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1 INTRODUCTION 

Alternative systems for out-wintering cattle have been sought as a means of reducing both costs of conventional 

winter housing and the risks of pasture damage during the winter. One system that appears to fulfil both of these 

objectives is the out-wintering pad (OWP), which is an open enclosure with a free-draining woodchip base 

(Augustenborg et al., 2008; Dunne et al., 2008; Smith et al., 2006). This system was originally developed in New 

Zealand and has gained popularity over the past ten years around the UK and Ireland. The satisfactory performance 

of an OWP, both environmentally and with regard to animal production, relies on good design and the 

implementation of good management practices (French & Hickey, 2003). Research has confirmed improvements in 

daily live-weight gain and benefits to animal welfare (Boyle et al., 2008; O'Driscoll et al., 2009). Pad design, 

stocking density, woodchip size and rainfall are factors that may affect drainage effluent quality. The quality of the 

effluent and the volume generated are of key importance; the first may influence how the effluent is managed before 

and during land spreading, and the latter determines the storage capacity required during the wintering period. This 

paper demonstrates the potential effect of OWP management on effluent quality from experimental facilities and 

from commercial farms in Ireland, England and Wales. 

 

2 MATERIALS AND METHODS 

2.1 Experimental OWPs at North Wyke Research. 

Four experimental pads (10x10m each) were constructed in autumn 2008, at Rowden Farm, North Wyke Research, 

Devon, England (Figure 1). The factors under study were randomised across the pads, over 6-7 week periods, during 

6 months (4 periods), based on a Graeco-Latin Square statistical design (Federer, 1955). Effluent flow from each of 

the pads was monitored and sampled in a flow-proportional way, using tipping buckets and analysed for total N, P, 

and solids; NH4-N and NO3-N. Beef cattle (Friesian-Charolais steers) were weighed at the beginning and end of 

each period and scored for Body Condition. These data are shown in Chadwick et al (2009) and Chadwick (2009). 

 
FIGURE 1 Schematic diagram of the North Wyke OWP and tipping buckets for effluent volume 

measurements and effluent collection. 
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2.2 Commercial pads 

Out-wintering pads suitable for monitoring were identified at three farm sites across the UK and Ireland. For 

selection, the following criteria were required: impermeable base or lining; well designed drainage system for 

effluent collection; stocking of the pad during 2008/2009; and, importantly, farmer co-operation. At each farm, 

records were made of animal numbers, the time stock spent on the pad and feeding practices. Surface soiling of the 

woodchip bed was also assessed. Effluent flow was monitored on the three sites via (i) overshot waterwheel; (ii) 

tipping bucket: (iii) effluent sump emptied by pump and flow meter; samples were collected on a flow-proportional 

basis for analysis of total solids, total N, total P, K, NH4-N and COD. In view of the apparent divergence between 

recorded effluent and the estimated potential effluent volume based on incident rainfall, replicated water retention 

assessments were undertaken, using 25 litre plastic containers in which measured quantities of woodchip were 

submerged in water for >3 days. 

 

3 RESULTS AND DISCUSSION 

3.1 Experimental OWPs at North Wyke Research. 

No significant differences (P>0.05) were observed in effluent quality between treatments, with average 

concentrations being closer to that typical of dirty water than of cattle slurry (Table 1). Average effluent leachate 

concentrations (over the four periods) were 1095 mg/l total N; 806 mg/l NH4-N; and 51 mg/l total P, with no 

apparent impact of chip size.  

 

TABLE 1 Average (four periods) effluent quality from the North Wyke OWP. 

Chip Size 

cm 

 

Total N 

(Kjeldahl) 

mg/l 

Ammonium 

(NH4-N)     

mg/l 

Nitrate 

(NO3-N) 

mg/l 

Total P 

(TP)                

mg/l 

Total 

Solids 

g/l 

5-10 1130 883 2.2 45 8.7 

2-4 1217 864 2.1 50 9.6 

1-2 1019 723 1.4 45 10.5 

Sawdust 1014 757 5.3 64 8.2 

Average 1095 806 2.8 51 9.5 

Dirty water
1 500 300 Trace 44 5.0 

Dirty water
2
 825 457 Trace 135 10.7 

Beef cattle slurry
1
 4200 1850 - 785 60.0 

     1
 (Chambers & Nicholson, 2004), 

2
 (Cumby et al., 1999) 

 

The proportion of effluent leaving the pads is presented in Table 2. During the first-wetter period, the 

effluent represented 105% of the inputs (rainfall and urine). However during the following drier-periods the effluent 

represented only 18 to 50% of the inputs, suggesting that OWPs have a significant effect on retaining and reducing 

effluents. This reduction on effluent (Periods 2, 3 and 4) might be due to significant evaporative losses from the 

surface of the pad (dry-windy periods) and also due to absorption and retention of water in the woodchip matrix. 

