
 

 

PUBLISHABLE SUMMARY 
HEISTT is a European collaborative project with the intention of creating an innovative system of injecting 

remedial chemicals in to the subsurface for the purpose of treating contaminated groundwater. The proposed 

technology aims to develop a rapid and highly efficient method of application providing enhanced efficiencies for 

the installation of this type of treatment and removing cost based entry barriers for those wishing to implement 

in-situ oxidisation based remediation. 

The idea for the HEISTT concept derived from the rapid installation of multiple band drains, deployed to introduce 

chemical treatment for the remediation of polluted groundwater plumes. Chemical remediation treatments such 

as oxidation and reduction are generally well established and successful, nevertheless at individual sites they can 

be financially uncompetitive, with high installation costs as a result of specialist rig hire, and slow rates of drilling. 

The HEISTT project has provided a proof of concept prototype that provides a novel Side Grip Excavator Mounted 

Vibrator, Ultrasound enhanced piling, geotextile well lining and liquid injection to rapidly install treatment 

chemicals into the subsurface treatment zone. The improved installation rate, control over well depth and 

accuracy in chemical injection ensure that in situ treatment can be delivered in a cost and resource efficient 

manner, lower or removing barriers to its use. 

The HEISTT model considers contaminant concentration and location alongside 3D groundwater flow and 

contaminant transport simulations to deliver an optimised treatment plan in which the minimum number of wells 

and volume of reagent are placed strategically rather than in the more traditional grid pattern. Because 

groundwater modeling software are advanced level tools that require a significant amount of knowledge and 

training, a simpler online calculation tool is developed within the scope of this project to predict injection well 

numbers and spacing. 

The HEISTT method was tested on site first at DAWSON’s own trial area, where only the piling system was tested 

without any injection materials being used. In Doncaster, the UK and Hoek, the Netherlands, two private property 

contaminated areas were selected for trials. Both sites were surveyed first and then modelled in order to 

determine injection well locations and remediation chemical amounts per well. Injection wells were placed as 

close as possible to the points suggested by the model. Regenesis’ product called ORC for on-site chemical 

oxidation was injected inside the plume areas and periodic monitoring has been going on since. 

HEISTT proved to be a fast piling and injection method for remediation chemical delivery as initially intended. The 

online calculation tool is likewise a quick method that does not require professional knowledge of groundwater 

modelling to be used. HEISTT method proved practical and showed commercially promising results overall. 

The case summaries below provide results regarding the technology developed during the project. 

Scientific Representative:  Cem Senduran (TUBITAK Marmara Research Center) 

Tel:     +90 262 677 3447 

Fax:     +90 262 641 2309 

email:     cem.senduran@tubitak.gov.tr 

Project website address:  www.heistt.com 

  



 

ORC Advanced Reduces BTEX after injection using novel HEISTT injection rig 
 

CASE SUMMARY 

Paddock adjacent to former Petrol Filling Station, Doncaster, United Kingdom 
                                            

The site, managed by the UK Environment Agency, is a horse paddock bordered by a former petrol filling station to the left of Area 1 and a 
Yorkshire Water public water supply facility with a potable water extraction point just 75m from site to the right of Area 3.  Area 2 is an 
open paddock determined as a Special Site under Part 2A of the Environmental Protection Act 1990.   
 
In 2001 unleaded petrol leaked from tanks at the then active filling station adjacent to the site resulting in a Benzene and Phenol plume 
which has prevented use of the site since 2002.  The removal of the offsite source and the closure of the extraction well allowed the plume 
to split under Area 2.   

 
The plume is 4m to 40m deep with approximately 4-5m soils on river terrace deposits overlying Nottingham Castle Sandstone.  
Groundwater contamination remained present within the divided plume with BTEX concentrations of; benzene (5392µg/l), toluene 
(2836µg/l), ethyl benzene (1073 µg/l), and xylene (2770µg/l).  
 
The HEISTT rig was used to inject ORC Advanced to address contamination in groundwater, with the caveat that the Nottingham Sandstone 
base was not to be penetrated. Subject to this clause, any remediation achieved on this site is seen to be beneficial by the regulatory body 
(UK Environment Agency) and a target of 25% reduction in benzene was agreed. 
 

 

REMEDIATION APPROACH 

The small scale site saw the first trial of a new well creation 
technology developed by the EU FP7 HEISTT project team.   ORC 
Advanced was selected as the reagent.  Instead of the more 
traditional 4m x 3m injection grid, requiring 12 injections points, 
an optimised Modflow model, specially designed for use with the 
HEISTT technology, was used to create the treatment design.  ORC 
was injected into a small trial area overlaying Areas 1 and 2. 
 

