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ABSTRACT During the winter months, cow-calves are generally confined in wintering sites 
consisting of a wintering pen (WP) which is combined with a vegetative filter strip (VFS). This 
approach is widely accepted and used as an economical and simple method for rearing cows 
during winter. Over the 15th last years, a series of research projects were conducted on the 
wintering setup built in Deschambault, Quebec. The original setup consisted of four pens 
combined with four VFS. Results obtained from the first five winters of experiment showed that 
the approach may require some modifications. The snowmelt in spring was identified as a 
critical period generating significant amounts of water that were not caught by the VFS. After 
these winters of experimentation and modelling, modifications were made involving changes to 
several aspects in order to control runoff water from the WP during snowmelt. Results 
highlighted that the changes made to the setup tended to reduce and delay runoff water until the 
end of April when the vegetation was growing in the VFS. Even though the changes introduced 
have contributed towards reducing excessive volumes of water and reducing the risk of nearby 
surface and ground water contamination, they are not always 100% effective and they also 
brought some issues with the daily management of the pen. 
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Introduction 

During the winter months, cow-calves are generally confined in wintering sites consisting of a 
wintering pen (WP) which is combined with a vegetative filter strip (VFS). This approach is 
widely accepted and used as an economical and simple method for rearing cows during winter. 
The use of vegetative filter strips is a practice recommended in many US states and Canadian 
provinces. 

Over the 15th last years, a series of research projects were conducted on the wintering setup 
built in Deschambault, Quebec. The original setup consisted of four pens combined with four 
vegetative filter strips. Results obtained from the first five winters of experiment showed that the 
approach may require some modifications. The snowmelt in spring was a critical period 
generating significant amounts of water that were not caught by the vegetative filter strip. 

After these winters of experimentation and modelling, modifications were made involving 
changes to several aspects in order to control runoff water from the WP during snowmelt. 
Results highlighted that the changes made to the setup tended to reduce and delay runoff water 
until the end of April when the vegetation was growing in the vegetative filter strip. Even though 
the changes introduced have contributed towards reducing excessive volumes of water and 
reducing the risk of nearby surface and ground water contamination, they were not always 
100% effective and they brought some issues with the daily management of the pen.  

This paper regroups the most important results obtained over the years in this project. It is 
separated in three parts. The first two sections present a description of the setup and the results 
obtained with the original and the new design. The third section presents a discussion around 
good and bad decisions that were taken, and finally, some possible avenue of solutions. 
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The original design 

The history 

In 1999, the Fédération des producteurs de bovins du Québec (FPBQ) published a document 
entitled Guide to Environmentally Sound Beef Cattle Management Practices (FPBQ et al., 
1999). This guide provided information on the management of manure from cow-calf operations 
using wintering pens. 

Following the release of the guide, a project entitled Étude environnementale des enclos 
d’hivernage de vaches-veaux was undertaken by the Institut de recherche et de développement 
en agroenvironnement (IRDA) at the experimental farm of the Centre de recherche en sciences 
animales de Deschambault inc. (CRSAD). This four-year project (from 1999 to 2003) compared 
the agri-environmental effectiveness of four different systems consisting of cow-calf wintering 
pens with vegetative filter strips by characterizing the soil, runoff, and infiltration water (Pelletier 
et al., 2004). 

In light of the amendments to Quebec’s Agricultural Operations Regulation, stipulating that 
contaminated water from livestock feedlots must not reach surface water, it was deemed 
necessary to further the analysis of results by quantifying discharges from wintering pens and 
vegetative filter strips. An additional winter of experimentation (2007-2008) was conducted 
(Pelletier et al., 2008). 

