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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. This was followed by a second survey in 2018 

aimed at identifying low flow ‘pinch-points’ that may affect fish migration in the Vartry River 

system and this was repeated on 29/30 August 2019, under different flow conditions and again 

aimed at identifying potential ‘pinch-points’ particularly for migrating sea trout. The current 

survey was carried out on 14/15 September 2020. Continuous flow measurements were 

available for two points at the upper and lower end of the river stretch. 

Purpose of the Report 

The survey partly fulfils the An Bord Pleanála 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 (Photo 1).  

This report should be read in conjunction with the previous reports in this series (McGarrigle 

and Murphy 2018, McGarrigle and Murphy, 2019, McGarrigle and Murphy, 2020). Width and 

depth measurements were made at shallow cross-sections along the river that were judged to 

be potential ‘pinch-points’ for fish passage at times of low flow. These width and depth 

measurements were used to calibrate a hydrodynamic model (HEC-RAS) which in turn was 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. Continuous 

flow measurements were available from two gauging stations – one at the Water Treatment 

Works and a second at Mount Usher Gardens in Ashford  – for the two days of the survey 14/15 

September 2020. These were provide by Wallingford Hydrosolutions. Once calibrated the 

model provides predictions of maximum depths at key ‘pinch-points’ under different flow 

regimes – a range of flow scenarios is modelled to predict impacts on fish migration in the 

Vartry River. 

Background 
An Bord Pleanála granted consent for the upgrade of the Vartry WTP on 9 January 2018.  

Treated water from Vartry provides drinking water for 200,000 people in Wicklow and 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 (5 ML/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 
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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, no water was released from the water treatment plant to the river – 

this will no longer be the case.  

Flows from the  WTP contribute a portion of the total flow in the River Vartry downstream from 

the site.  During winter or high flow conditions there is an overflow from the reservoir in 

addition to that from the plant (Photo 2, Photo 3). The  catchment downstream of the WTP (55 

km2 in area) contributes most of the flow in the river under normal circumstances when there is 

no overflow from the reservoir.  These natural flows to the river from groundwater and 

tributaries will not be affected by the new flow regime from the WTP. 

A new weir with a fish pass has been installed juts downstream of the new WTP and this will 

provide real time flow data linked to the Supervisory control and data acquisition (SCADA) 

system in the new plant (Photo 4). 

 

Photo 1 

 The Vartry Water Treatment Plant with 
construction of the new plant in the background 

(30 Nov 2019). 
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Photo 2 

 

Photo 3 

 

Overflow from the Vartry Reservoir 
bypassing the Water Treatment Plant during 

a high flow period (30 Nov 2019). 

The Devil’s Glen Waterfall just upstream of 
CS1-2 at a time of high flow (30 Nov 2019). 

 

 

Photo 4.  
Installation of new weir with fish pass to facilitate continuous, highly accurate, flow 

measurement from the plant and reservoir to the Vartry River. 
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Methodology 
The reader is referred to the first report (McGarrigle and Murphy 2018) 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 

14/15 September 2020 at broadly the same 17 locations as surveyed in August 2019, October 

2018 and December 2017. The 17 primary cross-sections measured are shown in  Figure 1. 

During the initial walkover these locations were identified as potential pinch-points that may 

prevent fish passage during times of low flow.  

Critical depths that may impede 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.  The 

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 14/15 September 2020 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 

14/15 September 2020. Once calibrated, the model was run again with a range of lower flows 

that 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 are presented for the measured cross-sections and for a range of predicted flow 

scenarios (Appendix 1. Cross-Section Graphs). 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.  

In 2019 spot flow measurements were made available for four key locations – Annagolan 

Bridge, Nuns Cross Bridge, Ashford Bridge and Newrath Bridge taken on 29/30 August 2019 to 

match the cross-section measurements made on the same days.  These flow measurements 

were made by personnel from Capital Water Systems Ltd. In 2020, however, due to Covid-19 

restrictions it was not possible to make spot flow measurements but upper and lower 

continuous flow measurements were available at the WTW and in Ashford. In addition, 

however,  surface velocities and cross-sectional areas were measured at all 17 survey sites.    

The area of the intervening catchments between each cross-section was measured using 

Geographical Information System (GIS) software (QGIS) with river network and catchment 

boundary data from the EPA’s mapping system (https://gis.epa.ie/GetData/Download). Specific 
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flow estimates in the form of litres per second per km2 were calculated based on the flow 

differences between the four spot-flow measurement points. This allowed for incremental 

flows to be estimated based on the intervening catchment area between each of the cross-

sections measured. For the 2020 survey the relative flow ratios between the intervening sub-

catchments were used in proportion to the observed flows on the days of the survey (14/15 Sep 

2020). 
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Figure 1. Location of measured cross-sections on Vartry River 14/15 September 2020.  
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Results 

Measured Flows at WTW & Mount Usher 

 

Figure 2. Flow from Vartry Water Treatment Works (WTW) June 2018 to Sep 2020 (megalitres 
per day, ML/day. 

