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Summary 
 
For the past few decades the welfare of fish in their natural habitat has become a se-
rious issue. For this reason, fish must be able to pass pumping station pumps 
(“pumps” in short), relatively unharmed. 
 
On June 12th 2012 Bedford Pumps SAF.90.05.12 pump was tested for its ability to let 
fish pass the motor without being injured. Bedford Pumps SAF pump has been espe-
cially designed to be fish friendly. The test known as “the fish survivability test”, was 
performed in a dry dock in the Netherlands. For this test, three representative fish 
groups in two different size classes were forced to flow through the pump. The 
groups are:  

• Percidae (perch-like species, mainly perch and ruff),  

• Cyprinidae (carp-like species, mainly roach and bream) and  

• Anguillidae (European eel). 
 
The score is based on the amount of fish that pass the pump and survive without le-
thal injuries. The final rating of the pump is related to the score of other pumps of the 
same type. 
  
In total 373 fish were exposed to the pump at a rotation speed of 330 rpm and a dis-
charge of approx. 1.3 m3/sec. Except for a few large bream, all fish survived the test 
and no lethal injuries were observed. Therefore Bedford Pumps SAF pump can be 
rated as excellent for the rotation speed and discharge as mentioned above. 

1 Introduction 

1.1 General 

Pumping station pumps (pumps: in short) play a central role in water management 
and flood control. Common types of such pumps are screw pumps (also called axial 
pumps) and centrifugal pumps. Besides water, debris and fish are carried along 
through the pump. Fish passage can partly be avoided by means of a debris grill, so 
damage and mortality can be reduced. But at the same time, it prevents fish from 
reaching their spawning grounds. For eels it is an absolute necessity to reach the sea 
on their way to the spawning grounds in the Sargasso Sea. Moreover, it is a species 
which is protected by EU regulations and has therefore special priorities.  
 
In recent years fish survival, fish damage and delayed mortality was tested for sever-
al types of pumps. The survival, damage and delayed mortality rates due to pump 
passages vary widely. The fish survival rate can be as low as 0%. In the context of 
fish welfare, manufacturers like Bedford Pumps Ltd., focus on the development of 
fish survivable pumps.  
 
At the request of Bedford Pumps Ltd VisAdvies BV performed a test on their fish 
friendly Axial Flow pump SAF.90.05.12 at a rotation speed of 330 rpm (approx. 1.3 
m3/sec.) With this test the fish survivability of the pump was evaluated. The test was 
carried out to the protocol and classifying method, developed by VisAdvies BV.  
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1.2 Aim of the study 

The aim of the study is to rate Bedford Pumps SAF.90.05.12 pump in the sense of 
fish survivability. The rating is based on:  
 

1. The percentage of fish that survive the passage through the pump.  
2. The type of injuries. 
3. The percentage of (non lethal) injuries  
4. The reference to other pumps that are tested on fish survivability.  

1.3 Pump description 

The pump that was tested was Bedford Pumps SAF.90.05.12 (table 1.1 & figure 1.1).  
 

 

 

figure 1.1 Drawing (left) and picture (right) of Bedford Pumps submersible axial pump 
SAF.90.05.12. Right: the pump with in- and outlet pipes, mounted on the rig. 
 
A complete overview of the pump specifications is shown in appendix I. The pump 
with its impellor is shown in figure 1.2. 
 

table 1.1 Specifications Bedford Pumps SAF.90.05.12 pump. 

Weight 3856 kg 

Electrical supply 50 Hz / 400 V / 3 pH 

Nominal running speed 585 rpm 

Motor rating required (max) 166 kW 

Full l load current (166 kW) 307 A 

Pump set inertia (166 kW) 13.09 kg/m
2
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figure 1.2 Impeller of Bedford Pumps SAF.90.05.12 pump. 
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2 Field test approach 

2.1 Experimental animals 

In order to test new ‘fish friendly’ pumps on their fish survivability, before the pump is 
actually released onto the market, a unique test on its fish survivability is required by 
a so called forced exposure of fish to the running pump (in a controlled environment).  
 
The experimental animals used in this study belong to three families of fish that are 
very common in European waters. Within each family a target species is chosen that 
is considered to be representative for the European fish fauna: 
 

• Anguillidae (eel-like): eel (Anguilla anguilla); 
• Cyprinidae (carp-like): bream and roach (Abramis brama, Rutilus rutilus); 
• Percidae (perch-like): perch and ruff (Perca fluviatilis, Gymnocephalus cer-

nua). 
 
