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1 Introduction 
 
North York Moors National Park (NYMNP) in association with the Esk Valley 
Energy Group is proposing to install a hydroelectric turbine at Ruswarp Weir on the 
River Esk in North Yorkshire, OS grid reference NZ 804053. A map of the area is 
given in figure 1. A single Archimedean screw turbine would be installed with a 
diameter of 2.5-3m and maximum speed of 28 rpm. A schematic diagram is shown in 
the appendix. It would draw up to 2.5m3/s and generate approximately 50kW of 
electricity. The operating head varies between 1.6m and 2m as the weir is at the tidal 
limit of the river and the head reduces at the top of the tide cycle. The turbine would 
be positioned adjacent to the fish pass on the extreme Southern bank, with the intake 
just upstream of the pass exit and the outflow located near to the pass entrance to 
ensure water flows are confluent. 
  
This report was commissioned by NYMNP to investigate the potential fisheries 
impacts that may result from the installation of an Archimedes turbine and suggest 
mitigation options. As part of the brief, a site visit was undertaken by the authors on 7 
November 08. David Bamford of the Environment Agency and Colin Mather of  Esk 
Valley Energy were met on site to discuss the project and potential fisheries issues.  
  

 
    Figure 1. Map showing Ruswarp Weir. 
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2 Site Characteristics 
 
The Esk rises high on the North York Moors and flows East for about 30km to join 
the North Sea at Whitby. The catchment is principally upland grassland, woodland 
and heath land. Details of the geology are given in the Environment Agency’s website 
(www.environment-agency.gov.uk).    
The Weir at Ruswarp is built of stone and appeared to be in good condition. It 
originally provided water via a mill leat to supply a series of mill buildings, now  
converted to residential units. It is 270m long with a gently sloping apron and very 
shallow depth of water on the face. The head is approximately 2m at low tide 
decreasing to 1.6m at high tide. A view of the site taken from the Northern bank is 
shown in figure 2. The channel leading to the pool and traverse fish pass referred to in 
section 5 is indicated by an arrow.   
    

 
  
Figure 2. View of the Weir looking upstream from the Northern bank. 
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3 Flow at Site 
 
Daily flows for the river are available from the Briggswath gauging station just 
upstream of the site, NGR NZ8731608248, station number F2902. The flow at 
Ruswarp has been taken from a feasibility study prepared by Mann Power Consulting 
for NYMNP that accounts for licensed abstractions below Briggswath totalling 
24,532 m3 per day, see appendix. Gauging station data was provided by the 
Environment Agency. The licensed abstraction is relatively small and would not 
impact the higher flows significantly or the expected power output from the turbine. 
However, the instantaneous rate of 284 l/s would form a significant proportion of the 
fish pass flow at low water levels and therefore it is important to account for this 
when determining a Hands Off Flow (HOF) for the scheme. The Exceedance values 
for Briggswath and Ruswarp are shown in table 1 below. The flow duration curve is 
shown in figure 3.  
 
Table 1: Exceedance values for Briggswath gauging station and Ruswarp Weir 
 

Exceedance Flow at Gauging 
station (m3/s) 

Flow at Site  (m3/s) 
 

Q5 17.6 17.5 
Q10 11.4 11.28 
Q15 8.67 8.47 
Q20 6.94 6.73 
Q25 5.71 5.49 
Q30 4.85 4.61 
Q35 4.15 3.91 
Q40 3.62 3.37 
Q45 3.17 2.92 
Q50 2.79 2.54 
Q55 2.39 2.13 
Q60 2.08 1.81 
Q65 1.73 1.47 
Q70 1.48 1.21 
Q75 1.27 1.00 
Q80 1.10 0.83 
Q85 0.95 0.67 
Q90 0.79 0.51 
Q95 0.65 0.37 
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Flow Duration Curve for the R.Esk at Ruswarp Weir
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Figure 3. Flow Duration curve for the Esk at Ruswarp. 
 
