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Summary 


Fluxes from source areas must be determined within a range and/or reliability interval in order to 


ensure that a link can be made between the degradation capacity and system limits and/or 


remediation objectives. Using a flux approach, the extent to which the deeper groundwater is fed 


with contaminants per time period from source zones can be estimated. This estimate can be 


compared to the contribution of various removal mechanisms for contaminants that play a role in 


deeper groundwater layers (for example, degradation). This enables to make an estimation on 


whether there is a balance between removal and new entry of contaminants from source zones. 


 


The question addressed in this research line is: 


1. What part of the contamination in the source zones is leached to the groundwater body per 


unit of time? 


 


To answer this question, an inventory of source locations and a determination of the fluxes from 


the sources and plumes are conducted. Therefore in this study passive flux measurements were 


carried out to determine prevalent contaminant mass. The flux measurements aim to characterize 


contaminant mass fluxes of Volatile Organic Chlorinated Compounds (VOC) resulting from two 


selected source zones in the Utrecht central station study area: Amsterdamsestraatweg site and 


Nachtegaalstraat site. By positioning different samplers, a good indication of the contamination flux 


from the source could be derived. 


 


Multiple parameters are essential in order to determine the flux, which is expressed as mass per 


unit time. These parameters are: concentrations in the groundwater, the flow rate and the lateral 


surface area (surface area through which contaminants flow). A combination of time-averaged 


concentration measurements as well as flow rate and flow direction is required to determine the 


flux through a specific plane. 


 


As can be seen from the results of the flux measurement tests carried out under CityChlor, there 


are big differences in Darcy fluxes (flow through a surface, with permeability times gradient, k*i). Or 


is it better to speak of pore velocity (actual velocity in the pores, k*i divided by the porosity p)? This 


difference may also lead to relative differences in the resulting calculated pollution fluxes. If the 


porosity is set aside, the velocity of the ground water flow is the ‘average’ velocity through the 


sediment (solid matrix plus porosity). However, if the porosity is included in the Darcy equation, it 


provides for a lower average velocity of water particles in the aquifer pores (pore velocity).  


 


In this study we have chosen for three methods of flux measurements: 


1. Regular sampling in observation wells.  


2. Passive sampling (SorbiCell) in observation wells. 


3. Passive Flux Meters in observation wells (PMF and Sorbiflux). 


 


In order to calculate the flux by using regular sampling and the SorbiCell it was necessary to 


determine the groundwater flow.  
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According to the plume of contamination the mean direction of the groundwater flow on both sites 


is north west. Based on the results of the Geoflo measurements the groundwater flow direction 


varies between north-west  and south-east (in the direction of the source of contaminant). The pore 


velocity measured with Geoflo is relatively high (40 to 610 m/year on site Amsterdamsestraatweg; 


40 to 900 m/year on site Nachtegaalstraat). 


 


The results show that there is a great variance in mass flux between the different methods used for 


measurement. The highest fluxes for PCE and TCE were measured using the PFM (passive flux 


measurement) but for DCE and VC the highest fluxes were measured using the traditional method. 


The SorbiCell and Sorbiflux gave more or less comparable results. At both sites the highest mass 


flux was measured in the wells located near the contaminant source area.  


 


Based on the fluxes measured, a connection has been made between the degradation capacity 


and system limits and/or remediation objectives. The extent to which the deeper groundwater is 


being fed with contaminants is estimated. This estimate can be compared against the contribution 


of various removal mechanisms for contaminants that play a role in deeper groundwater (for 


example, degradation and evaporation). 


 


Based on the fluxes measured, a connection can be made between the degradation capacity and 


system limits and/or remediation objectives. The extent to which the deeper groundwater is being 


fed with contaminants can be estimated. This estimate can be compared against the contribution of 


various removal mechanisms for contaminants that play a role in deeper groundwater (for example, 


degradation and evaporation). 


 


In the context of area-specific monitoring in the application of flux measurements, trend and 


process monitoring can then be conducted at individual (dominant) plumes and control monitoring 


at signal and area boundaries. It should also be preferable to determine the concentration profile 


and the location of rapid or preferential flows. This allows for the application of a much more 


effective monitoring system, where periodic measurements can be conducted to determine the flow 


direction and pollution fluxes.  
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1 Introduction 


This research project, CityChlor, aims to develop knowledge about and gain experience on the 


realization of an area-focused approach of soil contamination. Within this context, the utilization of 


sustainable energy with Aquifer Thermal Heat Storage (ATES) systems can play an important role. 


Essential element of this area-oriented remediation plan is monitoring. That is, how can you 


optimally monitor area-focused groundwater management effectively and efficiently? The choice 


has been made in Utrecht to deploy ATES as a remediation tool: the "Bio-washing Machine".  


 


In order to apply area-oriented remediation approach it is necessary to have clear objectives with 


regard to an area-focused approach in terms of the expected and required groundwater quality. 


Processes such as biological degradation, dilution, evaporation and large-scale ATES systems 


have an impact on the concentration and physical distribution of groundwater components. It is 


thus important to understand which processes are relevant in general, and specifically, which 


processes yield contaminant concentration reduction.  


 


Contaminants from the different source areas, that are still present and have not been remediated, 


will be mobilized and spread to the (deeper) groundwater layers. In this context it is important to 


address the following question: What portion of the contamination is leached to the plumes per unit 


of time?  


 


To answer this question, an inventory of source locations and a determination of the fluxes from 


the sources and plumes are necessary. Therefore in this study passive flux measurements were 


carried out to determine prevalent contaminant mass. The flux measurements aim to characterize 


contaminant mass fluxes of Volatile Organic Chlorinated Compounds (VOC) resulting from two 


selected source zones in the Utrecht central station study area: Amsterdamsestraatweg site and 


Nachtegaalstraat site. 


 


Fluxes from source areas must be determined within a range and/or reliability interval in order to 


ensure that a link can be made between the degradation capacity and system limits and/or 


remediation objectives. Using a flux approach, the extent to which the deeper groundwater is fed 


with contaminants from source zones can be estimated. This estimate can be compared to the 


contribution of various removal mechanisms for contaminants that play a role in deeper 


groundwater layers (for example, degradation). 
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2 Contaminant mass flux and 


discharge 


Contaminant mass flux (Eq.1) is defined as the total amount of contaminant, expressed as mass, 


passing per unit area per unit time through a well-defined control plane or plane of compliance that 


is perpendicular to the mean groundwater flow direction (Basmadijan, 2004; Bear, 1988; Newman 


et al., 2005). 


 


vCJ c .   (Eq. 1) 


 


where Jc is the contaminant mass flux [g m-2 day-1], C is the mean concentration of the 


contaminant in the groundwater [g m-3], v is the Darcy groundwater flux [m
3
 m


-2
 day


-1
]. 


 


In figure 1 the concept of contaminant mass discharge is visualised. A is a well-defined plane of 


compliance (AA’B’B), perpendicular to the groundwater flow direction [m2] with a contaminant flux J 


and contaminant mass discharge M at a plane of compliance between source and receptor. 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1. The concept of contaminant mass flux (JAij) and contaminant mass discharge (MdA)  


  (ITRC, 2010) 


 


Contaminant mass discharge (Md) is the spatial integration of the contaminant mass fluxes (i.e., the 


sum of all mass flux measured across an entire plume) and thus represents the total mass of any 


contaminant transported by groundwater through a defined plane. Contaminant mass discharge is 


expressed as mass per time (Basmadijan, 2004; Bear, 1988; Newman et al., 2005).  


 


 


    (Eq. 2) 
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where A is the area of the plane of compliance [m
2
 ] and Jc is the spatially variable contaminant 


flux [g m
-2


  day
-1


]. 


 


Contaminant mass flux can be determined directly or indirectly using passive sampling devices 


(Goltz et al., 2007; Verreydt et al., 2010), while contaminant mass discharge requires a calculation, 


estimation or modelling approach. 
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3 Methods of flux measurements 


Contaminant mass discharge from source areas within a range and/or reliability interval is 


determined in order to ensure that a connection can be made between the degradation capacity 


and system limits and/or decontamination objectives. Using a flux-based approach, the extent to 


which the deeper groundwater is being fed with contaminants can be estimated. Traditional 


methods of estimating contaminant fluxes and discharges involve individual 


measurements/calculations of the pore velocity and the contaminant concentrations. However, 


taken into account the spatially and temporally varying hydrologic conditions in complex, 


heterogeneous aquifers, higher uncertainty arises from such indirect estimation of contaminant 


fluxes.  


 


Within the CityChlor project in Utrecht, the following innovative methods were used on two 


locations in the first aquifer of Utrecht to estimate/determine the contaminant flux:  


1 Traditional sampling and estimating the flux by using Darcy’s law for determine the 


groundwater flow.   


2 Estimating the flux by using the Sorbicell that measures a time-average concentration, 


meaning that natural fluctuation in concentrations are averaged out, in combination with 


the measurements with Geoflo (a tool for measuring groundwater flow direction and –


speed).  


3 Directly determine the flux by using the Passive Flux Meter. 


4 Directly determine the flux by using the Sorbiflux. 


 


3.1 Traditional sampling 


During traditional sampling of groundwater, point measurements are conducted. The disadvantage 


of this sampling method is that sampling can be unreliable, especially in the case of volatile 


compounds and that natural fluctuations in groundwater concentrations lead to time variations in 


measured concentrations.  


 


3.2 SorbiCell sampling 


Solid phase samplers (such as the SorbiCells) measure a time-average concentration, meaning 


that natural fluctuation in concentrations is averaged out. However, adsorbents used in the 


sampling device, may not sufficiently adsorb the compounds present in Utrecht (in particular, cis-


DCE and VC).  
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Figure 2. The (used) SorbiCell on top of the Sorbisense Groundwater Sampling System 


(GWS) (on site Nachtegaalstraat)  


 


SorbiCell is a porous cartridge that "filters" solutes from water passing through the SorbiCell. The 


cartridge also contains a environmentally neutral tracer salt that dissolves proportionally as water 


transits the cartridge thus accurately detects the volume of passing water. The method enables 


measuring the average contaminant concentration over a large time scale. The chemical analysis 


are performed by commercial laboratories using standard GC/MS that fulfil requirements from 


quality certification authorities. 


The SorbiCell cartridge is used in combination with a groundwater sampling system (GWS). See 


figure 3 for an overview of the use of the passive sampling system. The Sorbisense GWS is a 


hollow polyethylene tube, closed with lids at both ends. A stainless steel weight ensures that the 


sampler can be lowered below the water table. The Sorbicell cartridge is mounted onto the top lid, 


the protection cap is then mounted and the GWS is lowered to the desired measuring depth. The 


water pressure will push water through the SorbiCell, slowly filling the GWS. When the measuring 


period is over, the SorbiCell is removed and sent to a laboratory for analysis.   


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3. The Sorbisense Groundwater Sampling System (SorbiCell and GWS). 
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3.3 Passive Flux meters (PFM and SorbiFlux) 


The Passive Flux Meter (Enviroflux) is a tube filled with a sorbent/tracer mixture (see figure 4). The 


PFMs are inserted into groundwater monitoring wells where they passively intercept the 


groundwater flow. Inside the PFM is a permeable sorbent that retains dissolved contaminants 


present in the groundwater. The PFM can be used for a broad range of contaminants (hydrophobic 


organic compounds, organic or inorganic ions, etc.) by selecting appropriate sorbents. The sorbent 


mixture is preloaded with specified amounts of resident tracers. The tracers are leached from the 


sorbent as groundwater flows through the PFM. For common organic contaminants such as 


chlorinated solvents (TCE, PCE, etc.), activated carbon is used as the sorbent and a suite of 


different alcohols are used as the tracers. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 4. Installation of the passive flux meter on site (Nachtegaalstraat) 


 


After a specific period of exposure to groundwater (usually one to four weeks), the PFM is removed 


from the well. The sorbent is then extracted to quantify the mass of all contaminants intercepted by 


the PFM and the residual masses of all resident tracers. The contaminant masses are used to 


calculate time-averaged contaminant fluxes, while residual resident tracer masses are used to 


calculate cumulative groundwater flux. Depth variations of both water and contaminant mass fluxes 


are measured by a single PFM by dividing the exposed sorbent mixture in various vertical 


segments and analyzing these for resident tracers and contaminants. Thus, at any specific well 


depth, an extraction from the locally exposed sorbent yields the mass of resident tracer remaining 


and the mass of contaminant intercepted. In other words the PFM device provides a vertical profile 


of horizontal fluxes. 


 


3.4 Sorbiflux 


The Sorbisense Fluxsampler is based on the principle of the patented Sorbicell technology. 


SorbiCell is a porous cartridge that "filters" solutes from water passing the SorbiCell. The cartridge 


also contains a environmentally neutral tracer salt that dissolves proportionally as water transits the 
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cartridge thus accurately detects the volume of passing water. The method enables measuring the 


average concentration over an extended time scale.  


 


In case of the Sorbiflux, the sampler is placed in a monitoring well and groundwater will pass the 


sampler continuously. The system is tested under laboratory conditions; so far, there is limited 


experience with field tests. It should be clear that the monitoring well should be installed properly in 


order to be able to correctly measure the flux. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Schematic overview of the flux-
sampler. The traces salt is located 
in the central compartment.  The 
adsorbent is divid into three 
compartment packed around the 


central compartment.  


Orientation 
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3.5 Direction and rate of groundwater flow (pore velocity) 


As described in chapter 2, in addition to the (time-averaged) concentration, groundwater direction 


and flow rate are important parameters. The location of the filters in which samplers can be 


installed is crucial for the success of this method. 


 


Multiple observation wells are placed in a relatively small grid. Subsequently, samplers are 


positioned to obtain an indication of the extent of the contamination outflow in both the horizontal 


and vertical plane. In this study we executed downstream sampling at short distances from the 


source, both horizontally and vertically in the groundwater column. By positioning different 


samplers (see the diagram in figure 5), a good indication of the contamination flux from the source 


can be derived. Additionally, head measurements can be measured and a grain size distribution 


can be determined using sampling material collected either during observation well installation.  


 


Figure 5. Schematic representation of the positioning of samplers to determine the flux 
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The direction and pore velocity is measured by the Geoflo (see figure 6). The measuring probe of 


the Geoflo is lowered in a horizontally slotted 2-inch monitoring well. With a heating element in the 


core of the probe a heat pulse is delivered. Around the core, in a prepared filter filled with glass 


beads, there are four pair of heat sensors. The position of the sensors is oriented exactly with a 


compass. By expressing the temperature differences between the sensor pairs in vectors a 


resultant is obtained which is representative for the direction of flow and the flow rate of the 


groundwater.  


 


Geoflo is flow-calibrated. The flow cell is filled with ground water and sediment which corresponds 


to the soil type at the measurement location. The flow-through cell is used at various flow rates, the 


temperature difference is measured, from which a calibration curve can be drawn. Groundwater 


flow direction and speed can then be calculated from the in the field measured temperature 


differences.  


 


 


 


 


 


 


 


 


 


 


 


 


Figure 6. The Geoflo system (Fugro) 
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4 Installation of monitoring wells and 


flux meters 


The monitoring wells have been installed at both sites by Geotron with bailer drilling (in period July 


20 to July 31, 2012). See appendix 1 for the location of the monitoring wells and  appendix 2 for the 


drilling profiles. In table 1 it’s also indicated which flux meter is placed in which screen,  and at 


what depth soil samples were taken to determine the granulometric distribution and to perform 


mesocosm experiments.  


 


The wells have a internal diameter of 51 mm and the screen has horizontal slits (size 0.3 mm). The 


size of the filter grain is 0.75-1.25 mm. Some wells are centered in the borehole (see table 1). 


 


At the Nachtegaalstraat site four monitoring wells were installed and at the Amsterdamsestraatweg 


site three wells were installed. 


 


Table 1 shows the depths and the measurement period (in 2012) of the SorbiCell, PFM and 


Sorbiflux. Table 2 summarizes the characteristics of the monitoring wells. 


 


Table 1 Depths of measurements, period of execution (SorbiCell, PFM and Sorbiflux)  


Location Sorbicell 


(m-gl) 


PFM 


(m-gl) 


Sorbiflux 


(m-gl) 


 


Amsterdamsestraatweg 8.5; 15; 19 * 7.0-7.3 


 


Nachtegaalstraat 6.6; 10; 14 * 6.0-6.3 


Time span Aug. 15 to Sept. 12 Sept. 13 to Oct.4 Oct. 25 to Nov. 29
# 


*Six depths at the height of the screen, except for well AF2.1 (three depths).  


#Except NF2.1 which was retrieved on 4
th


 December 2012. 
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Table 2. Characteristics of the Wells and flux measurements 


Wellt Screen 


(m-gl) 


SorbiCell 


042-102 


SorbiCell 


042-013 


Geoflo GD Meso- 


cosms 


PFM 


and/or 


Sorbiflux 


Centered 


screen 


Amsterdamsestraatweg (Papaverstraat)       


AF1.1 (borehole 1.1) 6-10      PFM 3 


SFlux 1  


 


AF1.2(borehole 1.2) 14-16        


AF1.3 (borehole 1.2) 18-20
 


       


AF2.1 (borehole 2.1) 6-10      PFM 3 


SFlux 1 


 


AF2.2 (borehole 2.2) 14-16        


AF2.3 (borehole 2.2) 18-20        


AF3.1 (borehole 3.1) 6-10      PFM 3  


Nachtegaalstraat (Mulderweg)      


NF1.1 (borehole 1.1) 5-8      PFM2 


SFlux 1 


 


NF1.2 (borehole 1.2) 9-11        


NF1.3 (borehole 1.2) 13-15        


NF2.1 (borehole 2.1) 5-8      PFM2 


SFlux 1 


 


NF2.2 (borehole2.2) 9-11        


NF2.3 (borehole 2.3) 13-15        


NF3.1 (borehole 3.1) 5-8      PFM2 


SFlux 1 


 


NF3.2 (borehole 3.2) 9-11        


NF3.3 (borehole 3.2) 13-15        


Nachtegaalstraat (Van Lidth de Jeudestraat)       


NF4.1 (borehole 4.1) 5-8        


NF4.2 (borehole 4.2) 9-11        


NF4.3 (borehole 4.2) 13-15        


Totals  11 8 8 13  PFM 15 


SFlux 5 


18 


GD: granulometric distribution 
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5 Results 


5.1 In situ measurements Nachtegaalstraat 


In order to determine whether the location of Nachtegaalstraat was suitable for flux measurements, 


in situ measurements (by cone penetration sampling) were conducted by MHW to a depth of 20 m-


gl on July 3, 2012. Table 3 shows the results of the in situ VOC measurements. See appendix 1 


(site Nachtegaalstraat) for the locations of the observation points 101 and 102, and wells 1010 and 


1101. See appendix 5 for the certificates of analyses. 


 


Table 3. Results in situ measurements Nachtegaalstraat (in µg/l). 


Observation point Depht (m-gl) PCE TCE DCE VC 


1010 3-4 3,400 470 5,300 150 


101 5-6 1,400 110 520 20 


101 7-8 510 360 2,400 160 


101 9-10 0.11 <0.6 160 680 


101 11-12 0.4 <0.6 14 200 


101 13-14 0.4 <0.6 2.8 53 


101 15-16 <0.1 <0.6 1.4 21 


101 17-18 <0.1 <0.6 6.3 76 


101 19-20 <0.1 <0.6 3.1 22 


1101 4-5 270 55 1,200 55 


102 5-6 320 51 1,200 <4 


102 7-8 42 26 2,200 150 


102 9-10 <0.1 <0.6 13 180 


102 11-12 <0.1 <0.6 1.1 490 


102 13-14 <0.1 <0.6 0.85 70 


102 15-16 <0.1 <0.6 1.2 35 


102 17-18 <0.1 <0.6 6.2 140 


102 19-20 <0.1 <0.6 4.2 37 


 


It’s obvious that the bulk of the PCE and TCE contamination is present between the phreatic 


groundwater level and 8 m-gl. The bulk of the DCE contamination is present between the phreatic 


groundwater level and 10 m-gl. The bulk of the VC contamination is present between the phreatic 


groundwater level and 13 m-gl. 
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5.2 Geoflo measurements 


The Geoflo measurements were performed three times: on August 14-15, September 11-12 and 


October 9, 2012. See appendix 3 for the results of the Geoflo measurements. See appendix 6 for 


the Geoflo measurements report. The pore velocity measured with Geoflo is relatively high (40 to 


610 m/year at Amsterdamsestraatweg; 40 to 900 m/year at Nachtegaalstraat). 


 


The measured direction of the groundwater varies: 


 North-west in wells AF1.1, AF1.2, NF1.1 and NF1.2. 