Figure 2 shows the monthly range of flows from June 2018 to September 2020. The dark central 

line  in each box represents the median flow in megalitres per day (ML/day) from the WTW 

plant and Vartry Reservoir and the shaded boxes represent the flows between the 25th and 75th 

percentiles. The ‘whiskers’ are 1.5 times the width of the relevant quartile and outliers are 

shown as individual dots. Note that the Y-axis scale is a log scale. No values fell below 5 ML/day 

and autumn/winter flows were significantly greater than this. 

Figure 3 shows the monthly range for ‘winter’ flows from the Vartry WTW and Reservoir 

covering the hydrological winter, i.e. from 1 October to 31 March. They may be compared with 

flows at the lower end of the catchment measured at the gauge at Mount Usher Gardens 

(Figure 5). 

Figure 4 shows the ‘summer’ monthly flow range from the WTW and Reservoir  from June 2018  

to September 2020. The lowest flows were observed in June and July 2018 which was a period 

of very low flows across the country. These did, however, remain above the 5 ML/day threshold 

set in the planning permission for the new WTW. Table 1 gives the minimum flows from the 
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Vartry WTW and Reservoir for each month from June 2018 to September 2020 during the 

construction phase of the new WTW. 

 

 

Table 1. Minimum monthly flows from Vartry WTW / Reservoir (ML/day). 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2018 - - - - - 6.1 5.2 6.0 8.4 7.3 6.9 10.3 

2019 11.4 14.1 12.8 9.8 9.4 9.1 8.4 8.5 9.7 11.2 53.0 24.4 

2020 17.6 13.3 13.3 10.3 10.4 6.7 9.8 11.6 15.9 - - - 
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Figure 3. 'Winter' flows from Vartry WTW  & Reservoir, monthly ranges for October 2018 (2018-10) to March 2020 (2020-3). 
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Figure 4. ‘Summer’ flows from Vartry WTW & Reservoir from June 2018 (2018-6) to September 2020 (2020-9). 
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Figure 5. Flows at the Mount Usher Gardens gauge from August 2018 to September 2020. 

The minimum daily flows recorded at the Mount Usher Garden’s gauge in Ashford – each 

month for which records are available are shown in Table 2. The lowest flows recorded were 

both in the month of August with 8 ML/day recorded in August 2018 and August 2020. The 

gauge at Mount Usher was not operational before August 2018 but it is likely that lower flows 

occurred during the earlier summer of 2018 during the prolonged drought of that year. When 

compared with the minimum flows from the WTW and Reservoir (Table 1) it can be seen that  

the compensation flow from the WTW may account for up to 75% of the flow at Mount Usher 

Gardens in Ashford upstream of the confluence of the Ballymacahara tributary. 
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Table 2. Minimum monthly flows in the Vartry River at Mount  Usher Gardens (ML/day). 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2018 - - - - - - - 8 10 12 22 132 

2019 44 52 60 41 28 28 19 18 25 90 218 155 

2020 80 50 53 32 14 10 11 8 51 - - - 

 

The flow regime at this time of the year may be critical because sea trout are important in the 

Vartry River system and  the main runs of sea trout into freshwater peak in the July-August 

period. This is further discussed in the conclusions and recommendations section below. 

Cross-Sections – Width and Depth Measurements 
The full set of cross-section width and depth measurements are shown graphically in Appendix 

1. On the days of the survey in mid-September 2020 none of the cross-sections were judged to 

present a barrier to fish migration. As discussed in the first report (McGarrigle and Murphy 

2018), the Vartry River is an important sea trout river. Sea-trout spawning generally occurs in 

October/November at a time when soil moisture deficit declines and rainfall-generated runoff 

is significantly greater than in summer and upstream migration is unlikely to be affected by 

barriers due to low flow conditions. Sea trout may enter the river much earlier in the year, 

however,  with early runs in June and peaking in mid July and into August  with some later runs 

in September (McCully, Whelan, and Sadler 2014).  

During low flows fish movements within the river may be impeded – particularly so in summers 

such as that of 2018 when many rivers dropped below 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 that drought period.  An early period of low flow also occurred 

in 2020 but did not last as long as the 2018 drought (compare June 2020 with July/Aug 2018 in 

Figure 4 and Figure 5 above). It was not possible to survey, due to logistical reasons, in summer 

2018 during the drought period and in 2020 Covid-19 restrictions precluded surveying during 

the times of lowest flows. The 2019 survey was at a time of reasonably low flow but not at the 

minimum seen during 2019. Thus, the approach used in these surveys was to estimate the 

minimum depths that may restrict fish movements by means of a hydrological model that 

extrapolates from the measured cross-sections at a given flow on the survey dates to a set of 

low-flow scenarios that may occur during drought or very low flow conditions. As discussed 

above, the cross-sections selected were chosen a priori as locations likely to act as ‘pinch-

points’ during low flow periods. The cross-section depths during such events are modelled 

using the HEC-RAS software package and the results are presented below for five different 

scenarios both with zero flow from the WTW, with a 5 ML/day flow and also a 10 ML/day 

contribution from the Vartry WTP in combination with intervening catchment contributions 

from flow levels such as those measured during the September 2020 survey down to extremely 

low ‘dry weather’ flows.  
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River Flow: Intervening Catchment Runoff 
The flows observed on the days of the survey 14/15 September 2020 are shown in Table 3. The 

Vartry WTP average release of water on 14/15 September 2020 was 0.372 m3/s (32 ML/day) 

and the corresponding river flow at Ashford was 0.550 m3/s (50 ML/day).  The difference 

between the measured flows at these upper and lower catchment gauging stations was 

interpolated across the channel using spot flow measurements made at four points during the 

2019 survey that allowed the relative flow contribution from each of the intervening 

catchments to be calculated based on the catchment area contributing flows between each 

cross-section and adjusted to match the 2020 flow rates. The interpolated flows thus calculated 

are shown in Table 3. 