 
The Esk is typical of low base flow rivers, responding rapidly to heavy rainfall and 
dropping back again equally quickly. This is evident from the hydrograph shown in 
figure 4. When heavy rain follows long periods of dry weather, river flow usually 
peaks and drops back below mean flow within 3-4 days.  
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Figure 4. Hydrograph for the Esk for 2007 using Briggswath data. 
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4 Fishery Ecology 
 
The Esk is principally a salmonid river, supporting healthy stocks of resident brown 
trout (Salmo trutta), as well as migratory populations of salmon (Salmo salar) and sea 
trout (Salmo trutta). Smolt trapping and electric fishing surveys conducted by the EA 
have identified low numbers of European eel (Anguilla anguilla), River lamprey 
(lampetra fluvialis), Tench (Tinca tinca), Gudgeon (Gobio gobio) and Grayling 
(Thymallus thymallus). 
 
Table 2 shows fish species present, migration habit and main migration period. 
Atlantic salmon and Lamprey are listed in Annex 11 of the EC Habitats Directive.  
     
Table 2.  Fish species present with life stages and times of migration.         

Fish Species                                                 Migration                 Migration period          
 
Salmon              (Salmo salar)                   Anadramous  
Spring fish           ascending                                                                 spring   
Grilse                   ascending                                                                 summer/autumn 
Kelts                    descending                                                               winter early-spring 
Smolts                 descending                                                                spring 
Sea trout            (Salmo trutta)                  Anadromous  
Upstream              ascending                                                                summer 
Post spawned       descending                                                               winter  
Brown trout        (Salmo trutta) 
Eel                      (Anguilla anguilla)          Catadromous     
Adults                  descending                                                               mainly autumn  
Juveniles              ascending                                                                 spring-summer           
River lamprey   (Lampetra fluviatilis)      Anadromous (ascending)  spring and autumn  
Transformers      (macrophthalmia)            descending                        late winter-early summer 
Grayling            (Thmallus thymallus) 
Tench                 (Tinca tinca) 
Gudgeon             (Gobio gobio)          

 
              

 
Catch returns from 1905 to 1999 are listed in table A of the appendix. More recent 
returns are shown in figure 5 below. It is evident that the river is an excellent sea trout 
fishery, with significant numbers of fish over 4kg caught every season (Pers. Comm. 
David Bamford, EA fish technical specialist). While sea trout numbers have increased 
in recent decades, salmon have declined significantly since the 1960’s, reaching very 
low figures by the 1980’s. Interestingly, they have recovered dramatically in recent 
years as shown in figure 5. The Esk Salmon Action Plan (SAP) has identified UDN 
and monofilament netting both legal and illegal as the main reason for the decline.  
Spawning targets for the Esk were determined using the stock recruitment relationship 
derived on the River Bush in Northern Ireland, to give an optimum egg deposition 
rate of 2.764 million eggs for the whole Esk catchment. This has been correlated with 
199 salmon rod returns, using an exploitation rate of 16.3% and 91% of catches 
declared (SAP, 1999).  The SAP states that spawning targets have not been met since 
1978, (see graph in appendix). More recent rod catches show that spawning targets 
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have been achieved in 2004, 2005 and 2006, indicating that salmon stocks in the river 
are making a fragile recovery. It is important that any hydropower development is 
planned carefully to ensure that it does not adversely affect this.    
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Figure 5. Numbers of salmon and sea trout rod catch returns for 1997-2007.   
 
 

5 Ruswarp Weir Fish Passes 
 
It is very unlikely that fish can ascend the weir apron. Water depth is too shallow and 
fish would not be able to jump the weir. Even during high water levels (<Q5) the 
depth on the crest and apron would be below 10cm. There are two fish passes that 
allow upstream migration; a diagonal baulk in the centre of the weir and a pool and 
traverse pass on the extreme Southern bank. Both were assessed during the site visit, 
although a full topographic survey was not conducted and dimensions are 
approximate.  
 
