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Brief history

This farm has long been 
operated as a dairy farm 
before the current owners 
began operation, and 
surrounding lands have 
been used for crops and 
pasture similarly; several 
other dairy farms also 
operate in the area.



Brief history

1990

 The current farmer 

began dairy operations 

and has followed NRCS 

crop recommendations 

since 1995

 1990 to 1995 was 

conventional cropping

 1000 acres, 1000 cows



Brief history

October 2000

A farm neighbor’s 

spring was sampled at 

the owner’s request; 

the nitrate results of the 

water sample 

exceeded the EPA 

and VT drinking water 

standard of 10 ppm.



Brief history

2000 to present

VAAFM, VGS, NRCS, and the 

farmer engaged in regular, 

voluntary water sampling and 

other investigative techniques 

and many best management 

practice changes in response to 

elevated nitrate.



• Regular water sampling at 15 sites on the farm and 

neighboring properties (wells, springs, culverts, ponds, 

streams) for nitrate and herbicides (2000 to present)

• Soil core sampling around areas of concern (2001)

• Bedrock mapping (ongoing)

• Electromagnetic induction (EMI) survey for 

subsurface conductivity (2001; 2007)

• Lysimeter placement for water sampling of pore 

water in the vadose zone where collections of water 

are otherwise not possible (2007 – 2008)

Investigation techniques used



Hardwick VT



Areas of interest

The farm and 

environs

Heifer barn

Milkhouse

Cornfield (1998 to 

2015)

Grass waterway 

(perpetual hay)

Neighbor’s spring



2000

• SlurryStore was in use 

except for after  

recent sand bedding

• Sanded manure was 

pushed off and 

spread immediately 

or stacked

• Leachate was 

partially controlled by 

an earthen berm

Area of concern #1:

Manure management at the 

milkhouse



2001 to 2007

• Upgraded the nutrient management plan

• Conducted EMI studies and soil sampling south of the milkhouse settling 

pond and stack pad, and into the cornfield along roadside; continued 

water sampling

• Manure storage, leachate, and milkhouse waste update was completed:     

earthen pit with a concrete floor and PVC liner

Responses: 

Milkhouse



Areas of interest

The farm and 

environs

Heifer barn

Milkhouse

Cornfield (1998 to 

2015)

Grass waterway 

(perpetual hay)

Neighbor’s spring



Area of concern #2: Manure 

management at the heifer barn

2007 – 2008 

• Nitrate results from water sampling remained elevated

• Stack pad below heifer barn: Jersey barriers contained solid 

waste but not liquid runoff; this created a wet area below the 

pad, allowing for potential runoff to surface water downgradient



Responses: Heifer barn

2009 – 2010 

• Lysimeter study was added below stack pad, EMI studies were undertaken to try 

to determine groundwater flow, and water sampling continued

• The farmer built a new stack pad and all-concrete leachate retention pond and 

the wet area below the pad dried up nicely and was able to crop



2009 – Area below the heifer barn after new 

manure and leachate storage was completed

Lysimeter



Areas of interest

The farm and 

environs

Heifer barn

Milkhouse

Cornfield (1998 to 

2015)

Grass waterway 

(perpetual hay)

Neighbor’s spring



Area of concern #3: Manure 

management – return to the milkhouse

2014

• Nitrate levels remained elevated in surrounding water samples

• Questioned possible manure pit leakage from the project completed in 2006



Responses:

Return to the milkhouse

2014

• NRCS was brought in to modify the pit and address leachate, 

and the project was started



Earthwork on the NRCS manure storage project at the milkhouse



This was a big project!



VT Geological Survey Geologist Jon Kim mapping bedrock in the excavation area



Bedrock from 

the excavation 

area showing 

fractures, 

which may 

allow for   

groundwater 

infiltration  



Areas of interest

The farm and 

environs

Heifer barn

Milkhouse

Cornfield (1998 to 

2015)

Grass waterway 

(perpetual hay)

Neighbor’s spring



2015

• Nitrate levels remained elevated in 

surrounding water samples

• With the exception of the grass 

waterway, the field had been in 

continuous corn for several years

• The field also lies down-gradient 

from the heifer barn and 

associated historical manure 

storage

• Possible surface water runoff 

contribution through culvert

Area of concern #4:

Nutrients spread on the cornfield



Responses:

The cornfield

2016 – 2017

• The farmer altered the cropping 

practice from corn to hay and 

has kept the field in hay

• The new NRCS manure and 

leachate storage project 

continued



As of 2017

• Total reconstruction of manure storage facility and 

leachate containment at milkhouse was completed

• The all-concrete lined earthen pit collects and contains 

milkhouse waste and low-volume (higher potency) 

silage bunker runoff as well as manure

• A waste transfer pipe was installed to pump liquids from 

the heifer barn and dry cow barn storage area

• The pit was sized for potential expansion



Water Source Low High Average Most Recent

Neighbor’s spring 12.3 22.8 18.2 19.9

Milkhouse well 7.6 15.9 11.6 12.4

House well 9.8 16.0 12.8 12.5

All data are reported in ppm.

EPA and VT Dept of Health drinking water standard is 10 ppm.

Table 1.

Snapshot of Nitrate Results at Three Representative Sample Water Sources



Summary of Farm Responses

We are currently evaluating the effects of the management practice changes on the 

nitrate levels vs time records 

• Regularly upgrades and maintains nutrient 

management plans

• Has completed several large-scale upgrades to 

manure and leachate storage facilities 

• Stopped fall manure applications on cornfield

• Created a no-manure spreading zone

• Reduced the rate and split applications of 

fertilizer

• Practices no-till corn planting on other fields

• Maintains a grass waterway along roadside

• Altered cropping practices from corn to hay along 

grass waterway

• Installed a stable underground surface water 

outlet below hayfield to slow release to brook

• Performed stream bank restoration, installed 

livestock exclusion fencing for stream buffer, and 

added clean water roof run-off management

• Participates voluntarily in all investigative 

techniques and remediations

• Provides bottled water and worker notification at 

staff trailer



•VAAFM has taken over 270 water 

samples at a cost of more than 

$59,000

•NRCS projects total over $1.3 million



• This is now an 18-year collaboration between VAAFM, VGS, and NRCS, 

representing a unique commitment to working together to solve this 

difficult problem. 
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• This is now a 17-year collaboration between VAAFM, VGS, and NRCS, 

representing a unique commitment to working together to solve this 

difficult problem. 

• VAAFM and VGS have engaged in at least a half dozen long-term, 

cooperative studies in Vermont such as this one, demonstrating a strong 

shared commitment to sound scientific study and data-driven 

recommendations.

• The state and regional NRCS offices were instrumental in getting a 

national-level NRCS lysimeter expert onsite (Jim Doolittle) to over see 

lysimeter studies.

• This farmer cooperated consistently, willingly, and tirelessly with the 

recommendations put before them, and has made every effort to 

address all possible nitrate and leachate contributions from their farm to 

the groundwater.
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others
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