The literature review revealed that there were a limited number of scientific publications dealing 
specifically with the environmental impacts of cow-calf wintering pens. Most of the research 
projects performed over the past 30 years focused on quantifying losses from feedlots. Almost 
no projects have been undertaken to assess the effectiveness of systems or technologies 
designed to reduce the environmental impact of feedlots. In addition, few innovations related to 
feedlot designs were found in the literature. Our review of the scientific literature and existing 
technical guides and fact sheets showed that the vegetative filter strip approach is widely 
accepted and used, despite the attendant pollution risks. The goal of “zero discharge” 
downslope from the vegetative filter strips could not be met in the majority of cases. 

Wintering Pens and Vegetative Filter Strips 

Of the four different wintering pens that were built, two of those were low density pen (wintering 
pens #1 and #2) used during the winter months and the other two were high density pen 
(wintering pens #3 and #4) used during the freeze and thaw periods. A complete diagram of the 
wintering pens and vegetative filter strips setup is presented in Figure 1.  

Wintering pens #1 and #2 had the same basic characteristics: dimensions (29 m x 51 m), slope 
(3%), soil type (sandy loam), vegetation (reed canarygrass) and stocking density (150 m2/cow). 
In pen #1, 7.6 cm of straw was applied each year, in early winter, over 20% of the surface. 
Pen #2 also received 7.6 cm of straw and wood shavings each year in early winter. Straw and 
wood shavings were also applied at a rate of 3 kg/day-cow until the end of the winter (Figure 2-
a). Management of wintering pen #2 was in keeping with the best practices presented in the 
guide, whereas management of wintering pen #1 was similar to that practised by most 
producers prior to the publication of the guide (FPBQ et al., 1999). 

Pens #3 and #4 consisted of high density pens used during the freeze and thaw periods. The 
surface of pen #3 (30 m2/cow) was covered with a 60-cm-thick bed of coarse woodchips (25 to 
75 mm; Figure 2-b). Pen #4 (5 m2/cow) had a concrete surface and was covered with a 15 cm 



 

4 
 

thick layer of wood shavings. Wood shavings were also applied at the rate of 6.5 kg/day-cow to 
ensure the animals’ well-being. 

Runoff water from each pen was channelled towards a vegetative filter strip composed of 
grasses (timothy and bromegrass). Four vegetative filter strips 22 m wide by 60 m long with an 
average slope of 2% were built downslope from the wintering pens. 

Stocking was based on having 10 cows with their respective calves in each pen but when 
occupied, the pens held 12 cows. However, no calves were kept in the pens during the 
experiment. It was assumed that 12 cows were equivalent to 10 cows with their calves. During 
the project, a variety of purebred and crossbred cows were purchased and held in the pens. 
Animal performance was not studied but, weight, water and hay consumption were recorded. 
On average, during the project, the cows weighed 550 kg, consumed 36 L/day of water and 
14.7 kg/day of hay. 

 

Figure 1. Diagram of the original wintering pen design 

Water sampling 

Runoff from the wintering pens was intercepted in a ditch lined with a PVC membrane and 
constructed downslope from the pens (Figure 2-c). From the ditch, the runoff was transported by 
gravity to the sampling station (Figure 2-c, d, e). After sampling, the water was pumped towards 
a perforated PVC pipe installed upstream from the vegetative filter strips (Figure 2-g). A ditch 
was also built downstream from the vegetative filter strips to intercept runoff (Figure 2-h). At the 
end of each ditch, a reservoir was installed to sample and measure runoff. 
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Pan lysimeters with a PVC membrane (1 m x 1 m x 1 m) were installed to collect infiltration 
water at a depth of 1 m. Six pan lysimeters were installed in each of pens #1 and #2, four in 
pen #3 and three per vegetative filter strip. Infiltration water from the wintering pens was 
transported by gravity towards the sampling station. The volume of the infiltration water from 
each pan lysimeter was calculated automatically by tipping bucket rain gauges (Figure 2-f). 
Infiltration water from the vegetative filter strips was channelled to and sampled in an access 
well built beside the pan lysimeter (Figure 2-g). 