Dark green – HEISTT treatment design: injection dose of 80kg ORC per 
point over 10m depth (Approx 8kg per metre) 
 

Bright green – HEISTT treatment design: injection dose of 30kg ORC per 
point over 3.75m depth (Approx 8kg per metre) 
 

Red – Traditional treatment design 
 

Pink – Other monitoring wells  
                
                          Area Well & ORC Locations 

 

 

 

 

Table 1: Contaminants of Concern near MW1 (µg/l) 
 

Table 2: PRC Advanced Application Design 

Contaminant 
COCs in 
Area 1 

Project Target 
Concentrations 

Total Target 
Concentrations  

 
ORC 

Advance 
(kg) 

Injection 
Points 

Injection 
Spacing 

Injection 
Rate 

(kg/m) 

Benzene 5392 4044 <1 
 

Area 1 160 2 2m 8 

Toluene 2836 2127 <1 
 Area 2 

80 1 x 8 

Ethyl Benzene 1073 804.75 <1 
 

64 2 2m 8 

Xylene (m&p) 2770 2077.5 <1 
      

Xylene (o) 740 555 <1 
      

Total BTEX 12811 9608.25 n/a 
      



RESULTS 

Groundwater monitoring events conducted at two week and six week interval post treatment indicated successful remediation was 
underway.  In Area 1 groundwater levels were significantly reduced; benzene (2504 µg/l), toluene (1214µg/l), ethyl benzene (484 µg/l), and 
xylene (1608 µg/l).   It should be noted at there was less than 1cm of rainfall during the trial period.  Concentrations in Area 1 were 
successfully reducing a very short period of time after ORC Advanced injection, with levels for Benzene and Xylene (o) having fallen below 
the 25% reduction target within 2 weeks of injection. 

 

Table 3: BTEX Concentrations in MW1 (Area 1) 

Time after injection Benzene Toluene Ethyl Benzene Xylene (m&p) Xylene (o) Total BTEX 

Immediately prior 5392 2836 1073 2770 740 12811 

2 weeks post 3874 2146 888 2205 370 9483 

6 weeks post 2504 1214 484 1608 200 6010 

Reduction in Contaminant Levels 

2 weeks post 28.15% 24.33% 17.24% 20.40% 50.00% 25.98% 

6 weeks post 53.56% 57.19% 54.89% 41.95% 72.97% 53.09% 

 
In Area 3, an overall reduction in Benzene levels of over 41% was achieved at six weeks post treatment, with Toluene achieving a 21% 
reduction.   

 

Table 4: BTEX Concentrations in 304E at 19.7m (Area 3) 

Time after injection Benzene Toluene Ethyl Benzene Xylene (m&p) Xylene (o) Total BTEX 

Immediately prior 4363 2087 148 1078 259 7935 

2 weeks post 3777 1792 1 955 262 6787 

6 weeks post 2542 1628 656 1376 402 6604 

Reduction in Contaminant Levels 

2 weeks post 13.43% 14.14% 99.32% 11.41% -1.16% 14.47% 

6 weeks post 41.74% 21.99% -343.24% -27.64% -55.21% 16.77% 

 
The full site remediation figures suggest that Benzene attenuation was occurring naturally over time but it is clear that this process has 
been aided significantly by the remedial injections of ORC Advanced during the HEISTT piling trial. This is broadly evidenced by a reduction 
in benzene concentrations over time (particularly in the area of remedial injections), the absence of near surface pollution, and by 
supportive in situ geochemical data, such as substantially altered dissolved oxygen (DO) and pH profiles. 
 
As ORC Advanced typically delivers oxygen to the subsurface for periods of up to 12 to 18 months on a single application so it is hoped that 
the site owner will continue monitoring for at least 1 year post trial in order to fully quantify the benefits delivered.  

 
CONTACTS 
 

Pera Technology Ltd 
Nottingham Road, Melton Mowbray, Leicestershire, LE13 0PB, UK 
Sian Mitchell - Environmental Technologies Manager  
sian.mitchell@pera.com 
+44 (0) 1664 501 501 
 
Regenesis Ltd 
The Tramshed, Beehive Yard, Walcot St, Bath, BA1 5BB, UK 
Dr Jeremy Birnstingl - Managing Director 
europe@regenesis.com 
+44 (0) 1225 731 447 
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Application of the HEISTT Technolgy With Side Grip EMV Rig  
 

CASE SUMMARY  

New treatment rig delivers enhanced well creation and injection 
                                            

 

The HEISTT groundwater treatment system offers the force of a 

Dawson excavator mounted vibrator (EMV), enhanced soil 

fluidisation from a Sinaptec ultrasound enhanced piling tip, an Afitex 

geotextile well lining system and reagent injection function which 

can be used together to provide a single operation remediation 

solution or as standalone modules depending on site specific 

requirements.  

