as two different concentrations and pulse 

durations but maintaining approximately the same released mass. The first release concentration considered 

was 34 ng/l, released in daily pulses of 4.63 h and the second discharge was 69 ng/l discharged in daily 

pulses of 2.32 h. The discharges were released at noon for both cases.  

Results show that the discharge from the CW outfall forms an elongated plume parallel to the shore, with the 

plume at the surface longer and wider compared to the plume at seabed for both the mean and the 95th 

percentile hydrazine concentration. The mean concentration results (for the chronic PNEC 0.4 ng/l) show a 

larger plume than the 95th percentile results (for the acute PNEC 4 ng/l), at both the surface and seabed. 

Due to the thermally buoyant nature of the plume, the hydrazine concentration is higher at the surface, for 

both the mean and 95th percentile. 

For the 34 ng/l release concentration, the chronic and acute PNEC concentrations at the surface are 

exceeded over an area of 48.08 ha and 34.98 ha, respectively. At the seabed, the chronic and acute PNEC 

concentrations are exceeded over an area of 0.1 ha and 0.21 ha, respectively. As the release concentration 
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is well below the Canadian standard of 200 ng/l, hydrazine does not exceed 200 ng/l at the surface or 

seabed as a 95th percentile or a maximum. 

For the 69 ng/l release concentration, the chronic and acute PNEC concentrations at the surface are 

exceeded over an area of 47.26 ha and 1.96 ha, respectively. At the seabed, the chronic and acute PNEC 

concentrations are exceeded over an area of 0.52 ha and 0.1 ha, respectively. As the release concentration 

is well below the Canadian standard of 200 ng/l, hydrazine does not exceed 200 ng/l at the surface or 

seabed as a 95th percentile or a maximum. 

Whilst, the difference in area of exceedance of the chronic PNEC (0.4 ng/l as a mean) is very small between 

the two release scenarios, the area of exceedance of the acute PNEC (4 ng/l as a 95th percentile) is 

approximately 15 times smaller for the higher release concentration. This is due to the decay rate of 

hydrazine being faster than the dilution time for the higher release concentration. As a result, the higher 

concentrations are present for a much shorter period, meaning they are not transported as far from the initial 

release, resulting in a smaller 95th percentile plume.  

To be precautionary, maximum instantaneous concentrations were investigated using time series at each 

station. Due to the spatial separation between the CW outfalls and the considered stations for the 34 ng/l 

release, the maximum instantaneous concentrations are very low for both receptors, with a peak of 

0.004 ng/l at Corallina station 5 and 0.080 ng/l at Stolford intertidal Sabellaria station. The 95th percentile 

concentrations at all stations for both Corallina and Sabellaria are negligible (<0.0001 ng/l). For the 69 ng/l 

release, the maximum instantaneous concentrations are negligible for both receptors at all stations, with a 

peak concentration of 0.0003 ng/l at Corallina station 6 and Sabellaria station A. 

At no point during the operational discharge scenarios were the chronic PNEC (0.4 ng/l as a mean) or the 

acute PNEC (4 ng/l as a 95th percentile) exceeded for any Corallina or Sabellaria station. 

Operational Discharge Recommendation 

Based upon the assessment of potential environmental effects in this report, both release scenarios of either 

34 ng/l for 4.63 h or 69 ng/l for 2.32 h are acceptable. However, the 24 kg per annum of hydrazine release 

added to the main cooling water flow at a concentration of 69 ng/l released in daily pulses of 2.32 h results in 

a smaller 95th percentile plume.  

 

Changes to this Report 

Revision 5: 

To address several comments made by the Environment Agency, various changes have been made to this 

version. References to licence conditions in the introduction have been corrected. Additional text has been 

added to the main report and to Appendix A to explain that the most sensitive species to hydrazine are algae 

and that marine data was available for that group and so a reduced safety factor was applied when deriving 

of the hydrazine PNEC for marine species based on these data. 

 

Revision 4: 

To address several comments made by the Environment Agency, various changes have been made to this 

version. References to licence conditions in the introduction have been updated. Explanation of the 

derivation of loading rates used for modelling hydrazine discharges is provided (section 2.4 footnote). An 

additional explanation of operational discharge rates modelled is provided a Table 4 footnote. In Section 4.1 

several corrections to quoted toxicity figures were made. Appendix A has been added to the report to provide 

additional background on the derivation of the hydrazine Predicted No Effect Concentration values and 

support for their continued use as precautionary trigger values for further assessment.  

Revision 3: 



 

 

tr445-hpc-hydrazine-commissioning-and-

operational-discharges_v5 
NOT PROTECTIVELY MARKED 17 of 77 

 

100890821 

Revision 5 

NOT PROTECTIVELY MARKED 

TR445: Hinkley Point C Hydrazine discharge 

modelling 

An additional monitoring station of intertidal Sabellaria near Stolford was identified in more recent surveys 

and has been considered along with those originally identified in BEEMS Technical Report TR428 Ed. 6. For 

Revision 3 of this report, the figures and tables in Section 3 have been updated to include the additional 

Sabellaria station along with updates to the Summary in Section 4. 

There is no predicted impact of the hydrazine discharge during cold commissioning or operation at Corallina 

and Sabellaria features, including the new Stolford intertidal station, and the original recommendations have 

not changed.  
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Revision 2: 

During a post release review of Revision 1 of this report, it was discovered that the release concentrations 

considered during the modelling of the operational discharges were 10 times too high compared to the stated 

34 and 69 ng/l release concentrations. Only the operational discharges were affected, the commissioning 

discharges were unaffected. Revision 2 of this report has updated the operational discharge results in 

Section 3.2 and the Summary in Section 4. 

As is shown in the original result sections these very conservative estimates showed there is no impact at 

the Corallina and Sabellaria features. The updated results reaffirm there is no impact and the original 

recommendations have not changed.  
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1 Introduction  

1.1 Background 

The Hinkley Point C (HPC) Development Consent Order (DCO) was granted by the UK Secretary of State 

for Energy and Climate Change in March 2013. The DCO and associated Licences and Permits detail NNB 

GenCo’s environmental monitoring requirements with respect to the construction and operation of the new 

station. HPC water discharge activity permit pre-operational Condition PO10 of the Environment Agency’s 

Permit number EPR/HP3228XT requires NNB GenCo to confirm and justify their final control strategy for 

HPC. Pre-operational Condition PO10 stipulates that, prior to the commencement of the Hot Functional 

Testing phase of commissioning, the operator shall submit to the Environment Agency, for approval, a 

Hydrazine Removal Plan which confirms and justifies their operational strategy for the removal, control, and 

monitoring of Hydrazine. 

The focus of this report is the potential impact of the discharge of hydrazine during commissioning and 

operation. NNB GenCo has commissioned Cefas under the BEEMS programme to undertake appropriate 

additional modelling studies to support the discharge control strategy.  

This chemical modelling report uses the same validated GETM model of Hinkley Point, as used in the 

thermal plume studies (BEEMS Technical Report TR177 & TR267) and chemical discharge modelling 

(BEEMS Technical Report TR428). The GETM model was chosen for modelling the chemical plume 

because it was better able to simulate the effects of natural variability in meteorological conditions. It also 

predicted the highest temperature impacts and would therefore be a more precautionary, but not unrealistic, 

approach. 

Prior to operation of the EPR units at HPC there would be a period of commissioning tests. The 

commissioning process for each unit would last for about 24 months. A 12-month gap is anticipated between 

the completion of the two reactor units. The commissioning tests will use demineralised water with other 

chemical additives for preparing plant systems. The cold flush testing (CFT) and Hot Functional testing 

(HFT) of the primary and secondary circuits requires them to be filled and flushed several times each with 

demineralised water to remove surface deposits and residual debris from the installation. Each waste stream 

during cold flush testing of Unit 1 and 2 is anticipated to be treated within a 750 m3 storage tank before 

controlled discharge via the temporary jetty. NNB GenCo proposes to empty each tank once a day, although 

not at the same time. A Rochdale envelope approach was applied to represent the worst-case scenario for 

commissioning discharges, whereby both units were assumed to discharge via the temporary jetty 

simultaneously. This represents a highly precautionary assessment. The maximum daily discharge volume is 

1,500 m3/day, equivalent to the contents of the two 750 m3 tanks that serve this waste stream.  

One of the chemicals that could potentially be included in the commissioning tests is hydrazine. Hydrazine is 

an oxygen scavenger and is used in power plants to inhibit corrosion in steam generation circuits. At the time 

of the original hydrazine risk assessment (Ciden ELIER0600773, 2008) the toxicity data available and 

reviewed was mainly for freshwater species and indicated that algal species were more sensitive than fish or 

invertebrates. There is evidence that hydrazine is harmful to aquatic organisms at low concentrations with 

the lowest acute six-day EC50 of 0.4 µg/l for growth inhibition of a marine alga, Dunaliella tertiolecta. 

Hydrazine persistence in the marine environment is low to moderate dependent upon its concentration and 

the water quality. There is no established Environmental Quality Standard (EQS) for hydrazine and so a 

chronic PNEC (Predicted No-Effect Concentration) of 0.4 ng/l has been calculated for long term discharges 

(calculated as the mean of the concentration values) and an acute PNEC of 4 ng/l for short term discharges 

(represented by the 95th percentile) (a justification for the values derived is provided in Appendix A). These 

thresholds are considered as precautionary triggers for further ecological investigation. As more recent 

assessments used in support of Canadian Federal Water Quality Guidelines (FWQGs) for hydrazine indicate 

concentrations below 0.2 µg/l (200 ng/l) have a low probability of adverse effects for marine life, whilst a 

freshwater threshold of 2.6 µg/l has been applied based on a greater availability of data in the freshwater 

environment (Environment Canada, 2013). The Canadian FWQGs are benchmark values intended to protect 

all aquatic life for indefinite exposure periods. Here they are evaluated as 95th percentiles but maximum 

instantaneous exceedance is also considered. 
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Prior to controlled release, to ensure permit conditions are met, discharges during commissioning and 

operation would be directed to storage tanks where treatment would take place if required. Hydrazine has a 

short half-life, allowing degradation to occur in the storage tanks. The concentration at which the hydrazine 

would be released has not been confirmed but based on French operational experience, EDF supplied a 

likely discharge concentration to consider [EDF 2019, pers. comm., March]. The desired concentration will 

be a balance between what is technically feasible whilst minimizing the environmental impact. The aim of 

this study is to provide information on the likely plume extent compared against biological receptors to 

facilitate the discussion with NNB GenCo engineers to determine an acceptable discharge concentration.  

1.2 Biological receptors 

There are two biological receptors that the hydrazine is being assessed against here, to determine what is 

the acceptable discharge concentration. These are Corallina spp. and Sabellaria spp. This report will 

investigate the potential exposure of these species to hydrazine with respect to the chronic (0.4 ng/l as a 

mean) and the acute (4 ng/l as a 95th percentile) PNEC. To be precautionary, maximum instantaneous 

concentrations will also be investigated using time series at each station. A full assessment is provided in 

BEEMS Technical report TR549 of all commissioning and combined construction discharges for all the 

relevant classification elements: 

QE1 - Biological quality elements: Phytoplankton, Other aquatic flora, Benthic invertebrates, and Fish. 

QE3 – Chemical and physico-chemical quality elements: General parameters and River Basin specific 

parameters. 

1.2.1 Corallina spp. 

Corallina spp. or coral weed is a calcareous, branching red seaweed (Rhodophyta). Fronds can be up to 4-

20 cm in length rising from a calcareous crustose holdfast. Corallina spp. is an intertidal species typically 

found inhabiting littoral wave-exposed rocky shores and shallow sublittoral habitats forming turfs in pools and 

gullies, sometimes extending into the sublittoral fringe (Tyler-Walters, 2008). Dense, sometimes 

monospecific, swards of Corallina are a characteristic feature of the mid to low shore rocky ledges to the 

west of Hinkley Point (Bamber & Irving, 1992). It is found all around the UK extending its range north to 

Norway and Greenland and south to Morocco and Argentina (Tyler-Walters, 2008). Corallina spp. are of 

national importance although official conservation status is uncertain (BEEMS Technical Report TR029).  