Two representative length classes for each group were used for each of the tests:  
Eel:   size group 1: ≤ 45 cm; size group 2 > 45 cm. 
Cyprinids:   size group 1: ≤ 15 cm; size group 2 > 15 cm 
Percids:   size group 1: ≤ 15 cm; size group 2 > 15 cm 
 
For each group and length class of fish, preferably fifty individuals were exposed to 
the running pump. (table 4.1). 
 
The reasons for the selection of the groups are:  

• They are representative for the most common fish. 
• They are representative for the more (cyprinids) and less (percids) vulnerable 

fish groups, due to fish passage through pumps. 
• Eel is of special interest because of its cathadromous1 migration pattern, 

which makes it a necessity to pass all pumping stations and hydro power 
plants on their way, to reach its spawning ground.  

 
The percids and cyprinids were wild caught specimens, provided by a commercial 
fisherman (Bram van Wijk, Visserij Service Nederland). The eel are obtained from a 
commercial eel farm in the Netherlands (Nijvis BV, Nijmegen).  
 
For each fish species and length class an amount of fish will be exposed, such that 
the desired confidence interval is accomplished (see also § 2.3). 
 
The use of experimental animals is authorized by the Animal Experimental committee 
Dier Experimenten Commissie, DEC) of the Central Veterinary Institute of Wa-
geningen University and Research Centre (see appendix II). All personnel involved in 
the experiments were authorized by the Animal Experimental committee (cf. Article 9 
authorized officer WOD (J.H. Kemper and I.L.Y. Spierts) and cf. Article 12 authorized 

                                                      
1 Fish that spend most of their lives in fresh water and migrate to the sea to breed. 
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officer WOD (H. Vis)) under the guidance of Drs P.S. Kroon of the Central Veterinary 
Institute (cf. authorized officer with Article 14 WOD). 

2.2 Field setup and fish handling 

The experiments were carried out on the 12th of June 2012 in the dry dock ‘Jan 
Blanken’ in Hellevoetsluis, the Netherlands (figure 2.1). 
 

figure 2.1 Dry dock ‘Jan Blanken’ (left) and pump in dock (right). 
 
The essence of the set up is that the fish are inserted in the pump in such a way, that 
escapement from the device is impossible. In figure 2.2 the forced exposure of the 
fish is shown. A net was positioned over the inlet pipe, through which fish entered the 
pump. After passing the pump, fish were caught in a knot less Norwegian life net 
(4x4x3,5 m), as shown in figure 2.2 and subsequently ‘forced’ to swim in the direction 
of a fyke, positioned directly behind the life net. Immediately after each test run was 
finished, fish were taken out of the fyke and checked for survival and damages. In 
this check four classes were distinguished:  
 

• no damage;  
• scale damage;  
• cuts; 
• immediate death. 

 
The SAF.90.05.12 was tested 
at a rotation speed of 330 rpm 
and a discharge of approx. 1.3 
m3/sec. 

Fish that pass the pump alive 
and without any noticeable 
damage, can still have invisible 
damages or even die after 
some time as a result from 
internal damages. In order to 
determine if this was the case, 
all fish that passed the pump 
and had no damages were 
stored for the duration of 48 h  

 

figure 2.2 Forced exposure of fish to the running pump. 
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 in four large fish tanks (1000-1500 
l each, see figure 2.3). After this 
time fish were again thoroughly 
checked for any damage. After the 
experiments fish that were alive 
were released in the water, and 
dead fish were discharged. 
Special attention was paid to eel 
that showed internal haemorrhages 
and irregularities in their spinal 
column (figure 2.4 & figure 2.5). Eel 
that showed these signs, but did 
survive the 48 h storage period, 

were killed and examined internally. These eels were classified as dead (“delayed 
mortality”) in the analysis. Eel with haemorrhages as a result of muscle bruises were 
considered as survivable. Although eel with fracture (s) in their spinal column, can 
survive for quit some time, it is assumed that these fish are not able to reach their 
spawning grounds in the Sargasso Sea, eventually. 
 

 

figure 2.4 Eel with blood stained ventral fin (under). Eel with no haemorrhage (top). 
 