 West in well AF3.1. 


 North north-east in well NF4.1. 


 East north-east in well NF4.2. 


 South-east in well NF3.1 (back towards the source of contamination). 


 


According to the plume of contamination the mean direction of the groundwater flow at both sites is 


north-west. In three wells a completely different direction has been observed. 


 


5.3 Traditional, SorbiCell and SorbiFlux groundwater 


sampling 


The table in appendix 4 shows the results of the traditional groundwater sampling (by Bioclear on 


August 8, 2012) as well as the results of the sampling with SorbiCells (by Bioclear, August 15 to 


September 12) at the sites Amsterdamsestraatweg and Nachtegaalstraat. Also the results of the 


groundwater sampling with SorbiFlux (by MHW, October 25 to November 29) are shown in the 


table of appendix 4. See appendix 5 for the certificates of these analyses. See appendix 7 for the 


Sorbiflux report. 


 


In well AF2.1 the concentrations measured with the SorbiCell and SorbiFlux are (much) lower 


compared to the results obtained with regular sampling, probably partly caused by the depth at 


which the measurement was performed. It’s obvious that well AF2.1 is located downstream (north 


west) of a source of contamination of high strength (DNAPL).  


 


Well NF3.1 is also located downstream (north west) of a source of contamination  with PER 


concentrations of 3400 µg/l at 3-4 m-gl and 1400 µg/l at 5-6 m-gl (see table 3). However, the 


concentrations measured in well NF3.1 are much lower because of a greater distance to the source 


of contamination. The concentrations in NF1.1 are much lower than the concentrations in 


observation well 101 (5-6 m-gl) which is located near NF1.1.   


The concentrations in well N1.1 are fairly consistent in the different measuring methods. 
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These results demonstrate the bias introduced by the proximity to the source zone. In order to 


determine a flux it is important to conduct the analyses in near proximity to the source zone. 


Furthermore the depth at which the measurement is conducted also plays an important role. 


 


5.4 Groundwater fluxes 


Table 4 shows the groundwater fluxes which have been determined on the basis of measurements 


of Geoflo, PFM, Sorbiflux and the traditional calculation (permeability multiplied by the gradient). 


See appendix 8 for the PFM report (VITO). 
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Table 4. Groundwater fluxes (Geoflo, PFM, Sorbiflux, traditional in m
3
/m


2
/day) 


Well ID Screen 


interval 


(m-gl) 


Geoflo 


(mean) 


PFM 


(mean) 


Sorbiflux 


 


Traditional 


(k*i) 


k-value (m/day)# 


Amsterdamsestraatweg 


(Papaverstraat) 


6-6.3 m-gl  Gradient (i) = 3.04*10
-4


 m/m* 


AF1.1  6-10 0.69 0.022 0.052 0.0012 3.8 


AF1.2  14-16 - -  0.0028 9.3 


AF1.3  18-20
 


0.40 - - 0.0037 12.2 


AF2.1  6-10 - 0.014 0.073 0.0010 3.2 


AF2.2  14-16 - - - 0.0082 26.8 


AF2.3  18-20 - - - 0.0082 27 


AF3.1  6-10 1.13 0.028 - 0.0070 22.9 


Nachtegaalstraat (Mulderweg) 7-7.3 m-gl  Gradient (i) = 1.41*10
-4


 m/m* 


NF1.1  5-8 0.70 0.028 0.042 0.0011 3.7 


NF1.2  9-11 - - - 0.0028 9.3 


NF1.3  13-15 0.61 - - 0.0074 24.3 


NF2.1  5-8 - 0.038 0.045 0.0011 3.7 


NF2.2  9-11 - - - 0.0011 3.4 


NF2.3  13-15 - - - 0.0029 9.7 


NF3.1  5-8 1.19 0.033 0.095 0.0009 3.0 


NF3.2  9-11 - - - 0.0013 4.2 


NF3.3  13-15 - - - 0.0024 8.0 


Nachtegaalstraat (Van Lidth de 


Jeudestraat) 


7-7.3 m-gl  Gradient (i) = 1.41*10
-4


 m/m* 


NF4.1  5-8 0.33 - - 0.0022 7.1 


NF4.2  9-11 - - - 0.0012 4.0 


NF4.3  13-15 0.26 - - 0.0038 12.6 


*Gradient derived from hydrolic  heads (DINO counter)  


#Derived from granulometric distribution (methods Seelheim and Hazen)   
 


Figure 6 shows the groundwater flux. It’s obvious that the Geoflo groundwater flux is much higher 


than the other (calculated) fluxes. In Figure 7 the Geoflo results have been excluded. The Sorbiflux 


measured groundwater fluxes are up to four times higher than those measured with the PFM. For 


both methods, the results are in the order of magnitude expected at these locations. The results by 


traditional calculation are too low to be realistic, possibly caused by wrong assumptions in local 


groundwater gradients (derived from DINO).  
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Figure 6. Darcy groundwater flux (traditional, PFM, Sorbiflux and Geoflo) 


 


 


Figure 7. Darcy groundwater flux (traditional, PFM and Sorbiflux)
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5.5 Contaminant mass flux  


In order to calculate the mass flux in groundwater, we have used the Sorbiflux and PFM. For 


calculation of the SorbiCell contaminant mass flux at depths where there is no realistic 


groundwater flux available, we have used the flux of the overlying layer. See table 5 to 8 for the 


results (PCE, TCE, DCE and VC) of the contaminant mass flux. The results are also presented in 


graphs (figures 8 to 11).    


 


Table 5. Mass Flux measurement PCE (in mg/m
2
/day, unless otherwise indicated)  


Well ID Screen 


(m-gl) 


Mass 


Flux 


Trad.
1)


 


Mass Flux 


SorbiCell
2) 


 


Mass 


Flux PFM 


(mean) 


Mass Flux 


Sorbiflux 


Amsterdamsestraatweg (Papaverstraat) 8.5; 15; 19 m-gl Screen level 7.0-7.3 m-gl 


AF1.1 6-10 <0.005 <0.05 0 (0) 0.1 


AF1.2 14-16  <0.05   


AF2.1 6-10 1,168 160 4,200 at 8.5 m-gl 


 (2,650) 


23.7 


AF2.2 14-16  0.1   


AF2.3 18-20  0.5   


AF3.1 6-10 <0.003
3) 


<0.1
4) 


0 (0)  


Nachtegaalstraat (Mulderweg)  6.6; 10; 14 m-gl Screen level 6.0-6.3 m-gl 


NF1.1 5-8 18.5 27.1 0 (0) 2.7 


NF1.2 9-11  0.1   


NF1.3 13-15  <0.06   


NF2.1 5-8 2.1 1.2 0 (0) 0 


NF2.2 9-11  1.6   


NF2.3 13-15  <0.06   


NF3.1 5-8 1.9 1.1 1.1 at 6.3 m-gl (1,9) 0 


NF3.2 9-11  0.1   


NF3.3 13-15  <0.15   


NF4.1 5-8  0.1   


NF4.2 9-11  <0.11   


NF4.3 13-15  <0.15   


1) Based on regular derived concentrations and Darcy flux measured by Sorbiflux. 


2) Based on SorbiCell derived concentrations and Darcy flux measured by Sorbiflux. 


3) Based on regular derived concentrations and Darcy flux measured by PFM.  


4) Based on SorbiCell derived concentrations and Darcy flux measured by PFM.  
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Site Amsterdamsestraatweg 


The highest contaminant mass fluxes for PCE are found in well AF2.1. Here, the contaminant mass 


fluxes vary between 160 and 4,200 mg/m
2
/day for PCE. The highest mass flux in well AF2.1 has 


been measured using the PFM and the lowest using the SorbiFlux. The contaminant mass fluxes in 


the other wells are negligible.   


 


Site Nachtegaalstraat 


The contaminant mass fluxes in well NF1.1 vary between 0 and 27.1 mg/m
2
/day for PCE. This is 


the well near the source zone. The contaminant mass fluxes in wells NF2.1 and NF3.1 that were 


measured with SorbiCells are comparable to those that were measured using the traditional 


method. The contaminant mass fluxes in the other wells (except for well NF2.2) are negligible. The 


highest mass flux in well NF1.1 was measured using the SorbiCell and the lowest using the PFM. 


 


 


Figure 8. Mass flux PCE at sites. 
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Table 6. Flux measurement TCE (in mg/m
2
/day, unless otherwise indicated) 


Well ID screen 


(m-gl) 


Mass Flux 


Trad.
1)


 


Mass Flux 


SorbiCell
2) 


 


Mass Flux PFM 


(mean) 


Mass Flux Sorbiflux 


Amsterdamsestraatweg (Papaverstraat) 8.5; 15; 19 m-gl Screen level 7.0-7.3 m-gl 


AF1.1 6-10 <0.005 <0.05 21 at 7.2 m-gl 


19 at 8.8 m-gl 


(12.3) 


0.1 


AF1.2 14-16  <0.05   


AF2.1 6-10 372 30 1,120 at 8.4 m-gl 


(643) 


8.9 


AF2.2 14-16  0.1   


AF2.3 18-20  0.3   


AF3.1 6-10 <0.003
`3) 


<0.1
4) 


0.0 at 7.3 m-gl 


0.3 at 8.8 m-gl 


(0.2) 


 


Nachtegaalstraat (Mulderweg)  6.6; 10; 14 m-gl Screen level 6.0-6.3 m-gl 


NF1.1 5-8 4.6 4.7 15 at 6.2 m-gl 


13.2 at 6.7 m-gl 


(10.6) 


0.9 


NF1.2 9-11  <0.05   


NF1.3 13-15  <0.06   


NF2.1 5-8 0.7 0.8 3.1 at 6 m-gl 


6.6 at 6.7 m-gl 


(6.7) 


0 


NF2.2 9-11  3.0   


NF2.3 13-15  <0.06   


NF3.1 5-8 0.4 0.4 19 at 6.2 m-gl 


(16.3) 


0 


NF3.2 9-11  <0.1   


NF3.3 13-15  <0.15   


NF4.1 5-8  0.1   


NF4.2 9-11  <0.1   


NF4.3 13-15  <0.15   


1) Based on regular derived concentrations and Darcy flux measured by Sorbiflux. 


2) Based on SorbiCell derived concentrations and Darcy flux measured by Sorbiflux. 


3) Based on regular derived concentrations and Darcy flux measured by PFM. 


4) Based on SorbiCell derived concentrations and Darcy flux measured by PFM. 
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Site Amsterdamsestraatweg 


The highest contaminant mass fluxes for TCE are found in well AF2.1 (as was the case for PCE). 


Here, the contaminant mass fluxes vary between 8.9 and 1,120 mg/m
2
/day for TCE. The highest 


mass flux in well AF2.1 has been measured using the PFM and the lowest using the Sorbiflux. In 


well AF1.1 the mass fluxes measured are 21 mg/m
2
/day at 7.2 m-gl and 19 mg/m


2
/day at 8.8 m-gl, 


while the other in well AF1.1 measured mass fluxes are negligible. The contaminant mass fluxes in 


the other wells are negligible.   


 


Site Nachtegaalstraat 


The contaminant mass fluxes for TCE in well NF1.1 vary between 0.9 and 15 mg/m
2
/day for TCE. 


This is the well near to the source. The contaminant mass fluxes for TCE in well NF3.1 vary 


between 0 and 19 mg/m
2
/day for TCE. The highest mass fluxes in wells NF1.1 and NF3.1 have 


been measured using the PFM and the lowest using the Sorbiflux. The contaminant mass fluxes in 


wells NF1.1, NF2.1 and NF3.1 that were measured with SorbiCells are comparable to those that 


were measured using the traditional method. The contaminant mass fluxes in the other wells 


(except for well NF2.2) are negligible.  


 


 


Figure 9. Mass flux TCE at sites.  
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Table 7. Flux measurement DCE (in mg/m
2
/day, unless otherwise indicated) 


Well ID Screen 


(m-gl) 


Mass 


Flux 


Trad.
1)


 


Mass Flux 


SorbiCell
2) 


Mass Flux PFM Mass Flux 


Sorbiflux 


Amsterdamsestraatweg (Papaverstraat) 8.5; 15; 19 m-gl Screen level 7.0-7.3 m-gl 


AF1.1 6-10 0,3 2.0 0 (0) 2.5 


AF1.2 14-16  1.5   


AF2.1 6-10 2,117 1,104 1,630 at 8.4 m-gl 


(940) 


926 


AF2.2 14-16  1.2   


AF2.3 18-20  9.7   


AF3.1 6-10 0.004
3) 


0.23
4) 


0 (0)  


Nachtegaalstraat (Mulderweg)  6.6; 10; 14 m-gl Screen level 6.0-6.3 m-gl 


NF1.1 5-8 11.8 17.9 0 (0) 20.1 


NF1.2 9-11  2.6   


NF1.3 13-15  0.1   


NF2.1 5-8 5.0 8.9 0.8 at 6 m-gl 


0.0 at 6.5 m-gl 


(1.1) 


0.2 


NF2.2 9-11  9.9   


NF2.3 13-15  <0.06   


NF3.1 5-8 14.3 15.3 7.0 at 6.2 m-gl 


(10.5) 


0 


NF3.2 9-11  20.5   


NF3.3 13-15  <0.15   


NF4.1 5-8  3.5   


NF4.2 9-11  1.8   


NF4.3 13-15  <0.15   


1) Based on regular derived concentrations and Darcy flux measured by Sorbiflux. 


2) Based on SorbiCell derived concentrations and Darcy flux measured by Sorbiflux. 


3) Based on regular derived concentrations and Darcy flux measured by PFM. 


4) Based on SorbiCell derived concentrations and Darcy flux measured by PFM. 







 


Contaminant mass flux measurement - using Traditional sampling, SorbiCell, Sorbiflux and PFM 27 


 


Site Amsterdamsestraatweg 


The highest contaminant mass fluxes for DCE are found in well AF2.1 (as was the case for PCE 


and TCE). Here, the contaminant mass fluxes vary between 926 and 2,117 mg/m
2
/day for DCE. 


The highest mass flux in well AF2.1 has been measured using the traditional method and the 


lowest using the Sorbiflux. The contaminant mass fluxes in wells AF1.1 and AF2.1 that were 


measured with SorbiCells are comparable to those that were measured with the Sorbiflux, although 


they were not taken at the same depth.  


  


Site Nachtegaalstraat 


The contaminant mass fluxes for DCE in well NF1.1 vary between 0 and 20.1 mg/m
2
/day for DCE. 


This is the well near to the source. The contaminant mass fluxes for DCE in well NF3.1 vary 


between 0 and 15.3 mg/m
2
/day for TCE. The highest mass flux in well NF1.1 have been measured 


using the Sorbiflux and in well NF3.1 using the SorbiCell. The contaminant mass fluxes in wells 


NF1.1, NF2.1 and NF3.1 that were measured with SorbiCells are more or less comparable to those 


that were measured using the traditional method.  


 


 


Figure 10. Mass flux DCE at sites. 
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Table 8. Flux measurement VC (in mg/m
2
/day, unless otherwise indicated) 


Well ID screen 


(m-gl) 


Mass 


Flux 


Trad.
1)


 


Mass Flux 


SorbiCell
2) 


Mass Flux PFM Mass Flux Sorbiflux 


Amsterdamsestraatweg (Papaverstraat) 8.5 m-gl Screen level 7.0-7.3 m-gl 


AF1.1 6-10 0.4 0.4 0 (0) 0.7 


AF1.2 14-16  2.1   


AF2.1 6-10 88.4 16.9 27 at 8.5 m-gl 


(9.3) 


5.3 


AF2.2 14-16  0.6   


AF2.3 18-20  2.7   


AF3.1 6-10 0.03
3) 


<0.1
4) 


0 (0)  


Nachtegaalstraat (Mulderweg)  6.6 m-gl Screen level 6.0-6.3 m-gl 


NF1.1 5-8 0.5 0.1 0 (0) 0.2 


NF1.2 9-11  1.4   


NF1.3 13-15  0.7   


NF2.1 5-8 2.4 3.2 0 (0) 0.1 


NF2.2 9-11  0.4   


NF2.3 13-15  1.2   


NF3.1 5-8 4.8 2.8 0 (0) 0 


NF3.2 9-11  14.2   


NF3.3 13-15  14.8   


NF4.1 5-8  15.6   


NF4.2 9-11  11.2   


NF4.3 13-15  0.8   


1) Based on regular derived concentrations and Darcy flux measured by Sorbiflux. 


2) Based on SorbiCell derived concentrations and Darcy flux measured by Sorbiflux. 


3) Based on regular derived concentrations and Darcy flux measured by PFM. 


4) Based on SorbiCell derived concentrations and Darcy flux measured by PFM. 


 


Site Amsterdamsestraatweg 


The highest contaminant mass fluxes for VC are found in well AF2.1. Here, the contaminant mass 


fluxes vary between 5.3 and 88.4 mg/m
2
/day for VC. The highest mass flux in well AF2.1 has been 


measured using the traditional method and the lowest using the Sorbiflux. The contaminant mass 


flux in well AF1.1 that was measured with SorbiCells is comparable to the one that was measured 


with the Sorbiflux, although they were not taken at the same depth.  
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Site Nachtegaalstraat 


The contaminant mass fluxes in wells NF2.1 and NF3.1 that were measured with SorbiCells are 


more or less comparable to those that were measured using PFM or Sorbiflux.  
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 11. Mass flux VC at sites. 


 


The results show that there is a great variance in mass flux between the different methods used for 


measurement. The highest fluxes for PCE and TCE were measured using the PFM (passive flux 


measurement) but for DCE and VC the highest fluxes were measured using the traditional method. 


The SorbiCell and Sorbiflux gave more or less comparable results. At both sites the highest mass 


flux was measured in the wells located near the contaminant source area.  
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5.6 Contaminant mass discharge  


The number of data points is too limited to use special integration of the contaminant mass fluxes 


to determine the total mass (mg/day) through a plane that is orthogonal to the mean groundwater 


flow direction. Nevertheless the mass discharge (Md) at each site has been estimated, based on 


the data (i.e. the mean mass flux (J) from SorbiCell, Sorbiflux and PFM at a certain depth) shown 


in table 9. 


 


Table 9. Mean mass flux (J) in mg/m
2
/day and estimated mass discharge (mg/day) 


Depth 


(m-gl) 


Plane  


(m
2
) 


JPCE    MPCE  JTCE MTCE JDCE MDCE JVC MVC 


Amsterdamsestraatweg         


6-12 150 (6 x 25) 472 70,800 116 17,400 496 74,400 5.5 825 


12-20 200 (8 x 25) 0.3 60 0.15 30 4.1 820 1.8 360 


Total plane (m
2
) 350         


Total mass 


discharge 


(mg/day) 


  70,860  17,430  75,220  1,185 


Nachtegaalstraat         


5-8 120 (3 x 40) 2.9 348 3.4 408 7.1 852 4.4 528 


8-12 160 (4 X 40)  0.5 80 0.8 128 8.7 1,392 6.8 1,088 


12-15 120 (3 X 40) 0 0 0  5.6 672 4.4 528 


Total plane (m
2
) 400         


Total mass 


discharge 


(mg/day) 


  428  536  2,916  2,144 


  


It’s obvious that the mass discharge at the site of Amsterdamsestraatweg is much higher than the 


mass discharge at the site of Nachtegaalstraat, even though the plane of compliance at 


Amsterdamsestraatweg is smaller. Most source zones, within the biowasmachine area of Utrecht, 


have not been characterised in detail, but based on the concentrations and the length of the 


plumes it is possible to predict that only a few source zones are comparable with the source at the 


Amsterdamsestraatweg. De Amsterdamsestraatweg is highly contaminated and the flux is 20 times 


stronger than the flux in the other source zones. We expect that most of the other source zones are 


comparable with the site at Nachtegaalstraat or that the contaminant flux is even lower. Based on 


these results it is possible to estimate a total mass discharge within the bio-washing machine area. 
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6 Discussion on flux measurements  


6.1 Introduction 


As can be seen from the results of the flux measurement tests carried out under CityChlor, there 


are big differences in Darcy fluxes (flow through a surface, with permeability times gradient, k*i). Or 


is it better to speak of pore velocity (actual velocity in the pores, k*i divided by the porosity p)? This 


difference may also lead to relative differences in the resulting calculated pollution fluxes. If the 


porosity is set aside, the velocity of the ground water flow is the ‘average’ velocity through the 


sediment (solid matrix plus porosity). However, if the porosity is included in the Darcy equation, it 


provides for a lower average velocity of water particles in the aquifer pores (pore velocity).  