5.1 Pool and Traverse Pass 
The pass appeared to be in good condition. A design drawing was not available from 
the EA, so dimensions were measured on site. Pool length was 3.5m, with a traverse 
width of 1.8m. Pools were 1.2m deep with between pool head drops of 40cm. Notch 
width was 75cm. There were 5 pools all of equal size. The lowest pool (pass entrance) 
was submerged at high tide. The notch feeding into pool 1 (highest pool, pass exit) 
was 75cm x 75cm. Water flow was estimated at 600-700 l/s, and the pass appeared 
over energised at these flows. 
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The energy densities across a range of flows were calculated using the equation 
PE=Q.p.g.DH. (EA fish pass manual). Results are given in table 3.  
 
PE= Potential energy entering the pool per second. (W) 
Q= Water flow in pass m3s-1 
p=density of water. 1000kg/m3 
g=acceleration due to gravity 
DH= head drop between pools(m) 
 
Table 3. Energy density in pass vs flow. 

Flow (litres/second) Energy density (watts/m3) 
300 155.7 
350 181.7 
400 207.6 
500 259.5 
600 311.4 
700 363.3 

 
The optimum flow is likely to be in the region of 300-350l/s. At 600-700l/s the energy 
densities are well above the EA’s recommended maximum of 200 watts per m3.  
 
The channel leading up to the pass is shown by an arrow in figure 6. Average depth 
was measured at 1m during the site visit, however, river levels were high and the tide 
was well up, increasing channel depth. Fish will only use this channel during high 
water levels or high tides, when there is sufficient depth (Pers. Comm. Andrew 
Delaney, fisheries officer). If the channel is too shallow, fish can not reach the pass 
entrance. It may be that the large notch (75cmx75cm) and high flow in the pass 
referred to earlier is intended to increase the flow and depth in the channel and attract 
more fish. This, however, compromises the pass efficiency and means that the pass 
would operate at well above 200w/m3 for most of the flow duration curve, possibly 
delaying smaller fish at the entrance.   
 

                
                   Figure 6. Pool and traverse pass                  



                                                                             River Esk Fisheries Assessment
                                                                                  

Fishtek Consulting. 3D Betton Way, Moretonhamsptead, Devon. UK TQ13 8NA. 
Tel. 01647441020. Fax.0167441040. www.fishtek-consulting.co.uk   

10

5.2 The Diagonal Baulk  
This is situated in the centre of the weir and is nearer the Tideway. Fish use this pass 
during neap tides or low water conditions as it is not restricted by a shallow channel. 
There is a reasonable attraction flow as shown by the flume of fast water in figure 7, 
feeding into the Tideway. The baulk was 20m long, with a notch 95cm wide and 
52cm deep. The channel was 90cm wide with depths averaging 30cm. Water velocity 
was 3.1m/s (average) and flow into the top of the baulk estimated at 500-600l/s. At 
higher water levels, the baulk receives additional water spilling over 16m of weir 
crest. At lower flows (below approximately Q75), I would expect the weir crest to be 
dry, with the notches in the baulk and pool pass taking all of the flow.  
 

                   
                    Figure 7. Diagonal Baulk   
 
Fish obviously use the baulk successfully to ascend the weir in certain conditions. 
However, it is rather long with high velocities and probably not ideal for smaller fish, 
or when water temperatures are below 10 0C, reducing burst swimming speeds.   
It is possible to estimate the ability of fish to ascend the baulk, using the following 
formula derived by Powers and Orsborne (Powers et al 1984) for establishing the 
severity of natural migration barriers such as rock chutes and cascades. A similar 
approach was used by Winstone to establish the migration window for salmonids over 
low weirs. (Winstone, 1985).    
LFS=(VF-VW)TF 
 