 

figure 2.5 Dissected eel with internal haemorrhage. 
 

 

figure 2.3 Fish storage tanks for delayed mortality study. 
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2.3 Statistical evaluation 

From the results not only an estimate of the chance of survival of fish is being deter-
mined, also the borders between which this chance of survival exactly lies is given, 
the so-called confidence interval. The estimated chance of survival is equal to the 
number of fish that survived divided by the total number of fish that passed the pump. 
The variance in the number of fish that survived is then estimated by: 
 

  

 
Where s2 (n) the estimated variance in the number of survived fish, n and  the 
number of survived fish, N is the total number of fish and  the estimated probability 

of survival. A rough estimate of the 95% confidence interval of the number of sur-
vived fish is given by n ± 2s (n). By dividing these values by the number of observa-
tions we obtain the confidence interval of the chance. The confidence interval can be 
determined more precisely, where the most conservative results are obtained with 
the so-called exact method, which directly uses the properties of the binomial distri-
bution (Wikipedia). The reliability are calculated using a confidence interval calculator 
on the Internet. 
(http://statpages.org/confint.html#Binomial 
 

3 Fish survivability score 

3.1 Calculation 

Fish survivability of a pump is determined on the basis of the number of fish that 
passed the pump and survived, by group and by length class. The determination of 
fish survivability of a pump is based on fish which, after passage through a pump, are 
classified in the category ‘survive’, in which: 
 
Percentage survival = total amount of fish that survived / total amount of fish passed, 
and, 
 
total amount of fish that survived = sum of all fish that survived the pump passage. 
 
Fish that pass a pump alive and without any visible damage can still die after a while 
as a result of internal damage. To understand to what extent this is the case with the 
pump to be tested, also the delayed mortality is included in the total number of fish 
that did not pass the pump alive. For each fish group and length class the total 
amount of fish that survived will be expressed as a percentage of the total amount of 
fish in that particular group (length and specie) that were exposed to the pump by 
force. In the end this will result in six survival rates (three fish groups and two length 
classes per specie). 
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3.2 Evaluation 

For each tested pump the evaluation results in a score between 0 and 1, with which 
the fish survivability of a pump is determined. A final score of 0 means that a pump 
has minimal fish survivability, a final score of 1 means optimal survivability. 
The determination of the degree of fish survivability of a certain pump, i.e. the final 
fish survivability score, is structured as follows. Each test group is classified into two 
length categories (table 3.1). For each length category a survival rate will be deter-
mined by the forced exposure test. The resulting survival rates are then divided into 
four possible classes of survivability (coloured columns in table 3.1).  

table 3.1 Structure final score fish survivability. 

Group 
Length 
class 
(cm) 

Weighing 
factor 

Survivability classes (%) 
Excellent Good Insuffi-

cient 
Bad 

1 Eel 0-45 0.15 99-100 95-98 90-94 0-89 
2  >45 0.25 99-100 95-98 90-94 0-89 

3 Cypr. 0-15 0.1 97.5-100 90-97.4 80-89 0-79 

4  >15 0.2 95-100 90-94 75-89 0-74 

5 Perc. 0-15 0.1 99-100 97.5-98 92.5-97.4 0-92.4 
6  >15 0.2 99-100 95-98 90-94 0-89 

Score % survival 0.75-1 0.5-0.75 0.25-0.5 0.0-0.25 
 

 
The classification of these four classes is entirely based on the results of the survival 
rates (per group and length class) for pumps whose test results were available (see 
Appendix III, only in Dutch). The classification of the fish survivability is shown in ta-
ble 3.1. The individual survival rates for each category (group and length class) of the 
pump to be tested will subsequently be compared with the average individual survival 
rates of the pumps already tested. 
Each group has for each length class a separate weighing factor (fourth column table 
3.1). The total weighting factor for eel is higher (0.4 out of 1) than for cyprinids (0.3 
out of 1) and for percids (0.3 out of 1). This is due to the great need for migration of 
this species, and the (low) degree of occurrence. All groups have a higher weighting 
factor for larger fish than for smaller fish because: 1) the greater likelihood of being 
hit by the pump, and 2) the importance of larger specimens of each group for the 
conservation of the species. 
The sub score per group and length class (six in total) is calculated as follows: 
 
Sub score group1, length class 1 = weighing factor X score % survival. 
 