 


The pore velocity is determined with Geoflo, PFM and Sorbiflux, as well as using piezometric data, 


permeability (from grain size distribution) and porosity. The pollution fluxes are determined through 


regular concentration measurement and by adsorption in PFM, SorbiCell and Sorbiflux.  


 


The discussion on the perceived differences between the different methods was conducted by 


members of the CityChlor Think-Tank. 


 


6.2 Darcy flux or pore velocity? 


First of all, it is important to clarify what exactly is measured / reported on in the various methods. 


Does it involve the measurement / reporting of a Darcy flux or is the pore velocity measured / 


reported on? To prevent misunderstandings, in future it is better to speak of the (actual) pore 


velocity.  


 


Sorbiflux and PFM 


Pore velocity is measured in both Sorbiflux and PFM, even though the Vito report speaks of Darcy 


flux. Porosity wasn’t taken into account in determining the PFM flux. As far as the PFM fluxes are 


concerned, this isn’t necessary either. This is only useful in estimating the alpha deflection factor. 


Basically, to calculate the PFM data with regard to the deflection factor, the permeability of the 


surrounding sediments and the filter gravel is taken into account. However, as this data wasn’t 


available, Vito assumed the alpha factor to be equal to 1. In other words, the pore velocity in the 


aquifer = the pore velocity in the PFM. The permeability of the filter gravel in the piezometer is 


probably much larger than the permeability of the aquifer. The alpha factor will therefore be greater 


than 1, so the actual pollution flux will be less.   


 


Geoflo 


The Geoflo doesn’t really measure the pore velocity in a piezometer filter, but because a linear 


relationship was defined between pore velocity in the measuring chamber and the measuring 


response in a flow-chamber in the laboratory by calibration, the pore velocity is in fact measured 
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physically in the field. In this case, the same well setup was used in the calibration of the Geoflo 


(using the sand from the site and the same casing) as in the field. With the conversion of the pump 


flow (pumped through the flow chamber) to pore velocity, it is divided by the porosity. Strictly 


speaking, the actual porosity must also be taken into account: That part of the pore space that is 


actually ‘connected’ (for the calculation of actual porosity, see D.B. Stephens et al., 1998, Journal 


of Hydrogeology 6: 156-165). Measuring actual porosity on-site is quite a hassle. The total porosity 


was defined in this context for the sake of the Geoflo measurements. In practice, it often involves 


an overestimation of the porosity leading to an underestimation of the pore velocity and thus of the 


eventual pollution to be established. 


 


It must also be noted that the way of measuring differs per method. With Sorbiflux and PFM, the 


pore velocity is derived from the extent to which an adsorbent mixture is flushed out and with 


Geoflo, a heat pulse is applied that moves past the sensor under influence of the flow of water.  


 


The measured pore velocities are shown in table 1. A total porosity of 25% was also used with the 


Geoflo and the conventional method.  


 


There were large differences in the measured pore velocity. The measured values are situated 


within the range from:  


• 1.3 – 5.5 m/year with the conventional method,  


• 5.1 -13.9 m/year with PFM,  


• 15.3 – 35 m/year with Sorbiflux and  


• 32.9 – 900 m/year for Geoflo.  


 


The pore velocities determined with the Deltares groundwater flow model (with a porosity of 25%) 


are situated in the range from 3 - 19 m/year (layer depth 5.65 – 9.15 m-mv).  


 


6.3 Differences per method explained 


There could be a number of causes for the differences between the pore velocities measured in the 


field.  


 


Depth and distance 


The depth at which the measurements took place, forms an important aspect. The measurements 


were carried out at various depths (see table 10) and the distance over which the measurements 


were taken, also differed per measuring instrument. The Geoflo measuring probe’s sensor is 4 cm 


long. Therefore the detail that can be sensed vertically by the Geoflo can be 4 cm at most. The 


Sorbiflux measures over a distance of 30 cm and the PFM over a distance of 45 cm (a PFM usually 


consists of three sections of 1.4 meters in total). Interestingly, in one of the piezometers, the Geoflo 


measured the highest pore velocity (2.5 m/day) at 6 m–gl and the lowest pore velocity (0.11 m/day) 


at 6.5 m –gl.  Large variances are therefore involved vertically, on a scale of 0.5 meter, and 


perhaps this also occurs on a smaller (decimetre) scale. These differences may be due to 


differences in lithology and this heterogeneity probably also occurs laterally. This is strongly 


determined by the lateral spread of this kind of stratigraphic differences. It is therefore important to 
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get to know this stratigraphic build-up in more detail in determining fluxes. In the current measuring 


design, the soil structure is described in accordance with NEN 5104. The detail of this method is 


insufficient to determine such heterogeneity. 


 


Vertical flow 


Another cause of the differences in measured vertical pore velocity could be found in the 


occurrence of vertical flow in a filter. For example, the piezometer can link two more permeable 


zones on a different depth with each other; therefore the pore velocity in the soil package deducted 


from the measurements could differ from the actual pore velocity. Perhaps because this is 


measurable at the ends of the Sorbiflux or PFM because in vertical flow the salt is more dissolved 


at the top or bottom (depending on the direction of flow). 


 


Spatial variability 


Despite the big differences on micro scale, a good picture can be achieved with Geoflo, PFM and 


Sorbiflux as far as the spatial variability of the pore velocity is concerned, both vertically (if 


piezometers are positioned close together, covering the entire aquifer with their filters) and 


horizontally, on condition that enough piezometers are present in an area. This however requires a 


relatively big research effort. By using MIP probing in combination with a HPT (Hydraulic Profiling 


Tool), the detailed stratigraphic structure can be determined in different locations, so the 


monitoring filters can be positioned more effectively in velocity influencing layers. 


 


The pore velocity ((k*i)/p) calculated in the conventional way based on Darcy, deviates from the 


pore velocities measured with the other methods by a factor ten to hundred. The k-value was 


determined based on the grain size distribution. This usually led to at least a factor ten in 


underestimation (CUR/SKB study SV206, 2001). It was also already mentioned not to use sec the 


(total) porosity for porosity, but the actual porosity, which is less than the (total) porosity. This will 


likely increase the result of the pore velocity calculations by a factor two (or more). The gradient (i) 


was measured on a greater scale through interpolation of the level increases measured in 


piezometers in the monitoring network, located on a relatively large distance from each other, 


which could lead to large discrepancies, including the direction of the ground water flow. This does 


not imply that the scale forms a (co)determining factor in determining the average pore velocity and 


pollution flux. As the network of measuring points moves closer, the gradient and the direction can 


also be determined with more confidence, this is however still an average of the collection of 


gradients and directions on a smaller scale within the monitoring network. This should be kept in 


mind in the interpretation of results and the conversion to a larger or smaller scale. 


 


Difference in measuring method 


There are also differences in sensitivity to the circumstances under which the measurements were 


made. The calibration of measuring systems therefore often forms an essential part of the 


measuring procedure. This also applies as far as the Geoflo system is concerned. This calibration 


was carried out before the measurement for CityChlor in (simulated) field conditions (incl. in field 


used casing, aquifer material and filter type). It must also be remarked that Geotron filters were 


used in the field instead of the Boode filters mostly used in Geoflo measurements. The Boode 


filters gave better results in the calibration in terms of the correct ground water flow direction. As 
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regards the determination of velocity, there wasn’t any identifiable difference in the calibration. 


Sorbiflux and PFM are not calibrated for field conditions. Also, with PFM the so-called α-value (the 


extent of convergence or divergence of the flow from the casing to the PFM) was probably greater 


than one, which means that the measured pore velocity becomes less (and therefore the pollution 


flux to be established too), and thus the difference with the Geoflo becomes larger. This also 


applies for the Sorbiflux measurements. 


 


Difference in time scale 


With the use of SorbiCell and Sorbiflux it is also important to note that no pore velocity is measured 


with SorbiCell. This should therefore be determined in another way (e.g. with Geoflo). The water 


column above the SorbiCell, in combination with a resistance in the SorbiCell ensures that the 


water passing the piezometer is collected drop by drop. The dissolved substances are adsorbed by 


the adsorptive grains. The SorbiCell therefore measures an average concentration over a longer 


time (varying between approximately 1 week and 3 months) therefore fluctuations of the 


concentrations are averaged over time. A correction must still be made with the SorbiCell for the 


conversion to pollution flux for the retardation of the measured components. With Sorbiflux (as well 


as the PFM) the total mass of the flow of pollution passing through is measured with adsorption 


grains. The volume of the ground water that bypasses the flux meter is determined based on the 


amount of flushed out salt, and from this the pore velocity can be calculated. All dissolved pollution 


flowing through the flux meter over a certain period of time, is captured. Because the retardation is 


already discounted in the equilibrium between the components dissolved in the ground water and 


adsorbed in the solid phase, retardation doesn’t play a role in the Sorbiflux and PFM measurement. 


Retardation must however be included in the final calculations of the pollution flux. Fundamental 


assumptions for the calculation of fluxes in publications such as Kirk Hatfield et al., 2004 (Journal 


of Contaminant Hydrology 75:  p 155-181) should however be questioned and reconsidered. 


However, this discussion does not fall within the scope of the present investigation. Therefore, for 


the time being, it was assumed in this study that adjustment for retardation is not necessary for the 


calculation of the pollution flux.  


 


Variation in groundwater flow direction 


It is clear that large variances in pore velocity are observed on a relatively small scale. Large 


variations are also observed in the direction of flow, as demonstrated by the Geoflo measurements. 


The Bureau of Economic Geohydrology of the University of Texas proved in 1997 that in 45% of 


the cases, the actual flow direction of the ground water could deviate 40 degrees from the average 


direction measured over a year. It is therefore important to know on a detail level more or of less 


where permeable soil layers are located and how this is spread horizontally prior to flux 


measurements. This can be carried out with MIP probing in combination with HPT (Hydraulic 


Profiling Tool), with which the lithology of the soil can be determined on a relatively small scale, 


both horizontally and vertically.   
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6.4 Groundwater flux: from location to area  


The question arises here, how can the pore velocity measurements (and pollution flux) be 


converted to a larger scale of tens to hundreds of square meters on detail level with all the ifs and 


buts? For example, is there also a ‘fast layer’ with relatively high permeability and pore velocities 


on a large scale or does this average out on a large scale? After all, the pore velocities calculated 


with the Deltares model for the layer of around 6.65 - 9.15 m-mv lies at 3 - 19 m/year. The 


permeability used here is derived from tables that display the horizontal and vertical permeability 


for every geological formation per lithograph class and this in turn is based on measurements on 


field samples in flow-through cells in the laboratory. The question remains, how applicable is the 


result, regionally or locally.  


 


It became clear from the discussion that there is still work to be done on the value assessment of 


the different methods and the translation of the measurements on detail level to a larger scale. The 


CityChlor Think-Tank’s point of departure was to measure both the pollution flux from a source 


zone and the degradation capacity in the sub-soil to be able to get an answer to the question 


whether this degradation capacity is large enough to prevent any unwanted spread to an area 


boundary. If the pollution flux (or the degradation capacity) cannot be quantified, this question 


cannot be answered and an effective monitoring strategy cannot be designed. A multitude of 


measuring points will however be necessary for proper quantification and for a correct translation 


of local pore velocity and pollution flux to a regional/spatial image. Flux measurements of 


concentrations are therefore more suitable than point measurements. It is clear that the 


conventional method for determining pore velocity generates too many uncertainties and it is less 


suitable. At this stage, it is somewhat premature to state a preference for the Geoflo/SorbiCell 


combination or for the use of Sorbiflux or PFM. It will be wise to use both measuring systems, with 


MIP probing, in combination with HPT, to interchange the results and through a system of mutual 


cross-pollination, to eventually come to a firmly anchored measuring protocol via a process of 


convergence.  


 


In the context of area-specific monitoring in the application of flux measurements, trend and 


process monitoring can then be conducted at individual (dominant) plumes and control monitoring 


at signal and area boundaries. It should also be preferable to determine the concentration profile 


and the location of rapid or preferential flows. This allows for the application of a much more 


effective monitoring system, where periodic measurements can be conducted to determine the flow 


direction and pollution fluxes.  
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Table 10: Results of pore velocity (m/day) and measuring depths  
 


Well ID  Screen  


interval (m-gl)  


Geoflo  


 


Depth 


(m-gl) 


PFM 


(mean) 


Depth (m-gl) Sorbiflux  Depth (m-gl) Traditional  


(k*i/p)  


Amsterdamsestraatweg 


(Papaverstraat) 


        


AF 1.1 (borehole 1.1)  6-10  0.4 – 0.95 7; 8; 9 0.022  7.2;7.6;8.2;8.7;9.2;9.6 0.052  6.0-6.3 0.0048  


AF 1.3 (borehole 1.2)  18-20 0.1 – 0.64  18.5;19;19.5 -    0.0112 


AF 2.1 (borehole 2.1)  6-10  -   0.014  8.4;8.8;9.3 0.073  6.0-6.3 0.004  


AF 3.1 (borehole 3.1)  6-10  0.31 – 1.67  8; 8.5; 9 0.028  7.3;7.7;8.2;8.8;9.2;9.7   0.028  


Nachtegaalstraat 


(Mulderweg)  


        


NF 1.1 (borehole 1.1)  5-8  0.44 – 0.98  5; 6; 7 0.028  4.6;5.1;5.5;6.2;6.7;7.1  0.042  7.0-7.3- 0.0044  


NF 2.1 (borehole 2.1)  5-8  -   0.038  4.6;4.9;5.4;6.0;6.5;7.0 0.045  7.0-7.3 0.0044  


NF 3.1 (borehole 3.1)  5-8  0.09 – 2.47  6; 6.5; 7 0.033  3.8;4.2;4.7;5.3;5.8;6.3 0.096  7.0-7.3 0.0036  


Nachtegaalstraat (Van 


Lidth de Jeudestraat) 


        


NF 4.1 (borehole 4.1)  5-8  0.33 – 0.38  7 -     0.0088  


NF 4.2 (borehole 4.2)  9-11  -   -     0.0048  


NF 4.3 (borehole 4.2)  13-15  0.18 – 0.34  14 -     0.0152  
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7 Conclusions 


In this study passive flux measurements were carried out to determine prevalent contaminant mass 


fluxes before the start of the remediation using area-oriented approach. The flux measurements 


aim to characterize contaminant mass fluxes of Volatile Organic Chlorinated Compounds (VOC) 


resulting from two selected source zones in the Utrecht central station study area: 


Amsterdamsestraatweg and Nachtegaalstraat. 


 


As can be seen from the results of the flux measurement tests carried out under CityChlor, there 


are big differences in groundwater fluxes (flow through a surface, with permeability times gradient, 


k*i). Or is it better to speak of pore velocity (actual velocity in the pores, k*i divided by the porosity 


p)? This difference may also lead to relative differences in the resulting calculated pollution fluxes. 


If the porosity is set aside, the velocity of the ground water flow is the ‘average’ velocity through the 


sediment (solid matrix plus porosity). However, if the porosity is included in the Darcy equation, it 


provides for a lower average velocity of water particles in the aquifer pores (pore velocity).    


 


Multiple parameters are essential in order to determine the flux, which is mass per unit time. These 


parameters are: concentrations in the groundwater, the flow rate and the lateral flowthrough 


surface (surface through which contaminants flow). A combination of time-averaged concentration 


measurements as well as determination of both the flow rate and direction is required to determine 


the flux through a specific plane. 


In this study we have chosen three methods for flux measurements: 


1. Traditional sampling in observation wells.  


2.  Solid phase extraction in observation wells (SorbiCell). 


3.  Passive Flux Meters in observation wells (PMF and Sorbiflux).  


 


According to the plume of contamination the mean direction of the groundwater flow on both sites 


is north west. Based on the results of the Geoflo measurements the groundwater flow direction 


varies between north-west  and south-east (in the direction of the source of contaminant). The pore 


velocity measured with Geoflo is relatively high (40 to 610 m/year on site Amsterdamsestraatweg; 


40 to 900 m/year on site Nachtegaalstraat). 


 


In order to calculate the mass flux in groundwater, we used the Sorbiflux and PFM. For calculation 


of the SorbiCell contaminant mass flux at depths, we used the pore velocity of the overlying depth. 


There is a great variance in mass flux between the different methods used for measurement. 


Highest flux measured with PFM. On site Amsterdamsestraatweg the highest mass flux is 


measured in well AF2.1 and on site Nachtegaalstraat the highest mass flux is measured in well 


NF1.1. Both wells are located near the contaminant source.  
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The number of data points is too limited for using special integration of the contaminant mass 


fluxes to determine the total mass (mg/day) through a plane that is orthogonal to the mean 


groundwater flow direction. Nevertheless the mass discharge (Md) on each site has been 


estimated. The total mass discharge of VOC estimated on site Amsterdamsestraatweg is about 


164,7 grams a day in a plane of 350 m
2
. The total mass discharge of VOC estimated on site 


Amsterdamsestraatweg is about 6,0 grams a day in a plane of 400 m
2
. The mass discharge on the 


site of Amsterdamsestraatweg is much higher than the mass discharge on the site of 


Nachtegaalstraat.  


 


The results show that there is a great variance in mass flux between the different methods used for 


measurement. The highest fluxes for PCE and TCE were measured using the PFM (passive flux 


measurement) but for DCE and VC the highest fluxes were measured using the traditional method. 


The SorbiCell and Sorbiflux gave more or less comparable results. At both sites the highest mass 


flux was measured in the wells located near the contaminant source area.  


 


Based on the fluxes measured, a connection can be made between the degradation capacity and 


system limits and/or remediation objectives. The extent to which the deeper groundwater is being 


fed with contaminants can be estimated. This estimate can be compared against the contribution of 


various removal mechanisms for contaminants that play a role in deeper groundwater (for example, 


degradation and evaporation). 