A coefficient of fish condition (Cfc) of 1.0, 0.75 and 0.5 is applied depending on how 
fresh run the fish are. If they have been in the river for a long time, burst swimming 
speeds are reduced. I have assumed a coefficient of 1.0, as the fish would be fresh 
from the Tideway and in optimum condition.  
VF=VFB(Cfc). 
LFS=length fish can swim 
VF=burst swimming speed of fish 
VFB=maximum burst swimming speed of 10xbody length. 
VW=water velocity 
TF= time to fatigue 
Cfc=Coefficient of fish condition. 
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The burst speeds are typically taken as 10x body length for salmonids (EA fish pass 
manual). Fatigue time is assumed to be 10 seconds (Bell, 1973). Water velocity was 
3.1m/s during the site visit, although this would vary with river level. Velocity would 
reduce at low water levels as would depth. If depth falls much below 20-25cm, the 
propulsive ability of fish is affected and they would be unlikely to ascend, even at 
lower velocities  
    
It is evident from figure 8, that throughout most of the season, fish above 50cm 
(Z2+sea trout and single sea winter salmon) would be able to ascend the 20m baulk. 
However, when the water is cold (spring and early winter), the burst swimming speed 
of fish reduces by up to 50%. In these conditions most fish would not ascend the 
baulk and would rely on the pool pass for upstream migration.   
 
 

Ability of Salmonids to ascend baulk in normal and cold water.
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Figure 8. Fish length vs max swimming distance against 3.1m/s velocity in normal 
temperature and cold water. Dotted line shows baulk length.   
 

 
 
 
 
 
 
 
 



                                                                             River Esk Fisheries Assessment
                                                                                  

Fishtek Consulting. 3D Betton Way, Moretonhamsptead, Devon. UK TQ13 8NA. 
Tel. 01647441020. Fax.0167441040. www.fishtek-consulting.co.uk   

12

6 Potential Impacts on Fishery 
 
6.1 Impact on Upstream Fish Passage  
The proposal is to site the Archimedes turbine alongside the pool and traverse pass on 
the Southern end of the Weir. It is critical that the prescribed flow is set at a level that 
ensures the pass receives sufficient water and upstream migrants are not delayed. An 
initial assessment suggests that this should be in the region of 300-350 l/s for the pool 
pass. The extreme length of the weir means that fish working upstream from the 
Northern end would find the baulk relatively quickly but would be delayed from 
finding the channel leading to the pool pass. It is therefore important that the function 
of the baulk is not compromised by the development and a minimum flow in the 
region of 500-600 l/s is maintained. However, it may be that the design could be 
improved by the addition of baffles to reduce velocity and allow migration at lower 
flows. To ensure that both passes receive adequate flow and upstream migration is not 
impacted, a Hands Off Flow (HOF) in the region of 800l/s-1000l/s (Q80/Q75) is 
suggested. To determine the exact level of residual flow, the Environment Agency is 
likely to require flow modelling of the fish pass. It is not suggested that a sweetening 
flow is maintained over the weir, as even 2cm over the crest would equate to 4000-
5000 l/s over the length. There is no impacted reach and little benefit would be gained 
form this.   
 
6.2 Attraction Flow 
The turbine outflow would increase the volume of water passing along the Southern 
bank, increasing the channel depth and attraction flow to the pool pass compared to 
the baulk. This is likely to be an advantage, as the baulk currently delays upstream 
migration for smaller Z0, Z1+ sea trout and small grilse and for all fish during very 
cold conditions.  
 
The volume of water in the pass would form approximately 10-15% of the maximum 
turbine take of 2.5 cumecs, well above the minimum suggested value of 5%. (ref Greg 
Armstrong, NFPP). This represents a reasonable flow and as long as the outflows of 
the pass and turbine are confluent, it is likely that fish would find the pass relatively 
quickly.  
  