Finally, the end score of the pump to 
be tested is the sum of all six sub 
scores. A pump with score 1 will have 
a score for fish survivability that is 
comparable with the best pumps test-
ed until yet, and a pump with score 0 
will have a score for fish survivability 

that is compared with the worst pumps tested until yet (table 3.2). 
The individual sub scores per category are however also important to notice in the fi-
nal evaluation of a pump. 

table 3.2 Classification end score fish survivability. 

Score Classification Colour code 
0.75-1 Excellent   

0.5-0.75 Good   
0.25 -0.5 Insufficient   
0.0-0.25 Bad   
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4 Results 

4.1 Fish data 

All fish that were used in the 
experiment were in perfect 
condition before the start of the 
experiment. In total 373 fish 
passed the pump: 108 eel; 171 
cyprinids and 94 percids (table 
4.1). The fish passed the pump 
well and were properly caught 
in the Norwegian life net. The 
mean TL ± stdev of all fish 

categories and test scenario‘s are shown in 
0. As is shown in table 4.1 it is clear that the 
borders between which the chance of sur-
vival exactly lie for all groups (confidential 
intervals) are very small.  
In appendix IV all length frequency diagrams 
are shown for all fish categories, separately. 
 
 
 
 

 

4.2 Survival rates 

All of the 253 small fish and 120 big fish that were exposed to the running pump sur-
vived their way through the pump (so 100% survival, figure 4.1). The most severe 
damage to the cyprinids and percids was scale loss, but no cuts (decapitation or di-
viding) were observed. This descaling however was not due to the forced exposure to 
the running pump and the impeller itself, but was caused by: 1) the heavy impact of 
the fish on the water when they left the outlet pipe of the pump (see also figure 2.2 
right picture), and 2) the contact with the Norwegian life net in which the fish where 
captured after the exposure. It is clear that cyprinids and percids (in a lesser extend), 
are vulnerable to excessive skin contact. The fish that were used in these experi-
ments were firstly cached, secondly brought into the inlet pipe of the pump, and third-
ly caught in the Norwegian life net. This amount of contact is inevitable in these kind 
of experiments, but it does explain the occurring descaling of the skin.  
 

table 4.1 # Fish used for each fish category. 

Group Length 
class (cm) (N) 

Confidential 
interval 

1 Eel 0-45 52 0.069 
2  >45 56 0.064 

3 Cypr. 0-15 133 0.027 
4  >15 38 0.093 

5 Perc. 0-15 68 0.053 
6  >15 26 0.13 

Total 373  
 

table 4.2 Mean TL ± stdev of all used fish. 

Group Length 
class (cm) (N) 

1 Eel 0-45 36±3.1 
2  >45 54±4,4 

3 Cypr. 0-15 11±1,8 
4  >15 19±5,9 

5 Perc. 0-15 10±1,6 
6  >15 16±3,8 
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figure 4.1 Overview survival rates of three fish groups for small (above) and big fish (below). 
 
Except for the big cyprinids (bream) more than 90% of all other fish classes had 
passed the running pump completely undamaged (see also appendix V). It is also in-
teresting to notice that there was not a large difference (again except for the big 
bream) in direct damage between the small and the big fish that where exposed to 
the running pump. No eel was cut and the most severe damage that was observed 
was red staining of the ventral fins (belly side), which indicates an internal haemor-
rhage. These fish were internally examined, and no injuries due to the pump passage 
were observed. Especially for the big eel this is an interesting outcome, as these fish 
had a mean TL of 54±4.4 cm. 

4.3 Delayed mortality 

Cyprinids and percids 
After being exposed to the running pump, the cyprinids and percids were kept for 48 
hours in large fish tanks in order check them for delayed mortality. Although there 
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was no delayed mortality within 48 h after the experiment, still 10-15% of the cypri-
nids and percids eventually died after the 48 h period. 
These death can however not be attributed to the passage of the pump itself. There 
are several causes: 1) handling of the fish before the experiment (catching them, in-
serting them into the inlet pipe); 2) the constant contact with nets, prior to the experi-
ment and after the experiment; 3) the hitting of the water when leaving the outlet pipe 
of the pump, 4) the higher water temperature at the moment of storage and testing, 
and 5) the storage itself. No fish likes being confined for 48 h, swimming freely is al-
ways a better solution. It is therefore that these delayed mortalities are mentioned, 
but are not included in the group of fish that did not survive the pump passage itself. 
 