 


In the context of area-specific monitoring in the application of flux measurements, trend and 


process monitoring can then be conducted at individual (dominant) plumes and control monitoring 


at signal and area boundaries. It should also be preferable to determine the concentration profile 


and the location of rapid or preferential flows. This allows for the application of a much more 


effective (and cheaper) monitoring system, where periodic measurements can be conducted to 


determine the flow direction and pollution fluxes.  
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pid (0), tegel


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
geel


20


Zand, matig fijn, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


110


Zand, matig fijn, zwak kleiïg, 
geen olie-water reactie, 
pid (0), grijs


135


Zand, matig grof, geen 
olie-water reactie, pid (0), 
geelgrijs


145


Boring: Afrea 1.2


X:


Y:


Datum: 26-7-2012


0


100 S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel


40


Zand, matig fijn, zwak siltig, 
zwak baksteenhoudend, 
geen olie-water reactie, 
pid (0), grijs


110


Zand, matig fijn, zwak kleiïg, 
geen olie-water reactie, 
pid (0), grijs


135


Zand, matig grof, geen 
olie-water reactie, pid (0), 
geelgrijs


160


Zand, matig fijn, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


190


Klei, slap, sterk siltig, zwak 
plantenhoudend, geen 
olie-water reactie, pid (0), grijs


195


Boring: Afrea 1.3


X:


Y:


Datum: 26-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
geel


20


Zand, matig fijn, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


110


Zand, matig fijn, zwak kleiïg, 
geen olie-water reactie, 
pid (0), grijs


135


Zand, matig grof, geen 
olie-water reactie, pid (0), 
geelgrijs


160


Zand, matig fijn, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


190


Klei, slap, sterk siltig, zwak 
plantenhoudend, geen 
olie-water reactie, pid (0), grijs


220


Klei, slap, matig siltig, zwak 
plantenhoudend, lenzen 
zand, geen olie-water 
reactie, pid (0), grijs


245







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV
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Boring: Afrea 2.1


X:


Y:


Datum: 26-7-2012


0


100


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, slap, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


115


Boring: Afrea 2.2


X:


Y:


Datum: 26-7-2012


0


100


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
groen, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, slap, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


165


Boring: Afrea 2.3


X:


Y:


Datum: 26-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, slap, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


170


Zand, matig fijn, matig siltig, 
matig veenhoudend, geen 
olie-water reactie, pid (0), 
bruingrijs


200


Klei, sterk siltig, zwak 
plantenhoudend, geen 
olie-water reactie, pid (0), 
licht grijsbruin


215


Boring: Afrea 3.1


X:


Y:


Datum: 27-7-2012


0


100
S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, slap, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


115







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 5 / 12


Boring: Afrea 3.2


X:


Y:


Datum: 26-7-2012


0


100


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, slap, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


165


Boring: Afrea 3.3


X:


Y:


Datum: 27-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


10


Zand, matig fijn, zwak 
grindig, zwak 
schelphoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


30


Zand, matig fijn, zwak 
grindig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
geel, fijn grind


75


Zand, matig fijn, matig 
humeus, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
donker grijsbruin


100


Klei, matig siltig, zwak 
zandig, geen olie-water 
reactie, pid (0), donkergrijs


170


Zand, matig fijn, matig siltig, 
matig veenhoudend, geen 
olie-water reactie, pid (0), 
bruingrijs


200


Klei, sterk siltig, zwak 
plantenhoudend, geen 
olie-water reactie, pid (0), 
licht grijsbruin


215







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 6 / 12


Boring: NF 1.1


X:


Y:


Datum: 31-7-2012


0


100


200


300


400


500


600


700


800


1 2 3


4 E1 E2 E3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


140


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), bruingroen, 
fijn grind


210


Grind, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


220


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


240


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


490


Zand, matig fijn, zwak 
grindig, matig houthoudend, 
laagjes klei, geen olie-water 
reactie, pid (0), lichtbruin, 
kleilensjes


700


Zand, matig fijn, zwak 
grindig, sterk houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


800


Boring: NF 1.2


X:


Y:


Datum: 31-7-2012


0


100


200


300


400


500


600


700


800


900


1000


1100


1200


1300


1400


1500


1 2 3


4


5


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


140


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), bruingroen, 
fijn grind


210


Grind, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


220


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


240


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


490


Zand, matig fijn, zwak 
grindig, matig houthoudend, 
laagjes klei, geen olie-water 
reactie, pid (0), lichtbruin, 
kleilensjes


700


Zand, matig fijn, zwak 
grindig, sterk houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


800


Zand, matig fijn, zwak 
houthoudend, laagjes klei, 
geen olie-water reactie, 
pid (0), lichtbruin890


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


1050


Zand, matig grof, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


1500







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 7 / 12


Boring: NF 2.1


X:


Y:


Datum: 27-7-2012


0


100


200


300


400


500


600


700


800


1 2 3


4 E1 E2 E3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


150


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
grijsbruin


190


Klei, zwak zandig, geen 
olie-water reactie, pid (0), 
lichtgrijs


210


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


500


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


740


Zand, matig fijn, zwak 
grindig, matig houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


800


Boring: NF 2.2


X:


Y:


Datum: 27-7-2012


0


100


200


300


400


500


600


700


800


900


1000


1100


1200


1300


1400


1500


1 2 3


4


5 E1 E2 E3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


200


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), licht grijsbruin


240


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


250


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


500


Zand, matig fijn, zwak 
grindig, matig houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


740


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


810


Zand, matig fijn, matig 
grindig, laagjes klei, geen 
olie-water reactie, pid (0), 
bruingrijs


850


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


1040


Zand, matig grof, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


1500







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 8 / 12


Boring: NF 3.1


X:


Y:


Datum: 26-7-2012


0


100


200


300


400


500


600


700


800


1 2 3


4 E1 E2 E3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


30


Zand, matig kleiïg, puin, 
geen olie-water reactie, 
pid (0), bruingrijs


110


Klei, zwak zandig, sterk 
siltig, geen olie-water 
reactie, pid (0), bruingrijs


250


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


500


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


790


Zand, matig fijn, zwak 
houthoudend, laagjes klei, 
geen olie-water reactie, 
pid (0), lichtbruin


800


Boring: NF 3.2


X:


Y:


Datum: 26-7-2012


0


100


200


300


400


500


600


700


800


900


1000


1100


1200


1300


1400


1500


1 2 3


4


5 E1 E2 E3


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


30


Zand, matig fijn, matig kleiïg, 
zwak puinhoudend, geen 
olie-water reactie, pid (0), 
bruingrijs


100


Klei, zwak zandig, sterk 
siltig, geen olie-water 
reactie, pid (0), bruingrijs


250


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs, op 250 
maaskei (12cm)


500


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


790


Zand, matig fijn, zwak 
houthoudend, laagjes klei, 
geen olie-water reactie, 
pid (0), lichtbruin, enkele 
kleilensjes (bruin)


930


Zand, matig fijn, matig 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), licht grijsbruin


1040


Zand, matig grof, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtbruin


1450


Zand, matig grof, matig 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), lichtgrijs


1500







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 9 / 12


Boring: NF 4.1


X:


Y:


Datum: 27-7-2012


0


100


200


300


400


500


600


700


800


1 2 3


4 E1 E2 E3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


40


Klei, matig zandig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
bruingrijs


70


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


100


Zand, matig fijn, matig 
leemhoudend, geen 
olie-water reactie, pid (0), 
bruinrood


150


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingrijs


310


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
laagjes klei, geen olie-water 
reactie, pid (0), bruingrijs


680


Zand, matig grof, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


800


Boring: NF 4.2


X:


Y:


Datum: 27-7-2012


0


100


200


300


400


500


600


700


800


900


1000


1100


1200


1300


1400


1500


1 2 3


S1


4
S2


5 E1 E2 E3
S3


klinker0


Geen olie-water reactie, 
pid (0), klinker


10


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


40


Klei, matig zandig, zwak 
baksteenhoudend, geen 
olie-water reactie, pid (0), 
bruingrijs


70


Klei, matig zandig, geen 
olie-water reactie, pid (0), 
bruingrijs


100


Zand, matig fijn, matig 
leemhoudend, geen 
olie-water reactie, pid (0), 
bruinrood


150


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruinrood


310


Zand, matig fijn, zwak 
grindig, zwak houthoudend, 
laagjes klei, geen olie-water 
reactie, pid (0), bruingrijs, 
kleilensjes


680


Zand, matig grof, zwak 
grindig, matig houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


820


Leem, zwak zandig, geen 
olie-water reactie, pid (0), 
lichtgrijs


830


Zand, matig fijn, zwak 
houthoudend, laagjes klei, 
geen olie-water reactie, 
pid (0), bruingrijs, kleilensjes


900


Zand, matig fijn, lenzen klei, 
geen olie-water reactie, 
pid (0), bruingrijs


960


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), bruingrijs


1190


Zand, matig grof, zwak 
grindig, zwak houthoudend, 
geen olie-water reactie, 
pid (0), bruingrijs


1500







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 10 / 12


Boring: Nfrea 1.1


X:


Y:


Datum: 27-7-2012


0


100


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


170


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


190


Boring: Nfrea 1.2


X:


Y:


Datum: 27-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


170


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


240


Boring: Nfrea 1.3


X:


Y:


Datum: 27-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


170


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


290


Boring: Nfrea 2.1


X:


Y:


Datum: 30-7-2012


0


100


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
geel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


170


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


190







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV
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Boring: Nfrea 2.2


X:


Y:


Datum: 30-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


170


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


240


Boring: Nfrea 2.3


X:


Y:


Datum: 30-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, geen 
olie-water reactie, pid (0), 
bruingeel


50


Klei, matig vast, zwak siltig, 
zwak roesthoudend, geen 
olie-water reactie, pid (0), 
lichtbruin


150


Klei, slap, sterk 
plantenhoudend, geen 
olie-water reactie, pid (0), 
donker zwartgrijs


180


Zand, matig fijn, geen 
olie-water reactie, pid (0), grijs


290


Boring: Nfrea 3.1


X:


Y:


Datum: 30-7-2012


0


100
S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht grijsbeige


25


Klei, matig vast, matig siltig, 
zwak zandig, geen 
olie-water reactie, pid (0), grijs


65


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht grijsbruin


100


Klei, matig vast, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


160


Klei, slap, matig zandig, 
zwak siltig, geen olie-water 
reactie, pid (0), lichtbruin


190


Boring: Nfrea 3.2


X:


Y:


Datum: 30-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht grijsbeige


25


Klei, matig vast, matig siltig, 
zwak zandig, geen 
olie-water reactie, pid (0), grijs


65


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht grijsbruin


100


Klei, matig vast, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


160


Klei, slap, matig zandig, 
zwak siltig, geen olie-water 
reactie, pid (0), lichtbruin


190


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht 
bruinbeige


240







Projectcode: P12059


Projectnaam: Papaverstraat/Nagetegaalstraat


Opdrachtgever: Gemeente Utrecht Projectleider K.K. Hertogh


Boormeester: HDr/RdV


Bijlage: Pagina: 12 / 12


Boring: Nfrea 3.3


X:


Y:


Datum: 30-7-2012


0


100


200


S1


tegel0


Geen olie-water reactie, 
pid (0), tegel


5


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht 
grijsbeige, fijn grind


25


Klei, matig vast, matig siltig, 
zwak zandig, geen 
olie-water reactie, pid (0), grijs


65


Zand, matig fijn, zwak 
grindig, geen olie-water 
reactie, pid (0), licht 
grijsbruin, fijn grind


100


Klei, matig vast, zwak siltig, 
geen olie-water reactie, 
pid (0), grijs


160


Klei, slap, matig zandig, 
zwak siltig, geen olie-water 
reactie, pid (0), lichtbruin


190


Zand, matig fijn, zwak siltig, 
geen olie-water reactie, 
pid (0), licht beigebruin


290







Legenda (conform NEN 5104)


grind


Grind, siltig


Grind, zwak zandig


Grind, matig zandig


Grind, sterk zandig


Grind, uiterst zandig


zand


Zand, kleiïg


Zand, zwak siltig


Zand, matig siltig


Zand, sterk siltig


Zand, uiterst siltig


veen


Veen, mineraalarm


Veen, zwak kleiïg


Veen, sterk kleiïg


Veen, zwak zandig


Veen, sterk zandig


klei


Klei, zwak siltig


Klei, matig siltig


Klei, sterk siltig


Klei, uiterst siltig


Klei, zwak zandig


Klei, matig zandig


Klei, sterk zandig


leem


Leem, zwak zandig


Leem, sterk zandig


overige toevoegingen


zwak humeus


matig humeus


sterk humeus


zwak grindig


matig grindig


sterk grindig


geur


geen geur


zwakke geur


matige geur


sterke geur


uiterste geur


olie


geen olie-water reactie


zwakke olie-water reactie


matige olie-water reactie


sterke olie-water reactie


uiterste olie-water reactie


p.i.d.-waarde


>0


>1


>10


>100


>1000


>10000


monsters


geroerd monster


ongeroerd monster


volumering


overig


bijzonder bestanddeel


Gemiddeld hoogste grondwaterstand


grondwaterstand


Gemiddeld laagste grondwaterstand


slib


water


peilbuis


filter


casing


bentoniet afdichting


blinde buis


hoogste grondwaterstand


gemiddelde grondwaterstand


laagste grondwaterstand








Appendix 3, table 1. Results Geoflo measurements 


Well ID Depth  


(m-gl) 


Degrees r.t. N Darcy flux 


 (m/day) 


Degrees r.t. N Darcy flux 


 (m/day) 


Degrees r.t. N Darcy flux 


 (m/day) 


  August 2012 September 2012 October 2012 


AF1.1 7 305 0,40 142 0.95   


AF1.1 8 266 0,84 248 0.41 261 0,73 


AF1.1 9 291 0,78 343 0,71   


AF1.2 18,5 308 0,24 297 0,11   


AF1.2 19 306 0,61 283 0,49 300 0,48 


AF1.2 19,5 296 0,38 299 0,61   


AF3.1    8 259 1,67 246 1,52   


AF3.1    8,5 274 1,26 232 0.31 241 1,04 


AF3.1    9 259 1,04 261 0,83   


NF1.1 5 349 0,98 357 0,92   


NF1.1 6 302 0,54 337 0,81 318 0,46 


NF1.1 7 332 0,44 337 0,66   


NF1.2 13,5 296 0,73 289 0,86   


NF1.2 14 279 0,59 298 0,52 289 0,52 


NF1.2 14,5 289 0,45 316 0,53   


NF3.1 6 129 2,47 177 2,46   


NF3.1 6,5 83 0,11 45 0,09 352 0,58 


NF3.1 7 137 0,71 171 0,98   


NF4.1 7 14 0,34 44 0,28 20 0,38 


NF4.2 14 66 0,34   66 0,18 







Appendix 4, table 1. Results traditional, SorbiCell and SorbiFlux concentration measurements (in µg/l)  


Well Screen  


(m-gl) 


PCE PCE 


SC 


PCE  


SF 


TCE TCE 


SC 


TCE  


SF 


DCE DCE 


SC 


DCE 


SF 


VC VC 


SC 


VC 


SF 


Amsterdamsestraatweg (Papaverstraat) 


AF1.1  6-10 <0,10 <1,1 1,1 <0,10 <1,1 2,6 5,6 37,5 47,5 7,0 7,8 14 


AF1.2  14-16 <0,10 <0,9 - <0,10 <0,9 - 6,7 28,8 - 21 41,2 - 


AF1.3  18-20 <0,10 - - <0,10 - - 0,57 - - 27 - - 


AF2.1  6-10 16.000 2.190 325 5.100 406 122 29.000 15.100 12.706 1.700 325 72,7 


AF2.2  14-16 31 1,3 - 11 1,9 - 19 16,8 - 6,7 8,2 - 


AF2.3  18-20 16 6,3 - 1,4 4,3 - 3,0 133 - 17 36,5 - 


AF3.1  6-10 <0,10 <4,1 - <0,10 <4,1 - 0,14 8,3 - 1,1 <4,1 - 


Nachtegaalstraat (Mulderweg) 


NF1.1  5-8 440 646 65,1 110 113 20,4 280 426 479 11 2,9 3,8 


NF1.2  9-11 1,4 1,7 - 0,36 <1,1 - 47 61 - 83 32,7 - 


NF1.3  13-15 0,13 <1,4 - 0,13 <1,4 - 4,6 2,7 - 8,0 16,7 - 


NF2.1  5-8 46 26,1 0,6 16 18,1 0 110 198 4,6 54 71,4 2,7 


NF2.2  9-11 74 35,3 - 11 66,5 - 17 219 - 33 7,9 - 


NF2.3  13-15 0,50 <1,4 - <0,10 <1,4 - 0,61 <1,4 - 15 26 - 


NF3.1  5-8 20 12 0 4,1 4,6 0 150 161 0 51 29,3 0 


NF3.2  9-11 2,2 0,8 - 1,2 <1,1 - 230 216 - 380 149 - 


NF3.3  13-15 0,42 <1,6 - 0,14 <1,6 - 4,7 <1,6 - 96 156 - 


Nachtegaalstraat (Van Lidth de Jeudestraat) 


NF4.1  5-8 2,0 0,8 - 1,9 0,8 - 48 37,2 - 4,1 164 - 


NF4.2  9-11 <0,10 <1,2 - <0,10 <1,2 - 21 19,2 - 330 118 - 


NF4.3  13-15 <0,01 <1,6 - <0,10 <1,6 - 0,24 <1,6 - 19 8,6 - 
 
SC = SorbiCell (at location  Aweg at 8,5 m-gl; at location Nstraat at 6,6 m-gl)  
SF = SorbiFlux (at location Aweg at 7,0-7,3 m-gl; at location Nstraat at 6,0-6,3 m-mv) 





		Appendix 3 and 4 Geoflo and results Trad SC and SF
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800302 4081_001~AF 1.1 (6.0-10) Grond 07-08-20121 :


M120800303 4081_002~AF 1.2 (14-16) Grond 07-08-20122 :


M120800304 4081_003~AF 1.2 (18-20) Grond 07-08-20123 :


M120800305 4081_004~AF 2.1 (8.5-10) Grond 07-08-20124 :


Parameter Intern ref. nr. Eenheid 1 2


Resultaten:


3 4


Mvb. SIKB AS3000 MVB-VBH-AS3000-G01 +S + ++    


Droge stof DIV-DS-G01 % (m/m) 82,2S 83,1 82,784,8    


Organische stof DIV-ORG-G01 % van ds <1,0S <1,0 <1,0<1,0(1) (1) (1) (1)


Calciumcarbonaat DIV-CARB-G02 % van ds 4,2Q <0,5 4,16,3    


Korrelgrootteverdeling


Lutum (korrelfractie < 2 µm) DIV-LUT-G01 % van ds <1,0S <1,0 1,4<1,0    


Korrelfractie < 16 µm DIV-LUT-G01 % van ds 1,1Q <1,0 2,41,3    


Korrelfractie < 63 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Korrelfractie 63 - 90 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 0,9<0,5    


Korrelfractie 90 - 125 µm DIV-ZEEF-G01 % van ds 1,4Q <0,5 2,21,1    


Korrelfractie 125 - 180 µm DIV-ZEEF-G01 % van ds 11,5Q 2,9 10,56,4    


Korrelfractie 180 - 250 µm DIV-ZEEF-G01 % van ds 39,4Q 11,7 40,719,9    


Korrelfractie 250 - 355 µm DIV-ZEEF-G01 % van ds 36,0Q 43,1 33,626,3    


Korrelfractie 355 - 500 µm DIV-ZEEF-G01 % van ds 5,4Q 32,5 4,022,4    


Korrelfractie 500 - 1000 µm DIV-ZEEF-G01 % van ds 1,0Q 8,0 2,417,9    


Korrelfractie 1000 - 2000 µm DIV-ZEEF-G01 % van ds <0,5Q 0,5 0,91,6    


Korrelfractie > 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Q = door RvA geaccrediteerd.


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Organische stof is als gloeiverlies bepaald en gecorrigeerd voor het gemeten gehalte aan lutum.


Verpakking bij monster: M120800302 (4081_001~AF 1.1 (6.0-10))


A9125534


Verpakking bij monster: M120800303 (4081_002~AF 1.2 (14-16))


A9125542


Verpakking bij monster: M120800304 (4081_003~AF 1.2 (18-20))


A9125540


Verpakking bij monster: M120800305 (4081_004~AF 2.1 (8.5-10))


A9125794
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800306 4081_005~AF 2.2 (14-16) Grond 07-08-20125 :


M120800307 4081_006~AF 2.2 (18-20) Grond 07-08-20126 :


M120800308 4081_007~AF3 (6-10) Grond 07-08-20127 :


M120800309 4081_008~NF 1.1 (3-8) Grond 07-08-20128 :


Parameter Intern ref. nr. Eenheid 5 6


Resultaten:


7 8


Mvb. SIKB AS3000 MVB-VBH-AS3000-G01 +S + ++    


Droge stof DIV-DS-G01 % (m/m) 87,1S 81,7 83,184,0    


Organische stof DIV-ORG-G01 % van ds <1,0S <1,0 <1,0<1,0(1) (1) (1) (1)


Calciumcarbonaat DIV-CARB-G02 % van ds 5,3Q 4,3 3,8<0,5    


Korrelgrootteverdeling


Lutum (korrelfractie < 2 µm) DIV-LUT-G01 % van ds <1,0S <1,0 <1,0<1,0    


Korrelfractie < 16 µm DIV-LUT-G01 % van ds <1,0Q 1,2 2,0<1,0    


Korrelfractie < 63 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Korrelfractie 63 - 90 µm DIV-ZEEF-G01 % van ds 0,5Q <0,5 1,0<0,5    


Korrelfractie 90 - 125 µm DIV-ZEEF-G01 % van ds 1,5Q 0,8 3,50,8    


Korrelfractie 125 - 180 µm DIV-ZEEF-G01 % van ds 5,6Q 8,7 16,39,0    


Korrelfractie 180 - 250 µm DIV-ZEEF-G01 % van ds 12,5Q 44,1 25,724,0    


Korrelfractie 250 - 355 µm DIV-ZEEF-G01 % van ds 17,2Q 39,0 30,341,2    


Korrelfractie 355 - 500 µm DIV-ZEEF-G01 % van ds 20,2Q 2,8 10,817,8    


Korrelfractie 500 - 1000 µm DIV-ZEEF-G01 % van ds 34,7Q 0,9 6,44,3    


Korrelfractie 1000 - 2000 µm DIV-ZEEF-G01 % van ds 6,4Q <0,5 1,91,4    


Korrelfractie > 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Q = door RvA geaccrediteerd.


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Organische stof is als gloeiverlies bepaald en gecorrigeerd voor het gemeten gehalte aan lutum.