Table 3. Cross-sections in the Vartry River showing altitude, position and the flows. 

Vartry River Section Cross-

section 

Altitude (m) Chainage (m) 

(m) 

Q m3/s 

14/15 Sep 2020 

Annagolan Bridge Measured Flow: 0.372 

Devil’s Glen 

to 

Nun’s Cross Bridge 

CS-1+2 125 9560 0.421 

CS-3 115 9035 0.449 

CS-4 105 8631 0.460 

CS-5 87 8009 0.466 

CS-6 65 7524 0.472 

CS-7 58 7388 0.475 

CS-8 44 6679 0.477 

CS-9 38 6382 0.480 

CS-10 37 6245 0.481 

Nun's Cross to Ashford 

CS-11 28 5447 0.508 

CS-12 26 4984 0.511 

CS-13 24 4848 0.550 

Ashford Bridge Measured Flow: 0.550 

Ashford to Newrath 
CS-14 12 3144 0.591 

CS-15 7.68 2095 0.595 

Newrath Bridge CS-15B 6.9 1830 0.599 

Newrath to Broadlough CS-16A 5.20 1296 0.602 

CS-16B 2.15 100 0.602 

  



 

 18 

Calibrated Model 
The HEC-RAS model was calibrated using the flows in Table 3 and the cross-sections as 

measured on 14/15 September 2020 (see Appendix 1). A sample cross-section is shown in 

Figure 6. The calibration process involved adjusting the model parameters, particularly the 

Manning’s coefficient, n, a measure of the roughness or friction encountered by water flowing 

through the channel. The model was deemed calibrated when the observed water surface 

matched the measured values by ± 2 cm or less. The calibrated model is then used to predict 

the minimum depth at each cross-section under a number of different flow scenarios, 

particularly low flow scenarios when the system is stressed. 

 

Figure 6. Cross-section CS-14 of Vartry River downstream of Mount Usher Gardens. 
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Figure 7. Specific flow rates in the Vartry catchment during the low flow period in 2018. 

 

Choice of Specific Flow Rate Representing Low Flow Conditions for the Vartry River 
An analysis of low flows for 310 rivers for the period 1956 to 2012 gives a median specific flow 

rate of 2.5 L/s/km2 and only four rivers with 95%ile flows of less than 0.2 L/s/km2 (EPA 

hydrometric data). Figure 7 shows that in the Vartry River, flow rates were less than 0.2 L/s/km2 

on 6 days in the August to October period of 2018 – a year of near-record low flows across the 

country. As indicated, this is lower than the typical 95%ile flows in Irish rivers and probably 

represents dry weather flows and can be regarded as a “worst case” situation – extreme low 

flow conditions. Three of the predictive scenarios use half of this specific flow rate (0.1 L/s/km2) 

to represent the catchment runoff with an  added 5 or 10 ML/day flowing from the WTP in 

Scenarios 3 and 5, respectively.  An even more extreme low flow scenario is run in Scenario 4 

where the contribution from the WTP and Reservoir is 0 ML/day. This can be seen as a dry 

weather, extreme low flow condition for the catchment. 

The aim of the simulations is to predict the maximum depth at each of the selected ‘pinch-

point’ cross-sections that were identified during the walk-over of the catchment in order to 

decide whether fish passage is possible at this depth. As indicated above, the HEC-RAS model is 

calibrated based on the measured cross-sections and flow measurements on 14/15 September 

2020 and then used to model reduced flow regimes as specified by the five scenarios. 
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Scenario Results 

Modelled scenarios 
Five scenarios were modelled based on the calibrated model in order to predict 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) (see Table 5). The output from the HEC-RAS model 

includes maximum depth, which is a key factor in obstructing fish passage. 

The five scenarios modelled are as follows: 

Scenario 1 – 5.0 ML/day from WTP + catchment flow as on 14/15 Sep 2020 

Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 14/15 Sep 2020 

Scenario 3 – 5.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Scenario 4 – 0.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Scenario 5 – 10.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

 

Table 3 shows the measured data for the cross-sections surveyed on 14/15 Sep 2020 – these 

match the calibrated model outputs. The two shallowest maximum depths are highlighted in 

italics and bold-face type in this table and similarly in subsequent tables showing the results of 

the five scenarios. The two shallowest depths for the initial survey are at artificial structures, a 

weir at CS-7 and a bridge apron (CS-15B) – both should allow for fish passage at this flow level if 

water depth is the only consideration. Additional consideration of flow regime may also be 

needed as long distances of laminar flows across concrete bridge aprons or steep flumes in 

weirs may present an obstacle to fish passage (Byrne and Beckett 2012). 
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Table 4. Calibrated model showing maximum depths, flow, cross-sectional areas and top 
widths at the measured cross-sections on 14/15 Sep 2020. 