Sampling was not done systematically on every day when runoff was generated but rather on 
the basis of events. For example, several days of rainfall combined with several days of runoff 
were considered an event. Sampling was therefore done when the runoff water stopped 
accumulating. Furthermore, to trigger sampling and subsequent analysis, the event had to result 
in the accumulation of at least 500 ml of water. 

Soil Sampling 

Soil samples were taken in the wintering pens and vegetative filter strips at three different 
depths (30, 60 and 90 cm) near the pan lysimeters. The sampling was done in November 1999 
at the beginning of the project and, subsequently, twice a year until 2003 during the months of 
May and October. 

Soil samples were taken in the wintering pens and vegetative filter strips in fall 2007 and spring 
2008 following the same protocol. Since the site had not been used during the four previous 
years, this sampling was done to assess the condition of the soil after a rest period. 

Main Results of the Original Design 

In comparison with wintering pen #1, the bedding used in wintering pen #2 affected the 
behaviour of the nutrients contained in the manure. The bedding in wintering pen #2 reduced 
the volume of runoff leaving the pen and, hence, nutrient losses to the environment. However, 
the presence of bedding promoted the infiltration of nutrients into the soil and the water beneath 
the wintering pen. 

The analysis of the results indicated that, for the wintering pens and vegetative filter strips, more 
than 70% of the annual runoff volume occurred during the months of March, April and May, 
accounting for more than 80% of the annual nutrient loads analyzed (NH4-N, NO3-N, total N and 
P). The vegetative filter strips intercepted between 70% and 90% of the nutrients exiting the 
wintering pens. 

Based on the configuration used in this project, wintering pens with vegetative filter strips can 
have environmental impacts. Elevated concentrations of nutrients were measured in the soil and 
in runoff and infiltration water. Precautions should be taken to avoid such situations. The 
combined wintering pen and vegetative filter strip approach needs to be enhanced and better 
supported in order to limit the potential environmental impacts. The main recommendations 
arising from this study were to review the design approaches for the wintering pens in order to 
reduce nutrient losses. The proposed actions were as follows: 

 Make the soil beneath the feeding area completely or partly impervious in order to 
minimize the accumulation of nutrients in the soil; 

 Study the possibility of installing a primary treatment system for runoff leaving the 
feeding area. Consider building a runoff control structure between the wintering pen and 
the vegetative filter strip, to limit losses during the critical months of March, April and 
May.  
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c) 

 

d) 

 
e) 

 

f) 

 
g) 

 

h) 

 
Figure 2. Pictures of the original design: a) WP #2 with a windbreak area; b) WP #3 with 

beading; c) Ditch downslope of WP #1; d) Sampling station; e) Runoff water 
measurement and sampling; f) Infiltration water measurement and sampling; g) 
Runoff water distribution on top of VFS #2 (just after construction); h) Covered ditch 
downslope of VFS #3 (filed with gravel).  
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The new design 

Development 

Over the years, it appears that the snowmelt in spring was a critical period generating significant 
quantities of runoff that were not absorbed by the vegetative filter strip. The research team 
believed that building a runoff control structure between the wintering pen and the vegetative 
filter strip would help manage the water. 

New concepts of wintering pens were developed in order to reduce the risk of contamination of 
soil and water. These new concept involve changes to several aspects that should reduce and 
delay runoff water from the wintering pen. The efficiency of the new design was measured 
during three experimental winters (2013, 2014, and 2015) using a protocol similar to the one 
established during the previous winters (Pelletier et al., 2014 and 2016). 

In order to optimize the design of the runoff control structure, a model was developed to predict 
the daily amounts of runoff water from the wintering pens. Using weather data recorded on the 
site, the model took into account: temperature, rain and snow precipitations, evaporation, snow 
on the ground, snowmelt rate, water infiltration and runoff. 

Pen Design 

Two pens were modified in 2012. The total surface was reduced to 50 m2/cow, including a 
feeding area (5 m2/cow) and an exercise yard (45 m2/cow). Previous video camera analysis 
demonstrated that the cows spend the most of their time (almost 23 hours a day) in feeding and 
bedding areas, representing less than 20% of the area. Following these results the pen area 
was reduced from 150 to 50 m2/cow. A diagram of the wintering pens and vegetative filter strips 
setup is presented in Figure 3. 