Verpakking bij monster: M120800306 (4081_005~AF 2.2 (14-16))


A9125547


Verpakking bij monster: M120800307 (4081_006~AF 2.2 (18-20))


A9125548


Verpakking bij monster: M120800308 (4081_007~AF3 (6-10))


A9125543


Verpakking bij monster: M120800309 (4081_008~NF 1.1 (3-8))


A9128377
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800310 4081_009~NF 1.2 (9-11) Grond 07-08-20129 :


M120800311 4081_010~NF 1.2 (13-15) Grond 07-08-201210 :


M120800312 4081_011~NF 2.1 (3-8) Grond 07-08-201211 :


M120800313 4081_012~NF 2.2 (9-11) Grond 07-08-201212 :


Parameter Intern ref. nr. Eenheid 9 10


Resultaten:


11 12


Mvb. SIKB AS3000 MVB-VBH-AS3000-G01 +S + ++    


Droge stof DIV-DS-G01 % (m/m) 84,3S 83,7 84,084,5    


Organische stof DIV-ORG-G01 % van ds <1,0S <1,0 <1,0<1,0(1) (1) (1) (1)


Calciumcarbonaat DIV-CARB-G02 % van ds 8,0Q 4,9 10,72,7    


Korrelgrootteverdeling


Lutum (korrelfractie < 2 µm) DIV-LUT-G01 % van ds <1,0S <1,0 <1,0<1,0    


Korrelfractie < 16 µm DIV-LUT-G01 % van ds 1,3Q 1,5 1,3<1,0    


Korrelfractie < 63 µm DIV-ZEEF-G01 % van ds <0,5Q 0,9 <0,5<0,5    


Korrelfractie 63 - 90 µm DIV-ZEEF-G01 % van ds 0,7Q 1,5 0,5<0,5    


Korrelfractie 90 - 125 µm DIV-ZEEF-G01 % van ds 3,2Q 4,9 2,5<0,5    


Korrelfractie 125 - 180 µm DIV-ZEEF-G01 % van ds 13,7Q 17,7 14,01,8    


Korrelfractie 180 - 250 µm DIV-ZEEF-G01 % van ds 29,8Q 24,1 40,24,9    


Korrelfractie 250 - 355 µm DIV-ZEEF-G01 % van ds 22,3Q 30,1 28,328,0    


Korrelfractie 355 - 500 µm DIV-ZEEF-G01 % van ds 7,4Q 11,9 5,540,9    


Korrelfractie 500 - 1000 µm DIV-ZEEF-G01 % van ds 12,3Q 2,8 4,221,5    


Korrelfractie 1000 - 2000 µm DIV-ZEEF-G01 % van ds 6,7Q <0,5 1,11,4    


Korrelfractie > 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Q = door RvA geaccrediteerd.


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Organische stof is als gloeiverlies bepaald en gecorrigeerd voor het gemeten gehalte aan lutum.


Verpakking bij monster: M120800310 (4081_009~NF 1.2 (9-11))


A9128385


Verpakking bij monster: M120800311 (4081_010~NF 1.2 (13-15))


A9128378


Verpakking bij monster: M120800312 (4081_011~NF 2.1 (3-8))


A9125798


Verpakking bij monster: M120800313 (4081_012~NF 2.2 (9-11))


A9125767
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800314 4081_013~NF 2.2 (13-15) Grond 07-08-201213 :


M120800315 4081_014~NF 3.1 (3-8) Grond 07-08-201214 :


M120800316 4081_015~NF 3.2 (9-11) Grond 07-08-201215 :


M120800317 4081_016~NF 3.2 (13-15) Grond 07-08-201216 :


Parameter Intern ref. nr. Eenheid 13 14


Resultaten:


15 16


Mvb. SIKB AS3000 MVB-VBH-AS3000-G01 +S + ++    


Droge stof DIV-DS-G01 % (m/m) 83,7S 83,8 83,483,9    


Organische stof DIV-ORG-G01 % van ds <1,0S 1,5 <1,0<1,0(1) (1) (1) (1)


Calciumcarbonaat DIV-CARB-G02 % van ds 4,9Q 7,1 5,43,8    


Korrelgrootteverdeling


Lutum (korrelfractie < 2 µm) DIV-LUT-G01 % van ds <1,0S <1,0 <1,01,2    


Korrelfractie < 16 µm DIV-LUT-G01 % van ds <1,0Q 1,2 <1,01,5    


Korrelfractie < 63 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Korrelfractie 63 - 90 µm DIV-ZEEF-G01 % van ds <0,5Q 0,5 <0,50,7    


Korrelfractie 90 - 125 µm DIV-ZEEF-G01 % van ds 0,8Q 1,9 0,72,9    


Korrelfractie 125 - 180 µm DIV-ZEEF-G01 % van ds 4,0Q 9,4 4,916,7    


Korrelfractie 180 - 250 µm DIV-ZEEF-G01 % van ds 13,9Q 29,6 15,726,4    


Korrelfractie 250 - 355 µm DIV-ZEEF-G01 % van ds 44,9Q 32,9 47,925,7    


Korrelfractie 355 - 500 µm DIV-ZEEF-G01 % van ds 24,3Q 11,9 21,217,0    


Korrelfractie 500 - 1000 µm DIV-ZEEF-G01 % van ds 9,3Q 7,9 4,86,4    


Korrelfractie 1000 - 2000 µm DIV-ZEEF-G01 % van ds 1,1Q 1,3 <0,51,2    


Korrelfractie > 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5 <0,5<0,5    


Q = door RvA geaccrediteerd.


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Organische stof is als gloeiverlies bepaald en gecorrigeerd voor het gemeten gehalte aan lutum.


Verpakking bij monster: M120800314 (4081_013~NF 2.2 (13-15))


A9128681


Verpakking bij monster: M120800315 (4081_014~NF 3.1 (3-8))


A9125774


Verpakking bij monster: M120800316 (4081_015~NF 3.2 (9-11))


A9125743


Verpakking bij monster: M120800317 (4081_016~NF 3.2 (13-15))


A9125786
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Onderzoeksrapport


Opdrachtgever        
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Adres                       
Postcode en plaats     
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:
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Opdrachtcode
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800318 4081_017~NF 4.1 (3-8) Grond 07-08-201217 :


M120800319 4081_018~NF 4.2 (9-11) Grond 07-08-201218 :


M120800320 4081_019~NF 4.2 (13-15) Grond 07-08-201219 :


Parameter Intern ref. nr. Eenheid 17 18


Resultaten:


19


Mvb. SIKB AS3000 MVB-VBH-AS3000-G01 +S ++   


Droge stof DIV-DS-G01 % (m/m) 82,1S 84,184,3   


Organische stof DIV-ORG-G01 % van ds <1,0S <1,0<1,0(1) (1) (1)


Calciumcarbonaat DIV-CARB-G02 % van ds 3,2Q 5,14,9   


Korrelgrootteverdeling


Lutum (korrelfractie < 2 µm) DIV-LUT-G01 % van ds <1,0S <1,0<1,0   


Korrelfractie < 16 µm DIV-LUT-G01 % van ds 1,6Q 1,12,2   


Korrelfractie < 63 µm DIV-ZEEF-G01 % van ds <0,5Q <0,52,2   


Korrelfractie 63 - 90 µm DIV-ZEEF-G01 % van ds <0,5Q <0,51,2   


Korrelfractie 90 - 125 µm DIV-ZEEF-G01 % van ds 1,2Q <0,53,5   


Korrelfractie 125 - 180 µm DIV-ZEEF-G01 % van ds 6,5Q 2,215,2   


Korrelfractie 180 - 250 µm DIV-ZEEF-G01 % van ds 20,6Q 10,825,6   


Korrelfractie 250 - 355 µm DIV-ZEEF-G01 % van ds 34,5Q 45,627,9   


Korrelfractie 355 - 500 µm DIV-ZEEF-G01 % van ds 23,9Q 30,512,3   


Korrelfractie 500 - 1000 µm DIV-ZEEF-G01 % van ds 8,2Q 7,35,6   


Korrelfractie 1000 - 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,50,6   


Korrelfractie > 2000 µm DIV-ZEEF-G01 % van ds <0,5Q <0,5<0,5   


Q = door RvA geaccrediteerd.


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Organische stof is als gloeiverlies bepaald en gecorrigeerd voor het gemeten gehalte aan lutum.


Verpakking bij monster: M120800318 (4081_017~NF 4.1 (3-8))


A9128676


Verpakking bij monster: M120800319 (4081_018~NF 4.2 (9-11))


A9128682


Verpakking bij monster: M120800320 (4081_019~NF 4.2 (13-15))


A9128678


Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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ALcontrol B.V.
Steenhouwerstraat 15 · 3194 AG Rotterdam
Tel.: +31 (0)10 231 47 00 · Fax: +31 (0)10 416 30 34
www.alcontrol.nl


MWH B.V.
S. van Miltenburg
Postbus 5076
6802 EB  ARNHEM


Uw projectnaam : In-situ gw bemonstering Mulderstraat Utrecht
Uw projectnummer : M12B0240
ALcontrol rapportnummer : 11798109, versie nummer: 1


Rotterdam, 06-07-2012


Geachte heer/mevrouw,


Hierbij ontvangt u de analyse resultaten van het laboratoriumonderzoek ten behoeve van uw project
M12B0240. Het onderzoek werd uitgevoerd conform uw opdracht. De gerapporteerde resultaten hebben
uitsluitend betrekking op de geteste monsters. De door u aangegeven omschrijvingen voor de monsters en
het project zijn overgenomen in dit analyserapport.


Het onderzoek is, met uitzondering van eventueel door derden uitgevoerd onderzoek, uitgevoerd door
ALcontrol Laboratories, gevestigd aan de Steenhouwerstraat 15 in Rotterdam (NL).


Dit analyserapport bestaat inclusief bijlagen uit 11 pagina's. In geval van een versienummer van '2' of hoger
vervallen de voorgaande versies. Alle bijlagen maken onlosmakelijk onderdeel uit van het rapport. Alleen
vermenigvuldiging van het hele rapport is toegestaan.


Mocht u vragen en/of opmerkingen hebben naar aanleiding van dit rapport, bijvoorbeeld als u nadere
informatie nodig heeft over de meetonzekerheid van de analyseresultaten in dit rapport, dan verzoeken wij u
vriendelijk contact op te nemen met de afdeling Customer Support.


Wij vertrouwen er op u met deze informatie van dienst te zijn.


Hoogachtend,


Laboratory Manager
R. van Duin
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Analyserapport


Paraaf :


1-


Nummer Monstersoort Monsterspecificatie


001


002


003


004


005


Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)


101-1-1 101 (1900-2000)


101-2-1 101 (1700-1800)


101-3-1 101 (1500-1600)


101-4-1 101 (1300-1400)


101-5-1 101 (1100-1200)


Analyse Eenheid Q 001 002 003 004 005


GEHALOGENEERDE KOOLWATERSTOFFEN
1,2-dichloorethaan µg/l S <0.6  0.84  <0.6  0.66  0.80  


cis-1,2-dichlooretheen µg/l S 3.0  6.2  1.3  2.7  14  


trans-1,2-dichlooretheen µg/l S <0.1  <0.1  <0.1  <0.1  0.15  


som (cis,trans) 1,2-
dichloorethenen (0.7 factor)


µg/l  3.1  6.3  1.4  2.8  14  


1,2-dichloorpropaan µg/l S <0.25  <0.25  <0.25  0.46  0.74  


tetrachlooretheen µg/l S 0.30  0.48  0.21  0.38  0.40  


tetrachloormethaan µg/l S <0.1  <0.1  <0.1  <0.1  <0.1  


1,1,1-trichloorethaan µg/l S <0.1  <0.1  <0.1  <0.1  <0.1  


1,1,2-trichloorethaan µg/l S <0.1  <0.1  <0.1  <0.1  <0.1  


trichlooretheen µg/l S <0.6  <0.6  <0.6  <0.6  <0.6  


chloroform µg/l S <0.6  <0.6  <0.6  <0.6  <0.6  


vinylchloride µg/l S 22  76  21  53  200  


De met S gemerkte analyses zijn geaccrediteerd en vallen onder de AS3000 erkenning. Overige accreditaties zijn gemerkt met een Q.
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Analyserapport


Paraaf :


1-


Monster beschrijvingen


001 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


002 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


003 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


004 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


005 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.
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Analyserapport


Paraaf :


1-


Nummer Monstersoort Monsterspecificatie


006


007


008


009


010


Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)


101-6-1 101 (900-1000)


101-7-1 101 (700-800)


101-8-1 101 (500-600)


102-1-1 102 (1900-2000)


102-2-1 102 (1700-1800)


Analyse Eenheid Q 006 007 008 009 010


GEHALOGENEERDE KOOLWATERSTOFFEN
1,2-dichloorethaan µg/l S <0.6  <24 1) <24 1) <0.6  1.6  


cis-1,2-dichlooretheen µg/l S 140  2100  490  4.2  6.1  


trans-1,2-dichlooretheen µg/l S 13  310  37  <0.1  <0.1  


som (cis,trans) 1,2-
dichloorethenen (0.7 factor)


µg/l  160  2400  520  4.2  6.2  


1,2-dichloorpropaan µg/l S 1.7  <10 1) <10 1) <0.25  <0.25  


tetrachlooretheen µg/l S 0.11  510  1400  0.62  0.26  


tetrachloormethaan µg/l S <0.1  <4.0 1) <4.0 1) <0.1  <0.1  


1,1,1-trichloorethaan µg/l S <0.1  <4.0 1) <4.0 1) <0.1  <0.1  


1,1,2-trichloorethaan µg/l S <0.1  <4.0 1) <4.0 1) <0.1  <0.1  


trichlooretheen µg/l S <0.6  360  110  <0.6  <0.6  


chloroform µg/l S <0.6  <24 1) <24 1) <0.6  <0.6  


vinylchloride µg/l S 680  160  20  37  140  


De met S gemerkte analyses zijn geaccrediteerd en vallen onder de AS3000 erkenning. Overige accreditaties zijn gemerkt met een Q.
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Analyserapport


Paraaf :


1-


Monster beschrijvingen


006 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


007 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


008 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


009 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


010 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


Voetnoten


1 Verhoogde rapportagegrens i.v.m. noodzakelijke verdunning.
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Analyserapport


Paraaf :


1-


Nummer Monstersoort Monsterspecificatie


011


012


013


014


015


Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)


102-3-1 102 (1500-1600)


102-4-1 102 (1300-1400)


102-5-1 102 (1100-1200)


102-6-1 102 (900-1000)


102-7-1 102 (700-800)


Analyse Eenheid Q 011 012 013 014 015


GEHALOGENEERDE KOOLWATERSTOFFEN
1,2-dichloorethaan µg/l S <0.6  0.69  <0.6  <0.6  <24 1)


cis-1,2-dichlooretheen µg/l S 1.1  0.78  1.0  12  2100  


trans-1,2-dichlooretheen µg/l S <0.1  <0.1  <0.1  0.22  76  


som (cis,trans) 1,2-
dichloorethenen (0.7 factor)


µg/l  1.2  0.85  1.1  13  2200  


1,2-dichloorpropaan µg/l S <0.25  0.50  1.1  0.66  <10 1)


tetrachlooretheen µg/l S 0.12  <0.1  <0.1  <0.1  42  


tetrachloormethaan µg/l S <0.1  <0.1  <0.1  <0.1  <4.0 1)


1,1,1-trichloorethaan µg/l S <0.1  <0.1  <0.1  <0.1  <4.0 1)


1,1,2-trichloorethaan µg/l S <0.1  <0.1  <0.1  <0.1  <4.0 1)


trichlooretheen µg/l S <0.6  <0.6  <0.6  <0.6  26  


chloroform µg/l S <0.6  <0.6  <0.6  <0.6  <24 1)


vinylchloride µg/l S 35  70  490  180  150  


De met S gemerkte analyses zijn geaccrediteerd en vallen onder de AS3000 erkenning. Overige accreditaties zijn gemerkt met een Q.
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Analyserapport


Paraaf :


1-


Monster beschrijvingen


011 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


012 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


013 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


014 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


015 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


Voetnoten


1 Verhoogde rapportagegrens i.v.m. noodzakelijke verdunning.
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Projectnummer
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Rapportagedatum


ALCONTROL B.V. IS GEACCREDITEERD VOLGENS DE DOOR DE RAAD VOOR ACCREDITATIE GESTELDE CRITERIA VOOR TESTLABORATORIA CONFORM ISO/IEC 17025:2005 ONDER NR. L 028


AL ONZE WERKZAAMHEDEN WORDEN UITGEVOERD ONDER DE ALGEMENE VOORWAARDEN GEDEPONEERD BIJ DE KAMER VAN KOOPHANDEL EN FABRIEKEN TE ROTTERDAM INSCHRIJVING
HANDELSREGISTER: KVK ROTTERDAM 24265286


Analyserapport


Paraaf :


1-


Nummer Monstersoort Monsterspecificatie


016


017


018


Grondwater
(AS3000)
Grondwater
(AS3000)
Grondwater
(AS3000)


102-8-1 102 (500-600)


pb1010-1-1 pb1010 (400-500)


pb1101-1-1 pb1101 (400-500)


Analyse Eenheid Q 016 017 018   


GEHALOGENEERDE KOOLWATERSTOFFEN
1,2-dichloorethaan µg/l S <24 1) <60 1) <24 1)     


cis-1,2-dichlooretheen µg/l S 1200  5200  1200      


trans-1,2-dichlooretheen µg/l S 16  170  17      


som (cis,trans) 1,2-
dichloorethenen (0.7 factor)


µg/l  1200  5300  1200      


1,2-dichloorpropaan µg/l S <10 1) <25 1) <10 1)     


tetrachlooretheen µg/l S 320  3400  270      


tetrachloormethaan µg/l S <4.0 1) <10 1) <4.0 1)     


1,1,1-trichloorethaan µg/l S <4.0 1) <10 1) <4.0 1)     


1,1,2-trichloorethaan µg/l S <4.0 1) <10 1) <4.0 1)     


trichlooretheen µg/l S 51  470  55      


chloroform µg/l S <24 1) <60 1) <24 1)     


vinylchloride µg/l S <4.0 1) 150  55      


De met S gemerkte analyses zijn geaccrediteerd en vallen onder de AS3000 erkenning. Overige accreditaties zijn gemerkt met een Q.
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ALCONTROL B.V. IS GEACCREDITEERD VOLGENS DE DOOR DE RAAD VOOR ACCREDITATIE GESTELDE CRITERIA VOOR TESTLABORATORIA CONFORM ISO/IEC 17025:2005 ONDER NR. L 028


AL ONZE WERKZAAMHEDEN WORDEN UITGEVOERD ONDER DE ALGEMENE VOORWAARDEN GEDEPONEERD BIJ DE KAMER VAN KOOPHANDEL EN FABRIEKEN TE ROTTERDAM INSCHRIJVING
HANDELSREGISTER: KVK ROTTERDAM 24265286


Analyserapport


Paraaf :


1-


Monster beschrijvingen


016 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


017 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


018 * De monstervoorbehandeling en analyses zijn uitgevoerd conform Accreditatieschema AS3000, dit geldt alleen
voor de analyses die worden gerapporteerd met het "S" kenmerk.


