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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. 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. The current survey, 

undertaken on 29/30 August 2019, is a follow-up survey under different flow conditions and 

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

report benefits from a series of spot-flow measurements made by Capital Water Systems Ltd. 

(CWSL) on the same days as the cross-section width/depth survey undertaken by the authors of 

this report. 

 

1.1 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 and second reports in this series 

(McGarrigle and Murphy 2018 and McGarrigle and Murphy 2019). Width and depth 

measurements were made at shallow cross sections along the river that appeared 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. Spot flow measurements were 

made by Capital Water Systems Ltd. (CWSL) on 29/30 August at key locations and this in turn 

allowed for a more accurate calibration of the flow model. 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. 

 

1.2 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 
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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 water released from the water treatment plant to the river – this will no longer be the 

case.  

Flows from the Water Treatment Plant (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. Some 55 km2 of catchment downstream from the 

site contributes most of the flow in the river under normal circumstances when there is no 

overflow from the reservoir.  All such natural flows to the river from groundwater and tributaries 

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

 

The Vartry Water Treatment Plant with construction of the new plant in the background 
(30 Nov 2019). 
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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). 
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2. 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 29/30 

August 2019 at broadly the same 16 locations as surveyed in October 2018 and December 2017. 

The 16 cross sections measured are shown in 

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.  

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 impeded 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 
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between the modelled and observed values. Interpolated cross sections were also included 

between the sections that were physically measured in the field on 29/30 August 2019 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 29/30 

August 2019. Once calibrated, the model was run again with arrange 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 at 

the measured cross sections locations that were judged likely to present the greatest risk to 

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.  

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.  Flow measurements were made by Capital 

Water Systems Ltd. (CWSL) personnel. The area of the intervening catchments between each 

cross section was measured using a digital elevation model and Geographical Information System 

(GIS) software (QGIS). Specific 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.  



 10 

 

Figure 1. Location of measured cross sections on Vartry River 29/30 August 2019. 
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3. Results 

3.1 Cross-section 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 late August 2019 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.  

During low flows, however fish movements within the river may be impeded – particularly so 

during 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 that drought period.  The cross section depths during such 

events are modelled and results presented below for five different scenarios and showing the 

contribution from the Vartry Water Treatment Plant (WTP) 

 

3.2 River flow Intervening catchment runoff 

The flows observed on the days of the survey 29/30 August 2019 are shown in Table 1. The Vartry 

WTP average release of water on 29/30 August 2018 was 12.82 ML/day or 0.148 m3/s and the 

corresponding river flow at Newrath Bridge was 31.32 ML/day or 0.363 m3/s.  The difference 

between the measured flows at the four spot flow measurement points allowed intervening 

catchment flows to be calculated based on the catchment area between each cross section. The 

interpolated flows thus calculated are shown in Table 1. 
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Table 1. Cross sections in the Vartry River showing altitude, position and the flows. 

Vartry River Section Cross 

Section 

Altitude (m) Chainage (m) Q m3/s 

30-Aug-19 

Annagolan Bridge Measured Flow: 0.188 

Devil’s Glen 

to 

Nun’s Cross Bridge 

CS-1+2 125 9560 0.216 

CS-3 115 9035 0.227  

CS-4 105 8631 0.233  

CS-5 87 8009 0.239  

CS-6 65 7524 0.242  

CS-7 58 7388 0.244  

CS-8 44 6679 0.247  

CS-9 38 6382 0.248  

CS-10 37 6245 0.249  

Nun’s Cross Bridge Measured Flow: 0.249 

Nun's Cross to Ashford 

CS-11 28 5447 0.275 

CS-12 26 4984 0.278 

CS-13 24 4848 0.280 

Ashford Bridge Measured Flow: 0.282 

Ashford to Newrath 
CS-14 12 3144 0.358 

CS-15 7.68 2095 0.363 

Newrath Bridge CS-15B Measured Flow: 0.363 

Newrath to Broadlough CS-16A 5.20 1296 0.366 

CS-16B 2.15 100 0.369 

 