Eel 
Compared with other fish species, eel are in general physically stronger. All eel re-
sponded well to the circumstances they were exposed to during the test. Five small 
and four big eel showed minor skin damages. There was no delayed mortality 
amongst the eel. 

4.4 Fish survivability scores 

In table 4.3 the survival rates are shown for all fish categories that passed the run-
ning pump at 330 rpm, 1.3 m3/s). The mortality amongst fish that passed the pump 
consists of both direct as well as delayed mortality after 48 h. In all categories the 
pump passage resulted in 100 % fish survival. 
 

table 4.3 Results survival rates Bedford Pumps SAF.90.05.12 pump. 

Group Length 
class (cm) 

Weighing 
factor 

Survivability classes (%) 

Excellent Good Insuffi-
cient Bad 

1 Eel 0-45 0.15 100    
2  >45 0.25 100    

3 Cypr. 0-15 0.1 100    
4  >15 0.2 100    

5 Perc. 0-15 0.1 100    
6  >15 0.2 100    

Score % survival 0.75-1 0.5-0.75 0.25-0.5 0.0-0.25 
 

 
In figure 4.2 the sub- and end scores for each separate fish category are shown. It is 
obvious that Bedford Pumps SAF.90.05.12 pump scores the maximum score in all 
classes. so also in the end score. which is 1. This makes Bedford Pumps 
SAF.90.05.12 pump an excellent pump for fish survivability when constantly running 
at 330 rpm (1.3 m3/s) with a water elevating height of 2.9 m. 
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figure 4.2 Sub- and end score fish survivability Bedford Pumps SAF.90.05.12 pump test (the 
scores are shown above the bars). 
 
The results of the mean fish survivability scores for the most common existing pumps 
in the Netherlands (see appendix III) show large difference between different types of 
pumps. In table 4.4 the mean end score fish survivability for different pump types is 
given. Only those pumps were included. that actually were tested under exactly the 
same conditions and with exactly the same fish group and length classes as de-
scribed in this particular study. In the first column of table 4.4 is (between brackets) 
shown how many pumps were used to calculate the mean fish survivability. Needless 
to say is that the score runs from 0 (bad) to 1 (excellent). The mean end scores fish 
survivability of existing pumps are calculated by using the mean survival rates per 
group and per length class for each type of pump shown in appendix III. 
It is obvious that mortars on average score the best. whereas closed screw pumps 
score the worst. It is good to notice that these end scores are just a indication and 
give a rough picture of fish survivability of different pump types. In the last row of the 
graph the excellent score of Bedford Pumps SAF.90.05.12 pump is shown. With its 
end score of 1 for fish survivability, it is the best pump on the market concerning this 
subject! 
 

 

table 4.4 Rough indication of the mean fish survivability end scores per pump type. Between 
brackets: the amount of pumps tested for calculating the score: --: Too little data 
available from these pump types to calculate an end score fish survivability. Bottom 
line: end result of the test with Bedford Pumps SAF pump in this study. 

Pump type 
Mean end scores fish 

survivability (0-1) 
Turbine auger -- 
Centrifugal pump -- 
Mortar (5) 0.90 
Screw centrifugal pump (5) 0.73 
Hidrostal pump -- 
Closed screw pump (2) 0.28 
Open screw pump (2) 0.31 
Closed screw compact (2) 0.30 
Bedford Pumps submersible axial pump 
SAF.90.05.12. 

1 
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5 Conclusions 

1. Concerning the fish survivability score Bedford Pumps SAF.90.05.12 pump 
scores the maximum score in all fish classes and also in the end score. 
which is 1. This makes Bedford Pumps SAF.90.05.12 pump an excellent 
pump for fish survivability operating at a rotation speed of 330 rpm (1.3 m3/s) 
with a water elevating height of 2.9 m. 

2. All of the 253 small fish and 120 big fish that were exposed to the running 
pump survived their way through the pump (100% survival). 

3. Except for the big cyprinids more than 90% of all other fish classes had 
passed the running pump completely undamaged. 

4. No eel was cut and the most severe damage that was observed was red 
staining of the ventral fins (belly side). which indicates an internal haemor-
rhage.  