Ten cows were kept in both pens during winters 2013, 2014 and 2015. The feeding area was 
covered and had a waterproof concrete floor (Figure 4 and 5). Both pens were separated in the 
feeding area by the feeder and a wooden fence. The remaining area of the two enclosures was 
delimited by an electric fence. The feeder allocated 0.73 m of space per cow. Rainwater falling 
on the roof was diverted outside of the pens. 

Following up on observations made during the first months of 2013, bedding was added near 
the windbreaks in the two exercise yards to attract cows outside the feeding area. On March 5, 
2013, 220 kg of chopped hay (22 kg/cow) was added on both exercise yards. During the 
following two winters, the litter was added on a regular basis in both pens. Bedding was applied 
near the windbreaks at the rate used in the project, 7.6 cm of straw at the beginning just before 
the arrival of the cows, on over slightly more than 200 m2 and, thereafter, 3 kg/day-cow. 

Runoff Control Strategies 

Following a comprehensive study of water movement, two different approaches have been 
adopted for the management of the pens runoff (Fournel et al., 2012). Runoff from the pen #1 
passed through two 17 m3 tanks installed in series and was later redirected into a vegetative 
filter strip. The simulated runoff for each year of the decade 1999-2008 showed that much of the 
runoff (68 m3) occurs between March 28 and April 29. The total volume of the two tanks 
installed in the project was 50% of the estimated runoff volume and the volume of the largest 
runoff day between 1999 and 2008. 
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Figure 3. Diagram of the new design (with the old design in light grey) 

All runoff water volume of the pen #2 was stored in the 190 m3 basin before being pumped into 
a biofilter and then being directed into a vegetative filter strip. The basin also accumulated 
precipitation water during the winter and summer. The volume of water pumped from the basin 
through the biofilter was 229 m3 in 2013 between early May and early September. For 2014, the 
volume was 156 m3. 

The bioreactor design consisted of a wooden box filled with woodchips (1 m width, 1 m height 
and length of 2 m for a total volume of 2 m3). Water entered the bottom of the reactor and was 
distributed by a manifold. The water then flowed through the reactor and exited, through a 
screened outlet, at the top of the reactor. The bioreactor was designed to treat 250 m3 of water 
from a holding pond. The treatment time was determined to be 60 days and thus the flow rate 
through the reactor was calculated to be 0.003 m3/min (3 L/min). 

For 2015, a different scenario of runoff water management was studied; the runoff was directed 
towards the vegetative filter strip bypassing the basin and the biofilter. 

Weather Conditions 

Between November 1, 2012, and March 31, 2013, the average temperature was -5.9°C and the 
total precipitation (rain and snow) was 349 mm. 

During the second winter, from November 1, 2013, to March 31, 2014, the average temperature 
was -9.7°C and the total precipitation was 433 mm. This winter was colder than the previous 
one and most precipitation was in the form of snow. There was practically no period of thaw and 
rain. The important snow cover had an insulating effect and the soil was not frozen. When the 
snow began to melt in early April, there was little runoff. 

The months of January and February of winter 2015 were colder than in previous winters. The 
average temperature in January 2015 was -15.3°C in comparison with -11.7 and -12.5°C for 
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2013 and 2014, while the average temperature in February 2015 was -18.5°C compared to -9.3 
and -12.7°C for 2013 and 2014. 

Cold temperature registered during winter 2014-2015 enhance ground freezing and when 
temperature rose in spring, and snowmelt began, the freeze limited water infiltration into the soil 
and promote runoff. The opposite situation was observed in the previous winter (2013-2014). 