3.3 Calibrated Model 

An improved calibrated model was possible because spot-flow measurements were available on 

the days of the surveys – the 2018 survey was less precise because spot-flows over the course of 

the river were not available and the interpolated values were thus less precise. The HEC-RAS 

model was calibrated against the measured and interpolated flows for each cross section and 

water surface heights were matched to within 1 cm of the measured water surface. Note that 

the cross-section altitudes were revised based on more detailed examination of the Ordnance 

Survey map contours and benchmark altitudes on Discovery map series and the historic map 

series (6” and 25”) available on the OSI.ie website. In the previous reports the altitudes were 

based largely on the digital elevation map with 20m resolution – making it difficult to get accurate 

heights in the steep-sided Devil’s Glen valley where altitude can vary significantly over 20m. 

 

3.4 Modelled scenarios 

Five 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 
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are graphed and a table of maximum depths is compared against the fish passage criteria based 

on the Fish Obstacles Manual (SNIFFER 2011). 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 29/30 Aug 2019 

Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 29/30 Aug 2019 

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 

 

3.5 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). Fig. 2 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 presents “worst case” situation – extreme low flow conditions. 

Scenarios 3, 4 and 5 use half of this (0.1 L/s/km2)as specific flow rate for the catchment runoff 

with 5, 0 and 10 ML/day, respectively, flowing from the WTP (or not in the case of Scenario 4) 

under this 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. The HEC-RAS model is 

calibrated based on the measured cross sections and flow measurements on 29/30 August 2019 

and then used to model reduced flow regimes as specified by the five scenarios. 
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Fig. 2. Specific flow rates in the Vartry catchment during the low flow period in 2018. 

 

3.6 Results of Modelled Scenarios 

Table 2 shows the cross sections as measured on 29/30 August 2019 with the corresponding 

measured flow rates. The shallowest maximum depths (highlighted in italics and bold and 

similarly in subsequent tables showing the five scenario results) were 15.2 and 15.1 cm at CS-1/2 

and CS-14, respectively, and all cross sections allowed for fish passage. Specific flow rates for the 

intervening catchments were 4.9, 2.4 and 6.5 L/s/km2 for Annagolan to Nuns Cross, Nuns Cross 

to Ashford and for Ashford to Newrath Bridge, respectively.  

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). 
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Table 2. Calibrated model showing maximum depths, flow, cross-sectional areas and top widths at 
the measured cross-sections on 29/30 Aug 2019. 

Cross Section Chainage Max Depth (m) Q Total (m3/s) Flow Area (m2) Top Width (m) 

CS-1/2 9560 0.152 0.216 0.620 7.5 

CS-3 9035 0.236 0.227 0.554 6.0 

CS-4 8631 0.310 0.233 0.841 5.5 

CS-5 8009 0.228 0.239 0.771 6.1 

CS-6 7524 0.231 0.242 0.651 5.2 

CS-7 7388 0.171 0.244 0.408 10.6 

CS-8 6679 0.191 0.247 0.950 10.1 

CS-9 6382 0.209 0.248 0.589 6.7 

CS-10 6245 0.314 0.249 0.794 4.7 

CS-11 5447 0.251 0.275 0.940 7.9 

CS-12 4984 0.315 0.278 1.404 8.8 

CS-13 4848 0.191 0.280 0.774 7.7 

CS-14 3144 0.151 0.358 0.970 11.3 

CS-15 2095 0.199 0.362 0.724 9.8 

CS-15B 1830 0.158 0.363 0.731 11.0 

CS-16A 1296 0.281 0.366 1.222 8.6 

CS-16B 100 0.364 0.369 0.930 5.0 
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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) 

 

 

 

Adult Salmon 

 

Adult Trout 
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Scenario 1 – WTP discharge 5ML/day with catchment runoff matching that observed on 29/30 
August 2019.  

 

Table 4. Scenario 1: 5 ML/day from WTP with catchment flows as measured on 29/30 Aug 
2019. 