An unusual geological formation at Hinkley Point has caused conditions which favour the development of 

lush red algal turfs composed mainly of Corallina spp. The topography is such that a series of scarps and 

slopes run parallel to the shore and retain water as the tide retreats, creating a series of narrow pools or 

streams along the shore. In places where the scarps are breached, water can spill down to the lower shore, 

thus creating a permanently wet environment suitable for growth of algal species which would otherwise 

exist only fully submerged in rock pools (BEEMS Technical Report TR029). 

Until recently two species of Corallina were recognised for the British flora: Corallina elongata and Corallina 

officinalis (Irvine and Johansen, 1994). The Corallina species found at Hinkley Point has provisionally been 

described as ‘officinalis’, but the taxonomy of the Corallinales has recently been revised (Walker et al. 2009) 

and a new species Corallina caespitosa sp. nov. has been added. Hence, there are three possible species 

which may exist at Hinkley Point (BEEMS Technical Report TR068B). 

Figure 1 shows the location of Corallina spp. habitat in relation to the Hinkley Point site. There are eight 

patches of Corallina spp. indicated on the map, as defined in BEEMS Technical Report TR428 Ed. 6. 

Concentrations of hydrazine predicted in the model will be presented at these locations within this report. As 

the Corallina is intertidal, the hydrazine concentrations at the eight stations will be presented against the 

chronic and acute PNECs using the surface concentrations, as done in BEEMS Technical Report TR428 Ed. 

6.  These locations are also part of ongoing monitoring efforts to assess the quality and extent of Corallina 

spp. habitat at these locations (as considered in BEEMS Technical Report TR458). 
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Figure 1: Location of the intertidal Corallina spp. around Hinkley Point. 

1.2.2 Sabellaria spp. 

As part of the Severn Estuary Special Area of Conservation (SAC), Sabellaria spp. reefs are a key ecological 

feature of the site and are included, as biogenic reef habitat, under the SAC designation. The two species of 

Sabellaria spp. that are of interest are Sabellaria spinulosa and Sabellaria alveolata. As well as a qualifying 

interest feature of the Severn Estuary SAC, Sabellaria reefs are ‘Habitats of Principle Importance’ listed 

under Section 41 of the NERC Act 2006 and reef structures are listed under Annex I of the EC Habitats 

Directive (see BEEMS Technical Report TR068 Version 2).  

Both species are sabellariid polychaetes which form reef structures through the aggregation of growth tubes. 

S. spinulosa is a predominantly subtidal species that is relatively widespread around the UK and is found 

either individually or as crusts or reefs; settling directly on the seabed, on tubes of the same species or on 

hard body parts of other benthic species (such as large bivalves). S. alveolata is a predominantly intertidal 

species that is found mainly around the west and south-west of the UK, settling on exposed bedrock and 

hard substrates from boulders to pebbles (BEEMS Technical Report TR039). Sabellaria reefs are common 

around Hinkley Point and elsewhere in the Severn Estuary and Bristol Channel but is unusual in that 

S. alveolata occurs in the subtidal. 

Figure 2 shows the location of S. alveolata habitat in relation to the Hinkley Point site. There are seven 

patches of S. alveolata indicated on the map, as defined in BEEMS Technical Report TR428 Ed. 6. 

Predicted concentrations of hydrazine will be presented at these locations. A further intertidal site at Stolford 

has been identified in more recent monitoring surveys (BEEMS Technical Report TR452) and is shown in the 

top box of Figure 2. Concentrations will be assessed at the centre of the Stolford walkaround area 

(3.099055°E, 51.215017°N).  

As part of ongoing monitoring, the spatial distribution and condition of intertidal Sabellaria is being assessed 

(BEEMS Technical Report TR452). For stations A and E, the Sabellaria is subtidal. For stations B, C, D, F, G 
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and the Stolford walkaround area, the Sabellaria is intertidal. As such, for the subtidal Sabellaria the 

hydrazine concentrations will be assessed against the chronic and acute PNECs using the seabed 

concentrations, whereas the intertidal Sabellaria will be assessed using the surface concentrations. This 

follows the approach outlined in BEEMS Technical Report TR428 Ed. 6.     

 

Figure 2: Location of subtidal and intertidal Sabellaria alveolata around Hinkley Point (locations A to F). 
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2 Methodology 

2.1 Chemical model of hydrazine decay 

When introduced into seawater, hydrazine concentrations are observed to decrease with time. BEEMS 

Technical Report TR390 Ed.2 describes the methodology for deriving decay rates.  

It has been assumed that the main process involved (whether catalysed or not) is the reaction of hydrazine 

(N2H4) with dissolved oxygen (O2) to form nitrogen (N2) and water (H2O):  

𝑁2𝐻4 + 𝑂2  →  𝑁2 + 2𝐻2𝑂 

Equation 1 

The rate of decay of hydrazine (
𝑑[𝑁2𝐻4]

𝑑𝑡
) caused by the reaction in Equation 1 can be expressed as: 

𝑑[𝑁2𝐻4]

𝑑𝑡
= 𝑘 [𝑁2𝐻4]𝑎 [𝑂2]𝑏 

Equation 2 

Where square brackets, [ ], denote the concentration of the chemical 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, oxygen (O2) is easily replenished and far in excess of hydrazine (N2H4) 

and can therefore be considered constant. Thus the Equation 2 is reduced to: 

𝑑
[𝑁2𝐻4]

𝑑𝑡
= 𝑘′ [𝑁2𝐻4]𝑎    where 𝑘′ = 𝑘 [𝑂2]𝑏 

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 under the same conditions 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).  

Since it has a kinetic rate order of 1, the hydrazine concentration can be shown to vary over time as: 

[𝑁2𝐻4] = [𝑁2𝐻4]0 𝑒−𝑘𝑡 

Equation 4 

Where [N2H4]0 is the concentration of hydrazine at the start (t = 0). This does assume that the oxygen 

concentration effectively remains constant. This is a reasonable assumption both in the decay experiments 

in the laboratory, as discussed above, and in the seawater at Hinkley, which is hypertidal. Therefore, the 

water is well mixed and cool enough to hold large amounts of oxygen at saturation levels. 

A model fit based on Equation 4 for concentrations of 50 ng/l and 100 ng/l, yielded a decay constant of 

k = 0.00037 s-1, with a corresponding half-life (the time in which hydrazine concentration falls to half its 

original level) of 1,854 seconds (~30 minutes). This result is very close to the half-life of 38 minutes yielded 

by Sizewell data in BEEMS Technical Report TR352 and is longer than reported in the literature (Ishida et 

al., 2006; Buxton and Stuart, 1997). The difference of 8 minutes is likely to reflect the different conditions at 

each site.  

The concentration of hydrazine in the 2017 data is higher than expected after 6 hours in experiments where 

much larger concentrations of hydrazine were added (10, 50 and 100 µg/l). It is possible that the copper 
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already present in the seawater at Hinkley is catalysing the reaction of dissolved hydrazine and oxygen 

(MacNaughton et al., 1978), and thus accounting for a relatively fast decay with a half-life of ~30 minutes. 

However, it is extremely unlikely that this copper is used up since it is a heterogeneous catalyst and 

regenerated during the reaction. Given that the procedure blanks are also much higher than expected for the 

analysis of these samples, it is more likely that there is a change in the limit of detection with the analysis of 

higher concentration samples that has not been accounted for here. The inclusion of data from these 

samples provides a more precautionary half-life of 48.9 minutes. As such, the decay of hydrazine with a half-

life of 49 minutes has been used in the modelling of both commissioning and operational discharges, 

corresponding to a decay rate of 0.000236 s-1. 

For the assessment of the Hinkley Point C hydrazine discharges, a chronic Predicted No-Effect 

Concentration (PNEC) of 0.4 ng/l is used for long term discharges (calculated as the mean of the 

concentration values), whereas an acute PNEC of 4 ng/l is considered for shorter term exposure 

(represented by the 95th percentile). 

2.2 Hydrodynamic model description  

The release and mixing of hydrazine in the construction and operational discharge was modelled using the 

validated Hinkley Point 25 m resolution GETM model. This is a 3D hydrodynamic model with a decaying 

tracer to represent hydrazine. The model setup, calibration and validation are described in BEEMS Technical 

Report TR267 Ed. 2. As with the other chemical plume modelling using the Hinkley Point GETM model 

(BEEMS Technical Report TR428 Ed. 6) the surface is forced with reanalysed data from a meteorological 

model (ERA40 interim from ECMWF). The boundary conditions were forced by a broader 3D GETM domain, 

as described in BEEMS Technical Report TR177. 

In this study, the GETM model domain used a discrete grid with dimensions of 25 m by 25 m and 15 vertical 

layers in a sigma co-ordinate system in which the layer thickness changed with water depth. During the 

construction/cold commissioning discharge scenarios, the discharge flow (83.3 l/s) was small compared with 

the total volume in the model grid cell, so to avoid excessive initial dilution, the discharge was made into the 

model surface layer. This is consistent with the results of the near field CORMIX modelling of a buoyant 

plume, which showed that this was an appropriate assumption for small volume construction discharges 

using the 25m GETM model (BEEMS Technical Report TR428 Ed. 6). For the operational discharge, 

although the discharge flow is higher it was also made into the model surface layer as the solution is less 

dense due to the thermal uplift and lower salinity. 

Two discharge activities are considered within this report: the cold commissioning discharge and the 

operational discharge. Details of the discharge characteristics are specified in each section describing the 

release scenarios.  

It should be noted that for a buoyant plume with a discharge in an offshore location, unless mixing occurs, 

there will be no impact on seabed features. Consideration of the tidal cycle is useful in understanding the 

likely modes of impact. When the flood tide is at its strongest (with flow to the east), the discharge plume will 

initially be buoyant, and will then be advected in a narrow surface streak and mixed down. As mixing occurs 

the concentration within the streak will rapidly drop. At high water, around slack tide, a pool of the discharged 

water will form at the surface which will be advected westwards as the ebb tide increases. As the tidal range 

is large in the Severn Estuary, this surface layer of water will be separated vertically from the bed, and the 

discharged water will not meet sensitive features such as Sabellaria or Corallina patches. As the tidal flow 

velocity increases, the strong tidal flows and rough topography of the Severn Estuary generate strong 

vertical mixing which ensures a large reduction in the concentrations of contaminants in the discharged 

water. The period around low water slack tide is the time of greatest potential concern. It would be expected 

that the slack water period at low tide would also result in ponding, and that this ponded water would then be 

advected as the flood tide increases. As the water depth at this time is low, it has the potential for interaction 

with the bed and to be advected onto the sensitive areas of the rock platform. As the flow increases after low 

water slack tide, the water depth increases and the potential for interaction with the bed at concentrations of 

concern decreases. 

The tide will move the plume along the coast, but it is expected that the winds from the northern quadrant will 

have the greatest potential to push the plume onto the intertidal areas where Corallina officinallis and 
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Sabellaria sp. are found. The year 2008 has been used as the representative year for all of the HPC thermal 

and chemical modelling (BEEMS Technical Report TR177) and hydrodynamic data collected in that year 

was used to validate the models. To maintain consistency with previous modelling work, 2008 was, therefore 

used as the modelling year in this study. Analysis of the wind speed and direction for the year 2008 shows 

that the month of November exhibited both the highest percentage of days with northerly winds and highest 

percentage of days with average wind speed in the 5 -15 m s-1 range from N and NW directions. Choosing 

the month of November to perform the simulation ensures the worst-case scenario for impact and a realistic 

variability in weather forcing.   

The current operational Hinkley Point B (HPB) discharge was included in the simulation (equivalent to Run A 

in BEEMS Technical Report TR267) for October to spin up the temperature and salinity across the domain. 