Three major runoff events were sampled, on April 13 and 24, and on May 6, 2015. The number 
of events was in line with what has been observed in recent years. The first runoff event 
corresponds with the first rain and snowmelt, and the first days with temperatures above 0°C. 
The three runoff events were aligned with days or episodes of rain. The first was related to an 
episode of 15 mm of rain around April 13, 2015, the second in three consecutive rainy days 
totalling 50 mm around April 24, and the third to several days of rain totalling 20 mm around 
May 6, 2015. 

Results of the new design 

Although the weather conditions were different in the three experimental winters, the results 
showed that the changes were effective in reducing the volume of water to manage from the 
pen and delay the flow of water in the vegetative filter strips. 

The configuration of the feeding area also reduces the risk of discharges into the environment 
since the majority of the manure is produced near the feeder. The concentrations of nutrients 
measured in soil and in infiltration water of the pens were lower than those measured between 
1999 and 2008. 

The various animal welfare assessment parameters demonstrated that changes to the wintering 
pen did not cause additional stress to the animals even if their behaviour had been somewhat 
modified. Indeed, compared with the previous study, cows were still, on average, 18 hours per 
day instead of nine in the feeding area. The rest of the time the cows remained in the rest area 
near the windbreak. Less than an hour of the day was given to travel between the two places. 
However, the motion analysis demonstrated that cows of both pens have different behaviour 
influenced by the weather and the orientation of the pen. These observations demonstrate that 
cows adapt to their environment, regardless of the size and configuration of the pen. 

The combination of WP #1 and the two settling basins installed in series reduced significantly 
the number of runoff events to less than five per year. Moreover, the volume of water flowing 
from the vegetative filter strip was also reduced significantly. 

In 2013, a volume of 151.3 m3 streamed from pen #1 over seven runoff events between March 
13, and June 4, 2013. In 2014, the runoff pen #1 was divided into seven events distributed 
between April 10, and May 28, 2014, for a volume of 19.6 m3. 

The vegetative filter strip receiving runoff from the pen #1 was sampled three times in 2013 and 
twice in 2014. Only two of the 2013 samples had enough water to produce runoff (April 15, and 
May 25, 2013). None of the 2014 samples had enough water to produce runoff. 

In 2013, the runoff volume of the vegetative filter strip was 10,6 m3 and contained 160 g of SS, 
77 g of Ntotal and 7 g of Ptotal. 

In 2015, of the three events sampled, a volume of 67.2 m3 streamed from the pen #1 while a 
volume of 225 m3 streamed from the vegetative filter strip. The analysis showed that the 
vegetative filter strip captured between 75 and 95% of key nutrients. 

For the reasons mentioned above, the measured runoff volumes for 2015 were higher than 
those of previous years. 
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The combination of WP #2 with the retention basin and the biofilter proved very effective in 
reducing the risk of discharges into the environment. Although the biofilter performance has not 
been up to in 2014, the fact of retaining water and releasing it into the vegetative filter strip over 
a period of four months greatly limits the risk. 

The biofilter was effective in capturing 73% of SS, 78% of Ntotal and 68% of Ptotal in 2013. In 
2014, the biofilter was effective in capturing 48% of SS, but has not retained any of the 
nutrients. The content of the biofilter (woodchips) had not been changed between the two years 
of experimentation. The loss of effectiveness indicates that the woodchips should have been 
changed after draining the basin in fall 2013. 

The volume of runoff vegetative filter strip receiving the pen #2 is zero for two years. Two 
samples were collected in 2013 and one in 2014, but none of the samplings had enough water 
to cause runoff. 

In 2015, of the three events sampled, a volume of 30.9 m3 streamed from the pen #2 while a 
volume of 215 m3 streamed from the vegetative filter strip. Although the volume received from 
pen #2 and the loads of nutrients were lower than for pen #1 the vegetative filter strip has not 
captured a higher proportion of those nutrients. The loads of nutrients found in runoff water at 
the outlet of both vegetative filter strips were relatively similar. 