Cross Section Chainage Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.126 0.125 0.432 7.0 

CS-3 9035 0.200 0.136 0.364 4.6 

CS-4 8631 0.264 0.142 0.600 5.1 

CS-5 8009 0.192 0.148 0.557 5.6 

CS-6 7524 0.187 0.152 0.447 4.1 

CS-7 7388 0.170 0.153 0.394 9.9 

CS-8 6679 0.166 0.157 0.705 9.5 

CS-9 6382 0.185 0.158 0.431 6.3 

CS-10 6245 0.268 0.158 0.582 4.3 

CS-11 5447 0.219 0.185 0.701 7.1 

CS-12 4984 0.279 0.188 1.090 8.4 

CS-13 4848 0.169 0.190 0.605 7.5 

CS-14 3144 0.136 0.267 0.801 10.9 

CS-15 2095 0.187 0.271 0.607 9.7 

CS-15B 1830 0.147 0.273 0.609 10.9 

CS-16A 1296 0.257 0.275 1.018 8.4 

CS-16B 100 0.331 0.278 0.770 4.8 

 

This scenario uses the measured flows on 29/30 August 2019 discharge from the Vartry WTP 

reduced from 12.82 to 5 ML/day. Table 1 shows the maximum depths predicted by the model 

together with flow, cross-sectional area and top width or wetted width at each cross section 

surveyed in August 2019. Figs. 3 and 4 show the cross sectional depths predicted for the two 

most shallow cross sections, CS1/2 and CS14.
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Fig. 3. Cross section CS-1/2 showing predicted water depth for Scenario 1 – 5 ML/day from the WTP and flows from the 

intervening sub-catchments as on the 9/30 August 2019.  The water surface has dropped less than 2 cm compared with the 

measured surface on 29/30 August – the latter is represented by the blue line. 
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Fig. 4. Cross section CS-14 showing predicted water depth for Scenario 1 – 5 ML/day from the WTP and flows from the intervening 

sub-catchments as on the 29/30 August 2019.  The water surface has dropped less than 3 cm compared with the measured 

surface on 29/30 August – the latter is represented by the blue line. 
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Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 29/30 Aug 2019 

 

Table 5. Scenario 2 – 0.0 ML/day from WTP + catchment flow as on 29/30 Aug 2019 

Cross Section Chainage Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.101 0.067 0.272 5.6 

CS-3 9035 0.170 0.079 0.240 3.7 

CS-4 8631 0.223 0.084 0.408 4.2 

CS-5 8009 0.156 0.090 0.381 4.5 

CS-6 7524 0.154 0.094 0.317 3.7 

CS-7 7388 0.170 0.095 0.394 9.9 

CS-8 6679 0.145 0.099 0.516 8.7 

CS-9 6382 0.163 0.100 0.307 5.3 

CS-10 6245 0.226 0.100 0.417 3.7 

CS-11 5447 0.196 0.127 0.540 6.7 

CS-12 4984 0.250 0.130 0.855 8.0 

CS-13 4848 0.150 0.132 0.471 7.0 

CS-14 3144 0.125 0.209 0.685 10.6 

CS-15 2095 0.177 0.213 0.516 8.9 

CS-15B 1830 0.139 0.215 0.522 10.8 

CS-16A 1296 0.239 0.217 0.862 8.3 

CS-16B 100 0.307 0.220 0.656 4.6 

 

Table 5 gives the maximum depths and other statistics predicted for each of the cross sections 

under Scenario 2 with no discharge from the WTP but assuming similar catchment flows to those 

measured on 29/30 August 2019. The shallowest maximum depths were 10.1 cm at CS-1/2 just 

downstream of the Devil’s Glen waterfall and the confluence of the Knockfadda Stream, and 12.5 

cm at CS-14 in the Rosanna Estate downstream of Ashford and Mount Usher Gardens. The latter 

two cross sections are shown in Figs. 5 and 6. Fish passage is possible at all cross sections.
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Fig. 5. Cross section CS-1/2 showing predicted water depth for Scenario 2 – 0 ML/day from the WTP and flows from the intervening 

sub-catchments as on the 29/30 August 2019.  The water surface has dropped 4 cm compared with the measured surface on 29/30 