The simulations in this report were then run for 1 month, with the results outputted every hour. However, it 

was not expected that the absence of the HPB plume (such as during an HPB outage) would affect the 

results as there would be little interaction between the discharge at the jetty and the HPB thermal plume. At 

the location of the jetty outfall (which is where values above the PNECs occur), the mean increase in 

temperature is 1.02C. This should be viewed within the context of the natural seasonal cycle, where mean 

February temperatures are 6.6C and August 19.4C (BEEMS Technical Report 187). The typical inter-

annual variation in monthly mean temperatures is 1.1C (BEEMS Technical Report TR428).  

Figure 3 shows the location of the main cooling water infrastructure of HPB and HPC, as well as the HPC 

temporary construction jetty outfall, in relation to the main Corallina and Sabellaria features.  

 

Figure 3: Location on the Hinkley Point B and C marine infrastructure in relation to Corallina and Sabellaria 

features. 

2.3 Commissioning discharges 

The first scenario considered in this report investigates the discharge of hydrazine during cold 

commissioning with the combined discharge of both 750 m3 treatment tanks of Unit 1 & 2, a total daily 
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discharge of 1,500 m3. The release of hydrazine has been modelled as a discharge of 83.3 l/s. To 

investigate the effect of the release concentration, three different concentrations have been considered: 

10 µg/l, 15 µg/l and 30 µg/l representing a likely mean and upper bounding concentration. Although there is 

an associated decay rate when modelling hydrazine, as the flow rate, decay rate and half-life are the same, it 

is possible to scale the results for other concentrations. Therefore, the results for 15 µg/l and 30 µg/l have 

been scaled from the results obtained for 10 µg/l. The hydrazine concentration is released in daily pulses of 

5.0 h starting at 12:00. This discharge period is sufficient to empty the total volume of both treatment tanks, 

1,500 m3, together. Due to the pulse-like discharge, the interpretation of the short-term results (daily) is 

biased to the moment of the tidal cycle when hydrazine has been released. In order to minimize this aliasing 

with the tidal signal, the simulation period has been fixed to 30 days (from the 1st November – 1st December 

2008), which comprises two complete tidal cycles. 

During commissioning, hydrazine has been modelled as a discharge at the temporary jetty. The discharge 

outfall is attached to a jetty pile and located approximately 1 m above the seabed (approximately 2 m below 

lowest astronomical tide (LAT)). However, in the model, the discharge is released into the surface layer of 

the model in order to avoid excessive initial dilution. Table 1 summarises the discharge characteristics of the 

commissioning discharge. Figure 3 shows the location of the discharge location from the temporary jetty in 

relation to the Corallina and Sabellaria features.  

Table 1: Hydrazine discharge characteristics (commissioning discharge). 

Discharge Characteristics Value 

Location OSGB 319315E    146475N  

Location WGS84 
51° 12.7056’ N    003° 9.3894’ W   
(51.21176 N 3.15649 W) 

Charted water depth (surface to bed) 
at discharge location 

At least 3.0 m Chart Datum, 8.5 m Ordnance 
Datum 

Hydrazine concentration 10 µg/l, 15 µg/l and 30 µg/l 

Discharge flow 83.3 l/s 

Discharge temperature 10°C 

Discharge salinity 0.01 PSU 

 

The commissioning scenario also includes the thermal discharge associated with HPB only in operation, 

which corresponds to 70% of the current maximum thermal uplift. The HPB outfall (51.212561°N, 

3.122717°W) was modelled as a discharge of 33.7 m3/s with 11°C thermal uplift. Table 2 summarises the 

discharges used in the commissioning model run. 

 

Table 2: GETM commissioning hydrazine modelling run used in the report. 

Run ID Description 
Intake 

location 

Discharge 

location 

Hydrazine 

discharge 

at the 

outfall 

(µg/l) 

Discharge 

flow and 

Delta T 

(m3/s @ °C) 

Time 

period 

Run A 

jettyHydrazine-

construction_10ug 

Discharge from 

HPB, with 

hydrazine 

discharge HPC 

temporary jetty 

IB OB 0 33.7 @ 11.0 
1/11/2008 

- 

1/12/2008 None Jetty 

10 

(in pulses of 

5h a day) 

0.0833 @ 0 
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2.4 Operational discharges 

Once HPC becomes operational, hydrazine discharges from the temporary jetty will cease. Prior to 

operational release, the hydrazine will still be stored in the two treatment tanks, resulting in a pulsed 

discharge into the cooling water flow. Hydrazine will then be released via the main HPC cooling water (CW) 

outfalls as they become fully operational. The worst-case daily discharges from the turbine hall that have 

been modelled correspond to an annual hydrazine discharge of 24 kg1 per annum into the cooling water flow 

at the seal pit (representing that from waste stream D, Decision document environmental permitting 

ERP/HP3228XTA001, 2013 – a more definitive reference for this source information will be sought when 

taking forward the OWDA permit).  

To understand the impact of different discharge rates from the treatment tanks during operation, two 

discharge scenarios were investigated for HPC: the first considering a hydrazine discharge of 34 ng/l in daily 

pulses of 4.63 h starting at 12pm, and the second considering a discharge of 69 ng/l discharged in daily 

pulses of 2.32 h duration starting at 12pm. Note that the mass of hydrazine released in each simulation is the 

same. In the same way as for the commission discharge, due to the pulse-like discharge, the interpretation 

of the short-term results (daily) is biased to the moment of the tidal cycle when hydrazine has been released. 

In order to minimize this aliasing with the tidal signal, the simulation period has been fixed to 30 days (from 

the 1st November – 1st December 2008), which comprises two complete tidal cycles.  

The two scenarios considered include both the operational discharges of HPB at 70% of the current 

maximum thermal uplift and HPC. The locations of the cooling water intakes and outfalls for HPB and HPC 

and their associated discharges, as defined in BEEMS Technical Report TR177, are summarised in Table 3. 

Figure 3 shows the location of the cooling water infrastructure for HPB and HPC in relation to the Corallina 

and Sabellaria features. Hydrazine has only been modelled as discharging from the HPC discharge as HPB 

does not have a permit to discharge hydrazine. Table 4 summarises the discharges used in the operational 

model runs. 

 

1 Effluent streams B+C from the rad waste from the nuclear island and steam generator blowdown system are fed from the primary circuit 

and so the hydrazine loads from these sources are not factored into daily and annual discharge calculations as they have no daily 
discharge and only apply during start up or shut down periods. The worst-case daily hydrazine discharge would be after wet lay-up of 
steam generators. The assumption is that this would be treated until the hydrazine concentration falls below a level that is acceptable for 
a batch discharge. Wet lay-up is not expected in a normal refuelling outage (i.e. for Sizewell B this was ca.,15 years after first operation). 
Only emissions which are derived from the secondary circuit (Effluent Stream D) daily loads are therefore used in the environmental 
impact assessment.  
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Table 3: Operational discharges and locations, as described in Stage 3 thermal modelling (BEEMS 

Technical Report TR177). 

Run ID Description Intake location 
Discharge 
location 

Discharge flow 
and Delta T 
(m3/s @ °C) 

Run D 

HP B @ 70% 
51.21541 N 

3.134438 W 

51.212561 N 

3.122717 W 
33.7 @ 11 

HP C 

4 intakes 

51.23293 N 

3.167426 W 

51.23442 N 

3.16904 W 

51.23155 N 

3.173866 W 

51.23296 N 

3.175662 W 

2 discharge ports 

51.22166 N 

3.159394 W 

51.22114 N 

3.158708 W 

125 @ 11.6 

 

Table 4: GETM operation hydrazine modelling runs used in the report. 

Run ID Description 
Intake 

location 

Discharge 

location 

Hydrazine 

discharge 

at the 

outfall (ng/l) 

Discharge 

flow and 

Delta T 

(m3/s @ °C) 

Time 

period 

outfallcHydrazine-

operation_34ng 

Discharge from 

HPB, with 

hydrazine 

discharge from 

HPC 

IB OB 0 33.7 @ 11.0 

1/11/2008 

- 

1/12/2008 

IC OC 

34 

(in pulses of 

4.63 h a 

day) 

1251 @ 11.6 

outfallcHydrazine-

operation_69ng 

IB OB 0 33.7 @ 11.0 

IC OC 

69  

(in pulses of 

2.32 h a 

day) 

125 @ 11.6 

1: The maximum discharge rate during operation is 132 m3/s - just over 5% increase in the volume discharge above the 125 m3/s 
modelled when including flow via essential and auxiliary cooling water systems. However, the mass of hydrazine is unchanged, 
meaning initial dilution will increase resulting in lower discharge concentrations. There are likely to be small differences in the plume 
behaviour between the 125 and 132 m3/s discharges, but the differences in areas influenced are small for the 125 m3/s. The operational 
discharge is offshore and so has negligible influence on shoreline features and there are very small areas of the seabed that exceed the 
precautionary PNECs. The use of a 125 m3/s discharge is therefore precautionary as it implies a higher initial discharge concentration 
and slightly larger areas of influence above the precautionary PNEC. 

  



 

 

tr445-hpc-hydrazine-commissioning-and-

operational-discharges_v5 
NOT PROTECTIVELY MARKED 29 of 77 

 

100890821 

Revision 5 

NOT PROTECTIVELY MARKED 

TR445: Hinkley Point C Hydrazine discharge 

modelling 

3 Results  

3.1 Hydrazine cold commissioning discharge 

To assess the spatial extent of the hydrazine plume during cold commissioning (1,500 m3 tank discharge 

volume in 5.0 h pulses) and compare the resulting concentrations with the PNEC values (chronic and acute), 

the mean and 95th percentile of the hydrazine concentrations was extracted from the 30-day model run. For 

hydrazine, the chronic PNEC value was 0.4 ng/l for long term discharges (mean of the concentration values) 

and the acute PNEC value was 4 ng/l for shorter term discharges (represented by the 95th percentile). To be 

precautionary, maximum instantaneous concentrations were also investigated using time series at each 

station. Three discharge release concentrations have been investigated: 10, 15 and 30 µg/l. 

3.1.1 10 µg/l release concentration 

Figure 4 and Figure 5 show the mean concentration of hydrazine at the surface and seabed, respectively. 

Figure 6 and Figure 7 shows the 95th percentile at the surface and seabed, respectively. Where 

concentrations exceeded the Canadian standard, the 200 ng/l contour was included in the 95th percentile 

plots. Equally, the plots that did not include the 200 ng/l contour in the legend indicate that there are no 

areas above that concentration. 

 

Figure 4: Mean hydrazine concentration at the surface after release of 10 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 5: Mean hydrazine concentration at the seabed after release of 10 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 6: 95th percentile concentration at the surface after release of 10 µg/l in 5.0 h pulses from HPC 

construction jetty. 



 

 

tr445-hpc-hydrazine-commissioning-and-

operational-discharges_v5 
NOT PROTECTIVELY MARKED 32 of 77 

 

100890821 

Revision 5 

NOT PROTECTIVELY MARKED 

TR445: Hinkley Point C Hydrazine discharge 

modelling 

 

Figure 7: 95th percentile concentration at the seabed after release of 10 µg/l in 5.0 h pulses from HPC 

construction jetty. 

Results showed that the plume at surface was longer and wider compared to the plume at seabed for both 

the mean and the 95th percentile hydrazine concentration. The mean concentration results showed a larger 

plume than the 95th percentile results, at both surface and seabed. Due to the buoyant nature of the plume, 

the hydrazine concentration was higher at the surface, for both the mean and 95th percentile.  

Table 5 provides a summary of the area of the plume that exceeds both concentration thresholds. For 

completeness, not only the chronic and acute PNEC values were included, but also other values between 

0.1 and 0.5 ng/l for the chronic concentrations and between 1 and 5 ng/l for the acute concentrations. In 

addition to the two PNEC values considered in this report, the area exceeding 200 ng/l, as set by the 

Canadian Federal Water Quality Guidelines for hydrazine, as a maximum concentration and as a 95th 

percentile was included in Table 5. 
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Table 5: Area of the plume at different concentration levels of hydrazine, with a 10 µg/l release concentration 

in 5.0 h pulses. Values in bold exceed the respective PNEC concentrations. 