 
6.3 Entrainment 
The number of smolts being entrained and passing down the turbine is a function of 
the hydrological profile of the turbine channel and the proportion of water passing 
through the turbine. Without detailed hydrological measurements of the turbine 
channel, the calculations give a crude idea of the proportion of total river flow passing 
through the turbine throughout the key months of smolt migration (April-May). It is 
then assumed that an equal proportion will be entrained through the turbine and that 
smolts migrated downstream under a random distribution, both spatially and 
temporally.  This was calculated individually for each day within a particular month 
using flow data from the Briggswath gauging station for the years 2001, 2003, 2004, 
2005 and 2008. These individual values were then averaged to give an overall 
measure of entrainment for the 2 month migration period for each year. Results are 
shown in table 4. In an average year 44% of smolts would pass through the turbine. 
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The number of salmon and sea trout smolts trapped at Ruswarp Weir by the EA 
between 2001 and 2008 is shown in figure 9.  
 
 
Table 4. The proportion of smolts migrating downstream that could be expected to pass 
through the turbine. 
 

Year Average entrainment for smolt migration 
period % 

2001 48.3 
2003 27.9 
2004 41.1 
2005 57.4 
2008 46.8 
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Figure 9. Salmon and Sea trout smolts trapped in the smolt trap operated by the EA at 
Ruswarp Weir.  
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7 Fish passage through the Archimedes Turbine    
 
Hydraulic screw turbines are generally considered to be very fish friendly, having a 
slow rotational speed of 25-30 rpm and no rapid pressure changes or hydraulic shear 
forces. After passing the leading edge, fish remain in the same chamber of water until 
released at the outflow.   
 
The first assessment of fish passage through Archimedes turbines was conducted by 
Dr. Hartmut Spah of Bielefeld, Germany in 2001. The turbine was smaller than the 
one recommended for the Esk, having a diameter of 1.4m and processing 615 litres of 
water per second. 158 fish of nine species were passed through the turbine and netted 
at the outflow. 4.4% of the fish suffered limited damage, mainly scale loss that was 
deemed to be minor and generally recoverable. Chub and roach were the only species 
to suffer any damage; eels that traditionally experience problems passing through 
turbines suffered no damage at all. Table 5 summarises the results. 
 
Table 5.  Summary of Dr Spahs’ results, showing the number that passed through of 
each species and the lengths of fish affected. 
Species No. Tested Length Range 

(cm) 
No. fish 
Injured  

Injuries  

Eel 22 36-58 0  
Grayling  3 20-36 0  
Brown trout  31 8-35 0  
Perch 19 14-18 0  
Chub 63 8-43 5 Scale loss, 

haematoma 
Gudgeon 8 12-14 0  
Bullhead 3 11-14 0  
Dace 1 21 0  
Roach 8 16-21 2 Scale loss, 

haematoma 
 
Dr. Spah concluded that the damage was most likely due to the leading edge 
becoming sharpened by stones after prolonged operation. To resolve this issue, the 
turbine monitored on the River Dart by Fishtek Consulting has been installed with 
rubber extrusions along each leading edge, see figure 10. These serve two functions; 
firstly they prevent the edge from being damaged by stones and secondly any contact 
with larger fish is softened and extremely unlikely to cause damage. The tip speed of 
the end of the helix is under 4ms-1 generally regarded as the threshold impact speed 
below which there is no damage to fish. (Turnpenny et al, 2000).     
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Figure 10. Modified leading edge with rubber  extrusions 

 
 
A recent study conducted by Vis Advies  (Vries, 2007), netted fish naturally passing 
through an Archimedean screw at Hooidonkse Mill on the River Dommel in Holland. 
A total of 289 fish, mainly small bream passed through the screw. The average size 
was 5.6cm, compared to 11.2cm for fish passing over the fish pass. None of the fish 
suffered any damage at all. This was verified by the project leader, Tim Vriese (pers. 
comm.) who confirmed that each fish was carefully checked for any signs of damage 
including limited scale loss, but none was found. Interestingly the larger fish actively 
avoided the screw and it was concluded that only smaller fish, unable to withstand 
water velocities at the intake passed through. Results of the river Dommel study are 
shown in table 6 below.  
 