5. The descaling of the cyprinids and percids during the experiment (and later 
their delayed mortality) was not due to the forced exposure to the running 
pump and the impeller itself. but was caused by: 1) the heavy impact of the 
fish on the water when they left the outlet pipe of the pump. 2) the contact 
with both the net to guide the fish into the inlet pipe of the pump and the 
Norwegian life net in which the fish where captured after the exposure. and 
3) the storage of the fish during 48 h. the higher water temperatures. The 10-
15% delayed mortality amongst this group can therefore not be attributed to 
the pump passage itself. 

6. It is important to mention that at the top of the outlet pipe an inspection hatch 
was present. The hatch however was constructed in such a way. that passing 
fish could get hurt. It is however unclear to what extend this inspection hatch 
contributed to damaged or even dead fish. An improvement of this hatch 
would solve this problem. 
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Appendix III Overview death % of already tested pumps 
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De Witvijzel 42 0,7 42 0 0 0 2
Vijzel 120 0,3-1,5 29 0 0 0 13
Vijzel 500 2,2 17 2 0 0 0 1
De WitVijzel 660 0,3 22 0 0
Vijzel 660 0,3 22 0
Vijzel 660 0,3 22 1

Centrifugaalpompen
Centrifugaalpomp 38 3,5 368 0 1 2
Centrifugaalpomp 400 0,9 205 0
Centrifugaalpomp 1080  1,7 3 59 0

Schroefcentrifugaalpompen
Schroefcentrifugaalpomp 12,5 1,5 480 0 0 0
Schroefcentrifugaalpomp 22 1,15 735 0
Schroefcentrifugaalpomp 24 1,15 0 1
Schroefcentrifugaalpomp 25 1,5 400 0 0 0
Schroefcentrifugaalpomp 25 0,15 1000 4 7
Schroefcentrifugaalpomp 85 416 4 16 43
Schroefcentrifugaalpomp 170 1,52 0 0 0 1
Schroefcentrifugaalpomp 350 2,8 115 3 6 4
Schroefcentrifugaalpomp 505 2,4

 1 143 0 0
Schroefcentrifugaalpomp 505 2,4

 1 143

Hidrostal pompen
Hidrostal 0,6 10 890-1204 0
Hidrostal 21 3,6 577 4
Hidrostal 42,5 3,5 552 8 8
Gesl. Schroefp. (compact) 45 2,54 592 3 15
Gesl. Schroefp. (compact) 90 2,7 364 35 26 81 90
Gesl. Schroefp. (compact) 105 2,2 291 3 21
Gesl. Schroefp. (compact) 135 0,5-1 307 1 9 3

Gesloten schroefpomp
Gesloten schroefpomp 26 3,08 2 25
Gesloten schroefpomp 60 0,8 355 32 7 8 20
Gesloten schroefpomp 81 1 333 0
Gesloten schroefpomp 1500 50 5

Open schroefpompen
Open schroefpomp 24 0,98 0 45
Open schroefpomp 40 1,67 580 0
Open schroefpomp 76 0
Open schroefpomp 120 0,1 5 18 42
Open schroefpomp 200 0,6 165 8

Visoverleefbaarheid (schadepercentages)

Sterftepercentage (%)
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Appendix IV Length frequency distribution diagrams 
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Appendix V Percentages fish survival and damages 

N
Survival                       

(no damage)
Survival                 

(+ damage)
Survival 

(after 48h)
Small fish Percidae 68 96% 4% 100%*

Anguillidae 52 92% 8% 100%
Cyprinidae 133 93% 7% 100%*

Big fish Percidae 26 92% 8% 100%*
Anguillidae 56 91% 9% 100%
Cyprinidae 38 79% 21% 100%*  

 

 

• Eel: 100 % survival. All eel that survived the 48 h storage period, but showed haemorrhages and irregular-

ities were killed and internally examined for spinal injuries. In case of a broken spine, the eel is considered 

lost for the posterity and fall in the category “Survival + damage”. 

• Percids and cyprinids. Although there was little (small cyprinids test 2) or no delayed mortality within 48 h 

after the experiment, still 10-15% of the cyprinids and percids eventually died after the 48 h period. These 

death can however not be attributed to the passage of the pump itself (explanation: see § 4.3).
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