Release 

Concentration 
 ng/l 

95th 

percentile 

surface (ha) 

95th 

percentile 

seabed (ha) 

Mean 

surface (ha) 

Mean 

seabed (ha) 

10 µg/l 

Chronic 

PNEC 

0.1   49.94 10.11 

0.2   22.49 2.17 

0.3   13.10 0.00 

0.4   8.87 0.00 

0.5   6.60 0.00 

Acute 

PNEC 

1 20.33 2.99   

2 8.67 0.00   

3 5.06 0.00   

4 3.82 0.00    

5 2.58 0.00   

Canadian 

Standard 
200 0.00 (95th) 0.00 (95th) 

  

Canadian 

Standard 
200 0.62 (max) 0.00 (max) 

  

The results show that at a 10 µg/l release, neither the chronic (0.4 ng/l) nor acute (4 ng/l) PNEC were 

exceeded at the seabed. The area exceeding the 200 ng/l, as a maximum, was 0.62 ha, at the surface, but 

0.0 ha at the seabed, showing that exceedance was spatially restricted to the immediate discharge. The 

maximum values represent the concentration for 1 hr per month. Hydrazine did not exceed 200 ng/l at the 

surface or seabed as a 95th percentile. 

Figure 8 presents the instantaneous surface hydrazine concentration throughout the month, at the eight 

Corallina stations, for the 10 µg/l release, with summary statistics for the concentration profiles shown in 

Table 6. The results regarding the eight Sabellaria stations are shown in Figure 9 with summary statistics for 

the concentration profiles shown in Table 7. 

Table 6: Summary statistics of hydrazine concentrations at the eight Corallina stations, with a 10 µg/l release 

in 5.0 h pulses. All stations are surface concentrations. 

 
Corallina Station Concentration (ng/l) 

1 2 3 4 5 6 7 8 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.009 0.020 0.028 0.012 0.017 0.019 0.004 0.007 

95th 

percentile 0.029 0.072 0.068 0.054 0.051 0.069 0.015 0.041 

Max 0.864 1.796 1.499 0.766 1.380 2.487 0.186 0.458 

 

Results show that with a 10 µg/l release, the highest maximum instantaneous concentration was at station 6 

with 2.49 ng/l (Table 6). However, the plume was very short lived, with concentrations exceeding the chronic 

PNEC (0.4ng/l) for typically 1 hour (a single model output time step) and for a maximum of two hours, and 

hence the acute PNEC (4ng/l as a 95th percentile) is the appropriate screening threshold. Table 6 shows that 

all concentrations were below the acute PNEC. The highest 95th percentile concentration was at station 2 

with 0.07 ng/l. Maximum instantaneous concentrations never exceeded the acute PNEC.  
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Figure 8: Instantaneous hydrazine concentration at the eight Corallina stations with a 10 µg/l release in 5.0 h 

pulses with respect to the acute (black dashed) PNEC. All stations are surface concentrations.  

 

 

Figure 9: Instantaneous hydrazine concentration at the eight Sabellaria stations with a 10 µg/l release in 5.0 

h pulses with respect to the acute (black dashed) PNEC. Stations A and E are seabed concentrations, with 

all remaining stations surface concentrations. 
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Table 7: Summary statistics of hydrazine concentrations at the eight Sabellaria stations, with a 10 µg/l 

release in 5.0 h pulses. 

 
Sabellaria Station Concentration (ng/l) 

A B C D E F G Stolford 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.001 0.030 0.018 0.103 0.069 0.017 0.018 0.001 

95th 

percentile 

0.0001 0.147 0.045 0.159 0.282 0.054 0.056 
0.0003 

Max 0.082 1.405 1.406 12.072 5.316 0.699 0.871 0.317 

 

At the Sabellaria stations, instantaneous concentrations exceeded the acute PNEC at stations D (surface 

concentrations) and E (seabed concentrations), with peak concentrations of 12.07 ng/l and 5.32 ng/l, 

respectively (Table 7). Instantaneous concentrations exceeded the acute PNEC five times over the month at 

station D and once at station E. The peak instantaneous concentration at Stolford was 0.317 ng/l. Whilst the 

instantaneous plume exceeded the acute PNEC, the plume was very short lived, with the plume exceeding 

4 ng/l for 1 hour (a single model output time step). This was reflected in the 95th percentile concentrations in 

Table 7, which shows all concentrations were below the acute PNEC. The highest 95th percentile 

concentration was at station E with 0.28 ng/l. 

At no Corallina or Sabellaria stations was the chronic PNEC (0.4 ng/l as a mean) or acute PNEC (4 ng/l as a 

95th percentile) exceeded.  

3.1.2 15 µg/l release concentration 

Figure 10 and Figure 11 show the mean concentration of hydrazine at the surface and seabed, respectively. 

Figure 12 and Figure 13 shows the 95th percentile at the surface and seabed, respectively. Where 

concentrations exceed the Canadian standard, the 200 ng/l contour was included in the 95th percentile plots. 

Equally, the plots that do not include the 200 ng/l contour in the legend indicate that there were no areas 

above that concentration. 
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Figure 10: Mean hydrazine concentration at the surface after release of 15 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 11: Mean hydrazine concentration at the seabed after release of 15 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 12: 95th percentile concentration at the surface after release of 15 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 13: 95th percentile concentration at the seabed after release of 15 µg/l in 5.0 h pulses from HPC 

construction jetty. 

As expected, the plume behaviour and geometry with a 15 µg/l release was very similar to the 10 µg/l 

release, with the discharge forming a thin elongated plume parallel to the shore, albeit slightly longer and 

wider. The area of the plume above the chronic PNEC at the surface was 1.8 times larger with a 15 µg/l 

release concentration compared to the 10 µg/l.  Due to the buoyant nature of the plume, the hydrazine 

concentration was higher at the surface, for both the mean and 95th percentile. 

Table 8 provides a summary of the area of the plume that exceeds both concentration thresholds. For 

completeness, not only the chronic and acute PNEC values were included, but also other values between 

0.1 and 0.5 ng/l for the chronic concentrations, and between 1 and 5 ng/l for the acute concentrations. In 

addition to the two PNEC values considered in this report, the area exceeding 200 ng/l, as set by the 

Canadian Federal Water Quality Guidelines for hydrazine, as a maximum concentration and as a 95th 

percentile have been included in Table 8. 
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Table 8: Area of the plume at different concentration levels of hydrazine, with a 15 µg/l release concentration 

in 5.0 h pulses. Values in bold exceed the respective PNEC concentrations. 

Release 

Concentration 
 ng/l 

95th 

percentile 

surface (ha) 

95th 

percentile 

seabed (ha) 

Mean 

surface (ha) 

Mean 

seabed (ha) 

15 µg/l 

Chronic 

PNEC 

0.1   71.20 24.04 

0.2   36.63 5.98 

0.3   22.49 2.17 

0.4   15.89 0.00 

0.5   11.25 0.00 

Acute 

PNEC 

1 31.47 6.71   

2 14.65 1.96   

3 8.67 0.00   

4 5.47 0.00   

5 4.64 0.00   

Canadian 

Standard 
200 0.00 (95th) 0.00 (95th) 

  

Canadian 

Standard 
200 1.86 (max) 0.00 (max) 

  

 

The results show that at a 15 µg/l release, the chronic (0.4 ng/l) and acute (4 ng/l) PNEC was not exceeded 

at the seabed. The area exceeding the 200 ng/l, as a maximum, was 1.86 ha, at the surface, but 0.0 ha at 

the seabed, showing it was spatially restricted surrounding the discharge. However, the maximum values 

represent the concentration for 1 hr per month. Hydrazine did not exceed 200 ng/l at the surface or seabed 

as a 95th percentile. 

Figure 14 presents the instantaneous surface hydrazine concentration throughout the month, at the eight 

Corallina stations, for the 15 µg/l release, with summary statistics for the concentration profiles shown in 

Table 9. The results for the eight Sabellaria stations are shown in Figure 15 with summary statistics for the 

concentration profiles shown in Table 10. 
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Figure 14: Hydrazine concentration at the eight Corallina stations with a 15 µg/l release in 5.0 h pulses with 

respect to the acute (black dashed) PNEC. All stations are surface concentrations. 

 

Table 9: Summary statistics of hydrazine concentrations at the eight Corallina stations, with a 15 µg/l release 

in 5.0 h pulses. 

 
Corallina Station Concentration (ng/l) 

1 2 3 4 5 6 7 8 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.013 0.030 0.041 0.017 0.026 0.028 0.005 0.011 

95th 

percentile 0.043 0.108 0.101 0.081 0.076 0.103 0.023 0.062 

Max 1.297 2.694 2.248 1.149 2.070 3.731 0.279 0.687 

 

Results show that with a 15 µg/l release, the highest instantaneous maximum concentration was at station 6 

with 3.73 ng/l. However, the instantaneous plume was very short lived, with concentrations exceeding the 

chronic PNEC (0.4ng/l) for typically 1-2 hours and for a maximum of two hours and hence the acute PNEC 

(4ng/l as a 95th percentile) is the appropriate screening threshold. This is reflected in the 95th percentile 

concentrations in Table 9, which shows that all concentrations were below the acute PNEC. The highest 95th 

percentile concentration was at station 2 with 0.11 ng/l. Instantaneous concentrations never exceeded the 

acute PNEC.  
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Figure 15: Hydrazine concentration at the eight Sabellaria stations with a 15 µg/l release in 5.0 h pulses with 

respect to the acute (black dashed) PNEC. Stations A and E are seabed concentrations, with all remaining 

stations surface concentrations. 

 

Table 10: Summary statistics of hydrazine concentrations at the eight Sabellaria stations, with a 15 µg/l 

release in 5.0 h pulses. 

 
Sabellaria Station Concentration (ng/l) 

A B C D E F G Stolford 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.001 0.045 0.027 0.154 0.103 0.025 0.027 0.002 

95th 

percentile 

0.0002 0.221 0.067 0.238 0.424 0.081 0.084 
0.0004 

Max 0.124 2.107 2.109 18.107 7.975 1.048 1.306 0.475 

 

At the Sabellaria stations, instantaneous concentrations exceeded the acute PNEC at stations D (surface 

concentrations) and E (seabed concentrations), with peak concentrations of 18.11 ng/l and 7.98 ng/l 

respectively, but remained well within the Canadian Standards for low likelihood of adverse effects (200 

ng/l). Instantaneous concentrations exceeded the acute PNEC eight times over the month at station D and 

twice at station E. The peak instantaneous concentration at Stolford was 0.475 ng/l, but this was a single 

occurrence which lasted one timestep (1 hour). Whilst the instantaneous plume did exceed the acute PNEC, 

the plume was very short lived, and exceeded 4 ng/l for 1 hour (a single model output time step). This was 

reflected in the 95th percentile concentrations in Table 10, which shows all concentrations are below the 

acute PNEC. The highest 95th percentile concentration was at station E with 0.42 ng/l. 
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At no Corallina or Sabellaria stations was the chronic PNEC (0.4 ng/l as a mean) or acute PNEC (4 ng/l as a 

95th percentile) exceeded.  

3.1.3 30 µg/l release concentration 

Figure 16 and Figure 17 show the mean concentration of hydrazine at the surface and seabed, respectively. 

Figure 18 and Figure 19 show the 95th percentile at the surface and seabed, respectively. Where 

concentrations exceed the Canadian standard, the 200 ng/l contour has been included in the 95th percentile 

plots. Equally, the plots that did not include the 200 ng/l contour in the legend indicate that there were no 

areas above that concentration. 

 

Figure 16: Mean hydrazine concentration at the surface after release of 30 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 17: Mean hydrazine concentration at the seabed after release of 30 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 18: 95th percentile concentration at the surface after release of 30 µg/l in 5.0 h pulses from HPC 

construction jetty. 
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Figure 19: 95th percentile concentration at the seabed after release of 30 µg/l in 5.0 h pulses from HPC 

construction jetty. 