 

Figure 4. View of the new setup: WP #1 on left and WP #2 on the right and covered feeding 
area separating the two pens on the centre 
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Figure 5. A view of the setup under the feeding area 

Discussion and conclusion 

The proposed amendments to the wintering pens facilities, developed and validated as part of 
this project reduce the risk of soil and water contamination as well as being technically and 
environmentally sustainable. 

Based on the results of previous winters, the modifications involved changes that were mainly 
intended to reduce and delay runoff from pens during the snowmelt in the spring. In doing so, 
the total area of the pen has been reduced; the feeding area was modified by adding a concrete 
floor and a roof. 

As expected, following the reduction of the surface area of pens the runoff volumes at the outlet 
of the latter and at the exit of vegetative filter strips were lower than in the original concept of 
wintering pens. 

However, after three winters of experimentation with the new design, even if the changes have 
helped to reduce the amount of water to manage in the spring when the snow melts and reduce 
the risk of water contamination, they are still not 100% effective and they also led to other 
problems in the daily management of the pen. The most important problem in the daily 
management is linked to the accumulation of manure and bedding on the surface of the feeding 
area and the freezing making it impossible scraping and collecting on a regular basis. 

Behavioural assessments demonstrate that cows adapt and protect themselves from the cold 
and the wind using the facilities available to them. They do not seem affected by the area of the 
pen. Depending on the wind direction, cows in a pen can be grouped near the windbreak while 
those of the other pens take refuge in the feeding area. In a typical day, the cows will spend 
about half their time in the exercise yard near the windbreak and the other half in the feeding 
area. 
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Wintering pens are an alternative to more traditional livestock facilities, which is, in other words, 
a barn with a manure storage structure. In this context, a comparative economic analysis was 
produced in order to determine the costs of different options. According to the scenarios, it is 
clear that the wintering pens are much less expensive than traditional installations. In fact, the 
construction of a cold barn with a manure storage structure costs almost double the cost of 
establishing the most expensive type of wintering pens. 

The fifteen years of research on wintering pen developments bring three major findings: 

 The simple and economical alternative for reducing the risk of contamination is to reduce 
at the source the volume of water runoff by reducing the surface of the wintering pen. 

 In an open layout, such as the wintering pen, the concept of "zero discharge" is difficult 
to achieve and especially to ensure year after year. As it is impossible to predict and 
control the weather, the situation faced during the years 2013 to 2015, as part of this 
experience can be repeated and a layout designed with a new concept studied can work 
very well two years out of three. 

 Well-designed facilities should reduce losses into the environment at a lower level or 
equal to losses that could have a large field crop or grassland managed according to 
best farming practices. This design should include specific considerations similar to 
those of the new concept designed for the feeding area, storm water management 
systems (e.g. Sedimentation basins) and oversized vegetative filter strips. 

Given the impossibility of ensuring zero discharge year after year, the concept of risk 
management should be the cornerstone of the adoption of wintering pens facilities drawing 
inspiration from approaches used to other areas and opting for the environmental certification of 
concepts (e.g. residential septic tank). In addition, arrangements may reflect the fragility and the 
receiving capacity of the environment. 

However, this kind of study has its limitations. With the current configuration of the experimental 
layout, comparison is limited to the wintering pens and their associated vegetative filter strips. 
The absence of a control plot uncontaminated by cow manure also limits the interpretation of 
results. The use of a control plot would have made it possible to determine baseline nutrient 
concentrations and loads in runoff and infiltration water on the site and to evaluate the effect of 
the site on the environment and the effect of the cows’ presence in the wintering pens during the 
winters of the project. 

For these reasons, any extrapolation of the results to another site with different characteristics 
(e.g., climate, soil type, topography, vegetation, herd size, site history) calls for caution. 
Basically, the research team believed that the same results will be obtained if the same protocol 
is followed. However, with regard to the quantity of nutrients accumulated in the soil and nutrient 
losses in runoff and infiltration, the results are difficult to predict. The effect of site-specific 
characteristics such as soil types, topography and vegetation was not quantified. 
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