 

HEISTT SIDE GRIP EMV  

The HEISTT Side Grip EMV (excavator mounted vibrator) builds on 

the industry gold standard supplied and built by Dawson 

Construction Plant Ltd.   

 

Dawson is a world leader in 

the design and 

manufacture of innovative 

piling systems with over 35 

years of sector knowledge.  

Innovators to the core and 

played a key role in the 

raising of the Costa 

Concordia.  

 

The new grip provides a firm hold for cylindrical piles. This permits the 

system to index vertically along a leader facilitating continuous piling of 

longer length stems.  The leader also allows the crowd force of the EMV 

to be deployed without the vibration 

function. 
 

 

 

 

ULTRASOUND ENHANCED PILING TIP  
The combined design of the pile stem and ultrasound tip facilitates the delivery of both 

power/control for the ultrasound tip and liquid injection. 

A comprehensive in-line diagnostic and tuning system allows the system to be tuned in 

line with the ground resistance being encountered.  Site treatment results reported via 

the HEISTT database will inform pre-set modules which will be available in commercial 

models supplied with Sinaptec’s NexTgen Ultrasound Power Pack.  

 



 
Well Creation Times 
Sample piling rates from early trials of the HEISTT system compare extremely well with those 
achieved by comparative technologies used previously by our remediation partners.   
 
Alternative Systems 

Piling rates for the HEISTT system show the 
full range of combinations possible and 
demonstrate it’s suitability for use in a 
wide range of construction applications 
beyond remediation. 

The Automated Pile Connection rates 
assume development and use of an after 

market load/ connect system with a cycle time of 30 seconds. 

 HEISTT System 

 
 
 

GEOTEXTILE WELL LINING & LIQUID INJECTION 
The high performance geotextile from Afitex has a multifunctional role, providing a low friction 

casing for the drill string during piling/extraction and faciltating targeted application of remediation 

chemicals.  The geotextile is durable and can be inserted in to the well with no further well liner 

required in many cases.  It is particularly suited to the creation of permeable reactive barriers in 

locations where possibilities for excavation are limited.  

To shape the geotextile it is passed through a funnel shaped former 

which wraps the textile around the pile as it is inserted.  A sacrificial 

anchor is used to couple the geotextile to the drill string during 

piling.  

The geotextile is transparent to ground water flow and porous 

enough to permit injection of chemicals through it into the substrate 

during well creation.  This  allows for the immediate activation of the 

remediation chemicals, which would take around 92 minutes at a 

flow rate of 3.68 litres per second per meter square.  Over longer 

treatment periods, the geotextile retains the body of the 

remediation chemicals in place, grouting the well whilst permitting 

up stream ground water to flow through becoming oxygenated en 

route.  

Manual Pile Connection Automated Pile Connection

Clinker/Clay Sandstone Sand Clinker/Clay Sandstone Sand

0.73 0.80 1.27 1.15 1.65 2.07

0.75 0.64 n/a 0.75 1.59 n/a

n/a n/a 1.12 n/a n/a 2.09

1.21 0.91 n/a 1.21 1.64 n/a

1.31 n/a 1.62 1.31 n/a 2.30

EMV

EMV + U/S Steel

EMV + U/S Steel + NexTgen

EMV + U/S Titanium

EMV + U/S Titanium + NexTgen

EMV

EMV + U/S Steel

EMV + U/S Steel + NexTgen

EMV + U/S Titanium

EMV + U/S Titanium + NexTgen

High levels of 

Clay Sand Gravel

0.02 0.11 n/a

n/a n/a 0.03

0.02 n/a n/a

Direct Push

Sonic Rig

Rotary Rig



Theoretical Injection Volumes were calculated for both Traditional rigs and the HEISTT system using 

both traditional means and software which optimises injection spacing based on groundwater 

modelling of each site.  

 

The HEISTT systems 3” pile diameter creates a larger volume of well to fill, the system performs well, 

achieving injection times of approximately twice those of traditional systems.  It is expected that 

some pre-commercial optimisation of the pile stem design will deliver even faster times however as 

HEISTT treatment can require just 1/3 the wells of traditional treatment designs, a significant 

reduction in total installation time can be achieved. 

Regenesis have previously 

been involved in academic 

studies on the maximum 

injection rates achievable 

without causing fracturing 

to soils. 

By overlaying this 

information on the 

performance levels 

achieved using an industry 

standard pump, we have 

identified the opportunity 

for development of a 

higher powered pump 

capable of delivering 

required volumes in 

approximately half the 

time whilst remaining 

within fracture safe rates. 