The plume behaviour and geometry with a 30 µg/l release was much like the 10 and 15 µg/l release, with the 

discharge forming a thin elongated plume parallel to the shore, albeit much longer and wider. The area of the 

plume above the chronic PNEC at the surface was 2.3 times larger with a 30 µg/l release concentration 

compared to the 15 µg/l. Due to the buoyant nature of the plume, the hydrazine concentration was higher at 

the surface, for both the mean and 95th percentile. However, unlike the 10 and 15 µg/l release concentration, 

the 30 µg/l release concentration resulted in areas exceeding the chronic PNEC at both the surface and 

seabed. 

Table 11 provides a summary of the area of the plume that exceeded both concentration thresholds. For 

completeness, not only the chronic and acute PNEC values were included, but also other values between 

0.1 and 0.5 ng/l for the chronic concentrations and between 1 and 5 ng/l for the acute concentrations. In 

addition to the two PNEC values considered in this report, the area exceeding 200 ng/l, as set by the 

Canadian Federal Water Quality Guidelines for hydrazine, as a 95th percentile and as a maximum 

concentration have been included in Table 11. 
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Table 11: Area of the plume at different concentration levels of hydrazine, with a 30 µg/l release 

concentration in 5.0 h pulses. Values in bold exceed the respective PNEC concentrations. 

Release 

Concentration 
 ng/l 

95th 

percentile 

surface (ha) 

95th 

percentile 

seabed (ha) 

Mean 

surface (ha) 

Mean 

seabed (ha) 

30 µg/l 

Chronic 

PNEC 

0.1   134.35 73.57 

0.2   71.20 24.04 

0.3   49.94 10.11 

0.4   36.63 5.98 

0.5   27.65 3.61 

Acute 

PNEC 

1 53.66 20.84   

2 31.37 6.60   

3 20.22 2.99   

4 14.55 1.86   

5 11.04 0.72   

Canadian 

Standard 
200 0.00 (95th) 0.00 (95th) 

  

Canadian 

Standard 
200 5.37 (max) 0.00 (max) 

  

 

The area exceeding the 200 ng/l thresholds, as a maximum, was 5.37 ha, at the surface, but 0.0 ha at the 

seabed. The surface plume was no longer spatially restricted to the immediate discharge at this 

concentration. However, the maximum values represent the concentration for 1 hr per month. Hydrazine did 

not exceed 200 ng/l at the surface or seabed as a 95th percentile. 

Figure 20 presents the instantaneous surface hydrazine concentration throughout the month, at the eight 

Corallina stations, for the 30 µg/l release, with summary statistics for the concentration profiles shown in 

Table 12. The results for the eight Sabellaria stations are shown in Figure 21 with summary statistics for the 

concentration profiles shown in Table 13. 
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Figure 20: Hydrazine concentration at the eight Corallina stations with a 30 µg/l release in 5.0 h pulses with 

respect to the acute (black dashed) PNEC. All stations are surface concentrations. 

 

Table 12: Summary statistics of hydrazine concentrations at the eight Corallina stations, with a 30 µg/l 

release in 5.0 h pulses. 

 
Corallina Station Concentration (ng/l) 

1 2 3 4 5 6 7 8 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.026 0.060 0.083 0.035 0.052 0.056 0.011 0.022 

95th 

percentile 0.086 0.215 0.203 0.162 0.152 0.206 0.046 0.124 

Max 2.593 5.389 4.497 2.297 4.140 7.462 0.558 1.375 
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Figure 21: Hydrazine concentration at the eight Sabellaria stations with a 30 µg/l release in 5.0 h pulses with 

respect to the acute (black dashed) PNEC. Stations A and E are seabed concentrations, with all remaining 

stations surface concentrations. 

 

Table 13: Summary statistics of hydrazine concentrations at the eight Sabellaria stations, with a 30 µg/l 

release in 5.0 h pulses. 

 
Sabellaria Station Concentration (ng/l) 

A B C D E F G Stolford 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.002 0.089 0.053 0.308 0.206 0.050 0.055 0.003 

95th 

percentile 0.0003 0.442 0.134 0.476 0.847 0.161 0.169 
0.001 

Max 0.247 4.214 4.217 36.215 15.949 2.096 2.613 0.950 

 

Results show that with a 30 µg/l release, instantaneous concentrations exceeded the acute PNEC once at 

stations 2, 5 and 6 and three times at station 3. The highest instantaneous maximum concentration was 

predicted at station 6 with 7.46 ng/l. The duration of the instantaneous plume above the acute PNEC was 

1 hour (a single model output time step). This is reflected in the 95th percentile concentrations in Table 12, 

which shows all concentrations were below the acute PNEC. The highest 95th percentile concentration was 

at station 2 with 0.22 ng/l.  

At the Sabellaria stations, instantaneous concentrations exceeded the acute PNEC at stations D (surface 

concentrations) and E (seabed concentrations), with peak concentrations of 36.22 ng/l and 15.95 ng/l, 

respectively. Instantaneous concentrations exceeded the acute PNEC eleven times over the month at station 

D and nine times at station E. Furthermore, instantaneous concentrations also exceeded the acute PNEC 
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once at stations B and C (surface concentrations), with peak concentrations of 4.21 ng/l and 4.22 ng/l, 

respectively. Instantaneous concentrations at all stations remained within the Canadian Standards for low 

likelihood of adverse effects (200 ng/l). 

The peak concentration at Stolford was 0.95 ng/l, but this was a single occurrence and only lasted one 

timestep (one hour).  

Whilst the instantaneous plume exceeded 4ng/l, the plume was very short lived, with the plume exceeding 

that value for 1-2 hours. This is reflected in the 95th percentile concentrations in Table 13, which show 

concentrations at or below the acute PNEC. The highest 95th percentile concentration was at station E with 

0.85 ng/l. 

At no Corallina or Sabellaria stations was the chronic PNEC (0.4 ng/l as a mean) or acute PNEC (4 ng/l as a 

95th percentile) exceeded.  
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3.2 Hydrazine Operational Discharges 

To assess the spatial extent of the hydrazine plume during operation (an hydrazine discharge of 24 kg per 

annum) and compare the resulting concentrations with the chronic and acute PNEC values, the mean and 

95th percentile of the hydrazine concentrations were extracted from the 30-day model run. For hydrazine, the 

chronic PNEC value is 0.4 ng/l for long term discharges (mean of the concentration values) and the acute 

PNEC value is 4 ng/l for shorter term discharges (represented by the 95th percentile). To be precautionary, 

maximum instantaneous concentrations were also investigated using time series at each station. Two 

discharge scenarios were investigated: the first considering a hydrazine discharge of 34 ng/l in daily pulses 

of 4.63 h, and the second considering a discharge of 69 ng/l discharged in daily pulses of 2.32 h. 

3.2.1 34 ng/l release concentration 

Figure 22 and Figure 23 show the mean concentration of hydrazine at the surface and seabed, respectively. 

Figure 24 and Figure 25 shows the 95th percentile at the surface and seabed, respectively.  

 

Figure 22: Mean hydrazine concentration at the surface after release of 34 ng/l in 4.63 h pulses from HPC 

CW outfalls. 
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Figure 23: Mean hydrazine concentration at the seabed after release of 34 ng/l in 4.63 h pulses from HPC 

CW outfalls. 
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Figure 24: 95th percentile concentration at the surface after release of 34 ng/l in 4.63 h pulses from HPC CW 

outfalls. 
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Figure 25: 95th percentile concentration at the seabed after release of 34 ng/l in 4.63 h pulses from HPC CW 

outfalls. 

Results show that the discharge from the CW outfall forms an elongated plume parallel to the shore, with the 

plume at surface longer and wider compared to the plume at seabed for both the mean and the 95th 

percentile hydrazine concentration. The mean concentration results show a larger plume than the 95th 

percentile results, at both the surface and seabed. Due to the buoyant nature of the plume, the hydrazine 

concentration is higher at the surface than the seabed, for both the mean and 95th percentile. The results 

show that at a 34 ng/l release, the chronic (0.4 ng/l) and acute (4 ng/l) PNEC is exceeded at the seabed over 

0.1 ha and 0.21 ha, respectively, and is spatially restricted to the immediate vicinity of discharge.  

Table 14 provides a summary of the area of the plume that exceeds both concentration thresholds. For 

completeness, not only the chronic and acute PNEC values were included, but also other values between 

0.1 and 0.5 ng/l for the chronic concentrations and between 1 and 5 ng/l for the acute concentrations. As the 

release concentration is well below the Canadian standard of 200 ng/l, hydrazine does not exceed 200 ng/l 

at the surface or seabed as a 95th percentile or a maximum. 
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Table 14: Area of the plume at different concentration levels of hydrazine, with a 34 ng/l release 

concentration in 4.63 h pulses. Values in bold exceed the respective PNEC concentrations. 

Release 

Concentration 
 ng/l 

95th 

percentile 

surface (ha) 

95th 

percentile 

seabed (ha) 

Mean 

surface (ha) 

Mean 

seabed (ha) 

34 ng/l 

Chronic 

PNEC 

0.1   216.38 28.48 

0.2   111.03 6.71 

0.3   71.30 0.62 

0.4   48.08 0.10 

0.5   33.53 0.10 

Acute 

PNEC 

1 101.43 16.51   

2 67.17 4.13   

3 47.67 0.21   

4 34.98 0.21   

5 25.18 0.10   

 

Figure 26 presents the instantaneous surface hydrazine concentration throughout the month, at the eight 

Corallina stations, for the 34 ng/l release, with summary statistics for the concentration profiles shown in 

Table 15. The results regarding the eight Sabellaria stations are shown in Figure 27 with summary statistics 

for the concentration profiles shown in Table 16. 

 

 

Figure 26: Hydrazine concentration at the eight Corallina stations with a 34 ng/l release in 4.63 h pulses (the 

chronic PNEC red dashed line is included as a reference point only). All stations are surface concentrations. 
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Table 15: Summary statistics of hydrazine concentrations at the eight Corallina stations, with a 34 ng/l 

release in 4.63 h pulses. 

 
Corallina Station Concentration (ng/l) 

1 2 3 4 5 6 7 8 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

95th 

percentile <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Max 0.002 0.002 0.003 0.004 0.004 0.0002 0.0004 0.003 

 

 

 

Figure 27: Hydrazine concentration at the eight Sabellaria stations with a 34 ng/l release in 4.63 h pulses 

(the chronic PNEC, red dashed line is provided as a reference point only). Stations A and E are seabed 

concentrations, with all remaining stations surface concentrations. 
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Table 16: Summary statistics of hydrazine concentrations at the eight Sabellaria stations, with a 34 ng/l 

release in 4.63 h pulses. 

 
Sabellaria Station Concentration (ng/l) 

A B C D E F G Stolford 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 

95th 

percentile 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Max 0.010 0.009 0.002 0.001 0.035 0.007 0.006 0.080 

 

The peak instantaneous concentrations are very low for both receptors, with a peak of 0.004 ng/l at Corallina 

station 5 and 0.080 ng/l at Stolford intertidal Sabellaria station. The 95th percentile concentrations at all 

stations for both Corallina and Sabellaria are negligible (<0.0001 ng/l).  

At no point were the chronic PNEC (0.4 ng/l as a mean) or the acute PNEC (4 ng/l as a 95th percentile) 

exceeded for any Corallina or Sabellaria station. 
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3.2.2 69 ng/l release concentration 

Figure 28 and Figure 29 show the mean concentration of hydrazine at the surface and seabed, respectively. 

Figure 30 and Figure 31 shows the 95th percentile at the surface and seabed, respectively.  

 

Figure 28: Mean hydrazine concentration at the surface after release of 69 ng/l in 2.32 h pulses from HPC 

CW outfalls. 
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Figure 29: Mean hydrazine concentration at the seabed after release of 69 ng/l in 2.32 h pulses from HPC 

CW outfalls. 
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Figure 30: 95th percentile hydrazine concentration at the surface after release of 69 ng/l in 2.32 h pulses from 

HPC CW outfalls. 
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Figure 31: 95th percentile hydrazine concentration at the seabed after release of 69 ng/l in 2.32 h pulses from 

HPC CW outfalls. 