 
Table 6. River Dommel study. Size range and number of each species. 
Species Size range (cm) Number Number of fish 

with damage 
Bitterling  4-5 5 0 
Bleak 4-5 2 0 
Bream 3-7 239 0 
Carp 7-19 11 0 
Crucian Carp 9-14 2 0 
Gudgeon 11 1 0 
Orfe 8-14 2 0 
Pike 39 1 0 
Roach 5-12 9 0 
Rudd 4-11 2 0 
Stickleback 1-5 5 0 
Stone Loach 11-11 3 0 
Tench 4-20 7 0 
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7.1 Monitoring on the River Dart  
A more extensive study, conducted by Fishtek Consulting on the River Dart in Devon 
involved brown trout, rainbow trout, salmon and eels. Fish up to 98 cm (7.4kg) have 
passed through the turbine with no damage at all. Results for brown trout are shown in 
table 7.  
 
Table 7. Summary of brown trout results of fish monitoring on the R. Dart. 
Turbine 
Operating 
Speed 

Fish No. Sizes affected  and 
Damage 

Percentage 
affected 

%  after 
correction 
for net 
 

20-23 rpm 132 17cm (<10% scale loss) 3 0 
  19cm (<10% scale loss)   
  22cm (<10% scale loss)   
  24cm (<10% scale loss)   
     
25-26 rpm 120 23cm (<10% scale loss) 2.5 0 
  23cm (<10% scale loss)   
  25cm (<10% scale loss)   
     
29-31rpm 125 18cm (<10% scale loss) 3.2 0.2 
  20cm (<10% scale loss)   
  22cm (<10% scale loss)   
  25cm (<10% scale loss)   
 
 
Examples of fish photographed before and after passing through are shown in figure 
11. 
 

        
before 
 

          
after 
Figure 11. Brown trout photographed before and after passing through the turbine. 
 
A small number of fish (3%) sustained scale loss as they passed through the net in 
high water flows. The net component was evaluated by introducing fish at the end of 
the turbine, so they bypassed the screw, only passing through the net. 
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Turbulence/disorientation  
Levels of turbulence within the screw and the potential to disorientate fish and 
increase predation by reducing the ability of fish to respond to predators (startle 
response time) was assessed by monitoring fish as they passed through the turbine. It 
was found that levels of turbulence were very low indeed and well within the range 
normally experienced by salmonids and probably most riverine species. Fish were not 
disorientated and it is unlikely the predation risk would be significantly affected. 
 
Smolts. 
Smolts were netted as they passed through on the seaward migration. A total of 249 
were trapped of which 1.4% suffered scale loss of <10% (allowing for the component 
of net damage). Considering that these were wild fish that may already have had some 
prior scale loss, it is likely that passage through the turbine had either a minimal effect 
or no effect at all. 
 
Kelts 
Kelts up to 98cm (7.4kg) were monitored by underwater camera as they approached 
the intake and were then trapped in the outflow region after passing through the 
turbine to allow an assessment of any damage. While relatively few fish passed 
through, those that did suffered no damage at all, indicating that the screw is safe for 
large descending salmon.   
 
Eels  
A total of 160 passages were observed (Eels passed through several times with rest 
periods between). They were kept in holding tanks for 7 days afterwards to assess any 
delayed effects. One eel suffered a pinched tail, likely to be survivable. The others 
were unaffected. All were alive and appeared healthy after 7 days in tanks. Overall, 
the mortality rate was 0%, with 0.6% suffering limited and recoverable damage.  
These results are in accordance with the Spah study that found no damage at all to 
eels.  
    