 

SUMMARY 
The early results of the HEISTT system demonstrate exactly how capable the system is based just on 

a Mark I prototype.  With the application of design enhancements prior to commercialisation, and 

the development of a higher specification pump, the system has the potential to set a new Gold 

Standard for in-situ remediation.  This combined with it’s additional applicability in construction, 

fencing, rail, sea and sustainable energy infrastructure development  offers a wide range of 

opportunities for the HEISTT consortium to transfer the technology into their own areas of operation 

and will open up many new market possibilities to them. 

Traditional 2 5.08 3.61 4.52 5.41 5.41

HEISTT 3 7.62 8.16 10.20 12.24 12.24

*No separate injection volumes available for gravel therefore sand used as closest comparison

Injection Volume
Diameter 

(inches)

Diameter 

(cm)
Gravel*

Theoretical Operating Volume (Litres Per Linear Metre)

High levels of 

Clay
Sandstone Sand

Injection Timings (Subject to Development of Gold Standard Pump)

Based on Safe Maximum Flow Rates

Traditional Seconds per metre 4.09 6.12 4.76

Minutes per metre 0.07 0.10 0.08

HEISTT Seconds per metre 9.23 13.84 10.77

Minutes per metre 0.15 0.23 0.18

High levels of 

Clay

Poorly 

Graded Sands 

to Silty Sands

Poorly 

Graded 

Gravels to 

Sands

Based on GP350 Capability

Traditional Seconds per metre 11.47 17.17 17.17

Minutes per metre 0.19 0.29 0.29

HEISTT Seconds per metre 25.90 38.85 38.85

Minutes per metre 0.43 0.65 0.65

Injection Timings

High levels of 

Clay

Poorly 

Graded Sands 

to Silty Sands

Poorly 

Graded 

Gravels to 

Sands



HEISTT Decision SupportTool 
 

CASE SUMMARY  

HEISTT Online Decision Support Tool 
                                            

A decision support tool is 

designed by TUBITAK MRC 

to help novice level users 

get an estimation of likely 

treatment costs on 

contaminated land. The 

tool is hosted at 

http://www.heistt.altervist

a.org/ web address as a 

functioning and free in situ 

remediation design tool. 

The tool consists of two 

different phases. The first phase is an html based calculation form (named HEISTT - Calculation Tool) 

that consist of 3 main themes called contaminated zone characteristics, contamination 

characteristics and injection projections. 

 

HEISTT Calculation Tool (HCT) 

Using the input data under site geometry and 

soil properties sections, HCT calculates the 

Average Groundwater Velocity (AGV) and 

Treatment Zone Pore Volume (TZPV) 

automatically. 

In the final theme of HCT, another 

economically important issue is addressed. 

Injection wells are drilled by heavy machinery 

under supervision of technically skilled staff.  

This makes piling a costly application. Delivery 

of Oxygen Release Compound (ORC
®

) sludge 

through injection wells into the contaminated 

soil, as described in earlier deliverables of 

HEISTT project, is usually performed by pump-

injection method. The pressure applied during 

the injection and the duration are alongside 

soil properties, important parameters for the 

calculation of Radius of Influence (ROI) of the 

treatment chemical. 

 

 



HCT lets users input the injection 

time and flow rate (Litre/s) as on 

site application values, and it 

calculates the allowable 

maximum pressure and the 

preferable design pressure for the 

injection. It also calculates the 

radius of influence and the 

estimated number of injection 

wells needed on site. 

 

HEISTT Online Database 

The working principle of the database is simple. Any user who has completed a HEISTT application on 

site is asked to complete a spread sheet consisting of various columns about pre and post treatment 

situation on site. 

The online database depends on above mentioned HEISTT user data submission forms. It is a tool 

that helps users to filter and search the data included in the ever growing database. Therefore, it 

helps users to have an idea when they filter a certain type of soil, a certain type of contaminant, how 

many wells needed to be used during treatment, how much contaminant was injected or more 

importantly, how much did the remediation process cost. 

The general layout of the online database tool is quite flexible, with soil type, contaminant type and 

remediation operator as data filter options. Available optional data at the bottom of the page is 

divided under same three groups of data as the groups in data submission form, providing additional 

data columns that can be added upon clicking the checkboxes next to each data header. 

 
 

The online database tool should not be confused with HCT which calculates likely treatment 

requirements based on current site knowledge, technical details, soil and contamination properties. 

The database on the other hand, provides information on what is input into it by users based upon 

actual experience and presents in return actual results rather than calculation based ones. As 

application of HEISTT becomes more widespread, the data sheet will grow to offer more knowledge. 