When comparing the 34 ng/l release concentration with the longer duration to the higher 69 ng/l release 

concentration over a shorter duration, there was little difference between the mean surface plumes 

generated. Both discharges formed elongated plumes parallel to the shore with the plume at the surface 

longer and wider compared to the plume at the seabed for both the mean and the 95th percentile hydrazine 

concentration. When comparing the 95th percentile plumes, the plume was much smaller with the higher 69 

ng/l release concentration discharged over a shorter duration. This was due to the decay rate of hydrazine. 

At a higher release concentration, the plume hydrazine decayed faster than the dilution compared to lower 

release concentration where the dilution was more dominant. The results show that at a 69 ng/l release, the 

chronic (0.4 ng/l) and acute (4 ng/l) PNEC was exceeded at the seabed over 0.52 ha and 0.1 ha, 

respectively, and was spatially restricted to the vicinity of discharge. 

Table 17 provides a summary of the area of the plume that exceeds both concentration thresholds. For 

completeness, not only the chronic and acute PNEC values were included, but also other values between 

0.1 and 0.5 ng/l for the chronic concentrations and between 1 and 5 ng/l for the acute concentrations. As the 

release concentration was well below the Canadian standard of 200 ng/l, hydrazine did not exceed 200 ng/l 

at the surface or seabed as a 95th percentile or a maximum. 
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Table 17: Area of the plume at different concentration levels of hydrazine, with a 69 ng/l release 

concentration in 2.32 h pulses. Values in bold exceed the respective PNEC concentrations. 

Release 

Concentration 
 ng/l 

95th 

percentile 

surface (ha) 

95th 

percentile 

seabed (ha) 

Mean 

surface (ha) 

Mean 

seabed (ha) 

69 ng/l 

Chronic 

PNEC 

0.1   210.19 31.37 

0.2   108.24 8.15 

0.3   66.86 1.86 

0.4   47.26 0.52 

0.5   32.19 0.21 

Acute 

PNEC 

1 16.72 0.62   

2 8.98 0.21   

3 4.54 0.10   

4 1.96 0.10   

5 1.44 0.10   

 

Figure 32 presents the instantaneous surface hydrazine concentration throughout the month, at the eight 

Corallina stations, for the 69 ng/l release, with summary statistics for the concentration profiles shown in 

Table 18. The results regarding the eight Sabellaria stations are shown in Figure 33 with summary statistics 

for the concentration profiles shown in Table 19. 
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Figure 32: Hydrazine concentration at the eight Corallina stations with a 69 ng/l release in 2.32 h pulses (the 

chronic PNEC, red dashed line is provided as a reference point only). All stations are surface concentrations. 

 

Table 18: Summary statistics of hydrazine concentrations at the eight Corallina stations, with a 69 ng/l 

release in 2.32 h pulses. 

 
Corallina Station Concentration (ng/l) 

1 2 3 4 5 6 7 8 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

95th 

percentile <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Max <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003 <0.0001 <0.0001 
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Figure 33: Hydrazine concentration at the eight Sabellaria stations with a 69 ng/l release in 2.32 h pulses 

(the chronic PNEC, red dashed line is provided as a reference point only). Stations A and E are seabed 

concentrations, with all remaining stations surface concentrations. 

 

Table 19: Summary statistics of hydrazine concentrations at the eight Sabellaria stations, with a 69 ng/l 

release in 2.32 h pulses. 

 
Sabellaria Station Concentration (ng/l) 

A B C D E F G Stolford 

Median <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

95th 

percentile 
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Max 0.0003 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

 

The peak concentrations are negligible for both receptors at all stations, with a peak instantaneous 

concentration of 0.0003 ng/l at both Corallina station 6 and Sabellaria station A. 

At no point were the chronic PNEC (0.4 ng/l as a mean) or the acute PNEC (4 ng/l as a 95th percentile) 

exceeded for any Corallina or Sabellaria station. 
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4 Summary 

A model of hydrazine decay, parameterised from laboratory observations, was coupled to the validated 3D 

hydrodynamic model of Hinkley Point to estimate the mixing and advection of a hydrazine plume resulting 

from the cold flush testing during the commissioning of the boilers for the proposed HPC power station, as 

well as the operational discharge.  

To assess the potential impact of the hydrazine discharge concentration, the results are compared with the 
chronic PNEC (0.4 ng/l as a mean) and the acute PNEC (4 ng/l as a 95th percentile) against two ecological 
receptors for at the Hinkley Point site: Corallina and Sabellaria. To be precautionary, maximum 
instantaneous concentrations were also investigated using time series at each station. This approach to 
assessment is conservative as more recent Canadian Federal Water Quality Guidelines for hydrazine 
indicate concentrations below 0.2 µg/l (200 ng/l) have a low probability of adverse effects for marine life. 
 

4.1 Commissioning discharges 

During commissioning, the release of hydrazine was modelled as a discharge of 1,500 m3, as a worst-case 

scenario. Hydrazine was released as a daily pulse at 83.3 l/s for 5 hours, starting at noon. To investigate the 

effect of the release concentration, three different release concentrations were considered: 10 µg/l, 15 µg/l 

and 30 µg/l.  

According to the model results, the discharge forms a thin elongated plume parallel to the shore with 

concentrations higher at the surface than at the bottom. As the plume is initially buoyant, due to the 

freshwater release, mixing and dilution mean that no subtidal Sabellaria was exposed to concentrations 

above the chronic or acute PNEC with a release concentration of 10 or 15 µg/l. However, this did not hold 

true with a 30 µg/l release concentration. 

For the 10 µg/l release concentration, the chronic (mean) and acute (95th percentile) PNEC concentrations at 

the surface were exceeded over an area of 8.87 ha and 3.82 ha, respectively. The 200 ng/l concentration 

was not exceeded as a 95th percentile at the surface and even maximum peak concentrations only exceed 

200 ng/l over a small area of 0.62 ha at the surface. At the seabed, neither the chronic nor acute PNEC, nor 

the Canadian Standards were exceeded, as a 95th percentile or at peak concentrations.  

For the 15 µg/l release concentration, the chronic and acute PNEC concentrations at the surface were 

exceeded over an area of 15.89 ha and 5.47 ha, respectively. Furthermore, the area exceeding 200 ng/l as a 

maximum, as set by the Canadian Federal Water Quality Guidelines for hydrazine, was 1.86 ha at the 

surface. The 200 ng/l concentration was not exceeded as a 95th percentile at the surface. At the seabed, 

neither the chronic nor acute PNEC, nor the Canadian Standards were exceeded, as a 95th percentile or 

maximum are exceeded.  

For the 30 µg/l release concentration, the chronic and acute PNEC concentrations at the surface were 

exceeded over an area of 36.63 ha and 14.55 ha, respectively. Furthermore, the area exceeding 200 ng/l as 

a maximum, as set by the Canadian Federal Water Quality Guidelines for hydrazine, was 5.37 ha at the 

surface. The 200 ng/l concentration was not exceeded as a 95th percentile at the surface. At the seabed, the 

chronic and acute PNEC concentrations were exceeded over an area of 5.98 ha and 1.86 ha, respectively. 

The Canadian Standards, as a 95th percentile or maximum, were not exceeded at the seabed.  

To be precautionary, maximum instantaneous concentrations were investigated using time series at each 

Corallina and Sabellaria station. 

At the eight Corallina stations the highest maximum instantaneous concentration was at station 6 with 

2.49 ng/l, 3.73 ng/l and 7.46 ng/l, for the 10, 15 and 30 µg/l release concentrations, respectively. The 

instantaneous plume was consistently below 4ng/l for release concentrations of 10 and 15 µg/l. At a release 

concentration of 30 µg/l, instantaneous concentrations were predicted to exceed 4 ng/l once at stations 2, 5 

and 6 and four times at station 3. However, the duration of the plume above 4 ng/l was just 1 hour (a single 

model output time step). This is reflected in the 95th percentile concentrations which shows all concentrations 
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were below the acute PNEC. The highest 95th percentile concentration was at station 2 with 0.07 ng/l, 0.11 

ng/l and 0.22 ng/l, for the three release concentrations, respectively.  

At the Sabellaria stations, instantaneous concentrations were predicted to exceed the acute PNEC at 

stations D and E for the 10 and 15 µg/l release concentrations. Exceedances were also predicted at stations 

B and C with a 30 µg/l release concentration. At 10 µg/l, the maximum instantaneous concentration was 

12.07 ng/l and 5.32 ng/l, at stations D and E respectively, with instantaneous concentrations exceeding the 

acute PNEC five times over the month at station D and once at station E. At 15 µg/l, the maximum 

instantaneous concentration was 18.11 ng/l and 7.98 ng/l, respectively at stations D and E, with 

instantaneous concentrations exceeding the acute PNEC eight times over the month at station D and twice 

at station E.  

At 30 µg/l, the maximum instantaneous concentration was 36.22 ng/l and 15.95 ng/l, at stations D and E 

respectively, with instantaneous concentrations exceeding the acute PNEC eleven times over the month at 

station D and nine times at station E. Furthermore, instantaneous concentrations slightly exceeded 4 ng/l 

once at stations B and C, with peak concentrations of 4.21 ng/l and 4.22 ng/l, respectively. At the Stolford 

intertidal site, the peak concentration was 0.317 ng/l, 0.475 ng/l and 0.950 ng/l for the three release 

concentrations. Whilst the plume exceeded 4 ng/l at the Sabellaria sites at all three release concentrations 

except for Stolford, the plume was very short-lived. The duration of the plume above 4 ng/l was 1-2 hours. 

This was reflected in the 95th percentile concentrations. The highest 95th percentile concentration was at 

station E with 0.28 ng/l, 0.42 ng/l and 0.85 ng/l, for the three release concentrations, respectively. 

Whilst instantaneous concentrations exceeded the acute (4 ng/l) PNEC, the acute PNEC is normally 

assessed as the 95th percentile concentration value. Results show that neither the chronic (mean monthly 

concentration) nor acute PNECs are exceeded (or even approached) at any Corallina or Sabellaria stations 

with any of the three release concentrations.  

The acute PNEC of 4 ng/l was based on the response of very sensitive phytoplankton species and available 

data indicate that this would be particularly precautionary based on the Environment Canada assessment 

and relevant available marine species data (see Appendix A). Instantaneous concentrations exceeded the 

acute PNEC at times but for a maximum of 1 hour. The toxicity of hydrazine to Sabellaria spp. and Corallina 

spp. is not known. However, hydrazine toxicity data for species at the same class level show a 48h LC50 of 

>1309 μg/l for the larvae of the polychaete worm Lanice conchilega (BEEMS Technical report TR387) and 

no toxicological effects were shown for the red macroalgal species Ceramium tenuicorne following an initial 

seven-day exposure to hydrazine at 1.0 μg/l.  Other macroalgae tested were even less sensitive i.e. Fucus 

vesiculosus germlings had a 96h EC50 for growth of >429 μg/l and an EC10 of 49 μg/l (BEEMS Technical 

Report TR175). Based on these species’ sensitivity data to hydrazine, brief transitory exposures at the very 

low nanogram concentrations of hydrazine reported here would be of negligible effect. 

Although in relation to species’ toxicity data this assessment is very precautionary (based on the areas of 

exceedance above the PNEC values as well as the frequency of peak instantaneous exceedance 

concentrations at the investigated Corallina and Sabellaria stations), a release concentration of 30 µg/l is not 

recommended. At 30 µg/l, the dilution and mixing of the hydrazine overcome the benefit of the stratified 

buoyant plume and the chronic and acute PNEC is exceeded at the seabed. Furthermore, the area 

exceeding 200 ng/l as a maximum at the surface extends beyond the initial mixing zone. However, the area 

of exceedance of 200 ng/l as a 95th percentile is zero.  