August – the latter is represented by the blue line. 
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Fig. 6. Cross section CS-14 showing predicted water depth for Scenario 2 – 0 ML/day from the WTP and flows from the intervening 

sub-catchments as on the 29/30 August 2019.  The water surface has dropped less than 4 cm compared with the measured surface 

on 29/30 August – the latter is represented by the blue line. 
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Scenario 3 – 5.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

 

Table 6. Scenario 3 – 5.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Cross Section Chainage Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.097 0.059 0.249 5.4 

CS-3 9035 0.157 0.059 0.193 3.3 

CS-4 8631 0.199 0.060 0.311 3.7 

CS-5 8009 0.135 0.060 0.288 4.3 

CS-6 7524 0.120 0.060 0.204 2.4 

CS-7 7388 0.170 0.060 0.394 9.9 

CS-8 6679 0.126 0.060 0.360 7.5 

CS-9 6382 0.145 0.060 0.214 4.9 

CS-10 6245 0.188 0.060 0.286 3.1 

CS-11 5447 0.157 0.061 0.313 5.2 

CS-12 4984 0.185 0.061 0.446 4.9 

CS-13 4848 0.112 0.061 0.249 4.5 

CS-14 3144 0.083 0.062 0.296 8.0 

CS-15 2095 0.126 0.063 0.179 4.2 

CS-15B 1830 0.102 0.063 0.185 5.5 

CS-16A 1296 0.134 0.063 0.286 3.4 

CS-16B 100 0.200 0.063 0.258 3.0 

 

Table 6 models a drought period with 0.1L/s/km2 flowing from the intervening catchment areas 

plus a 5ML/day compensation flow from the WTP. The two shallowest maximum depths at the 

cross sections are shown in bold italic – CS-1/2 and CS-14 at 9.7 and 8.3 cm, respectively.  These 

are graphed in Figs. 7 and 8. In this case all cross sections exceed the maximum depth of 7 and 5 

cm – the depths taken to be the minimum required for salmon and trout passage, respectively.  

It is instructive to compare Scenario 3 with Scenario 4 below. In the latter most cross sections 

become too shallow for fish passage – in that case there is zero compensation flow from the WTP 

but similar extreme low flows from the intervening sub-catchments are assumed in the model.
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Fig. 7. Cross section CS-1/2 showing predicted water depth for Scenario 3 – 5 ML/day from the WTP and flows of 0/.1 L/s/km2 from 

the intervening sub-catchments.  A maximum depth of 9.3 cm is predicted for this cross section. The water surface has dropped 

~4.3 cm compared with the measured surface on 29/30 August – the latter is represented by the blue line. 
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Fig. 8. Cross section CS-14 showing predicted water depth for Scenario 3 – 5 ML/day from the WTP and flows of 0/.1 L/s/km2 from 

the intervening sub-catchments. A maximum depth of 8.3 cm is predicted by the HEC-RAS model for this section. The water surface 

has dropped almost 8 cm compared with the measured surface on 29/30 August. 
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Scenario 4 – 0.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Table 7. Scenario 4 – 0.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Cross Section Chainage Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.028 0.001 0.013 1.0 

CS-3 9035 0.041 0.002 0.010 0.5 

CS-4 8631 0.066 0.002 0.020 0.9 

CS-5 8009 0.033 0.002 0.023 1.5 

CS-6 7524 0.026 0.002 0.020 1.3 

CS-7 7388 0.170 0.002 0.394 9.9 

CS-8 6679 0.062 0.002 0.029 2.0 

CS-9 6382 0.055 0.002 0.010 0.3 

CS-10 6245 0.040 0.002 0.020 0.6 

CS-11 5447 0.064 0.003 0.029 1.3 

CS-12 4984 0.078 0.003 0.053 2.0 

CS-13 4848 0.036 0.003 0.028 1.6 

CS-14 3144 0.041 0.005 0.039 2.7 

CS-15 2095 0.040 0.005 0.019 0.8 

CS-15B 1830 0.046 0.005 0.022 1.5 

CS-16A 1296 0.046 0.005 0.048 2.0 

CS-16B 100 0.072 0.005 0.034 1.0 

 

Table 7 shows the most extreme situation modelled. All cross-sections are predicted to become 

very shallow with only three sections with depths greater than 7 cm, the depth limit for passage 

of salmon and just seven cross sections are deeper than 5 cm at their maximum depth, the depth 

limit for passage of trout. The cross sections for CS-1/2 and CS-6 are shown in Figs. 9 and 10. 