Cross-section Chainage (m) Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.30 0.45  1.21 9.6 

CS-3 9035 0.40 0.46  1.14 8.5 

CS-4 8631 0.48 0.47  1.60 10.3 

CS-5 8009 0.35 0.47  0.74 3.9 

CS-6 7524 0.41 0.48  1.37 7.8 

CS-7 7388 0.15 0.48  0.67 14.8 

CS-8 6679 0.26 0.48  1.03 8.1 

CS-9 6382 0.21 0.48  0.81 7.2 

CS-10 6245 0.31 0.48  0.62 3.8 

CS-11 5447 0.26 0.51  1.10 9.7 

CS-12 4984 0.30 0.51  0.68 5.3 

CS-13 4848 0.23 0.51  1.06 8.8 

CS-14 3144 0.24 0.55  1.77 14.8 

CS-15 2095 0.18 0.60  0.86 11.6 

CS-15B 1830 0.11 0.60  0.77 11.1 

CS-16A 1296 0.35 0.60  1.27 9.4 

CS-16B 100 0.37 0.60  1.36 6.9 
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Table 5. 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). 

 

 

 

Adult Salmon 

 

Adult Trout 
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Scenario 1 – WTP discharge 5 ML/day with catchment runoff as 14/15 Sep 2020.  
 

Table 6 represents a reduced flow from the WTW and Reservoir down from the 32 ML/day on 

the days of the 2020 survey to 5 ML/day.  The reduction in depth is typically 1 to 3 cm at the 

maximum depth point compared with the same cross-section measured on 14/15 September 

2020.  

 

Table 6. Scenario 1: 5 ML/day from WTP with catchment flows as measured on 14/15 Sep 
2020. 

Cross-section Chainage 
(m) 

Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.29 0.391 1.11 9.4 

CS-3 9035 0.39 0.402 1.05 8.4 

CS-4 8631 0.46 0.408 1.47 10.1 

CS-5 8009 0.33 0.414 0.66 3.7 

CS-6 7524 0.39 0.417 1.26 7.7 

CS-7 7388 0.15 0.419 0.64 14.6 

CS-8 6679 0.25 0.423 0.95 7.9 

CS-9 6382 0.20 0.424 0.75 7.1 

CS-10 6245 0.29 0.424 0.57 3.7 

CS-11 5447 0.25 0.451 1.01 9.6 

CS-12 4984 0.29 0.453 0.62 5.1 

CS-13 4848 0.23 0.492 1.03 8.8 

CS-14 3144 0.24 0.533 1.73 14.7 

CS-15 2095 0.15 0.537 0.57 9.6 

CS-15B 1830 0.10 0.538 0.70 10.9 

CS-16A 1296 0.35 0.541 1.20 8.5 

CS-16B 100 0.35 0.544 1.22 6.2 
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Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 14/15 Sep 2020 
 

Table 7 gives maximum depths and flows for Scenario 2, i.e. predictions for the outcome if the 

WTW discharge is reduced to zero and intervening catchment flows continue as they were on 

14/15 September 2020.  The  pinch-point cross-sections surveyed are predicted to become 

significantly shallower with levels dropping by up to 18 cm (CS-6) compared with the same 

intervening catchment flows with the additional 5 ML/day from the WTW. The bridge at 

Newrath (Hunters), CS-15B, drops to 7 cm maximum depth at the bridge apron (Figure 8) which 

would represent a potential barrier to fish movement. Inland Fisheries Ireland has carried out a 

survey of bridges in Wicklow, assessing them in terms of their impact on fish migration (Byrne 

and Beckett 2012).  It is believed that a project will be undertaken to mitigate any barriers to 

fish migration due to bridges in Wicklow (Ken Whelan, pers. comm. 2021). 

 

Figure 8. Predicted cross-sectional depths at Newrath Bridge for Scenario 2: 0 ML/day from 
WTW and catchment flows as per 14/15 September 2020. 
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Table 7. Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 14/15 Sep 2020 

Cross-section Chainage (m) Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.20 0.077 0.38 7.3 

CS-3 9035 0.27 0.088 0.30 3.6 

CS-4 8631 0.35 0.094 0.51 6.9 

CS-5 8009 0.20 0.100 0.25 2.9 

CS-6 7524 0.24 0.103 0.38 3.1 

CS-7 7388 0.14 0.105 0.50 14.1 

CS-8 6679 0.16 0.108 0.35 4.9 

CS-9 6382 0.12 0.110 0.26 4.2 

CS-10 6245 0.19 0.110 0.23 2.9 

CS-11 5447 0.18 0.136 0.42 6.6 

CS-12 4984 0.18 0.139 0.23 2.5 

CS-13 4848 0.17 0.178 0.54 7.9 

CS-14 3144 0.18 0.219 0.93 11.9 

CS-15 2095 0.13 0.223 0.41 7.5 

CS-15B 1830 0.07 0.224 0.39 9.7 

CS-16A 1296 0.27 0.227 0.58 6.6 

CS-16B 100 0.26 0.230 0.69 5.4 
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Scenario 3 – 5.0 ML/day from WTP + catchment flow 0.1 L/s/km2 
Scenario 3 assumes a worst-case low flow from the catchment generally and compensation 

flow of 5 ML/day from the WTW. The maximum predicted depths for each of the pinch-point 

cross-sections are shown in Table 8. The bridge at Newrath (maximum depth 5 cm) would be 

impassable at this flow rate without any modification to deepen the channel at the bridge 

apron. Cross-sections CS-9 and CS-15B with maximum depths of 9 cm are the next most critical 

locations under this flow regime (e.g. Figure 9) presenting perhaps a partial barrier to sea trout 

movement. Note that the model artificially maintains the level at the cottage weir and it is likely 

to be more shallow than depicted in Table 8. 

