
 

 

THE SITE AND BACKGROUND 

This site is located in England and is part of a large brownfield redevelopment scheme, proposed for commercial redevelopment. 

From the early 1900s, the site and surrounding area was utilised as a sewage treatment works. Historical sludge lagoons were 

present across the south of the site with several further sludge lagoons, filter beds and sewage disposal landfills in the immediate 

vicinity of the site to the north and the southeast. A period of development in the mid 1950s saw the construction of several large 

above and below ground structures and buildings across the north of the site utilised for energy production with the south of the 

site primarily used for storage of materials. The site ceased operations in the late 1900s with widespread demolition taking place 

into the 2000s.  

The site’s wider surrounding area was also historically utilised primarily for industrial purposes with various manufacturers, metal 

or chemical works and a small number of collieries and quarries during the 1980s to 2000s. A large sewage treatment works re-

mains present to the north of the site. A generalised illustration of the site setting is given in Figure 1. 

The ground conditions comprise Made Ground (including sewage sludge in the south of the site), underlain by granular superfi-

cial deposits with more impermeable mudstone bedrock present at depth. 

PRELIMINARY RISK ASSESSMENT 

The Preliminary Risk Assessment identified ammonia as a potential contaminant of concern given the presence of extensive 

sewage deposits both on-site and in the vicinity of the site. A potentially complete contaminant linkage was identified comprising 

leaching of ammonia from sewage sludge soils into groundwater and subsequent migration through the River Terrace Deposits 

aquifer towards the primary receptor, the adjacent river located approximately 20m east of the site (at it’s closest point). The fol-

lowing sections focus on a controlled waters investigation and risk assessment to assess whether this linkage was complete. 

SITE INVESTIGATION METHODOLOGY AND FINDINGS 

Multiple phases of intrusive investigation have been undertaken and a high density of exploratory holes have been advanced to investigate ground conditions across the site. Trial pits were excavated 

to inspect the nature and consistency of the sewage sludge and cable percussive/dynamic sampling boreholes were advanced to assess the sewage sludge thickness and allow for installation of 

groundwater monitoring installations.  

Soil samples were collected for broad suite of laboratory chemical analysis (although this assessment focuses on ammoniacal nitrogen as N). Permeability testing was undertaken on undisturbed sam-

ples of sewage sludge. 

ASSESSMENT AND CONCLUSIONS 

As anticipated, concentrations of ammonia were elevated in sewage sludge soils. However the elevated concentrations of ammonia in the perched water in the overlying made ground and underlying 

groundwater in the River Terrace Deposits aquifer was surprising given the impermeable and dry nature of the cohesive sewage sludge monolith. It was particularly unexpected to encounter ammonia 

contamination above the sewage sludge as downward leaching and migration was expected in the initial conceptual site model. To assess this, ammoniacal nitrogen as N concentrations were com-

pared between groundwater installations across the site and installations located along the site boundary (adjacent to the off-site source) to identify any spatial variation in contamination distribution. 

Although concentrations were still elevated within the groundwater installations located up hydraulic gradient of the on-site source, the concentrations were several orders of magnitude lower within the 

perimeter installations (targeting the off-site sources). Therefore, it was determined that the concentrations of ammoniacal nitrogen as N were unlikely to be associated with the off-site sources.  

A further phase of site investigation was undertaken to collect additional soil samples to analyse leachable ammonia concentrations within the on-site source (sewage sludge soils) using a BSEN12457

-2 2:1 leachate preparation to understand the relative concentrations within sewage sludge soils compared to groundwater. Results indicated that concentrations in the leachate were almost identical to 

those found in groundwater. On this basis, it was concluded the on-site sewage sludge was the source of ammonia, and leaching of ammonia had occurred upwards (into perched water within shallow 

made ground) and downwards (into groundwater within the River Terrace Deposits aquifer), as well as potential upwards/downwards release of ammonia leachate during the consolidation of the sew-

age over the past several decades. Migration of ammonia into the underlying mudstone bedrock is considered to have not occurred due to the presence of a thick aquiclude (weathered clays). 

A revised schematic conceptual site model was prepared and is presented as Figure 3, which illustrates these findings. A DQRA was prepared and has been accepted by the Environment Agency.  

AMMONIA CONCENTRATIONS WITHIN GROUNDWATER:   
AN INVESTIGATION OF POTENTIAL SOURCES.  

Lucy Blain, Senior Geo-environmental Consultant, RSK Geosciences.  

The site is currently confidential. To maintain confidentiality identifying site details have been to omitted and drawings reproduced in an illustrative manner. A generalised summary is 

presented below based on information collected across multiple phases of investigation undertaken by RSK Geosciences. 

Groundwater Installations and Monitoring 

As shown on Figure 2, groundwater monitoring wells were installed with targeted response 

zones within: 

• The on-site source (historic sludge beds) to assess groundwater conditions and ammonia 
concentrations at the source; 

• The pathway (River Terrace Deposits aquifer) both up and down hydraulic gradient of the 
source to assess ammonia distribution in groundwater; and 

• The pathway (River Terrace Deposits aquifer) up hydraulic gradient of the on-site source 
along site boundaries in close proximity to identified off-site sources to assess potential on-
site migration of ammonia. 

Groundwater monitoring wells were also installed across the site in shallow made ground and 
underlying mudstone bedrock as part of the wider controlled waters site investigation to assess 
other linkages.  Groundwater samples were collected using the US EPA low flow methodology 
during 6 No. rounds of monitoring and analysed for ammoniacal nitrogen as N. 
 

Findings 

The site investigation and laboratory permeability analysis indicated that the sewage sludge was 
predominantly an organic clay which behaved as a dry cohesive monolith (permeability of be-
tween 4-6x10

9
) and had been consolidated over time.  

Monitoring wells installed within the sewage sludge source remained dry.  

Significantly elevated concentrations of ammonia were identified within: 

• Sewage sludge soils; 

• Groundwater within the underlying granular River Terrace Deposits aquifer; and 

• Seasonally affected localised perched water encountered in the shallow Made Ground over-
lying the sewage sludge deposits (installed to assess other contaminant linkages). 

Figure 1: Generalised illustration of the site location and surrounding area. 
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Figure 2: Generalised groundwater 

monitoring installation plan. 
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Figure 3: Schematic conceptual site model for the site illustrating findings of investigations. 
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