Scenario 4 is perhaps representative of the situation that might have occurred historically in 

drought periods when no compensation flow was provided from the WTP – i.e. during periods 

when all water from the reservoir was diverted through the treatment plant.  

In low flow times the importance of deeper pools and runs where fish can safely lie become 

increasingly important. It is critical under such conditions to ensure that the river does not 

become eutrophic – due to excess nutrients, particularly phosphate, causing excessive algal or 

plant growth that in turn may lead to deoxygenation at night. Low flows reduce the amount of 

scouring allowing plants to produce greater biomass than they can under more flashy conditions. 

Fish are also more vulnerable to poachers and other predators when they are forced to 

congregate in deeper pools in order to stay cool and because their movement is limited due to 

extensive shallow reaches preventing passage. Comparing Scenario 4 with Scenario 3 and 
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Scenario 5 shows the importance of the compensation flow from the WTP, whether the current 

10 ML/day or the 5 ML/day flow designated under the planning permission for the new WTP. 
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Fig. 9.  Cross section CS-1/2 showing predicted water depth for Scenario 4 – 0 ML/day from the WTP and flows of 0/.1 L/s/km2 

from the intervening sub-catchments.  A maximum depth of just 2.3 cm is predicted for this cross section. The water surface has 

dropped over 11 cm compared with the measured surface on 29/30 August. 
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Fig. 10. Cross section CS-6 showing predicted water depth for Scenario 4 – 0 ML/day from the WTP and flows of 0/.1 L/s/km2 from 

the intervening sub-catchments.  A maximum depth of just 2.6 cm is predicted for this cross section. The water surface has 

dropped almost 12.5 cm compared with the measured surface on 29/30 August. 
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Scenario 5 – 10.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

 

Table 8. Scenario 5 – 10.0 ML/day from WTP + catchment flow 0.1 L/s/km2 

Cross Section Chainage Max Depth 
(m) 

Q Total 
(m3/s) 

Flow Area 
(m2) 

Top Width 
(m) 

CS-1/2 9560 0.123 0.117 0.414 6.9 

CS-3 9035 0.192 0.117 0.326 4.3 

CS-4 8631 0.249 0.118 0.524 4.8 

CS-5 8009 0.171 0.118 0.453 4.7 

CS-6 7524 0.169 0.118 0.374 3.9 

CS-7 7388 0.170 0.118 0.394 9.9 

CS-8 6679 0.153 0.118 0.580 8.9 

CS-9 6382 0.171 0.118 0.347 5.7 

CS-10 6245 0.239 0.118 0.467 3.8 

CS-11 5447 0.192 0.119 0.516 6.6 

CS-12 4984 0.244 0.119 0.806 7.9 

CS-13 4848 0.145 0.119 0.434 6.7 

CS-14 3144 0.102 0.120 0.461 9.1 

CS-15 2095 0.150 0.120 0.314 6.3 

CS-15B 1830 0.122 0.120 0.349 10.1 

CS-16A 1296 0.184 0.120 0.501 5.2 

CS-16B 100 0.247 0.121 0.410 3.5 

 

Table 8, Scenario 5, predicts maximum depth at the cross sections using similar specific flows for 

the intervening sub-catchments as Scenario 3 and 4 – i.e. essentially drought conditions but with 

an additional 10 ML/day flowing from the WTP. The shallowest maximum depths occur at CS-14 

and CS-15B 9 upstream of and at Newrath Bridge at 10.2 and 12.2 cm, respectively. 
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Fig. 11. Cross section CS-14 showing predicted water depth for Scenario 5 – 10 ML/day from the WTP and flows of 0/.1 L/s/km2 

from the intervening sub-catchments. A maximum depth of 10.2 cm is predicted by the HEC-RAS model for this section. The water 

surface has dropped 6 cm compared with the measured surface on 29/30 August. 
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Fig. 12.  Cross section CS-15B at Newrath Bridge showing predicted water depth for Scenario 5 – 10 ML/day from the WTP and 

flows of 0/.1 L/s/km2 from the intervening sub-catchments. A maximum depth of 12.2 cm is predicted by the HEC-RAS model for 

this section. The water surface has dropped by less than 4 cm compared with the measured surface on 29/30 August. 
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3.7 Comparison of Scenarios 

