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1. Introduction 
EirEco Environmental Consultants and Limnos Consultancy were commissioned by Nicholas O’Dwyer 
Limited, on behalf of Irish Water, to carry out an ecological survey of the River Vartry in Co. Wicklow.  
The first set of surveys undertaken in 2017 aimed to establish a concise baseline of existing conditions 
within the River Vartry system downstream of the Water Treatment Plant (WTP) covering the key 
elements of water quality, flow regime, channel morphology, fisheries habitat and productivity. The 
current survey, undertaken in October 2018, is a follow-up survey under different flow conditions aimed 
at identifying potential ‘pinch points’ that may affect fish migration in the Vartry River system. 

2. Purpose of the Report 

The survey partly fulfils the An Bord Pleanála (ABP) condition to undertake a “Wetted area fisheries 
habitat mapping and hydrological monitoring including fisheries area assessment” during the 
construction phase of the Vartry treatment plant upgrade.  

This report should be read in conjunction with the first report in this series (McGarrigle and Murphy 
2018). Additional width and depth measurements were made at shallow cross sections along the river. 
These data were used to predict potential outcomes under different flow scenarios in terms of impact 
on fish passage up and down the river – trout and salmon require minimum depths for passage. 
Additional biological quality data is also included and flow data at the Vartry WTP and at Mount Usher 
Gardens in Ashford are also included courtesy of Wallingford Hydrosolutions 

3. Background 

An Bord Pleanála granted consent for the upgrade of the Vartry WTP on the 9 January 2018.  Treated 
water from Vartry provides drinking water for 200,000 people through Wicklow and up to south Dublin.  
As part of the planned upgrade to the water treatment plant, Irish Water has committed to provide 
flows of 5 million litres per day that will replace water that releases from the present water treatment 
plant on a variable basis.  Irish Water has also confirmed that the upgraded WTP will not abstract any 
additional water from the Vartry Reservoirs or from the catchment of the River Vartry. The volume of 
water abstracted will be the same as it has been over the last 150 years, since the Scheme was 
commissioned.  Irish Water will also cease the practice of back-pumping during periods of drought.  
Previously, during periods of drought, there was no flow release from the water treatment plant and 
this will no longer be the case.  

Flows from the Water Treatment Plant contribute only a portion of the total flow in the River Vartry 
downstream from the site.  There is over 55 km2 of catchment downstream from the site that 
contributes most of the average flow in the river.  All the natural flows to the river from groundwater 
and tributaries will not be affected. 
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4. Methodology 
The reader is referred to the first report for details of the methods used for the biological (Q-Value), fish 
habitat and hydromorphological surveys.  

For the purposes of this report the width-depth cross sectional profiles were measured on 22/23 
October 2018 at broadly the same 16 locations as surveyed in December 2018 (

Figure 1).  During the initial walkover these locations were identified as potential pinch-points that could 
possibly prevent fish passage during times of low flow. One change is that the 16th section downstream 
of Newrath Bridge (CS-16) is slightly further upstream of the location of the December 2017 section. 
Water depth at the original section is relatively deep and unlikely to become a pinch point. 

Critical depths that may impeded fish passage were modelled using the standard HEC-RAS modelling 
system (US Army Corps of Engineers 2016). The HEC-RAS river analysis component for steady flow water 
surface profiles was used to predict maximum river depths and velocities at lower flows – particularly 
those likely to impede fish migration. The model solves the one-dimensional energy equation with 
friction losses evaluated using Manning’s equation.  Manning’s coefficients used were representative of 
the channel type ranging from fast-flowing boulder-strewn channel in the Devil’s Glen to lowland 
meandering channel in the lower reaches downstream of Ashford; and adjusted in the calibration 
process to achieve a good match between the modelled and observed values. Interpolated cross 
sections were also included between the sections that were physically measured in the field on 22/23 
October 2018 to reduce the hydraulic head between measured cross sections; in particular because of 
the steep slope of the Vartry River in the upper sections. The HEC-RAS model was calibrated using 
known water surface heights, i.e., those matching the water surface heights on the day of the surveys 
22/23 October 2018. Once calibrated, the model was run again with arrange of lower flows, that 
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included assumptions about the future level of discharge from the Vartry WTP, in order to predict new 
depths and velocities for a range of scenarios. Graphical representation of depths and widths at the 
measured cross sections locations that were judged likely to present the greatest risk to impeding 
upstream fish passage during the catchment walkover. Results of the modelling process are shown for a 
selection of cross-sections that were the shallowest under very low flow conditions such as those that 
occurred in summer 2018 and combined with different flows from the Vartry WTP.  