Figure 9. Cross-section at CS-9 for Scenario 3 with a maximum depth of 9 cm. 
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Table 8. Scenario 3 – 5.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Cross-section Chainage 
(m) 

Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.19 0.059 0.31 6.7 

CS-3 9035 0.24 0.059 0.22 3.0 

CS-4 8631 0.33 0.059 0.36 5.9 

CS-5 8009 0.17 0.060 0.18 2.7 

CS-6 7524 0.19 0.060 0.26 2.7 

CS-7 7388 0.14 0.060 0.50 14.1 

CS-8 6679 0.13 0.060 0.24 4.6 

CS-9 6382 0.09 0.060 0.17 3.4 

CS-10 6245 0.14 0.060 0.12 1.5 

CS-11 5447 0.14 0.061 0.21 4.1 

CS-12 4984 0.12 0.061 0.12 1.7 

CS-13 4848 0.13 0.061 0.24 5.6 

CS-14 3144 0.13 0.062 0.37 8.1 

CS-15 2095 0.09 0.062 0.14 3.6 

CS-15B 1830 0.05 0.062 0.17 8.2 

CS-16A 1296 0.18 0.062 0.17 2.1 

CS-16B 100 0.19 0.062 0.29 4.6 
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Scenario 4 – 0.0 ML/day from WTP + catchment flow 0.1 L/s/km2 
Scenario 4 with 0 ML/day from the WTW and extreme drought conditions in the catchment 

generally predicts serious issues with levels falling as low as 2 cm maximum depth. This 

suggests that at most cross-sections fish will not be able to pass through these very shallow 

pinch-points. Note that the levels at the cottage weir (CS 7) are artificially maintained behind 

the weir by the model. In reality, levels are likely to drop below the weir at such extreme low 

flow conditions. This scenario is hopefully an extreme one that will not occur in the near future 

– as outlined above the specific flow rate of 0.1 L/s/km2 is half the observed long-term low flow 

rate from Irish river catchments. Scenario 4 should be contrasted with Scenario 3 above which 

has the additional 5 ML/day compensation flow from the Vartry WTW. 

Table 9. Scenario 4 – 0.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Cross-section Chainage 
(m) 

Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.05 0.001 0.01 0.3 

CS-3 9035 0.05 0.001 0.01 0.3 

CS-4 8631 0.08 0.002 0.01 0.3 

CS-5 8009 0.06 0.002 0.01 0.5 

CS-6 7524 0.05 0.002 0.02 0.5 

CS-7 7388 0.14 0.002 0.50 14.1 

CS-8 6679 0.06 0.002 0.02 1.1 

CS-9 6382 0.02 0.002 0.01 1.0 

CS-10 6245 0.04 0.002 0.01 0.6 

CS-11 5447 0.05 0.002 0.01 0.8 

CS-12 4984 0.04 0.003 0.01 0.7 

CS-13 4848 0.06 0.003 0.02 0.8 

CS-14 3144 0.04 0.003 0.03 1.4 

CS-15 2095 0.03 0.004 0.02 1.2 

CS-15B 1830 0.02 0.004 0.02 2.3 

CS-16A 1296 0.06 0.004 0.02 0.6 

CS-16B 100 0.08 0.004 0.03 0.8 
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Scenario 5 – 10.0 ML/day from WTP + catchment flow 0.1 L/s/km2 
In recent years the discharge from the old Vartry WTW has been approximately 10 ML/day 

during times of low flow in the summer months (Figure 2). Scenario 5 models a 10 ML/day 

discharge from the WTW with the extreme low catchment flows used in Scenarios 3 and 4 

above (Table 10). Comparing this with Scenario 3, which has a 5 ML/day compensation flow, i.e. 

half that of Scenario 5, at critical cross-sections CS-15B and CS-9 the maximum depth increases 

by 1 cm at CS-15B Newrath Bridge and by 3 cm at CS-9 which is upstream of Nun’s Cross Bridge 

and the confluence of the Ballycurry tributary. As indicated above the pinch-point at CS-15B, 

Newrath Bridge, can be fixed with an engineering solution. 

Table 10. Scenario 5 – 10.0 ML/day from WTP + catchment flow 0.1 L/s/km2. 