Fig. 13 compares the flow volumes modelled for each scenario against the measured late August 

2019 values (m3/s). The contrast between the measured flows and Scenarios 1 and 2 which use 

the intervening catchment measured flow as on 29/30 Aug 2019 versus the very low flow 

scenarios using 0.1 L/s/km2 is dramatic with Scenario 4 having extremely low flow rates as a 

result. Scenarios 3 and 5 use the low catchment runoff rates but the addition of flow from the 

WTP – 5 or 10 ML/day provide a significant boost to over 0.05 and 0.1 m3/s respectively.  

Fig. 14 compares maximum depths, for each scenario modelled, with the 7 cm and 5 cm critical 

depth for salmon and trout passage. As noted above the very low flow Scenario 4 with no 

discharge from the WTP is the most critical with maximum depths falling below 0.07 and 0.05 m 

at most cross-sections. Note that in all cases the weir at Cross Section 7 is taken to always achieve 

a maximum depth of 0.17 m – it is forced to this level in the modelling process under these 

scenarios, with the velocities adjusting accordingly.  

 

 

Fig. 13. Flow regimes for Measured 29/30 Aug 2019 flows (WTP flow of 12.82 ML/day) plus 

five modelled scenarios. Scenarios 1 and 2 use the measured intervening catchment flows (2 

to 6 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. 
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Fig. 14. Maximum depths predicted for each of five scenarios modelled compared with 

measured values on 29/30 August. 
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4. Conclusions and Recommendations 

5.1 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 would be severely restricted under such 

conditions. The addition of 5 ML/day from the WTP as per the planning permission conditions 

(modelled in Scenario 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. This somewhat more optimistic conclusion than that of the 

monitoring report for 2018, is based on a more accurately calibrated model due to the availability 

of spot flow measurements on the same days of the cross-section survey. 

 

5.2 Biological Response 

The biological response to low flows may 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 otter and heron, and also to poaching 

pressure.  

 

5.3 Potential barriers during autumn/winter migration 

The cross sections measured at potential ‘pinch points’ that may affect fish passage suggest that 

fish should be able to move freely during autumn/winter months. The main possible exception is 

the presence of several artificial weirs.  

 

5.4 Freshets 

For spawning sea trout, returning from the sea, typically they will wait for ‘freshets’ before 

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

flows – equivalent to 0.914 m3/s at Newrath Bridge which is some three times the observed flow 

during the dry-weather conditions in 2018 and three times the flows observed on 29/30 August 

2019. At such flows natural barriers to fish movement will not occur in the Vartry. 

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, by deliberately releasing water from the Reservoir, was discussed in the first report in 

this series. 
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5.5 Thalwegs and weirs 

The predicted potential barriers under extreme low flows in the lower sections suggest that some 

re-engineering of the river to introduce or recreate thalwegs may be of benefit.  These would 

provide a mid-channel meandering deeper section that will have sufficient depth to facilitate fish 

movement 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 are present 

(as 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. The model predicts 

very shallow conditions, for example, at CS-14, one of the widest cross sections measured, the 

maximum depth was 8.3 cm in Scenario 3 (Table 6) and just 4 cm in Scenario 4 (Table 7). This 

section is eminently suited to re-engineering to narrow the channel and to include a deeper 

central thalweg. 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. 

 

5.6 Next survey - summer 2020 

It is proposed to schedule the next survey to match a period of low flows and high soil moisture 

deficits in mid to late summer 2020.  
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6. Appendix 1. Cross Section Graphs – Widths and Depth for Scenarios 1 to 4 
 

Provided as a separate document in pdf form 