New flow data from the gauges at the Vartry WTP outflow and at Mount Usher Gardens were available 
for part of 2018 – from June to November for the Vartry WTP and for August to October for Mount 
Usher.  As intervening spot flows were not available these were used to estimate specific flow/area 
estimates for the natural intervening catchments in order to separate the effect of the WTP from natural 
runoff in the catchment. Specific flow estimates used here are in the form of litres per second per km2. 
This allowed for incremental flows to be estimated based on the intervening catchment area between 
each of the cross sections measured.  
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Figure 1. Location of measured cross sections on Vartry River. 
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5. Results 

5.1 Biological Quality Ratings  
Table 1 gives historical Biological Quality Ratings (Q-Values) based on the sensitivity of aquatic 
macroinvertebrates to pressures such as organic pollution and eutrophication for stations on the Vartry 
River. The 2018 values are still draft results. EPA biologists surveyed four of the five sites and the 
present study assessed Station 0200 at Ashford bridge. A decline in quality was noted upstream of the 
Vartry River at Ballinastoe Bridge from Q4-5 (high status) to Q4 (good status).  No change was recorded 
at any of the sites downstream of the Vartry WTP. Additional aquatic plant and fish stock assessments 
will also be provided for 2018 at the surveillance site at Newrath Bridge by the EPA and Inland Fisheries 
Ireland in due course. 

 

Table 1. EPA Biological Quality Ratings (Q-Value) for the Vartry River. Note that the 2018 results are 
draft results yet to be finalised. 
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5.2 Cross-section width and depth measurements 
The 16 cross sections measured (

Figure 1) are shown graphically in the first report in this series (McGarrigle and Murphy 2018). On the 
days of the current survey in late October 2018 none of the cross sections were judged to present a 
barrier to fish migration. As discussed in the first report the Vartry River is an important sea-trout river. 
Sea-trout migration generally occurs in October/November at a time when soil moisture deficit declines 
and rainfall-generated runoff is significantly greater than in summer, particularly summers such as that 
of 2018 when many rivers reached their 95%ile flows – i.e. the flow that is exceeded 95% of the time – 
and indeed the EPA regularly reported on the flow situation in rivers across the country during the 
drought period. 

The flows observed on the days of the survey 22/23 October are shown in Table 2, which also includes 
the flows for the December 2017 survey. The Vartry WTP average release of water on 22/23 October 
2018 was 9.1 Ml/day or 0.105 m3/s and the corresponding river flow at Mount Usher was 20.4 Ml/day or 
0.236 m3/s.   

Table 2. Cross sections in the Vartry River showing altitude, position and the flows on survey dates. 

Vartry River Section Cross 
Section 

Altitude 
(m) 

Chainage 
(m) 

Q m3/s 
14-Dec-17 

Q m3/s  
15-Jun-17 

Q m3/s 
23-Oct-18 

Devil’s Glen 
to 
Nun’s Cross Bridge 

CS-1+2 107 9560 0.530 0.168 0.148 
CS-3 91 9035 0.555 0.182 0.152 
CS-4 80 8631 0.568 0.190 0.154 
CS-5 62.5 8009 0.582 0.198 0.156 
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CS-6 50 7524 0.597 0.206 0.159 
CS-7 48 7388 0.601 0.208 0.159 
CS-8 36 6679 0.616 0.215 0.161 
CS-9 33 6382 0.621 0.218 0.162 
CS-10 31 6245 0.622 0.218 0.162 