Cross-section Chainage (m) Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.22 0.117 0.49 8.1 

CS-3 9035 0.29 0.117 0.39 4.4 

CS-4 8631 0.36 0.117 0.60 7.3 

CS-5 8009 0.21 0.117 0.28 3.0 

CS-6 7524 0.25 0.117 0.42 3.2 

CS-7 7388 0.14 0.118 0.50 14.1 

CS-8 6679 0.16 0.118 0.36 5.0 

CS-9 6382 0.12 0.118 0.28 4.2 

CS-10 6245 0.19 0.118 0.24 2.9 

CS-11 5447 0.17 0.118 0.37 6.0 

CS-12 4984 0.16 0.119 0.19 1.8 

CS-13 4848 0.15 0.119 0.40 7.2 

CS-14 3144 0.15 0.119 0.62 10.9 

CS-15 2095 0.11 0.120 0.26 6.3 

CS-15B 1830 0.06 0.120 0.26 8.9 

CS-16A 1296 0.22 0.120 0.32 4.1 

CS-16B 100 0.22 0.120 0.45 5.1 
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Comparison of Scenarios 
 

 

Figure 10. Flow regimes for measured 14/15 Sep 2020 flows (WTP & Reservoir flow of 32.14 
ML/day) plus five modelled scenarios.  

 

Figure 10 compares the predicted flow for the five scenarios with the flow on 14/15 September 

2020 at each cross-section. Scenarios 1 and 2 use catchment flows that are based on the 

relative intervening catchment flows from the 2019 survey extrapolated to flow rates measured 

in 2020 (2.5 to 6.5 L/s/km2) whereas Scenarios 3, 4 and 5 use the very low specific flow rate 

from the intervening catchment area of 0.1 L/s/km2. Flows from the WTP are set at 0 (Scn 2 & 

4), 5 (Scn 1 & 3) or 10 ML/day (Scn 5) for the modelled scenarios. At the extreme low flow from 

the catchment the incremental flows down the river are almost flat lines whereas those using 

the observed September 2020 flows show a distinct jump in flow rate particularly downstream 

of the confluences of the two major tributaries, Ballycurry and Ballymacahara Streams. 
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Summary Conclusions and Recommendations 

Potential partial barriers during very low flows such as summer 2018  
The results of Scenario 4, which represent extreme low flow summer conditions and without 

any contribution from the WTP, suggest that fish movements within the Vartry River would be 

severely restricted under such conditions. The addition of 5 ML/day from the WTP as per the 

planning permission conditions (modelled in Scenarios 1 and 3) does appear to ameliorate 

flows to the extent that maximum depths at all cross-sections are greater than the 7 or 5 cm 

depths (regarded as necessary for salmon and trout passage, respectively), although the cross-

section CS-16A at the downstream end of the apron under Newrath Bridge has a maximum 

depth of just 5 cm at this extreme low flow from the catchment.  On the basis of the 

conclusions from the monitoring programme undertaken over the last 3 years, the following 

recommendations are made to offset the impact of reduced river flows on the movement of 

fish due to abstraction at Roundwood Reservoir.  

 

Biological response to low flows 
Hydrographs from neighbouring catchments to the Vartry show a rapid rise and fall associated 

with spate flows from the upland catchment. The rapid rise and fall of water levels in such 

systems impacts on the bed and banks of the transporting channel and serve to facilitate 

natural processes of erosion and deposition, gravel refreshment and general downstream 

transport of sediments. These natural hydromorphological processes are the norm in such 

channels and such patterns would be expected in a system like the Vartry. Such processes, in 

turn, facilitate an ecology and habitats consistent with these regimes i.e. areas of bed 

dominated by coarse-grained sediment (gravels and cobbles) with shallow riffle areas and 

deeper pool areas.  This spate flow regime also facilitates the upstream movement of migratory 

salmonids and serves to flush accumulated silts from areas of gravels used for spawning.  It is 

considered essential to introduce periodic freshets in the lower Vartry to meet these 

fundamental ecological requirements.  

The biological response to low flows may also include increased algal and plant growth which 

potentially can lead to oxygen depletion at night. It is thus important to control nutrient inputs 

from the catchment – particularly phosphate inputs, in order to minimize such impacts. Fish 

movement will be restricted during very low flows forcing them to congregate in deeper pools. 

This in turn can make them vulnerable to predators such as herons and also to poaching 

pressure.  

The availability of continuous flow measurements from the Reservoir and WTP facilitated by 

the new weir with fish pass downstream of the WTP will assist in highlighting low flow periods 

when stresses are at a maximum. 
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Potential barriers during autumn/winter migration  
The cross-sections measured at potential ‘pinch-points’ along the length of the river that may 

affect fish passage suggest that fish should be able to move freely during autumn/winter 

months when levels are higher. The main possible exception is the presence of several artificial 

weirs, which will require modification as discussed below.  

IFI undertook a National Barriers Programme during which they identified a total of 173 

potential barriers in the entire Vartry catchment (Figure 11

Figure 1).  IFI note that “it is probable that new barriers will emerge in the Devils Glen section 

due to reduced flows”. The natural river substrate throughout the Devils Glen is predominately 

large boulders that create step boulder drops and small cascades that while natural, may be 

challenging for fish to surmount in low flow conditions. IFI suggest that these barriers may need 

to removed or modified to allow fish passage and natural sediment distribution. However, 

these natural cascades have been assessed as part of the Vartry Monitoring programme and 

have been deemed passable under all but extreme dry-weather flows. During freshet releases 

from the reservoir, fish will be able to pass these cascades and there is therefore considered no 

specific need to modify the natural channel of the river within the Devils Glen.   
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Freshets  
Sea trout, returning from the sea to spawn in freshwater will typically wait for ‘freshets’ before 

migrating upstream. Freshets are essentially minor flood conditions that approach 40%ile flows 

– equivalent to 0.914 m3/s or ~80 ML/day at Newrath Bridge which is some three times the 

observed flow during the dry-weather conditions in 2018 and 1.5 times the flows observed on 

14/15 September 2020. At such flows natural barriers will not occur in the lower Vartry River as 

far upstream as the Devils Glen waterfall.  