At 15 µg/l, by contrast, there is limited exceedance of instantaneous concentrations of the acute PNEC at the 

Sabellaria stations, and no exceedance for Corallina.  The acute PNEC of 4 ng/l is very precautionary when 

compared to the Canadian Federal Water Quality Guidelines for hydrazine of 200 ng/l for low likelihood of 

adverse effects. Furthermore, the plume is very short lived and the 95th percentile concentrations are well 

below the acute PNEC (4 ng/l as a 95th percentile). At no point during any of the commissioning discharge 

scenarios were the chronic PNEC (0.4 ng/l as a mean) or the acute PNEC (4 ng/l as a 95th percentile) 

exceeded for any Corallina or Sabellaria station. 

Commissioning Discharge Recommendation 

Reducing the maximum discharge concentration of hydrazine to 15 µg/l in the HPC discharge tanks during 

commissioning (cold flush test) before discharge through the temporary jetty outfall avoids any interaction 
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with the seabed in terms of chronic mean or acute 95th percentile concentrations, and should therefore be 

sufficiently precautionary to prevent any adverse environmental impacts to the protected Corallina and 

Sabellaria features. 

 

4.2 Operational discharges 

Once HPC is operational, hydrazine release via the temporary jetty outfall will cease and an annual 

hydrazine discharge of 24 kg per annum will be released into the main cooling water flow. To investigate the 

impact of different hydrazine discharge rates, during operation, two discharge scenarios have been 

considered. Hydrazine was modelled as two different concentrations and pulse duration but maintaining 

approximately the same released mass. The first release concentration considered was 34 ng/l released in 

daily pulses of 4.63 h, the second discharge was 69 ng/l discharged in daily pulses of 2.32 h. The discharges 

were released at noon for both cases.  

Results show that the discharge from the CW outfall formed an elongated plume parallel to the shore, with 

the plume at surface longer and wider compared to the plume at seabed for both the mean and the 95th 

percentile hydrazine concentration. The mean concentration results evaluated against the chronic PNEC of 

0.4 ng/l show a larger plume than the 95th percentile results for an acute PNEC of 4 ng/l, at both the surface 

and seabed. Due to the buoyant nature of the plume, the hydrazine concentration was higher at the surface 

than the seabed for both the mean and 95th percentile. 

For the 34 ng/l release concentration, the chronic and acute PNEC concentrations at the surface were 

exceeded over an area of 48.08 ha and 34.98 ha, respectively. At the seabed, the chronic and acute PNEC 

concentrations are exceeded over an area of 0.1 ha and 0.21 ha, respectively. As the release concentration 

was well below the Canadian standard of 200 ng/l, hydrazine did not exceed 200 ng/l at the surface or 

seabed as a 95th percentile or a maximum. 

For the 69 ng/l release concentration, the chronic and acute PNEC concentrations at the surface were 

exceeded over an area of 47.26 ha and 1.96 ha, respectively. At the seabed, the chronic and acute PNEC 

concentrations were exceeded over an area of 0.52 ha and 0.1 ha, respectively. As the release 

concentration was well below the Canadian standard of 200 ng/l, hydrazine did not exceed 200 ng/l at the 

surface or seabed as a 95th percentile or a maximum. 

Whilst the difference in the area of exceedance of the chronic PNEC (0.4 ng/l as a mean) is very small 

between the two release scenarios, the area of exceedance of the acute PNEC (4 ng/l as a 95th percentile) is 

smaller for the higher release concentration (approximately 6% of the area of acute PNEC exceedance for 

the lower concentration). This is due to the decay rate of hydrazine, whereby the initial decay rate is faster 

than the dilution for the higher release concentration. As a result, the higher concentrations are present for a 

much shorter period, meaning they are not transported as far from the initial release, resulting in a smaller 

95th percentile plume.  

To be precautionary, maximum instantaneous concentrations were investigated using time series at each 

station. Due to the spatial separation between the CW outfalls and the stations considered for the 34 ng/l 

release, the maximum instantaneous concentrations are very low for both receptors, with a peak of 0.004 

ng/l at Corallina station 5 and 0.080 ng/l at Stolford intertidal Sabellaria station. The 95th percentile 

concentrations at all Corallina and Sabellaria stations are negligible (<0.0001 ng/l).  

For the 69 ng/l release, the peak concentrations are negligible for both receptors at all stations, with a peak 

concentration of 0.0003 ng/l at both Corallina station 6 and Sabellaria station A. 

At no point during the operational discharge scenarios were the chronic PNEC (0.4 ng/l as a mean) or acute 

PNEC (4 ng/l as a 95th percentile) exceeded at any Corallina or Sabellaria station. 

Operational Discharge Recommendation 

Based upon the assessment of potential environmental effects in this report, both release scenarios of either 

34 ng/l for 4.63 h or 69 ng/l for 2.32 h are acceptable. However, the 24 kg per annum of hydrazine release 
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added to the main cooling water flow at a concentration of 69 ng/l released in daily pulses of 2.32 h results in 

a smaller 95th percentile plume.   
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6 Appendix A Justification for derived hydrazine PNEC 

The reference source for the original information on hydrazine risk assessment was EDF 2008. The following 

risk assessment in sections A1 and A2 was developed based on data reviewed up to 2008 and was used as 

the basis of the hydrazine risk assessment in support of the Environmental Statement for Hinkley Point C. 

Since that work was completed, Environment Canada issued a draft screening assessment of hydrazine in 

2010.  

A1. Original derivation of hydrazine PNECs 

The PNECs given below were obtained: 

• based on bibliographic research into ecotoxicological data available in the literature in 2006, 

• based on a critical review of these data and their categorisation by level of admissibility. The findings 

are categorised based on the organisms studied, as well as their relevance, assessed after studying 

the original publication that presented them; 

• depending on the various methods used (i.e. either the uncertainty factors method given in the EU 

Technical guidance, 2003 or the species sensitivity distribution (SSD) or ACT-SSWD methods, for 

Acute to Chronic Transformation – Species Sensitivity Weighted Distribution, Duboudin et al., 2004a 

and b). 

This work by EDF R&D was submitted to the French National Institute for Industrial Environment and Risks 

(INERIS) for a second opinion in 2006. The values used are derived from this joint work. They are the same 

as those used by the French Public Expert in nuclear and radiological risks (IRSN). 

 

A2 Available ecotoxicity data for hydrazine 

The bibliographic analysis was conducted by consulting the following databases: Aquire, Biological 

abstracts, Chemical abstracts, Dose-1998, ECDIN-1993, EINEC-1998, Environmental bibliography, HSDB-

1997 (Hazardous Substances Data Bank), IRIS on-line (Integrated Risk Information System, U.S.EPA, 

http://www.epa.gov/iris/subst/0528.htm), IUCLID version 4.0-2001, Medline, OHM/TADS-1997, Pascal 

biomed, Pascal sciences et techniques, and Toxline. All the ecotoxicological data regarding algae, 

vertebrates (fish, etc.) and invertebrates (crustaceans, etc.) have been listed. 

A few of the lowest chronic and acute ecotoxicological values, selected as admissible after reading the 

publications, are given for each taxonomic group in the table below. A datum ultimately considered valid 

(EC50 for Dunaliella tertiolecta) has been added. As a reminder, for the use of statistical methods, the sample 

of data used is larger than the one shown below. 

http://www.epa.gov/iris/subst/0528.htm
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Table 20: Acute and chronic toxicity data used for derivation of respective PNECs for hydrazine 

Species  Taxonomic group 
Exposure 

times 
DC50-EC50-

IC50   mg l-1 

NOEC 

mg l-1 
Authors 

Pseudokirchneriella 

subcapitata 

Algae 

(freshwater 
72 hrs 0.006 0.001 Harrah, 1978 

Dunaliella tertiolecta  
Algae 

(seawater) 
6 days 0.0004 0.0001 

Dixon et al., 1979 

(Table 3) 

ADA080024.pdf 

(dtic.mil) 

Hyalella azteca 
(amphipod) 

Crustacean 

(freshwater) 
48 hrs 

0.04 (0.01-

0.12) 
NR1 

Fisher et al., 1980b 
- 

Anonymous, 1998 

Daphnia pulex 
Crustacean 

(freshwater) 
48 hrs 0.16 NR Velte, 1984 

Daphnia pulex 
Crustacean 

(freshwater) 
96 hrs 0.19 NR Velte, 1984 

Ictalurus punctatus 
Fish 

(freshwater) 
96 hrs 

1 (0.32-

2.07) 
NR 

Fisher et al., 1980b 
- Anonymous, 1998 
- IUCLID, 2001; - 
Dose, 1998; 
Richardson, 1992 

Lepomis 

macrochirus 

Freshwater fish 

(vertebrate) 

96 hrs 

 

1.08 (0.54-

1.81) 

(static) 

 

0.432 
Fisher et al., 1978 ; 
Fisher et al., 1980a 

Notemigonus 
crysoleucas 

Freshwater fish 

(vertebrate) 
96 hrs 

1.12 (0.57-

1.84) 
NR Fisher et al., 1980b  

Lepomis 
macrochirus 

Freshwater fish 

(vertebrate) 
72 hrs 1.2 NR 

Hunt et al., 1981, 
cited by 

Velte, 1984 

Asillidae - (isopod) Crustacean 96 hrs 
1.3 (0.42-

4.02) 
NR 

Fisher et al., 1980b 
- 

Anonymous, 1998 

Ambystoma opacum 
and Ambystoma 
maculum(salamander) 

Amphibian 

(vertebrate) 
96 hrs 2.12 NR Slonim, 1986 

Gasterosteus 
aculeatus 

Freshwater fish 

(vertebrate) 
96 hrs 3.4 NR 

Harrah, 1978; Klein 
and Jenkins, 1978 

Poecilia reticulata 
Freshwater fish 

(vertebrate) 
96 hrs 

3.85 (1.79-

8.29) 
NR Slonim, 1977 

Ambystoma opacum 
and Ambystoma 
maculum(salamander) 

Amphibian 

(vertebrate) 
96 hrs 4.11 NR Slonim, 1986 

Pimephales 
promelas 

Freshwater fish 

(vertebrate) 
96 hrs 4.5 NR Cowen et al., 1981 

Pimephales 
promelas 

Freshwater fish 

(vertebrate) 
96 hrs 5.98 NR Velte, 1984 

1: NR - data not reported; 2 NOEC based on behaviour in a flow-through system 

 

https://apps.dtic.mil/sti/pdfs/ADA080024.pdf
https://apps.dtic.mil/sti/pdfs/ADA080024.pdf
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PNEC obtained using uncertainty factors method 

For hydrazine, INERIS currently recommends strictly applying the Technical Guidance Document, 2003 

rules, and therefore the uncertainty factors method. Using this method, the chronic PNEC is obtained by 

applying an expansion factor of 1000 to the lowest EC50 in Pseudokirchneriella subcapitata at 6μgl-1(Harrah, 

1978). 

The value of chronic PNEC of hydrazine in fresh water used in the impact study is therefore 6/1000= 0.006 

μg l-1 or 6ngl-1. 

PNEC obtained using uncertainty statistical method 

Though the PNEC derived from statistical calculations is merely additional information for the analysis, it is 

presented for completeness: 

The ACT-SSWD statistical method makes it possible to calculate Hazardous Concentration 5% (HC5_5%), 

which protects 95% of species, with a confidence interval of 95%. This HC5_5% value may be likened to a 

PNEC. 

By using all the hydrazine data for the three freshwater categories of algae, vertebrates (fish, etc.) and 

invertebrates (crustaceans, etc.), and weighting them all equally, a HC5_5% of 5.0 μg l-1 is obtained. 

The 3.7 μg l-1 value obtained for acute HC5_5% (see next section) may seem contradictory, because it is the 

same order of magnitude as the chronic value. This is explained by the presence of a value penalising algae 

in the data set used (EC10 72 hrs for 0.003 mg l-1 of Pseudokirchneriella subcapitata). Owing to the lifespan 

of this sort of organism, the algae tests are chronic in nature. Strictly speaking, there is no acute test for 

algae. Therefore, the same data needs to be used for both acute and chronic PNEC, if this important taxon 

in the aquatic environment is to be taken into consideration. 