Nun's Cross to Ashford 
CS-11 22 5447 0.631 0.226 0.178 
CS-12 18.5 4984 0.823 0.298 0.210 
CS-13 18 4848 0.823 0.300 0.211 

Ashford to Newrath 
CS-14 8.5 3144 1.038 0.359 0.268 
CS-15 7.5 2195 1.049 0.361 0.270 

Newrath to Broadlough CS-16 3 1296 1.061 0.363 0.272 
 

5.3 Intervening catchment runoff 
The difference between the measured flows from the Vartry WTP and the gauge at Mount Usher in 
Ashford allows for the calculation of a catchment-wide specific runoff of 2.7 litres per second per km2, 
equivalent to 0.003 m3/s/km2 on 22/23 Oct 2018. This is based on an area of 39.7 km2 between the WTP 
and the gauge at Mount Usher Gardens in Ashford upstream of the confluence of the Ballymacahara 
stream downstream of the gauging point in Mounty Usher. 

Flows were very low for a significant portion of the country during summer 2018 with many rivers 
dropping below their 95%ile flow. The flow data available for the Vartry WTP and Mount Usher in 
Ashford allows for a good estimate of the minimum runoff from the catchment as opposed to the water 
coming from the WTP during the summer which averaged some 10 Ml/day.  

 

Figure 2. Runoff from the catchment areas of the Vartry between the WTP and Ashford broken down 
by frequency of occurrence. The lowest flow of less than or equal to 0.2 l/s/km2 occurred on 6 days 
and the flow was 1.0 l/s/km2 on 11 days in the period of record. 
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The long dry spell during the summer of 2018 led to some record or near-record low flows, especially in 
the Eastern part of the country. As noted above Met Éireann estimated soil moisture deficits at Oakpark 
to have exceeded 70 mm in August and which were still greater than 30 mm by mid-October dropping to 
a range of 0.2 to 6 mm on 22/23 October. This suggests that effective runoff from any rainfall was very 
limited as the soil will soak it up due to the moisture deficit, unless the rainfall either exceeds the soil 
moisture deficit or is very intense allowing overland flow to occur. This is of relevance as the flows in 
Table 2 are quite low for October albeit in a record drought year. Wallingford Hydrosolutions have some 
issues, however, with the rating curve for the gauge at Mount Usher and this is due to be replaced with 
a new more accurate gauge. Thus, the precise accuracy of the above results should be viewed with some 
caution – but they are likely to underestimate the actual flow rather than overestimate it.  The total flow 
at Ashford in October 2018 of some 20 Ml/day is lower than the lowest spot-flow observed in June 
2017. Thus, this is likely to provide a conservative result (on the low side) and the extrapolations in the 
scenarios studied below entail further significant reductions of 4.1 Ml/day from the WTP plus further 
reductions in catchment runoff in order to predict maximum depths during extreme low flow events 
when the Vartry WTP is providing 5 Ml/day rather than the current average of approximately 10 Ml/day. 
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5.4 Modelled scenarios 
Three main scenarios were modelled based on the calibrated model in order to give an idea of the likely 
depths and velocities under these scenarios. In each case some of the key cross section changes are 
graphed and a table of maximum depths is compared against the fish passage criteria based on the Fish 
Obstacles Manual (SNIFFER 2011) (Table 3). The output from the HEC-RAS model includes maximum 
depth, which is a key factor in obstructing fish passage. 

 

Table 3. Examples of barriers: On top – barriers with dimensions greater than these form a ‘severe 
impairment’ to fish passage. On the bottom – combinations of depth and velocity that prevent salmon 

and trout passage.(based on SNIFFER 2011) 
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Adult Trout 
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Scenario 1 – WTP discharge 5Ml/day with catchment runoff matching that observed on 22/23 October 
2018.  