Rainfall events in the upper catchment which would potentially provide a freshet for fish 

movement are hydraulically choked by the reservoirs, which are typically low at that time of the 

year. This effect may be further exacerbated in the future by climate change.   The lack of 

natural freshets required to encourage upward migration to spawning areas results in fish 

gathering in pools on the lower part of the river while awaiting increased flows to facilitate 

movement. This renders the fish vulnerable to predators, poaching and stress induced by low 

oxygen levels during periods of low flow and high temperature.  There is therefore a need for 

artificial freshets by deliberately releasing water from the Reservoir to facilitate upstream 

movement of fish.  
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Figure 11. Potential barriers to fish movement identified in the Vartry Catchment. 

(Source: Inland Fisheries Ireland) 
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The main sea trout run in the Vartry typically begins in the second week of July and continues 

into August. Smaller runs can begin in June and later runs may continue into September. The 

fish remain in the river until spawning in October and November and then return to the sea. 

Sea trout, unlike most salmon, will return to spawn over multiple years. 

Predicting exactly when sea trout are going to enter the system from the sea is however 

difficult. Thus, simply producing freshets in the second week of July may be pointless if the fish 

are not yet present (although there will be other obvious benefits to the ecology of the river 

system). It is better to release water when it is known that the run has started and sea trout are 

definitely present in the lower section of the river.  

The monitoring of fish activity in the lower river can be readily facilitated by the use of a sonar 

camera which can detect the presence of fish in suitable pools. Continuous recording is possible 

and instruments such as the ARIS or DIDSON produce video-like images showing the presence 

of fish from a few centimetres in length at distances of 10 to 15 m. These acoustic systems are 

an improvement on the older fish counters using resistivity and that required building of a 

crump weir. The cameras are small and can be installed relatively easily, although do require 

ongoing maintenance and attention and a secure location. It is not necessary to count 

individual fish but to know when the sea trout run is beginning and whether there are sufficient 

fish present to warrant releasing a freshet. IFI have undertaken research on the ARIS camera 

and formed the view that it was superior to the DIDSON as it has a better resolution in turbid 

waters. Details of DIDSON / ARIS brand sonar cameras are available at: 

http://www.soundmetrics.com/Products/ARIS-Sonars.  A typical cost for a new camera is 

€100,000. 

With a sonar/acoustic camera linked to a remote monitoring station it would be possible to 

time freshets very accurately and reduce any potential wastage of water that could occur if 

freshets were run ‘blind’ so to speak. A further advantage is that the fish would not have to 

linger in the lower, more exposed reaches of the river waiting for floods that would allow them 

to migrate upstream into the safer, more shaded stretches of the river while they wait to spawn 

in October/November. This would reduce mortalities in the lower pools significantly from 

poaching, predation and temperature-related stress.  

Consideration may need to be given to the question of where in the reservoir the freshets 

would be taken from. If taken from the surface layers, the temperature may be higher than the 

river channel below which may have a negative impact on aquatic biota, particularly in warmer 

years where a distinct thermocline occurs in the reservoir. Conversely, water taken from the 

bottom of the reservoir may have low levels of dissolved oxygen, or high suspended solid 

loadings. 

  

http://www.soundmetrics.com/Products/ARIS-Sonars
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Thalwegs  
Most of the Vartry River has a very natural channel with a steep slope and rocky substratum 

with a natural repeated riffle/glide/pool sequence in a meandering channel with a well-defined 

thalweg.  However, in the lower sections (downstream of Ashford), bank erosion, over-

widening and weirs occur (as noted in the first report, McGarrigle and Murphy 2018) which 

pose impediments to fish movement. Some of the wider, shallower reaches here, in particular 

within Rosanna Estate in the stretch known as The Pumphouse (Figure 12), would benefit from 

re-engineering to narrow the channel to include a deeper central thalweg. Thalwegs provide 

sufficient depth for fish movement as well as forming a refuge for fish during low flows while 

also maintaining cooler water that is essential for salmonids. These have been successfully 

reintroduced to rivers that had been subjected to arterial drainage that results in trapezoid, 

even-depth channels (O’Grady et al. 2017).  

 

 

Figure 12. Section of channel at Rosanna which would benefit from thalweg development. 
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Weirs and Aprons 
Weirs form a potential barrier to salmonid movement but also severely restrict the upstream 

migration of river lamprey which have been recorded on the lower reaches of the system by IFI. 

River lamprey are an anadromous species that spawn in freshwater while spending their adult 

life in estuarine and coastal water. They are afforded protection under Annex II of the EU 

Habitats Directive.  