As a precaution, it will therefore be assumed that the hydrazine PNEC values derived from statistical 

calculations are the same for both acute and chronic toxicity. The lower of the two values (which are on the 

same order of magnitude), i.e. 3.7 μg l-1, is therefore used. 

Chronic seawater PNEC 

As there are not enough ecotoxicological values available for hydrazine in marine species, there is no way to 

calculate a seawater PNEC based on marine ecotoxicological values alone. The EU Technical Guidance 

Document (EU Technical Guidance Part II, 2003) makes it possible to use ecotoxicological data from 

freshwater species to assess the seawater PNEC of a substance. If so, an additional safety factor of 10 is 

applied to the value of the freshwater PNEC, in order to take account of the uncertainties which govern the 

environmental impact of chemicals in marine environments (i.e. an expansion factor of 10,000, in our 

situation instead of 1000 for chronic data). However, owing to expert opinion, as algae appear to be the most 

sensitive taxonomic group and as data are available for a marine algal species (Dunaliella tertiolecta) which 

has been selected as the most sensitive species (furthermore hydrazine cannot bioaccumulate and is 

nonpersistent), a suggestion has been made to adopt expansion factors of 1000 and 100 instead for the 

chronic and acute seawater PNECs, while still holding EC50 to be valid for 0.4 μg l-1 of Dunaliella tertiolecta). 

The chronic PNEC of hydrazine in seawater used in the impact study is therefore equal to 0.4/1000 

0.0004 μg l-1, or 0.4 ng l-1. 

Acute freshwater PNEC 

Using all the acute data on hydrazine for the three freshwater categories of algae, vertebrates (fish, etc.) and 
invertebrates, and weighting each one equally, a HC5_5% (likened to a PNEC) of 3.7 μg l-1 is obtained using 
the ACT-SSWD statistical method. Using the TGD's uncertainty factors method as currently recommended 
by INERIS, the chronic PNEC is obtained by applying an expansion factor of 100 to the lowest EC50 in 6 μg 
l-1 of Pseudokirchneriella subcapitata (Harrah, 1978). 

 
The value of acute PNEC of hydrazine in fresh water used in the impact study is therefore 
6/100= 0.06 μg l-1, or 60 ng l-1. 
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Acute seawater PNEC 

As stated above, an expansion factor of 100 is applied to EC50 for 0.4 μg l-1 of Dunaliella tertiolecta. 
 
The value of acute PNEC of hydrazine in fresh water used in the impact study is therefore 
0.4/100= 0.004 μg l-1, or 4 ng l-1. 
 
GLOSSARY 
 
PNEC: Predicted No Effect Concentration 
EC50: Half maximal effective concentration 
IC50: Half maximal inhibitory concentration 
LD50: Lethal dose for 50% of organisms 
HC: Hazard Concentration 
NOEC: No Observed Effect Concentration 
 

A3 Other hydrazine risk assessments 

In 2010 the Canadian Ministers of environment and Health (Environment Canada, 2011) produced a draft 

risk assessment of hydrazine. The assessment refers to the series of studies by Scherfig et al., (1977) and 

Dixon et al., 1979 which indicated greater than 22% loss of the test substance in the static algal toxicity tests 

described using the marine unicellular algal species Dunalliela tertiolecta. Based on this the Canadian risk 

assessment considered only results of toxicity tests lasting up to, 96 hours in exposures without renewal of 

hydrazine. Tests on micro algae were also considered short-term. Information regarding hydrazine toxicity on 

freshwater organisms was gathered from sixteen toxicity papers ranging in date of publication from 1976 to 

1984; no data published after that date were found. Only one of the sixteen papers, a study on the effects of 

hydrazine on two different species of algae (Scherfig et al., 1977), reported data from a chronic (long-term) 

test. Six of the papers reporting acute (short-term) data did so for fish, three for amphibians, two reported 

data on fish and invertebrates, and one for bacterium and protozoa. These papers in total yielded data on 

fourteen different species, six fish, three invertebrates, two amphibians, one algal species, one bacterium, 

and one protozoan. Robust study summaries were completed for all studies, and only those meeting the 

Canadian Council of Ministers for the Environment (CCME) reliability standards were included in the 

assessment. Most of the acute and short-term effect values found for marine organisms were obtained with 

exposures of early life stages of phaeophytes (brown seaweed) to hydrazine. The lowest effect concentration 

obtained with this group of algae, a 96-h Lowest Observed Effect Concentration (LOEC) of 2×10-3 mg/l, was 

selected as the Critical Toxicity Value (CTV) for marine environments. 

Predicted No Effect Concentrations (PNEC) were derived for freshwater and marine organisms based on 

available empirical toxicity data. The CTV for freshwater organisms was based on the HC5 of the SSD for 

acute toxicity (0.026 mg/l). An assessment factor of 10 was applied to this value to estimate a long-term no-

effects concentration from short-term acute endpoints, yielding a chronic PNEC of 0.0026 mg/l. For marine 

organisms, the CTV was the 96-h LOEC (0.002 mg/l) for the gametophyte of a Brown algae exposed to 

hydrazine. Similarly for freshwater organisms, an assessment factor of 10 was applied to this value to 

estimate a long-term no-effects concentration from short-term acute endpoints, yielding a chronic PNEC of 

0.0002 mg/l. 

Toxicity studies reviewed on the European Chemicals Agency (ECHA) website (ECHA profile hydrazine) 

indicate three freshwater studies that evaluated for acute toxicity: for a fish species (Lebistes reticulatus, 96h 

LC50 0.61 mg/l) which was evaluated as reliable without restriction; for invertebrates (Daphnia pulex, 48h 

EC50 0.19 mg/l) evaluated reliable with restriction for algae; and for algae (Desmodesmus subspicatus 

formerly Scenedesmus subspicatus, 72h EC50 0.017mg/l and EC10 of 0.008 mg/l) which was also evaluated 

as reliable without restriction. In addition to the acute data a chronic dataset for Daphnia magna considered 

reliable without restriction was also reported and produced a 21d NOEC of 0.01mg/l for reproduction. 

https://echa.europa.eu/brief-profile/-/briefprofile/100.005.560


 

 

tr445-hpc-hydrazine-commissioning-and-

operational-discharges_v5 
NOT PROTECTIVELY MARKED 76 of 77 

 

100890821 

Revision 5 

NOT PROTECTIVELY MARKED 

TR445: Hinkley Point C Hydrazine discharge 

modelling 

Based on these ECHA data, a factor of 1000 would be applied to the lowest acute EC50 to derive an acute 

PNEC for marine species (Table 25, Section 4.3 page 149 EU Technical guidance part II). A factor of 1000 is 

considered appropriate as there are three trophic level acute datasets and there are supporting studies for 

other marine groups, [Technical Guidance: Lowest short-term L(E)C50 from freshwater or saltwater 

representatives of three taxonomic groups (algae, crustaceans and fish) of three trophic levels, + two 

additional marine taxonomic groups (e.g. echinoderms, molluscs) -see hydrazine datasets Table 21.  

Table 21: Supplementary acute and chronic toxicity data for hydrazine for several marine and freshwater 

species 

Species  
Taxonomic 

group 

Exposure 

times 
DC50-EC50-IC50 

mg l-1 

NOEC  

mg l-1 
Authors 

Desmodesmus 

subspicatus 

(previous name: 

Scenedesmus 

subspicatus) 

Algae 

(freshwater) 
48 hrs 

0.017 (growth 

rate) 

0.006 

(growth rate) 

Currenta, 2009 

ECHA 

Tisbe battaglai  

(copepod – 

crustacea, 

marine) 

48 hrs 0.006 0.027 BEEMS TR175 

Gasterosteus 

aculeatus 

(three-spine 

stickleback)  

Fish 
(seawater) 

96 hrs 
5.4 (95% CI 

4.5-6.6) 
 

Klein and 

Jenkins, 1978 

a065562.pdf 

(dtic.mil) 

 

Gasterosteus 

aculeatus 

(three-spine 

stickleback)  

Fish 
(seawater) 

336 hrs 

(14 day) 

1.07 (95% CI 

0.78-1.47) 
 

Klein and 

Jenkins, 1978 

a065562.pdf 

(dtic.mil) 

 

Hemigrapsus 

oregonensis 

Crab  
Crustacea 
(marine) 

 

96 hrs 3.6  

Klein and 

Jenkins, 1978 

a065562.pdf 

(dtic.mil) 

Mytilus edulis 

Mussel  

Mollusca 

(marine) 

96 hrs 
≤5.7 

No effect 
 

Klein and 

Jenkins, 1978 

a065562.pdf 

(dtic.mil) 

Daphnia magna 
Crustacean 

(freshwater) 
21 days 0.123 (EC50) 

0.01(EC10) 

reproduction 

Currenta, 2010C 

ECHA 

 

Applying a factor of 1000 to the algal EC50 results in a derived acute PNEC of 17 ng/l. For derivation of the 

chronic PNEC there is no appropriate marine data so as there are two chronic datasets (for freshwater/or 

marine species) the Daphnia magna chronic reproduction test result and the algal (Desmodesmus 

subspicatus) 48h NOEC of 0.006 mg/l for growth rate (which is also considered chronic data) an application 

factor of 500 is applied to produce a chronic PNEC of 12 ng/l [Based on EU Technical guidance marine: Two 

long-term NOECs from freshwater or saltwater species representing two trophic levels (algae and/or 

crustaceans and/or fish) assessment factor 500]. 

https://echa.europa.eu/documents/10162/16960216/tgdpart2_2ed_en.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a065562.pdf
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A3 Summary hydrazine risk assessment 

Hydrazine decay in seawater has been demonstrated to be relatively rapid with a half-life of around 49 

minutes (BEEMS TR390).  Hydrazine is not indicated to bioaccumulate based on its low bioconcentration 

factor (BCF) in studies with fish (Slonim and Gisclard, 1976) and its low partition coefficient (-2.07 reported in 

Environment Canada, 2010). However, although not persistent, hydrazine is relatively toxic.  Some algal 

groups have been shown to be sensitive to hydrazine exposure and this may relate to the lack of a rigid 

cellulose cell wall (Dixon et al., 1979). Algal test data for low-persistence substances is difficult to derive due 

to the required test media for running algal tests, meaning that a static test with non-renewal of the test 

solution is most frequently adopted.  The inability to maintain test concentrations was the primary reason that 

some more recent assessments of hydrazine toxicity have rejected toxicity data for the marine species 

Dunaliella tertiolecta. It is apparent that certain groups of marine microalgal species may be more sensitive 

to hydrazine, but other taxonomic groups may be less so, based on the limited range of available data. Even 

within microalgal species, sensitivity may range over several orders of magnitude i.e. in Cefas studies 

Micromonas pusilla (which has similar cell wall characteristics to Dunaliella tertiolecta) had a 96 hour EC50 of 

1.27 µg l-1 hydrazine.  Two diatom species, by contrast had lower sensitivity: Skeletonema sp. had an EC50 

37.61 µg l-1 hydrazine based on the area under the growth curve (AUGC), and Thalassiosira weissflogii had 

a 72 hour EC50 of 140.5 µg l-1 hydrazine (AUGC). Applying the EU Technical guidance approach (Section 4.3 

page 149, EU Technical guidance part II) to available robust toxicity data for hydrazine (the dataset 

described in Table 21) produced acute and chronic PNECs of 17 and 12ng/l respectively. However, it is 

recommended that the PNECs derived by the original review (EDF, 2008) of 4 ng/l (acute) and 0.4 ng/l 

(chronic) be retained to provide a precautionary screening assessment level to identify the need for further 

ecological evaluation for specific receptors. 

 

https://echa.europa.eu/documents/10162/16960216/tgdpart2_2ed_en.pdf