The results from all three studies (Kibel 2008, Vries 2007, Spah 2001) are compiled 
in table B of the appendix.  
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8 Screens  
 
8.1 Intake Screening   
It is recommended that intake screening is not required for the Archimedes turbine, as 
a number of studies, referred to in section 7 have concluded that a wide range of fish 
species can pass through Archimedes screw turbines safely.  The risk of injury to 
juvenile salmonids (smolt) and adults (kelt) is insignificant. The Environment Agency 
has licensed screw turbines to run unscreened at a number of sites in the UK. It is 
possible that passage through the screw is safer than the risk of impingement on fine 
screens. A large spacing of 110-130mm is likely to be required to protect the device 
from logs and other large debris.  
 
8.2 Outflow Screens 
Monitoring on the River Dart in Devon (7.1) indicated that the outflow channel and 
the end of the turbine did not present any problems for fish moving upstream. Sea 
trout and salmon were seen to move towards the end of the screw for short periods of 
up to 10-20 minutes before drifting back into the main channel. It is not possible for 
fish to ascend the turbine. For sites with a long tailrace and no route around the 
turbine, screening would be required to prevent fish moving into a cul de sac. If the 
tailrace is very short with limited attraction flow, screening is less important. For this 
site, the outflow from the turbine would increase attraction flow for the fish pass and 
therefore screening is not recommended.    
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9 Conclusions and Recommendations  
 
It is evident that the River Esk is an extremely important Sea trout fishery with 
Salmon numbers improving in recent years. 
The proposed hydroelectric turbine site at Ruswarp Weir is at the tidal limit of the 
river and therefore any delay to upstream migration would have serious consequences. 
It is likely that the weir forms a complete barrier to upstream migrants and fish are 
able to ascend via two fish passes. A diagonal baulk and a pool and traverse pass. The 
baulk is more accessible during lower flows and small tides and in these conditions 
fish will use it. However, water velocities are high and smaller fish (<50cm) would be 
unlikely to ascend in any conditions. Furthermore when water temperatures are low 
most fish would be unable to ascend.  
 
The pool pass is slightly over energised, although it does offer a better route upstream. 
However, the issue here is the shallow channel leading fish to the entrance. Fish can 
only ascend at higher flows or at the top of the tide. Locating an Archimedes turbine 
alongside the fish pass would increase flows in the channel and attract more fish to 
the entrance. This could improve upstream migration,  especially during conditions 
when fish are unable to use the baulk pass. It would also mean that the large notch 
(75x75cm) feeding pool 1 could be reduced, as attraction flow in the channel would 
be maintained from the turbine discharge. Reducing the flow in the pass would reduce 
the energy density to within the recommended level and improve efficiency. It is 
important that both fish passes are maintained, as the extreme length of the weir 
would delay fish attracted to the Northern end if the baulk was not operating. To 
determine the optimum flows for both passes, it is possible that a detailed topographic 
assessment would be required and possibly some modelling of the pass dynamics. It is 
likely that the hands off flow (HOF) below which the turbine stops operating would 
need to be set at around Q80/Q75 to ensure the passes were not compromised. 
 
Significant numbers of kelts would pass through the device and therefore the leading 
edges of the turbine should be fitted with compressible rubber bumpers to reduce the 
impact on large fish. (Compressible bumpers have been found to significantly reduce 
the strike velocity for fish over 3-4kg: (Fishtek Report, due to be published February 
2009).   
 
There is no impacted reach and further fisheries monitoring is probably not needed. 
The pool and traverse pass is an EA approved fish pass and therefore if the scheme 
does go ahead, some monitoring of the pass may be required to ensure it is working 
efficiently under the new flow regime.   
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11 Appendix 
 
 

 
Schematic diagram of Archimedes Screw Turbine  
 

 
 
NGR Application 

and Licence 
number 

Source Purpose Status Annual 
Quantity 
m3 

NZ 888090 5221 
2/27/29/129 

Surface 
water 

Amenity Active 1137000 

NZ 832 056 5783 
2/27/29/136 

Surface 
water 

Aquaculture Active 70000 

NZ 873082 368 
2/27/29/012 

Surface 
water 

Public 
water 
supply 

Disused  

NZ 886088 368 
2/27/29/012 

Surface 
water 

Public 
water 
supply 

Active 7823000 

 
Licensed abstractions between Briggswath and Ruswarp. 
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Salmon Egg Deposition on the River Esk. The target line represents 2.764 million 
eggs for the catchment. The graph was taken from the Esk SAP. The Y axis 
deposition rate is incorrectly labelled as 000’s instead of 000,000’s. 
 