This scenario uses the specific catchment runoff figure as measured on the day of the October 2018 
survey (i.e. 2.7 l/s/km2) but reduces the discharge from the Vartry WTP from 9.1 to 5 Ml/day. This gives 
the flow regime shown in Table 4.  At CS-16 the max depth reduces to 8 cm which suggests a partial high 
impact barrier to salmon as it is in the 8 to 10 cm range as per the Fish Obstacles Manual (SNIFFER 2011) 
Similarly, the first cross section immediately below the Devil’s Glen waterfall is predicted to drop to a 
maximum depth of 9 cm.  

Some lower impact partial barriers to adult salmon are also noted in the 11 to 14 cm range – cross 
sections CS-9, CS-11, CS12, CS-13 and CS15 fall into this category. The Vartry is noted more as a sea-
trout river than a salmon river and thus, an intermediate set of thresholds between adult trout and 
adult salmon is perhaps more appropriate for adult sea-trout swimming upstream to suitable spawning 
gravel reaches. Thus, complete barrier may be 6 cm, partial high impact barrier 8 cm and partial low 
impact barrier 10 cm may be appropriate for adult sea-trout. Cross sections CS-16 and CS-1/2 would 
cause partial barriers if they were migrating under the conditions modelled in Scenario 1.  

Table 4. Scenario 1 – WTP 5Ml/day and catchment runoff of 2.7 l/s/km2 flow regime and predicted 
maximum depths at each of the cross-sections. 

Cross Section 
Chainage Max Depth Q Total Flow Area Top Width 

(m) (m3/s) (m2) (m) 
CS-1/2 9560 0.09 0.10 0.16 3.82 
CS-3 9035 0.22 0.10 0.57 6.41 
CS-4 8631 0.17 0.11 0.18 2.22 
CS-5 8009 0.19 0.11 0.22 3.45 
CS-6 7524 0.20 0.11 0.30 3.96 
CS-7 7388 0.15 0.11 0.36 8.89 
CS-8 6679 0.18 0.11 0.30 3.85 
CS-9 6382 0.14 0.11 0.27 2.81 
CS-10 6245 0.16 0.11 0.29 3.33 
CS-11 5447 0.12 0.13 0.40 7.62 
CS-12 4984 0.14 0.16 0.43 6.32 
CS-13 4848 0.12 0.16 0.43 7.22 
CS-14 3144 0.22 0.20 0.94 10.41 
CS-15 2095 0.13 0.20 0.56 9.14 
CS-16 1296 0.08 0.20 0.26 4.26 

 

Scenario 2 – WTP discharge 5Ml/day with catchment runoff matching minimum runoff values 
observed in 2018.  

This scenario uses the lowest observed specific catchment runoff seen in 2018 survey (i.e. 0.1 l/s/km2) 
and reduces the discharge from the Vartry WTP from 9.1 to 5 Ml/day. This gives the flow regime shown 
in Table 5 with maximum depths dropping even further as essentially most of the water in the river will 
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be from the WTP release of 5 Ml/day. Cross Section CS-16 has a maximum depth of 5 cm under this 
scenario and several other cross sections present potential partial barriers to fish migration (CS-1/2, CS-
7, CS-9, CS-11, CS-12, CS-13, CS-15) were fish to attempt upward movement under these conditions. 
Migratory adult spawning sea-trout, however, are unlikely to encounter such low flows in 
October/November. Similarly, adult salmon spawning even later in the year are also unlikely to 
encounter such conditions in the Vartry. 

Table 5. Scenario 2 – WTP 5 Ml/day and catchment runoff of 0.1 l/s/km2 – flow regime and predicted 
maximum depths. 