 

TABLE 2 Total effluent volumes from the North Wyke OWP. 

 Period 1 Period 2 Period 3 Period 4 

 

Average 

litres/pad        |-----Winter-----------------|     |-----Spring-----------------| 

(1) Rainfall 13,100 8,000 7,700 7,200 

(2) Urine 
Est

 4,400 4,400 5,400 6,600 

(3) Effluent 18,500 6,300 2,400 2,600 

Effluent as % of (1)
 
and

 
(2) 105 50 18 18 

 

At the end of each period, the liquids/solids retention was assessed. On average each pad retained in the 

woodchip nearly a third (33%) of their weight in liquids/solids. Studies on water retention capacity have shown that 

a 1-2cm chip can absorb nearly three times (300%) its dry (0% moisture content) weight (Darch, 2009) and wood-

shavings (3-7% moisture) nearly 400% (Ward et al., 2000). 
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3.2 Commercial pads 

All the farm pads were used for out-wintering cattle. Effluent volumes were recorded and samples collected for 

analysis. Concentrations of N and P on all three farm pads (Table 3) were lower than those reported as typical in 

dirty water. Nitrogen concentrations were lower than those obtained on the North Wyke pads. However, similar 

results were reported by Augustenborg et al (2008) and McDonald et al (2008). As for ammonium-N concentrations, 

these were lower than those obtained from the woodchip corrals by Vinten et al (2006).  

 

TABLE 3 Average effluent quality from the OWP on farms sites, North Wyke and literature. 

Site/reference source Area 

allowance 

Total  

N 

Ammonium 

NH4-N 

Total  

P 

Total 

Solids 

COD BOD 

 m
2
/head mg/l mg/l mg/l g/l g/l g/l 

Powys 29 229 142 38 3.4 3.4 - 

Leics 14 175 72 28 4.5 3.3 - 

Co. Cavan 22 665 157 104 3.4 - 1.4 

North Wyke OWPs 14 1095 806 51 9.5 - - 

Augustenborg et al (2008)* - 97-810 24-518 18-101 - - - 

McDonald et al (2008)** 4-12 214-589 76-399 38-247 - - - 

Vinten et al (2006)*** 12-24 - 443–1056     

Dirty Water
1
 - 500 300 44 5.0   

Dirty Water
2
 - 825 457 135 10.7 13.8 6.6 

Dairy cow slurry
1
 - 3000 - 1200 60.0 - - 

Beef Cattle slurry
1
 - 4200 1850 785 60.0 - 10-20**** 

         1 
(Chambers & Nicholson, 2004);

 2
 (Cumby et al., 1999)

 
 

      *Average eight OWP; **Average four OWP; ***Average nine OWP; **** (DEFRA, 2009) 

 

In Table 3 average effluent concentrations from a total of 28 OWPs can be seen to be closely similar to 

those of dirty water much more so than dairy or beef-cattle slurry. The differences in leachate concentrations 

between the three farm pads are likely to be due to weather conditions; pad design/size; stocking density or 

stock/feeding management. Sampling and analyses of the surface layers of the woodchip (results not presented here) 

indicate that a high level of slurry-nutrients are retained within the woodchip residue and confirming a rationale for 

the relatively low nutrient content of the woodchip pad effluent. 

 

 
FIGURE 2 Effluent flow and rainfall from the OWP at Leics farm. 

 
As in the studies at N Wyke, the volume of effluent flow represented a variable proportion of the total pad 

inputs (rainfall + urine) – at Brecon, about 40% from July to December, 2009 and at the Leics site, 21% for the 

period March to December, 2009, but then 73% for January to February, 2010, inclusive.  The cumulative rainfall 

and effluent flow volumes for March to December, 2009 period are shown in Figure 2. The water retention 

experiments showed that woodchip can absorb between 7 and 16% (chip weight) within the first 72 hours. This 

percentage may increase if the woodchips pads remain exposed to rainfall and urine for an extended period, as 

observed by Ward et al (2000). 



 Efficient use of water and slurry management in livestock production systems  

  

 

4 CONCLUSIONS 

The effluent quality data from both the experimental pads at North Wyke and the farm-scale pads confirm earlier 

conclusions that these effluents must be contained and carefully recycled to land, to avoid environmental pollution.  

However, effluent quality generally appeared unaffected by the experimental treatments and, overall, average 

concentrations were more consistent with dirty water rather than cattle slurry. Significant retention of liquids by the 

woodchip was observed, suggesting that a substantial reduction in the volume of effluent drainage from OWPs is 

possible.  These aspects of pad performance should have a significant impact on the effluent storage requirements 

for OWPs and, hence, total construction and management costs. After the limit in water absorption is reached, the 

OWPs appeared to perform equally well for solids retention. Dry over-wintering periods, if followed by intense 

rainfall, can result in poor performance of the woodchip bed, as a result of faecal solids accumulation.   
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