The Newrath Bridge in the R761 road is a three span masonry structure with a concrete apron 

across its entire base (Figure 13).  This results in a very shallow depth of water over the width of 

the river (typically 5-6cm during low flow) and would benefit from a notch being established to 

provide a deeper channel to facilitate fish movement. The design and construction of this will 

require consultation and approvals from IFI. 

 

Figure 13. Newrath Bridge showing concrete apron. 

 

There are a number of weirs on the Vartry as it runs through Mount Ushers Garden. At least 

some of these are likely to present a barrier to fish migrating upstream. Recommendations for 

the mitigation of these are beyond the scope of the present study but the authors believe that 

a programme for remediation of the weirs to allow fish passage is under way in consultation 

with the landowners and IFI. 

The weir immediately upstream of Ashford Bridge has being washed out during a flood event 

(Storm Frank) in 2015 and no longer presents a barrier to fish movement (Figure 14).   
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Figure 14. The breached weir upstream of Ashford Bridge. 

 

A weir located at the Inner Glen Lodge within the Clora Estate (at the southern end of the Devils 

Glen) was built to provide a headrace to a mill pond serving a saw mill located just upstream of 

Nuns Cross.  The weir has a very shallow central slot with a chute which may impede upstream 

movement of fish (Figure 15) and could be enhanced by the broadening of the central slot to 

form less of a restriction.  

 

 

Figure 15. Weir at Inner Glen Lodge 

 

Other Habitat Management Measures 
Landuse within the Vartry River catchment varies considerably, ranging from agricultural 

grasslands in the Roundwood plateau, to the well-wooded section in the Devils Glen and 

intensively managed tillage and agricultural grasslands in the lower reaches. Nutrient 

enrichment from agricultural run-off is potentially problematic in both the upper and lower 

reaches, which would be exacerbated by low flows reducing dilution and resulting in higher 
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water temperatures.  Active engagement with riparian landowners throughout the catchment 

is recommended to encourage the adoption of good husbandry techniques with regards to 

fertiliser use, ensure adequate buffer zones along river edges and to promote the 

establishment of trees along river banks which provide temperature control, improve food 

supply for fish and increase the overall riparian biodiversity.  Livestock access to the river and 

its tributaries should be restricted due to the resultant release of suspended solids and the 

nutrient loading from stock defecating in the river. 

A number of invasive species of plant listed under the Third Schedule of the 2011 European 

Communities (Birds and Natural Habitats) Regulations are established along the lower reaches 

of the Vartry, most notably Japanese Knotweed (Reynoutria japonica) which is widespread from 

Ashford downstream, with very extensive stands occurring along the banks from Newrath 

Bridge downstream to the Broadlough Estuary (Figure 16). The perennial nature of this plant 

allows for extensive bankside erosion during the winter period with subsequent siltation of 

spawning gravels. Other listed invasive species present include Himalayan Balsam (Impatiens 

balsamifera) and American Skunk-cabbage (Lysochiton americanum) which are both occasional 

in the lower reaches. The umbrella plant (Peltiphyllum peltatum), which is not listed under the 

201 Regulations, is widespread along the river banks throughout Mount Usher Gardens and is 

becoming a dominant in the riparian vegetation to the point of excluding other species.  

The widespread nature of these invasive species requires a coordinated management approach 

to contain and systematically eradicate them from the catchment.  

 

Figure 16. Extensive stands of Japanese Knotweed on the lower reaches of the Vartry River. 
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Summary of Management Recommendations 

• It is considered essential to introduce periodic freshets in the Vartry River to facilitate the 

upstream movement of migratory salmonids and river lamprey.  Freshets will also serve 

to flush accumulated silts from areas of gravels used for spawning and benefit all aquatic 

biota.  

• The monitoring of fish activity in the lower river to inform the requirement for freshet 

releases, will be best facilitated by the use of a sonar camera to detect the presence of 

fish in a suitably chosen pool in the lower river.  The location of the camera should be 

agreed with IFI and the relevant landowner. 

• The section of channel within Rosanna Estate known as The Pumphouse would benefit 

from re-engineering to narrow the channel to include a deeper central thalweg. The 

design and construction of this will require consultation and approvals from the relevant 

landowner and IFI. 

• It is recommended that the apron at Newrath Bridge is modified to provide a notch to 

allow for the upstream movement of fish at extreme low flow conditions. The design and 

construction of this will require consultation and approvals from IFI. 

• The weir located at the Inner Glen Lodge within the Clora Estate should be enhanced by 

the broadening of the central slot to form less of a restriction. The design and construction 

of this will require consultation and approvals from the relevant landowner and IFI. 

• Active engagement with riparian landowners throughout the catchment is recommended 

to encourage the adoption of good husbandry techniques with regards to fertiliser use, 

ensure adequate buffer zones along river edges, promote the establishment of trees 

along river banks and restrict livestock access to the river channel. 

• The control and management of invasive plant species in the lower catchment requires a 

coordinated management approach between the various landowners and statutory 

bodies in accordance with the requirements under the 2011 European Communities 

(Birds and Natural Habitats) Regulations. 
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Appendix 1. Cross-Section Graphs 
 – Widths and Depth for Scenarios 1 to 4 

 

Provided as a separate document in pdf form 