Cross Section 
Chainage Max Depth Q Total Flow Area Top Width 

(m) (m3/s) (m2) (m) 
CS-1/2 9560 0.08 0.08 0.13 3.43 
CS-3 9035 0.20 0.08 0.47 5.54 
CS-4 8631 0.16 0.08 0.15 1.99 
CS-5 8009 0.18 0.08 0.17 2.75 
CS-6 7524 0.18 0.08 0.23 3.28 
CS-7 7388 0.14 0.08 0.27 6.67 
CS-8 6679 0.15 0.08 0.22 2.78 
CS-9 6382 0.12 0.08 0.21 2.51 
CS-10 6245 0.15 0.08 0.23 3.20 
CS-11 5447 0.10 0.08 0.29 6.72 
CS-12 4984 0.12 0.08 0.26 4.86 
CS-13 4848 0.10 0.08 0.27 6.16 
CS-14 3144 0.18 0.08 0.54 9.36 
CS-15 2095 0.09 0.08 0.28 6.12 
CS-16 1296 0.05 0.08 0.14 3.86 

 

Scenario 3 – WTP discharge 10Ml/day with catchment runoff matching minimum runoff values 
observed in 2018.  

Scenario 3 is intended to be representative of the conditions encountered during the summer of 2018 
when catchment runoff was very low in comparison with the 10 Ml/day average flow from the WTP. 
Spawning migration would not have occurred under such conditions, but no absolute barriers are 
predicted to have occurred during summer 2018. The two cross sections with the shallowest maximum 
depths are shown in Figure 3 and Figure 4.  As suggested above, however, it is likely that the catchment 
contribution in October/November would be much greater than the minima observed during the 2018 
drought.  
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Table 6. Scenario 3 – WTP 10Ml/day and catchment runoff of 0.1 l/s/km2 – flow regime and predicted 
maximum depths. 

Cross Section 
Chainage Max Depth Q Total Flow Area Top Width 

(m) (m3/s) (m2) (m) 
CS-1/2 9560 0.10 0.139 0.20 4.24 
CS-3 9035 0.24 0.139 0.70 6.79 
CS-4 8631 0.19 0.139 0.22 2.46 
CS-5 8009 0.21 0.139 0.26 3.90 
CS-6 7524 0.22 0.139 0.39 5.30 
CS-7 7388 0.16 0.139 0.44 10.46 
CS-8 6679 0.19 0.139 0.37 4.34 
CS-9 6382 0.16 0.139 0.31 3.00 
CS-10 6245 0.17 0.139 0.32 3.41 
CS-11 5447 0.12 0.140 0.42 7.78 
CS-12 4984 0.14 0.141 0.38 6.04 
CS-13 4848 0.11 0.141 0.39 6.77 
CS-14 3144 0.20 0.142 0.75 9.77 
CS-15 2095 0.12 0.142 0.45 8.66 
CS-16 1296 0.07 0.142 0.20 4.08 

 

 

Figure 3. Predicted cross section depths for Cross Section CS-1/2 downstream of the Devil’s Glen 
waterfall under Scenario 3. 
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Figure 4. Predicted cross section for CS-16 downstream of Newrath Bridge under flow conditions under 
Scenario 3. 

 

6. Conclusions and Recommendations 
6.1 Potential partial barriers during very low flows such as summer 2018 
As indicated above the critical depths and velocities that prevent the passage of trout and salmon are 
shown in Table 3. Velocity is not likely to be an issue affecting fish passage in the Vartry and thus the 
maximum depth at the key ‘pinch-point’ cross sections is the most critical. Thus, maximum depths less 
than or equal to 5 cm will affect trout and the equivalent for salmon is 7 cm with an intermediate value 
of 6 cm considered appropriate for adult migrating sea-trout.  High and low impact partial barrier 
maximum depths are also discussed above. In the scenarios above Scenario 2 is the most severe as it 
assumes virtually no runoff from the catchment and the bulk of flow coming from the WTP.  

6.2 Biological Response 
It is encouraging that water quality in the river based on the macroinvertebrate communities has not 
changed downstream of the Vartry WTP since the last survey by the EPA in 2015. The low catchment 
runoff during the summer 2018 therefore did not appear to have an undue impact. The fact that much 
of the river from Devil’s Glen to Ashford is wooded, with extensive shade undoubtedly helps to keep 
temperatures down during hot sunny weather when there is little dilution. The average 10 Ml/day from 
the WTP has also helped – and similarly with 5 Ml/day once the upgrade to the plant is completed will 
assist in maintaining the water levels and ecological status. 