Voetnoten


1 Verhoogde rapportagegrens i.v.m. noodzakelijke verdunning.
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ALCONTROL B.V. IS GEACCREDITEERD VOLGENS DE DOOR DE RAAD VOOR ACCREDITATIE GESTELDE CRITERIA VOOR TESTLABORATORIA CONFORM ISO/IEC 17025:2005 ONDER NR. L 028


AL ONZE WERKZAAMHEDEN WORDEN UITGEVOERD ONDER DE ALGEMENE VOORWAARDEN GEDEPONEERD BIJ DE KAMER VAN KOOPHANDEL EN FABRIEKEN TE ROTTERDAM INSCHRIJVING
HANDELSREGISTER: KVK ROTTERDAM 24265286


Analyserapport


Paraaf :


1-


Analyse Monstersoort Relatie tot norm


1,2-dichloorethaan Grondwater (AS3000) Conform AS3130-1
cis-1,2-dichlooretheen Grondwater (AS3000) Idem
trans-1,2-dichlooretheen Grondwater (AS3000) Idem
som (cis,trans) 1,2-
dichloorethenen (0.7 factor)


Grondwater (AS3000) Idem


1,2-dichloorpropaan Grondwater (AS3000) Idem
tetrachlooretheen Grondwater (AS3000) Idem
tetrachloormethaan Grondwater (AS3000) Idem
1,1,1-trichloorethaan Grondwater (AS3000) Idem
1,1,2-trichloorethaan Grondwater (AS3000) Idem
trichlooretheen Grondwater (AS3000) Idem
chloroform Grondwater (AS3000) Idem
vinylchloride Grondwater (AS3000) Idem


Monster Barcode Aanlevering Monstername Verpakking


001 G8333426 03-07-2012 02-07-2012 ALC236  
001 G8333427 03-07-2012 02-07-2012 ALC236  
002 G8333431 03-07-2012 02-07-2012 ALC236  
002 G8333432 03-07-2012 02-07-2012 ALC236  
003 G8333414 03-07-2012 02-07-2012 ALC236  
003 G8333430 03-07-2012 02-07-2012 ALC236  
004 G8333415 03-07-2012 02-07-2012 ALC236  
004 G8333422 03-07-2012 02-07-2012 ALC236  
005 G8333418 03-07-2012 02-07-2012 ALC236  
005 G8333423 03-07-2012 02-07-2012 ALC236  
006 G8333419 03-07-2012 02-07-2012 ALC236  
006 G8335804 03-07-2012 02-07-2012 ALC236  
007 G8335812 03-07-2012 02-07-2012 ALC236  
007 G8335813 03-07-2012 02-07-2012 ALC236  
008 G8335816 03-07-2012 02-07-2012 ALC236  
008 G8335817 03-07-2012 02-07-2012 ALC236  
009 G8333416 03-07-2012 02-07-2012 ALC236  
009 G8333420 03-07-2012 02-07-2012 ALC236  
010 G8365672 03-07-2012 02-07-2012 ALC236  
010 G8365673 03-07-2012 02-07-2012 ALC236  
011 G8365679 03-07-2012 02-07-2012 ALC236  
011 G8365684 03-07-2012 02-07-2012 ALC236  
012 G8365678 03-07-2012 02-07-2012 ALC236  
012 G8365685 03-07-2012 02-07-2012 ALC236  
013 G8333424 03-07-2012 02-07-2012 ALC236  
013 G8333429 03-07-2012 02-07-2012 ALC236  
014 G8365690 03-07-2012 02-07-2012 ALC236  
014 G8365691 03-07-2012 02-07-2012 ALC236  
015 G8333417 03-07-2012 02-07-2012 ALC236  
015 G8333425 03-07-2012 02-07-2012 ALC236  
016 G8333421 03-07-2012 02-07-2012 ALC236  
016 G8333428 03-07-2012 02-07-2012 ALC236  
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ALCONTROL B.V. IS GEACCREDITEERD VOLGENS DE DOOR DE RAAD VOOR ACCREDITATIE GESTELDE CRITERIA VOOR TESTLABORATORIA CONFORM ISO/IEC 17025:2005 ONDER NR. L 028


AL ONZE WERKZAAMHEDEN WORDEN UITGEVOERD ONDER DE ALGEMENE VOORWAARDEN GEDEPONEERD BIJ DE KAMER VAN KOOPHANDEL EN FABRIEKEN TE ROTTERDAM INSCHRIJVING
HANDELSREGISTER: KVK ROTTERDAM 24265286


Analyserapport


Paraaf :


1-


Monster Barcode Aanlevering Monstername Verpakking


017 G8365660 03-07-2012 02-07-2012 ALC236  
017 G8365666 03-07-2012 02-07-2012 ALC236  
018 G8365661 03-07-2012 02-07-2012 ALC236  
018 G8365667 03-07-2012 02-07-2012 ALC236  
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800448 4081_020~AF1 (boorgat 1.1) (6-10 m-mv) Grondwater 09-08-20121 :


M120800449 4081_021~(boorgat 1.2) (14-16 m-mv) Grondwater 09-08-20122 :


M120800450 4081_022~(boorgat 1.2) (18-20 m-mv)4081_022~(boorgat 1.2)
(18-20 m-mv)


Grondwater 09-08-20123 :


M120800451 4081_023~AF2 (boorgat 2.1) (6-10 m-mv) Grondwater 09-08-20124 :


Parameter Intern ref. nr. Eenheid 1 2


Resultaten:


3 4


Mvb. SIKB AS3000 MVB-VBH-AS3000-W01 + + ++    


Vluchtige organische halogeen verbindingen


Dichloormethaan GC-VLUCHTIG-01 µg/l <0,20S <0,20 <20<0,20    


1,1-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,50S <0,50 <50<0,50    


1,2-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <10<0,10    


Trans-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l <0,10S <0,10 110<0,10    


Cis-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 5,5S 0,50 290006,7    


Trichloormethaan (Chloroform) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <10<0,10    


Tetrachloormethaan (Tetra) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <10<0,10    


1,1,1-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <10<0,10    


1,1,2-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <10<0,10    


Trichlooretheen (Tri) GC-VLUCHTIG-01 µg/l <0,10S <0,10 5100<0,10    


Tetrachlooretheen (Per) GC-VLUCHTIG-01 µg/l <0,10S <0,10 16000<0,10    


Dichl.ethenen (som cis+trans) GC-VLUCHTIG-01 µg/l 5,6S 0,57 290006,7(1,2) (1,2) (1,2) (1)


Vlucht.chl.koolw.stoffen (som) GC-VLUCHTIG-01 µg/l 6,6S 1,6 510007,7(2) (2) (2) (3,2)


Vinylchloride GC-VLUCHTIG-01 µg/l 7,0S 27 170021    


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Methode vluchtige aromatische en gehalogeneerde koolwaterstoffen : GC-MS


2 = Bij de som zijn de waarden "< rapportagegrens" vermenigvuldigd met factor 0,7 zoals beschreven in 'AS3000, bijlage 3'.


3 = De rapportagegrens is verhoogd, omdat bij de analyse een verdunningsstap noodzakelijk was. Dit als gevolg van het in verhoogde 


concentratie voorkomen van één of meerdere componenten.


4 = In het chromatogram is MTBE en/of ETBE boven de rapportagegrens waargenomen.


Verpakking bij monster: M120800450 (4081_022~(boorgat 1.2) (18-20 m-mv)4081_022~(boorgat 1.2) (18-20 m-mv))


AM110000652


Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800452 4081_024~(boorgat 2.2) (14-16 m-mv) Grondwater 09-08-20125 :


M120800453 4081_025~(boorgat 2.2) (18-20 m-mv) Grondwater 09-08-20126 :


M120800454 4081_026~AF3 (boorgat 3.1) (6-10 m-mv) Grondwater 09-08-20127 :


M120800455 4081_027~NF1 (boorgat 1.1) (5-8 m-mv) Grondwater 09-08-20128 :


Parameter Intern ref. nr. Eenheid 5 6


Resultaten:


7 8


Mvb. SIKB AS3000 MVB-VBH-AS3000-W01 + + ++    


Vluchtige organische halogeen verbindingen


Dichloormethaan GC-VLUCHTIG-01 µg/l <0,20S <0,20 <0,20<0,20    


1,1-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,50S <0,50 <0,50<0,50    


1,2-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


Trans-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l <0,10S <0,10 2,5<0,10    


Cis-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 19S <0,10 2802,9    


Trichloormethaan (Chloroform) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


Tetrachloormethaan (Tetra) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


1,1,1-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


1,1,2-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


Trichlooretheen (Tri) GC-VLUCHTIG-01 µg/l 11S <0,10 1101,4    


Tetrachlooretheen (Per) GC-VLUCHTIG-01 µg/l 31S <0,10 44016    


Dichl.ethenen (som cis+trans) GC-VLUCHTIG-01 µg/l 19S 0,14 2803,0(1,2) (1,2) (1,2) (1)


Vlucht.chl.koolw.stoffen (som) GC-VLUCHTIG-01 µg/l 61S 1,1 84021(2) (2) (2) (2)


Vinylchloride GC-VLUCHTIG-01 µg/l 6,7S <0,10 1117    


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Methode vluchtige aromatische en gehalogeneerde koolwaterstoffen : GC-MS


2 = Bij de som zijn de waarden "< rapportagegrens" vermenigvuldigd met factor 0,7 zoals beschreven in 'AS3000, bijlage 3'.


3 = De rapportagegrens is verhoogd, omdat bij de analyse een verdunningsstap noodzakelijk was. Dit als gevolg van het in verhoogde 


concentratie voorkomen van één of meerdere componenten.


4 = In het chromatogram is MTBE en/of ETBE boven de rapportagegrens waargenomen.


Verpakking bij monster: M120800452 (4081_024~(boorgat 2.2) (14-16 m-mv))


G83670434


Verpakking bij monster: M120800454 (4081_026~AF3 (boorgat 3.1) (6-10 m-mv))


AM11000071%


Verpakking bij monster: M120800455 (4081_027~NF1 (boorgat 1.1) (5-8 m-mv))


AM110009617







Opdrachtgegevens:


:
:
:
:


Labcomcode:
Datum opdracht
Startdatum
Datum rapportage


:
:
:
:


1208016BCL
09-08-2012
09-08-2012
15-08-2012


Onderzoeksrapport


Opdrachtgever        
Aanvrager                
Adres                       
Postcode en plaats     
   


:
:
:
:


Opdrachtgever:


Opdrachtcode
Rapportnummer
Opdracht omschr.
Bemonsterd door


Bioclear B.V.
Dhr. A. Nipshagen
Postbus 2262
9704 CG Groningen


20114081
P120800200 (v1)
Fluxmeting A'damsestraatweg en Nachtegaalstr Utrecht
Opdrachtgever


Pagina: 3 van 9


Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800456 4081_028~(boorgat 1.2) (9-11 m-mv) Grondwater 09-08-20129 :


M120800457 4081_029~(boorgat 1.2) (13-15 m-mv) Grondwater 09-08-201210 :


M120800458 4081_030~NF2 (boorgat 2.1) (5-8 m-mv) Grondwater 09-08-201211 :


M120800459 4081_031~(boorgat 2.2) (9-11 m-mv) Grondwater 09-08-201212 :


Parameter Intern ref. nr. Eenheid 9 10


Resultaten:


11 12


Mvb. SIKB AS3000 MVB-VBH-AS3000-W01 + + ++    


Vluchtige organische halogeen verbindingen


Dichloormethaan GC-VLUCHTIG-01 µg/l <0,20S <0,20 <0,20<0,20    


1,1-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,50S <0,50 <0,50<0,50    


1,2-Dichloorethaan GC-VLUCHTIG-01 µg/l 0,17S <0,10 0,120,12    


Trans-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 0,19S 0,47 0,24<0,10    


Cis-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 47S 110 174,5    


Trichloormethaan (Chloroform) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


Tetrachloormethaan (Tetra) GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


1,1,1-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


1,1,2-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10 <0,10<0,10    


Trichlooretheen (Tri) GC-VLUCHTIG-01 µg/l 0,36S 16 110,13    


Tetrachlooretheen (Per) GC-VLUCHTIG-01 µg/l 1,4S 46 740,13    


Dichl.ethenen (som cis+trans) GC-VLUCHTIG-01 µg/l 47S 110 174,6(1) (1,2) (1) (1)


Vlucht.chl.koolw.stoffen (som) GC-VLUCHTIG-01 µg/l 49S 180 1005,8(2) (2) (2) (2)


Vinylchloride GC-VLUCHTIG-01 µg/l 83S 54 338,0    


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Methode vluchtige aromatische en gehalogeneerde koolwaterstoffen : GC-MS


2 = Bij de som zijn de waarden "< rapportagegrens" vermenigvuldigd met factor 0,7 zoals beschreven in 'AS3000, bijlage 3'.


3 = De rapportagegrens is verhoogd, omdat bij de analyse een verdunningsstap noodzakelijk was. Dit als gevolg van het in verhoogde 


concentratie voorkomen van één of meerdere componenten.


4 = In het chromatogram is MTBE en/of ETBE boven de rapportagegrens waargenomen.


Verpakking bij monster: M120800456 (4081_028~(boorgat 1.2) (9-11 m-mv))


AM110009538


Verpakking bij monster: M120800457 (4081_029~(boorgat 1.2) (13-15 m-mv))


AM11000946A


Verpakking bij monster: M120800458 (4081_030~NF2 (boorgat 2.1) (5-8 m-mv))


AM11000302$


Verpakking bij monster: M120800459 (4081_031~(boorgat 2.2) (9-11 m-mv))


AM110002610
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
 
Handtekening:







Opdrachtgegevens:


:
:
:
:


Labcomcode:
Datum opdracht
Startdatum
Datum rapportage


:
:
:
:


1208016BCL
09-08-2012
09-08-2012
15-08-2012


Onderzoeksrapport


Opdrachtgever        
Aanvrager                
Adres                       
Postcode en plaats     
   


:
:
:
:


Opdrachtgever:


Opdrachtcode
Rapportnummer
Opdracht omschr.
Bemonsterd door


Bioclear B.V.
Dhr. A. Nipshagen
Postbus 2262
9704 CG Groningen


20114081
P120800200 (v1)
Fluxmeting A'damsestraatweg en Nachtegaalstr Utrecht
Opdrachtgever


Pagina: 6 van 9


Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800460 4081_032~(boorgat 2.3) (13-15 m-mv) Grondwater 09-08-201213 :


M120800461 4081_033~NF3 (boorgat 3.1) (5-8 m-mv) Grondwater 09-08-201214 :


M120800462 4081_034~(boorgat 3.2) (9-11 m-mv) Grondwater 09-08-201215 :


M120800463 4081_035~(boorgat 3.2) (13-15 m-mv) Grondwater 09-08-201216 :


Parameter Intern ref. nr. Eenheid 13 14


Resultaten:


15 16


Mvb. SIKB AS3000 MVB-VBH-AS3000-W01 + + ++    


Vluchtige organische halogeen verbindingen


Dichloormethaan GC-VLUCHTIG-01 µg/l <0,20S <2,0 <0,20<0,20    


1,1-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,50S <5,0 <0,50<0,50    


1,2-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <1,0 0,38<0,10    


Trans-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l <0,10S 1,1 <0,100,54    


Cis-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 0,54S 230 4,6150    


Trichloormethaan (Chloroform) GC-VLUCHTIG-01 µg/l <0,10S <1,0 <0,10<0,10    


Tetrachloormethaan (Tetra) GC-VLUCHTIG-01 µg/l <0,10S <1,0 <0,10<0,10    


1,1,1-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <1,0 <0,10<0,10    


1,1,2-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <1,0 <0,10<0,10    


Trichlooretheen (Tri) GC-VLUCHTIG-01 µg/l <0,10S 1,2 0,144,1    


Tetrachlooretheen (Per) GC-VLUCHTIG-01 µg/l 0,50S 2,2 0,4220    


Dichl.ethenen (som cis+trans) GC-VLUCHTIG-01 µg/l 0,61S 230 4,7150(1,2) (1) (1) (1,2)


Vlucht.chl.koolw.stoffen (som) GC-VLUCHTIG-01 µg/l 2,0S 250 6,4170(2) (4,2) (3,2) (2)


Vinylchloride GC-VLUCHTIG-01 µg/l 15S 380 9651    


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Methode vluchtige aromatische en gehalogeneerde koolwaterstoffen : GC-MS


2 = Bij de som zijn de waarden "< rapportagegrens" vermenigvuldigd met factor 0,7 zoals beschreven in 'AS3000, bijlage 3'.


3 = De rapportagegrens is verhoogd, omdat bij de analyse een verdunningsstap noodzakelijk was. Dit als gevolg van het in verhoogde 


concentratie voorkomen van één of meerdere componenten.


4 = In het chromatogram is MTBE en/of ETBE boven de rapportagegrens waargenomen.


Verpakking bij monster: M120800460 (4081_032~(boorgat 2.3) (13-15 m-mv))


AM110002676


Verpakking bij monster: M120800461 (4081_033~NF3 (boorgat 3.1) (5-8 m-mv))


AM110002766


Verpakking bij monster: M120800462 (4081_034~(boorgat 3.2) (9-11 m-mv))


AM110002878


Verpakking bij monster: M120800463 (4081_035~(boorgat 3.2) (13-15 m-mv))


AM110002823
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.
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Monstergegevens:


Labnr. Monsteromschrijving Monstersoort Datum bemonsteringNr.


M120800464 4081_036~NF4 (boorgat 4.1) (5-8 m-mv) Grondwater 09-08-201217 :


M120800465 4081_037~(boorgat 4.2) (9-11 m-mv) Grondwater 09-08-201218 :


M120800466 4081_038~(boorgat 4.2) (13-15 m-mv) Grondwater 09-08-201219 :


Parameter Intern ref. nr. Eenheid 17 18


Resultaten:


19


Mvb. SIKB AS3000 MVB-VBH-AS3000-W01 + ++   


Vluchtige organische halogeen verbindingen


Dichloormethaan GC-VLUCHTIG-01 µg/l <0,20S <0,20<0,20   


1,1-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,50S <0,50<0,50   


1,2-Dichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,100,38   


Trans-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 0,60S <0,10<0,10   


Cis-1,2-Dichlooretheen GC-VLUCHTIG-01 µg/l 48S 0,1721   


Trichloormethaan (Chloroform) GC-VLUCHTIG-01 µg/l <0,10S <0,10<0,10   


Tetrachloormethaan (Tetra) GC-VLUCHTIG-01 µg/l <0,10S <0,10<0,10   


1,1,1-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10<0,10   


1,1,2-Trichloorethaan GC-VLUCHTIG-01 µg/l <0,10S <0,10<0,10   


Trichlooretheen (Tri) GC-VLUCHTIG-01 µg/l 1,9S <0,10<0,10   


Tetrachlooretheen (Per) GC-VLUCHTIG-01 µg/l 2,0S <0,10<0,10   


Dichl.ethenen (som cis+trans) GC-VLUCHTIG-01 µg/l 48S 0,2421(1) (1,2) (1,2)


Vlucht.chl.koolw.stoffen (som) GC-VLUCHTIG-01 µg/l 53S 1,222(4,2) (2) (2)


Vinylchloride GC-VLUCHTIG-01 µg/l 4,1S 19330   


S = door RvA geaccrediteerd conform SIKB AS3000.


Opmerkingen:


1 = Methode vluchtige aromatische en gehalogeneerde koolwaterstoffen : GC-MS


2 = Bij de som zijn de waarden "< rapportagegrens" vermenigvuldigd met factor 0,7 zoals beschreven in 'AS3000, bijlage 3'.


3 = De rapportagegrens is verhoogd, omdat bij de analyse een verdunningsstap noodzakelijk was. Dit als gevolg van het in verhoogde 


concentratie voorkomen van één of meerdere componenten.


4 = In het chromatogram is MTBE en/of ETBE boven de rapportagegrens waargenomen.


Verpakking bij monster: M120800464 (4081_036~NF4 (boorgat 4.1) (5-8 m-mv))


AM11000300.


Verpakking bij monster: M120800465 (4081_037~(boorgat 4.2) (9-11 m-mv))


AM11000958D


Verpakking bij monster: M120800466 (4081_038~(boorgat 4.2) (13-15 m-mv))


AM11000956B
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Dit rapport mag niet anders dan in zijn geheel worden gereproduceerd zonder schriftelijke toestemming van het laboratorium.


De resultaten hebben uitsluitend betrekking op de monsters, zoals die door u voor analyse ter beschikking zijn gesteld.


Nadere informatie over de toegepaste methodes en prestatiekenmerken is beschikbaar en kan op aanvraag worden verkregen. Tevens is de informatiegids te raadplegen op de website www.acmaa.nl.


Hoofd lab. Ing. H. Punte
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Summary 


Management of soil and groundwater contamination, requires an assessment of risks, both humane and 


ecological. These risks relate partly to more or less direct contact towards groundsurface in case of 


shallow sources and/or groundwater, or to lateral migration of contaminants with the groundwater flow. 


 


This project demonstrates the feasibility to directly assess the magnitude and direction of groundwater 


flow. In combination with passive concentration and flux meters (Sorbicell and PFM, see separate reports) 


an approach is developed to more precisely define the redistribution of subsurface contamination through 


groundwater flow. 


The groundwater flow measurements have been performed with the Heat Pulse Geoflo system.  


 


In the course of august, September and October 2012, during 3 sessions in a total number of 8 monitoring 


wells, 47 groundwater flow determinations have been undertaken. Prior to the start of the project, two sites 


were selected in the city of Utrecht, on the basis of amongst others high enough contaminant levels in 


groundwater. The first site was in the west of the town near the Amsterdamschestraatweg on the 


Papaverstraat (3 wells) and the second in the centre of the town near the Nachtegaalstraat on the 


Mulderstraat and Van Lidth de Jeudestraat (5 wells).  


 


Groundwater flow determinations on the Papaverstraat site indicate a direction of flow between 232 


degrees(Southwest) and 343 degrees (North North-west), with one exception (142 degrees, Southeast), 


whilst magnitude of flow ranges from 0.11 to 1.67 m/day. Results from the Mulderstraat / Lidth van 


Jeudestraat show two distinct directionally different groups: one falling in a Western to North North -


western range, the other one falling in the eastern hemisphere ranging from North Northeast to Southeast. 


Magnitude of flow ranges from 0.09 to 2.47 m/day. 


The main direction of flow emanating from Geoflo measurements at the Papaverstaat site is evidenced by 


contour maps of heads as well (apart from the outlyer of 142 degrees Southeast), one of the two flow 


directions found by the Geoflo measurements on the Mulderstraat / Lidth van Jeudestraat, namely 


between West and North-west conforms very well with what comes out from contour maps of heads, which 


is at first sight not the case for the flow vectors pointing between North-east and South-east. A closer 


inspection of head contour does show indication of this at first sight divergent flow direction.  