         Table A. catch returns for Salmon and Sea trout, 1905-1999.  
  

Year Salmon Sea trout Year Salmon Sea trout 
1905 138 115 1953 169 157 
1906 235  1954 185 254 
1907 117 98 1955 199 201 
1908 51 105 1956 607 540 
1909 241 159 1957 333 334 
1910 304 219 1958 437 407 
1911 86 137 1959 58 207 
1912 386 171 1960 593 546 
1913 119 98 1961 249 314 
1914 111 41 1962 542 415 
1915 248 62 1963 339 486 
1916 226  1964 219 545 
1917 526 64 1965 923 626 
1918 350 48 1966 654 506 
1919 374 58 1967 492 558 
1920 346 47 1968 379 358 
1921 200 1 1969 363 182 
1922 744 4 1970 166 110 
1923 442 27 1971 332 138 
1924 958 53 1972 156 143 
1925 300 53 1973 424 304 
1926 164 46 1974 197 421 
1927 767 109 1975 134 220 
1928 340 54 1976 202 726 
1929 216 30 1977 178 466 
1930 389 61 1978 238 228 
1931 208 75 1979 84 153 
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1932 245 112 1980 154 448 
1933 83 43 1981 162 320 
1934 57 75 1982 113 340 
1935 266 47 1983 48 146 
1936 153 43 1984 39 256 
1937 67 20 1985 104 207 
1938 155 70 1986 65 130 
1939 149 46 1987 70 299 
1940 130 72 1988 49 279 
1941 130 71 1989 11 97 
1942 80 40 1990 14 162 
1943 57 28 1991 11 103 
1944 144 79 1992 42 125 
1945 29 49 1993 25 214 
1946 200 118 1994 118 485 
1947 31 25 1995 32 305 
1948 299 88 1996 14 211 
1949 5 13 1997 45 395 
1950 129 39 1998 36 518 
1951 157 157 1999 19 507 
1952 89 139    
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Species Max. 
length 
(cm) 

Number No.    
affected 

Damage sustained 

Bitterling   (Rhodeus sericius)   5 5 0  
Bullhead   ( Cottus gobio) 14 5 0  
Brown trout  (Salmo trutta)       44 708 0  
Bream (Abramis brama) 7 239 0  
Carp    (Cyprinus carpio) 19 2 0  
Chub    (Leuciscus cephalus) 43 63 5   scale loss/haematoma-

probably recoverable 
Dace (Leuciscus leuciscus)                           21 1 0  
Eel (Anguilla anguilla) 79 182 1 pinch mark to tail, 

recoverable 
Grayling  (Thymallus thymallus)               36 3 0  
Gudgeon  (Gobio gobio)                                       14 9 0  
Perch (Perca fluviatilis)                                       18 18 0  
Rainbow trout (Oncorhynchus mykiss)     63 4 0  
Roach (Rutilus rutilus) 21 17 2 scaleloss/haematoma-       

probably recoverable 
Salmon, smolt  (Salmo salar)                           18 249 4    recoverable scale loss 
Salmon, kelt  98 9 0  
3SpinedStickleback(Gasterostues 
aculeatus)     

5 5 0  

Stone Loach   (Barbatula barbatula) 11 3 0  
 

        Table B. Results from all 3 trials. (Kibel 2008, Vries 2007, Spah, 2001). 
 