6.3 Potential barriers during autumn/winter migration 
As discussed, it is unlikely that the contribution from the catchment would be so low during the critical 
spawning period towards the end of the year. The catchment contribution flow of 2.7 l/s/km2 measured 
in October 2018 and used in conjunction with a 5 Ml/day flow from the WTP is an order of magnitude 
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greater than the 0.1 l/s/km2 value used in Scenario 2 and no complete barriers were evident under 
Scenario 1 although two sections posed potential partial barriers under these conditions.  

6.4 Freshets 
Typically, however, fish wait for ‘freshets’ before migrating upstream, with freshets approaching the 
40%ile flows equivalent to 0.914 m3/s at Newrath Bridge which is some three times the observed flow 
on 22/23 October 2018. At such flows natural barriers will not occur in the Vartry. 

Under the most severe drought conditions with specific catchment runoff of less than 0.2 l/s/km2 it is 
likely that most of the water in the river will flow from the WTP 5 Ml/day. Several pinch-points identified 
in these surveys would present partial barriers under these very severe conditions and one potentially a 
complete barrier to adult salmon and sea trout – but with same caveat as discussed above regarding 
freshets. 

With climate change it is evident that the freshets required to encourage upward migration to spawning 
areas may be delayed and that fish may gather in lower pools awaiting increased flows. This obviously 
makes the vulnerable to predators and poaching. The possibility of artificial freshets was discussed in 
the first report in this series. 

6.5 Thalwegs and weirs 
The predicted potential barriers under extreme low flows in the lower sections suggest that some re-
engineering of the river may be beneficial to introduce or recreate thalwegs that provide a deeper mid-
channel meandering deeper section that will have sufficient depth even when flows are very low.  These 
have been successfully reintroduced to rivers that had been subjected to arterial drainage that results in 
an trapezoid, even-depth channels (O’Grady et al. 2017). Most of the Vartry River has a very natural 
channel with a steep slope and rocky substratum but in the lower sections, bank erosion, over-widening 
and weirs were noted in the first report. The natural repeated riffle/glide/poll sequence with a 
meandering channel and well-defined thalweg is less evident downstream of Ashford. Thalwegs also 
help to provide cooler water that is essential for salmonids. The Mount Usher weirs were discussed in 
the first report in more detail. Specialist knowledge and expertise is required in implementing this type 
of river enhancement programme as such programmes potentially produce large volumes of silt that can 
clog spawning beds and damage fish gills. 

6.6 Flow measurements 
Flows at the intervening cross sections between the WTP and Ashford are estimated in this report using 
the average effective runoff for the catchment separate to the water discharged from the WTP. As 
catchment geology, soils and hard surfaces can vary across the catchment this is not ideal method – it 
would be useful to have additional spot flows particularly at times of low flow. A relatively large new 
housing development under construction upstream of Ashford is likely to result in increased rates of 
surface run-off from the site which was previously under tillage. Similarly future development within the 
catchment may alter run-off rates without the incorporation of sustainable urban drainage systems.  

The upgrade of the gauging station at Mount Usher will also help to provide more accurate and reliable 
flow data, reducing the uncertainty associated with the current flow estimates. 
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6.7 Next survey - summer 2019 
It is proposed to schedule the next survey to match a period of low flows and high soil moisture deficits. 
While the Vartry WTP may still be discharging more than the eventual 5 Ml/day it will nonetheless be 
useful to compare the predictions made under Scenario 3 above with a similar field situation. This will 
also help to validate and refine the predictions made under Scenario 2 that combines extremely low 
catchment runoff values with a 5Ml/day discharge from the WTP. Ideally this survey should be 
coincident with a set of accurate spot flows made under the same conditions. Additional oxygen and 
temperature measurements made under these conditions will also help in understanding the stresses 
placed on salmonid fish during periods of low flow and potentially high temperatures. 
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