 


Conclusion is that whilst mapping groundwater tables and heads is indicative of direction and magnitude of 


groundwater flow limited to the density of monitoring points and knowledge of transmissivity (through 


Darcy’s relation), direct measurement of groundwater flow generates knowledge of this crucial parameter 


at each specific measurement point and may disclose gross disparities between contour derived 


groundwater flow direction and magnitude and these direct measurements.  
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1 Introduction 


In the framework of the City Chlor project attention is paid to the monitoring of bio remediation. The 


Dutch move towards management of contaminated soil and groundwater, rather than remediation, 


provided pre specified levels of ecological and/or humane risks are not exceeded, require more detailed 


assessment of representative groundwater contamination levels, of flux levels and (direction and 


magnitude)  of groundwater flow. 


This approach relies on the capacity of microbial life in soil and groundwater to metabolize a range of 


contaminants given suitable conditions (redox potential, absence or presence of oxygen, nitrate, 


microbial populations). Surface conditions, rate of decay of contaminants, rate of groundwater flow and 


transport of contaminants, are determinants in assessing the viability of a management approach to any 


contaminant issue. 


 


In the Utrecht Centraal area, similar to many city centers in the industrialized world, widespread 


contamination occurs in the subsurface. A wide range of contaminants occur, from low, through medium 


to high weight, hydrocarbons, often chlorinated, heavy metals, etc. etc. Sometimes contaminants are 


extremely immobile and/or the type of subsurface has such low permeability that migration of 


contaminants is not an issue. Sometimes contaminants are mobile but additionally very susceptible to 


bacterial decay as well. 


Both these conditions and more occur in the Utrecht area. 


 


One of the most deterministic factors in assessing the viability of a management approach to soil and 


groundwater contamination is groundwater flow. This City Chlor project in addition to the assessment of 


decay processes as a function of bacterial populations, the representative assessment of contaminant 


levels in groundwater and the flux of contaminants (these subjects will be covered in separate reports), 


focuses on the direct determination of groundwater flow, both in terms of direction as wells as 


magnitude. 


The system applied in this project, the Heat Pulse Geoflo system, is outlined in the next chapter (chapter 


2). 


Results are presented in chapter 3. These results will be evaluated in terms of what we think we know 


on the basis of additional lines of evidence. 


Conclusions and recommendations will be presented in chapter 4. 


Chapter 5 contains a list of references and chapter 6 contains a description of the screen types 


mentioned in this report.   


 







 


Determination of groundwater flow - Two sites city of Utrecht: Amsterdamsestraatweg, corner Papaverstraat and 
Nachtegaalstraat, corner Mulderstraat   6 


 


2  Heat Pulse Geoflo system 


In total about 4 systems exist that allow the direct determination of groundwater flow. In (1) and (2) various 


systems that have been developed are presented. One of these is the Heat Pulse Geoflo system, that 


together with an additional system comes out as best. 


The various components of the system are presented in figure 1-5. 


 


Figure 1: Probe with fuzzy packer 


 


Figure 2: Probe with fuzzy packer removed 
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Figure 3: Control box 


 


Figure 4: Field set up  
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Figure 5: Through flow chamber 


The probe, as it is presented in figure 1, diameter approx. 50 mm, length approx. 35 cm, is inserted in 


the well as a first step in the measurement procedure. The bottom end of the probe, the fuzzy packer on 


the right, is then pointing downward. 


The fuzzy packer can be removed, at which point the heart of the system becomes visible, see figure 2. 


When the fuzzy packer is mounted on the probe, it is filled with very small glass beads. This means that 


when measurements are done, for the groundwater  a continuum exists in terms of ‘aquifer’: actual 


aquifer, screen, fuzzy packer, glass beads, fuzzy packer, screen and back into the actual aquifer. The 


fuzzy packer can be easily passed through by the groundwater. 


The top end of the probe depicts a cable coming out of it, as well as an aluminium rod. 


Via a reel, the cable leads to the control box, see figure 3. The field set up is presented in figure 4. The 


probe is lowered down to the position of the screen (halfway, or in the bottom or top half, etc). Since 


groundwater flow (i.e. amongst others direction of flow) is one of the key items that is going to be 


established, the probe is attached to aluminium rods, that can be coupled to any length, keeping a strict 


hold on orientation. One of the essential features of the field set up is a straight forward, but essential 


ingredient namely a compass, placed in a fixed position on top of the string of rods .  


The measurement principle relies on heat pulse transport, radially away from the central heat emitter:, 


this transport is in the case of the probe partly fixed, namely a function of the glass beads geometry, but 


partly variable namely a function of groundwater flow. 


In the direction of groundwater flow heat transport capacity is augmented, in the up-flow direction it is 


lowered in the same rate. 
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In figure 2, the central pin can (through hitting the green button on the control box, see fig. 3) emit a heat 


pulse. It will do so for a fixed time (20 seconds). After that 2 minutes will pass to allow movement of 


water and as importantly to allow the growth of the initially circular but gradually more ellipsoidal cell of 


heat, temperature differences are measured across 4 pairs of heat sensors. It is obvious that in the 


direction of groundwater flow, pointing downward, at equal distances to the heat emitter, highest 


temperatures will be recorded, and pointing upward the lowest temperatures. At right angles in fact heat 


transport will be equal either way. 


The 8 pins placed around the heat emitter, visible in figure 2, are grouped in 4 pairs, juxtaposed with 


respect to the heat emitter. In the display of the control box, see figure 3, with the switch below this 


display window in the current position, the temperature difference is shown across the North – South 


heat sensor pair. Actually, the North side of the probe is visible in figure 5, where this is indicated by the 


‘N’ on the probe. 


Immediately after the above mentioned period of 2 minutes has passed, the instrument will beep a high 


sound, indicating that in as few seconds as possible the four positions of the switch, with attached delta 


T in the display window, should be chosen and delta T recorded. 


After this the probe should be rotated a full 180 degrees and an identical measurement cycle should be 


undertaken. 


Evidently, each time the probe is moved in the screen, the groundwater flow is distorted, at which point 


at least 15 minutes should be allowed to start or continue the measurement cycle. Actually performing 


stabilisation measurements will indicate when the groundwater has come back to its reference condition. 


So groundwater flow direction is easily assessed: it parallels the heat sensor pair coming up with highest 


delta T. The actual distribution of delta T’s across the heat sensors, may indicate a highest delta T, 


indicative of a groundwater flow not precisely along a pair of sensors, but somewhere between 2 sensor 


pairs. 


In order to establish groundwater flow in terms of magnitude, we need to incorporate the through flow 


cell (see figure 5) into the discussion. The figure does not include an essential feature, namely a pump 


with one of its ports connected to the left end of the through flow cell and the other port connected to the 


right end of the through flow cell. The pump allows to pump a very steady, low and constant rate of 


water through the through flow chamber. With the geometry of the through flow chamber precisely 


known and the porosity of the material in the chamber easily definable, the ‘groundwater’ flow in the 


chamber can be calculated. 


A measurement with the probe oriented initially with its North side towards the outward flow side of the 


through flow chamber, and afterwards with its North side towards the inflow side, follows the same line 


as it would in field conditions. 


In the Utrecht case, for all wells that were envisaged as potential Geoflo wells (19 wells in total), 


sediment samples were taken (3 10 litre buckets per screen) and sieve curves were measured. These 


are presented in figure 6. From the total number of potential Geoflo wells, 5 wells were chosen where 
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actual Geoflo determinations have been done. The sieve curves were divided into extremes on the  


coarse and fine end of the spectre and average. For each of these types the representative soil sample 


is chosen: sand from the NF1.2 well, recovered from the level of the well screen is the coarsest, sand 


from the AF1.1 well, happens to be the finest sand and sand from the NF4.1 well, happens to be 


representative of average sand. 


 


Figure 6: Sieve curves potential Geoflo wells (sand samples taken from depth range of screen 


level) 


For these 3 types calibrations are done. I.e. the through flow chamber is filled with the particular sand, 


withthe screen used in the field placed centrally in the through flow chamber. In the Utrecht case 172 


mm diameter holes were drilled, 000000000and the screens installed using centralisers. The annular 


spacing is backfilled with 0.8-1.2 mm sand. Approx. 1 meter above the screen the annular spacing is 


plugged with bentonite. This same situation is as much as possible mimicked into the through flow 


chamber. Needless to say, of course apart from the bentonite plug. 


For each sand type, for 3 to 4 different pump rates (groundwater flows), application of the flow chamber, 


allows setting up relations between measurement response (in fact size of delta T) and groundwater 


flow, resulting in a calibration curve for each of the 3 sand types. 
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Figure 7, 8 and 9 present the calibration curves for sand recovered from the screen interval of wells 


AF1.1, NF1.2 and NF4.1 (finest sand, coarsest sand and average sand).  


 


Figure 7: Calibration curve for sand recovered from screened interval of well AF1.1. 


 


Figure 8: Calibration curve for sand recovered from screened interval of well NF1.2. 
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Calibratiecurve Geotron filter, zand NF4.1
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Figure 9: Calibration curve for sand recovered from screened interval of well NF4.1. 


It is essential to remark that, although the probe when inserted into the screen that is installed in the 


through flow chamber, senses the flow in/through the screen, the flow through the bulk of sediment 


outside the screen in the chamber, which is known via the pump rate, through flow chamber geometry 


and porosity, is the all important parameter. Mimicking as truthfully as is possible the field situation into 


the flow chamber in terms of wellscreen emplacement allows us to accept a fixed relation between flow 


in the aquifer and in the well screen and probe and between flow in the sediment filled into the flow 


chamber and in the well screen and probe. 


When the calibration runs have been done, a determination of the measurement response in the field, 


allows backtracking the magnitude of groundwater flow via the calibration curve. With the provision that 


for each wellscreen the appropriate representative sand type has to be selected and the appropriate 


calibration curve has to be used for this backtracking. 


It is not difficult to imagine that the Heat Pulse Geoflo system relies on applying suitable well screens. 


The simplest way to demonstrate this is by suggesting the use of casings without slots. Since 


irrespective of groundwater flow outside the casing, flow inside the casing will be zero, this would be 


useless. It is also evident that the amount of open slots, with respect to uncut casing is of relevance. 


The more transparent, the better. Also the distribution of open slots is of importance. Although this has 


to be further assessed, we currently assume that vertical slots, will be less of an optimum to perform 


Geoflo measurements than horizontal slots. The reasoning behind this is a similar one, as the one that 


leads us not to define wind direction in a forest. 


Figure 10. presents screen types that are useable, as well as those that are rated poor. 
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Figure 10: Graphical presentation of examples of good screens and poor screens in terms of 


groundwater flow determination (picture taken from Geoflo manual). 


Invariably so far in the Netherlands the Geoflo has been applied in PVC screens manufactured by 


Boode. These are slotted horizontally, either with a slot width of 0.3 or 0.5 mm, with 3 slots per level. 


There is a choice in density of slots per unit length of screen. This type of screen corresponds with the 


one in figure 10, top left. Important features additionally are the vertical blind strips that of course need 


to be there (otherwise the screen would fall apart), but that clearly tend to obstruct groundwater flow. 


The figure 10, top left, indicates the presence of at least 4 blank vertical strips. The Boode screen has 3. 


It has been found by experience that keeping the width of the blind strips to 0.8 cm or below generates 


acceptable deviations of actual flow direction and direction as determined with the Geoflo system of at 


most 10 degrees. This deviation is determined in the flow chamber: the angle between the Geoflo 


determined flow vector and the length axis of the flow chamber. 


The actual screens used in Utrecht differ from the Boode screen, most importantly in that the screens 


actually used are made of HDPE and consequently that many of the slots are squeezed together, are 


very variable in width and look more closed than open. Maybe more importantly the width of the blind 


strips on this screen is 50% larger than on the Boode screen. For convenience sake the screens used 


on the two Utrecht sites are named ‘Geotron’ screens after the contractor Geotron that drilled the holes 


and placed the casing and screens. Just like the Boode screens they have 3 slots per slotlevel. The 


deviation of flow angle as determined with the Geoflo system applying the Geotron screen may be as 


large as 30 degrees! 


Figure 11, 12, 13  and 14 depict the calibration curves that were defined for the Boode screen, 


respectively for the AF1.1 (2*), the NF1.2 and the NF4.1 well. For AF1.1 two calibration curves have 


been defined. This relates to the fact that from the perspective of the groundwater the screen can look 


slightly different as a function of the position of the blind strips and open slots in relation to the direction 


of groundwater flow. Previous calibration work in the United States has indicated that an amount of 3 
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open slots per level and consequently 3 blind ribs is suboptimal, in terms of inaccuracy of direction of 


flow determination and potentially inaccuracy of magnitude of flow determination. In fact this potentially 


means that as a function of position of blind ribs and open slots vis a vis direction of groundwater flow 


different calibration curves might apply. 


Unfortunately, screens with 4 or more horizontal slots per level are not (easily) available in The 


Netherlands. Boode does not have the machinery to cut these screens. In fact, these screens would 


have to be shipped across the ocean. Fortunately it has been found, after going through very extensive 


calibration exersizes, that keeping the width of the blind ribs to a minimum (0.8 cm), controls both the 


angle and magnitude inaccuracy. The Boode screens used so far in Geoflo wells, fall in this category.  


Unfortunately the Geotron screens have blind strips, with a width of 1.2 cm and thus fall outside this 


category. Figure 15, 16 and 17 show calibration curves for the Geotron screen for AF1.1, NF1.2 and 


NF4.1 sand, where the screen has been rotated to a maximally different position compared to the one 


applicable to the one used in figs. 7, 8 and 9. 


 


Figure 11: Calibration curve Boode screen for AF1.1 well. 
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Figure 12: Calibration curve Boode screen for AF1.1 well(rotated across 60 degree angle). 


 


Figure 13: Calibration curve Boode screen for NF1.2 well 
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Figure 14: Calibration curve Boode screen for NF4.1 well 


The width of the blind vertical strips of the Geotron screen is considerably larger than for the Boode 


screen, which in addition to the fact that the slots on the Geotron screen is very irregular in terms of its 


aperture, might cause less performance. Amongst others, a different position of the slots and blind ribs 


with respect to direction of groundwater flow might cause different calibration constants (i.e. different 


relation between measurement response and velocity), might cause different cut off values (i.e. 


apparent groundwater flow for measurement response equal zero) and different confidence level in 


terms of representing the correct flow direction. 


The next 2 figures present the calibration curves for the NF1.2 and NF4.1 well, where the screen has 


been rotated across 60
o
 with respect to its position represented in figures 8 and 9. 
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Figure 15: Calibration curve Geotron screen for NF1.2 well (rotated 60
o
) 
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Figure 16: Calibration curve Geotron screen for NF4.1 well (rotated 60
o
) 


The next two tables summarise the findings of in total 54 calibration runs, in which a total of 9 calibration 


curves were established. Additionally, although slightly beyond the scope of the current project, one 


screen with vertical slots was tested (calibration curve presented in figure 17, text see page 22). 


Table 1: Calibration constant and cut off value as function of screen type and well (i.e. sand type) 


Well number Screen type Figure in text Calibration constant Cut off (m/day) 


AF1.1 Boode screen Figure 11 0.0453 0.07 


 ,,            ,, Figure 12 0.0390 0.046 


 Geotron screen Figure 7 0.088 -0.01 


NF1.2 Boode screen Figure 13 0.0346 -0.034 


 Geotron screen Figure 8 0.0367 0.068 


 ,,           ,, Figure 15 0.0394 -0.018 


NF4.1 Boode screen Figure 14 0.0311 0.01 


 Geotron screen Figure 9 0.046 0.09 


  Figure 16 0.039 0.09 


 Screen vertical slots Figure 17 0.036 -0.14 


  Figure 18 0.16 0.19 
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Table 2: Angle discrepancy found in through flow cell as a function of flow rate, type of sand and 


type of screen 


Angle discrepancy Flow rate (m/day) Type of sand Screen type 


Boode 


 


Geotron 


 


Vertical slots 


0.7
o
 0.74 NF4.1   * 


1.6
o
 0.97 NF4.1   * 


3.5
o
 1.48 NF4.1   * 


1.3
o
 0.74 NF4.1   * 


2.5
o
 1.48 NF4.1   * 


4.6
o
 0.38 NF4.1 *   


4.2
o
 0.74 NF4.1 *   


5.1
o
 0.96 NF4.1 *   


2.1
o
 1.48 NF4.1 *   


25
o
 0.37 NF4.1  *  


17.2
o
 0.57 NF4.1  *  


12.4
o
 0.76 NF4.1  *  


12
o
 0.76 NF4.1  *  


10.8
o
 0.96 NF4.1  *  


7.3
o
 1.48 NF4.1  *  


12
o
 0.57 NF4.1  *  


8.1
o
 0.74 NF4.1  *  


10
o
 0.96 NF4.1  *  


6.5
o
 1.48 NF4.1  *  


34.9
o
 0.57 NF4.1  *  


25.7
o
 0.74 NF4.1  *  


13.2
o
 0.74 NF4.1  *  


12.8
o 


0.97 NF4.1  *  


8.6
o
 1.48 NF4.1  *  


6.6
o
 0.60 NF1.2  *  


3.7
o
 0.79 NF1.2  *  


6.9
o
 0.79 NF1.2  *  


5.7
o
 0.79 NF1.2  *  


4.4
o
 0.81 NF1.2  *  


3.8
o
 1.02 NF1.2  *  


5.3
o
 1.04 NF1.2  *  


3
o
 1.58 NF1.2  *  


4.1
o
 1.58 NF1.2  *  


9.5
o
 0.37 NF1.2 *   


7.8
o
 0.60 NF1.2 *   


12.4
o
 0.79 NF1.2 *   


5.5
o
 1.02 NF1.2 *   


9.1
o
 1.04 NF1.2 *   


4.2
o
 1.58 NF1.2 *   


19
o
 2.97 AF1.1  *  


31
o
 2.28 AF1.1  *  


14
o
 1.48 AF1.1  *  


22
o
 0.64 AF1.1  *  


1.7
o
 0.47 AF1.1 *   


1.9
o
 0.71 AF1.1 *   


0.4
o
 0.92 AF1.1 *   


0.9
o
 1.24 AF1.1 *   


13
o
 0.63 NF1.2 *   


9.6
o
 0.79 NF1.2 *   


6.7
o
 0.93 NF1.2 *   


9.8
o
 1.25 NF1.2 *   


3.8
o
 1.62 NF1.2 *   


11
o
 0.47 AF1.1 *   


1.3
o
 0.48 AF1.1 *   


8.8
o
 0.93 AF1.1 *   


7.8
o
 1.21 AF1.1 *   


Number of angle discrepancies       > 10
o
 Boode screen: 3 (total number Boode screen calibrations 23) 


 ,, ,,    ,,    ,, ,,      > 10
o
 Geotron screen: 15 (total number Geotron screen calibrations 28) 
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It is evident from table 1 that the calibration constant for the 3 types of sand and 2 types of screens fall 


in the same range, namely from 0.031 to 0.046, without clear cut indication of either screen type or sand 


type being deterministic. Notable exception though is the calibration constant found for the Boode 


screen and Geotron screen as far as sand type AF1.1 (finest sand over all) is concerned, to be specific 


0.042 (average of 0.039 and 0.045, i.e. within the range specified earlier) resp. 0.0883. This prominent 


departure will be addressed further on in the text. 


The cut off value for the Boode and Geotron screens do not stand out as being different. The larger the 


cut off (apparent groundwater flow at measurement response equal to zero) the less reliable the results 


would seem to be. It may be not just coincidence that the calibration curve with the largest cut off was 


found for the Geotron screen (0.09 m/day well NF4.1. 


It is evident from table 2, which lists the discrepancies between the angle of groundwater flow as 


established by the Geoflo probe and the length axis of the through flow (that axis should clearly parallel 


groundwater flow), that the performance of the Geotron screen is less favourable by a considerable 


margin than for the Boode screen. Angles of discrepancies beyond the 10
o
 limit, see lines in red in table 


2 (lines in green indicate angle < 10
o
), occur in more than half of the cases. 


In general the producer / inventor of the Geoflo system stipulates that screens with vertical slots should 


not be used for flow measurements. Although slightly beyond the scope of this report, this has been 


tested due to its relevance: many vertically slotted screens are currently in use on Dutch sites.  


Fugure 17 presents a calibration curve determined for a vertically slotted screen.  
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Figure 17: Calibration curve screen with vertical slots for NF4.1 sand 


A brief description of the specific screen is included in the Annexe to this report. This Annexe contains 


pictures of this screen (as well as of the Boode and Geotron screens).  


The scepsis of the producer / inventor of the Geoflo system is partly confirmed by the fact that the 


vertically slotted screen presents itself with the highest cut off value found for all the calibration curves 


defined, namely –0.14 meter/day. What is remarkable though is that the discrepancy angles found are 
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comparitively modest, on average approx. 2
o
. This would suggest that there is scope for possibilities to 


apply the Geoflo system in screens with vertical slots as well. There is though one point of serious 


concern. As is the case for the particular screen with vertical slots tested here, these screens have 


screen type specific sections of unslotted casing to give it sufficient mechanical strength. In cases where 


the area of unslotted casing covers a length beyond a certain value (which relates to the length of the 


heat thermistor and heat sensors in the probe, which is 4.2 cm) departures can be expected. The length 


of unslotted screen on the type of vertical slotted screen tested here is 1.5 cm. 


In order to complete the calibration tests on vertically slotted screens, the position of the probe that 


resulted in the calibration curve presented in figure 17 was changed over a vertical distance of 2 cm. In 


this situation an additional calibration test was done. The result is presented in figure 18. 
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Figure 18: Calibration curve screen with vertical slots for NF4.1 sand (probe position changed 


over 2 cm) 


From figure 18 it is evident that for a similar range of actual groundwater flow velocities, the 


measurement response (i.e. the sensitivity) has been reduced by a factor of 5 approximately. The 


accuracy with which the Geoflo system reproduces the correct flow direction has not diminished. It 


comes out at 2
o
.   
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3  Results 


Table 3 lists all results of Geoflo groundwater flow measurements. These have taken place on August 


14/15-th, September 11/12 th and October 9-th 2012. 


 


Table 3: Geoflo measurements 


  14/15 August 2012 11/12 September 2012 9 Oktober 2012 


 
Well 


Depth 
measurement 


degrees tov N  
    velocity m/day 


degrees tov N 
         velocity m/day 


degrees tov N 
         velocity m/day 


AF1.1           7.0 m bgs 305
o
 - 0.40 m/day 142


o
 - 0.95 m/day  


AF1.1            8.0 m bgs 266
o
 - 0.84 m/day 248


o
 - 0.41 m/day 261


o
 - 0.73 m/day 


AF1.1            9.0 m bgs 291
o
 - 0.78 m/day 343


o
 - 0.71 m/day  


AF1.2    18.5 m bgs 308
o
 - 0.24 m/day 297


o
 - 0.11 m/day  


AF1.2       19.0 m bgs 306
o
 - 0.61 m/day 283


o
 - 0.49 m/day 300


o
 - 0.48 m/day 


AF1.2  19.5 m bgs 296
o
 - 0.38 m/day 299


o
 - 0.61 m/day  


AF3              8.0 m bgs 259
o
 - 1.67 m/day 246


o
 - 1.52 m/day  


AF3           8.5 m bgs 274
o
 - 1.26 m/day 232


o
 - 0.31m/day 241


o
 - 1.04 m/day 


AF3              9.0 m bgs 259
o
 - 1.04 m/day 261


o
 - 0.83 m/day  


NF1.1          5.0 m bgs 349
o
 - 0.98 m/day 357


o
 - 0.92 m/day  


NF1.1          6.0 m bgs 302
o
 - 0.54 m/day 337


o
 - 0.81 m/day 318


o
 - 0.46 m/day 


NF1.1          7.0 m bgs 332
o
 - 0.44 m/day 337


o
 - 0.66 m/day  


NF1.2  13.5 m bgs 296
o
 - 0.73 m/day 289


o
 - 0.86 m/day  


NF1.2     14.0 m bgs 279
o
 -0.59 m/day 298


o
 - 0.52 m/day 289


o
 - 0.52 m/day 


NF1.2  14.5 m bgs 289
o
 - 0.45 m/day 316


o
 - 0.53 m/day  


NF3.1        6.0 m bgs 129
o
 - 2.47 m/day 177


o
 - 2.46 m/day  


NF3.1     6.5 m bgs   83
o
 - 0.11 m/day  45


o
  - 0.09 m/day 352


o
 - 0.58 m/day 


NF3.1        7.0 m bgs 137
o
 - 0.71 m/day 171


o
- 0.98 m/day  


NF4.1        7.0 m bgs  14
o
 - 0.34 m/day 44


o
  - 0.28 m/day  20


o
  - 0.38 m/day 


NF4.2     14.0 m bgs  66
o
 - 0.34 m/day   66


o
  - 0.18 m/day 


 
Wells starting with AF are from the Amsterdamschestraatweg / Papaverstraat site, wells with NF are 


from the Mulderstraat – van Lidth de Jeudestraat (near the Nachtegaalstraat). 


 


If we consider the set of wells from the Amsterdamschestraatweg site, it is evident that across the site 


for the 3 screens tested, as well as for the 3 depth intervals for each screen there is considerable 


consistancy in terms of direction. The average direction of flow is 285
o
 for August 14-th (spread approx. 


25
o
), 276


o
 for September 11-th (spread approx. 60


o
)  and 267


o
 for October 9-th 2012 (spread approx. 


30
o
). Only one single measurement clearly distinguishes itself: the measurement on september 11- th 


2012, coming out at 142
o
. 


Actually the spread found is entirely within the range noticed by researchers that will occur under 


natural/normal conditions. 


 


On the Mulderstraat – van Lidth de Jeudestraat this same consistency is there across the monitoring 


dates and screens, as well as depth intervals for each screen as far as NF1.1 and NF1.2 are concerned. 


I.e. the southern side of the Mulderstraat near the chemical cleaner shop. The average direction of flow 
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is 308o for August 15 th (spread approx. 30o), 322o for September 12-th (spread approx. 30o) and 303o 


for October 9-th 2012 (spread approx. 15o). 


For the last three wells listed in table 1 the consistency is there in general across each specific screen 


interval for the 3 measument dates (with the exception of well NF3.1, measurement depth 6.5 m bgs, 


date October 9-th), but not for a well (see NF3.1) across the 3 measurement levels. In general the 


direction of flow is situated in the north northeast – (nearly due) south zone, which differs significantly 


from directions found for NF1.1 and NF1.2  (between 303o and 322o). Well NF3.1 is situated across the 


other side of the Mulderstraat wells, with respect to wells NF1.1 and NF1.2, wells NF4.1 and NF4.2 are 


just around the corner of the Mulderstraat – van Lidth de Jeudestraat, on the van Lidth de Jeudestraat. 


 


It is of interest to put the Geoflo measurements, in terms of flow directions found, into perspective with 


the classical method the hydrologic community and others use to evaluate flow directions of 


groundwater in aquifers, i.e. contour maps of phreatic and head levels.The next two figures present 


maps of the phreatic level for the Amsterdamsestraatweg / Papaverstraat site and Mulderstraat / van 


Lidth de Jeudestraat respectively. 


Figure 19: Map of phreatic level Amsterdamschestraatweg – Papaverstraat (site due east of B026 
dot, due south of 2 of B026) 
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Figure 20: Map of phreatic level Mulderstraat – van Lidth de Jeudestraat (site just north of well 
212, two t’s of ‘Wittevrouwen’)  
 
From figure 19 of the map of the phreatic levels at and in the area of the Amsterdamschestraatweg / 


Papaverstraat it is evident that the flow direction is west northwest to northwest, which corresponds 


quite well with the direction found through the application of the Geoflo system (between 267o and 


285o). 


Ofcourse the magnitude of flow, which we will deal with further on in the text, both in terms of the 


average and spread, remains undefined on the basis of the map of phreatic levels, unless values of 


permeabilty of the aquifer are assumed. 


 


From figure 20 of the map of the phreatic levels at and in the area of the Mulderstraat / van Lidth de 


Jeudestraat at first instance and glance a flow direction towards the north could be deduced. This differs 


from both directions found through application of the Geoflo system (Mulderstraat near the chemical 


cleaner shop: west northwest and across the street and around the corner on the van Lidth de 


Jeudestraat: in the north northeast to nearly due south corner). 


A closer inspection of the map of phreatic levels suggests that there could well be, hidden below the 


750-1000 meter wide grid of monitoring wells, a closed contour near the two t’s of Wittestraat (see map). 


This would precisely match with the divergent pattern of groundwater flow directions found here through 


application of the Geoflo system. On the basis of the map of phreatic levels there is even some 
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indication for a ‘sink’ near the two t’s, which would even match the specific two groups of directions 


found with the Geoflo system.  


 


The rate of groundwater flow for the 8 wells, a total of 20 screen levels, is in excess of 1 m/day at 3 


screen levels. It is even beyond the 2 m/day mark at 1 screen level (NF3.1, level 6 m bgs), where the 


direction of flow also departs from what is suggested by the contour map of the phreatic level (approx. 


ESE/S compared to WNW/NNW).  


It is tempting to calculate rate of groundwater flow, as it is ‘normally’ done in hydrological analysis, 


namely through Darcy’s relation, i.e. permeability times gradient of heads or phreatic level. 


In the case of both the Papaverstraat / Amsterdamschestraatweg as well as the Mulderstraat / 


Nachtegaalstraat site the gradient seems to be 0.1 to 0.2*10-3 m/m. Assuming this gradient to more or 


less be valid for both sites, in order for groundwater to acquire a velocity of 2 m/day, a permeability 


would be required of 10.000 m/day as Darcy’s law (in its most simple form v=k*i, where k equals 


permeabilty and i is gradient in m/m) implies. 


A permeability of 10.000 m/day is not really realistic. In order to bring this into a range which is 


acceptable it needs to be devided by 100 (i.e. k=100 m/day), but in order to still arrive at a groundwater 


flow velocity of 2 m/day, it implies that the gradient has to be multiplied by 100. 


In fact the conclusion has to be that a contoured map of phreatic levels, based on a grid of wells each 


750-1000 meters, does not allow to predict gradients on a point to point level on the scale of the 


Papaverstraat / Amsterdamschestraatweg or Mulderstraat / van Lidth de Jeudestraat sites.  


Not only is there microscopic tortuosity of the trajectory that individual waterparticles follows due to the 


random distribution of inter-connected porosity, but also something that could be called macroscopic 


tortuosity that is dictated by the local distribution of gradients. That local distribution of gradients 


escapes definition due to the sparse distribution of monitoring points (in the Utrecht case between 0.5 


and 1.5 km) and may be caused by draining features (sewer lines, or zones of strongly enhanced 


permeability), unknown discharge points, very ‘thirsty’ poplar trees, etc. 


It may also mean that we will have to set our minds into realizing that on the basis of a contour map as 


defined for the two sites described here, we cannot backcalculate where the water comes from and how 


much time it took. We might be wrong for a couple of kilometers and for some hundreds of years. 


 


One way or the other this is relevant for our perception of risk, our perception of plume dynamics, 


transport of contaminants, etc. etc.  
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4 Conclusions and recommendations 


4.1 Conclusions 


Both from the extensive testing of the Geoflo system in the through flow chamber, as well as from the 


consistency of the results generated in the field, it is evident that the system can be and should be 


accepted as a reliable means to determine groundwater flow, both direction and magnitude, in actual 


field situations. 


 


In fact this conclusion should not come as a great surprise since the system has received recognition by 


renowned institutions like the United States Geological Service (USGS), the United States 


Environmental Protection Agency (USEPA), and others. It is relevant to note that prior to their evaluation 


there was skepticism that groundwater flow could be determined at all. 


 


For the average sand type (average for all sand samples taken from the screened intervals of the wells 


drilled in the course of this City Chlor project), as well as the  coarsest and finest, extensive tests have 


been done in the through flow chamber. This demonstrates that a remarkable tight range of calibration 


constants exists for the total sets of sediments. As the text of this report explains, the tight range of the 


calibration constants, directly bears on groundwater flow magnitude, since groundwater flow is found 


through simple multiplication of measurement response and calibration constant. The range is from 


0.035-0.045. 


The only possible exception is the calibration constant in the case of the Geotron screen placed in the 


finest sand present across the 2 sites, i.e. from AF1.1 screen interval. A value of 0.083 has been found. 


Further work has to either confirm or reject this. 


In generating the values of groundwater flow magnitude (see table 3) the calibration constant has been 


set at 0.04. 


 


The direction of groundwater flow established for the Papaverstraat applying the Geoflo system ‘nicely’ 


conforms with what is indicated by the contours of the phreatic table, i.e. approx.. northwest. Only one 


single measurement comes out differently (direction southeast). 


The direction of groundwater flow established for the Mulderstraat falls into two categories. 


Two wells on the pavement of the southeast side of this street, close to the chemical cleaner shop 


(NF1.1 and NF1.2), come up with a flow towards the northwest (of course with a certain spread), which 


conforms well with what can be deduced from the local contours of the phreatic table. 


Three wells on the northwest side of the Mulderstraat (in fact two of these are situated just around the 


corner on the van Lidth de Jeudestraat) come up with groundwater flow directions, strongly differing 


from the previous ones, namely between north northeast and south southeast. With only one single 


exception. 


 


It is with emphasis that the report stresses that not the data from these last three wells should be taken 


into doubt, but that the reasoning should be taken into doubt that we necessarily know groundwater flow 
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in any area, irrespective of considerations like grid density of measurement points of head/groundwater  


and or man made or other interventions in the sub surface (unregistered abstractions, thirsty poplars, 


etc.), through measurement of heads in wells.  


 


What emerges on the Mulderstraat is that Geoflo measurements show that groundwater flow converges 


to the center line of the Mulderstraat. Is it a coincidence that this center line is occupied by a subsurface 


sewer? It should be noted here that this sewer has an age of 60 years. Also the sandy bed in which the 


sewer line is laid into could be a favorable zone for shallow groundwater to migrate through. 


A more detailed analysis of the contours of the phreatic table at the site shows that the conspicuous 


curvature of these contours could well hide close contours, outlining a sink which could very well center 


on the center line of the Mulderstraat. Assuming this and then defining flow of groundwater on the basis 


of these contours of the phreatic level, generates flow vectors that completely match what Geoflo found! 


The additional point that emerges from the Geoflo measurements is that generally for each specific 


screen, across the 3 dates that measurements were done, there is considerable consistency in 


magnitude of flow. 


 


Also that often considerable spatial variability, at least in a vertical sense, occurs in specific screens. It is 


not difficult to hypothesize a reason for that: large difference in transmissivity. 


What is additionally of relevance is that magnitude of flow as would be calculated on the basis of 


assumed transmissivity and gradient of the phreatic table as indicated by the maps is a magnitude and 


even more less than what is found via the Geoflo system. To be specific: an average gradient of 0.3*10-


3  m/m in the general area is more or less characteristic. Assuming a transmissivity of 40 m/day (which 


is more on the high than on the low side), would result in a groundwater flow magnitude of 1.2 cm/day. 


 


Well NF3.1, screen at 6 m bgs for two dates comes up with a velocity of approx.. 2.5 m/day. A two-


hundred fold difference with the 2 cm mentioned. Although this extremely high flow is certainly not 


characteristic for the well screens on the northwest side of the Mulderstraat (it kis a lot less 0.5 meter 


shallower or deeper in the same screen, it is real and escapes notice on the basis of the classical 


interpretation of the phreatic table and deduction of flow velocity through the Darcy relation. 


 


In general the flow that we might expect characteristic for the general area (in the order of a couple of 


cm a day) is exceeded at all the screens used in this ‘Geoflo’ survey. If groundwater flow would be 


mapped into detail with the Geoflo system, revealing features that escape the 750-1000 meter grid of 


monitoring points, what would come out is a zig zag pattern of flow directions and magnitudes of flow far 


in excess of what Darcy might suggest on the basis of k*I (see above). It does not mean Darcy is wrong, 


it means Darcy cannot be used in these circumstances, unless we accept that what comes out does not 


make sense. 


 


To be more specific: a drop of water introduced on the phreatic table at the Mulderstraat site, might 


theoretically arrive in the northwest of the city some thousands of years later (5000/0.01, i.e. distance 


divided by the flow velocity of 1.2 cm, see above), but in reality ends up in the sewer (or in the sandy 


bed of that sewer) at the Mulderstraat. So these calculations are meaningless and/or at most would be 







 


Determination of groundwater flow - Two sites city of Utrecht: Amsterdamsestraatweg, corner Papaverstraat and 
Nachtegaalstraat, corner Mulderstraat   27 


suggestive of where groundwater might end up with an uncertainty circle around a point of possibly 


some kilometers. 


This all has a bearing on our risk perception. Not only will transport parameters of contaminants nee 


attention, in combination with natural or stimulated attenuation of contaminant levels, but also flow of 


groundwater itself. Not to mention,  how do we realistically sample groundwater quality. 


 


4.2 Recommendations 


The full impact of the finding in this report that ‘real’ groundwater flow might be grossly different from 


‘phreatic head’ derived groundwater flow has to be evaluated. Our perception of risk, to a large part the 


driver in Groundwater Management Systems, possibly needs an update. 


A way to go is: 


- To generate a sparse grid of Geoflo measurement points (distance between wells has to be 


balanced between science and budgetary constraints) and to measure this grid on a month to month 


basis (maybe once in 2 months), 


- Embark on an effort to develop groundwater models (the basis could be existant ones) that in 


addition to being calibrated on phreatic or head levels, are calibrated on magnitude of flowat the 


points where Geoflo measurements are done, 


- If sufficient match is reached between heads and velocities in the numerical model (probably 


models, Utrecht subdivided in parts), we may be much, very much, more confident that the use of 


these models to carry on with transport modelling, is useful. It is useless to spend lots of resources 


on finding more applicable transport parameters if groundwater flow is (grossly) in error.
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Annexe 1 


In this document 3 types of well screens have been presented. Of these well screens the screen that 


has been conveniently named Geotron (named after the contractor that has put the wells in place), has 


actually been used on both the Amsterdamschestraatweg / Papaverstraat as well as Nachtegaalstraat / 


Mulderstraat sites. It is presented is the next picture. 


 


The slot length is 4.5 cm, distance between slots in the horizontal 


sense 7 mm, in the vertical sense 1.5 cm, slot width 0.4 mm.  


 


 


 


 


 


Annexe Figure 1: Geotron screen 


 


The well screen that has thus far been applied in the 


Netherlands, Germany and Belgium for Geoflo 


measurements is presented in the next picture, together 


with a well screen that has been discussed in the text as 


well. 


 


It is evident from the left picture that the Boode and 


Johnson screens are very comparable in geometry: same 


slot width, same density of slots per unit length of screen, 


only slightly larger width of blind strips on Boode screen 


compared to Johnson screen. Previous research results 


on usefulness of Johnson screens, point out that they 


perform very well. It is no surprise that this report comes 


to the finding that Boode screens perform similarly. 


 


 


 


Annexe figure 2: Boode screen on left, Johnson screen on right. 
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Summary 
 
AgencyNL/Soil+ and the municipality Utrecht are partners in the European Interreg IVB project ‘CityChlor’. 
Within the project CityChlor, knowledge is developed and experience gained on the realization of an area-
oriented approach to soil and groundwater remediation. In this context, the utilization of sustainable energy 
with Aquifer Thermal Energy Storage ATES can play an important role. Essential elements in an area-
oriented approach are monitoring and optimization. The key question is: how can you optimally monitor area-
oriented groundwater management effectively and efficiently in a large-scale urban area? 
 
A part of the answer is to determine the contaminant mass flux across a transect (mass of contaminants 
passing per unit time per unit area, or flow rate of contaminants per unit area) and contaminant mass 
discharges (sum of all mass flux measures across an entire plume, e.g. grams per day). Contaminant mass 
discharge from source areas within a range and/or reliability interval is determined in order to ensure that a 
connection can be made between the degradation capacity and system limits and/or decontamination 
objectives. Using a flux-based approach, the extent to which the deeper groundwater is being fed with 
contaminants can be estimated. Traditional methods of estimating contaminant fluxes and discharges involve 
individual measurements/calculations of the Darcy water flux and the contaminant concentrations. However, 
taken into account the spatially and temporally varying hydrologic conditions in complex, heterogeneous 
aquifers, higher uncertainty arises from such indirect estimation of contaminant fluxes.  
 
Within the CityChlor project in Utrecht, the following innovative methods were used on two locations in 
the first aquifer of Utrecht to estimate/determine the contaminant flux:  


• Estimating the flux by using the Sorbicell that measures a time-average concentration, meaning 
that natural fluctuation in concentrations are averaged out, in combination with the 
measurements with Geoflo (a tool for measuring groundwaterflow direction and –speed).  


• Directly determine the flux by using the Passive Flux Meter 


• Directly determine the flux by using the Sorbiflux 
 


This technical report describes the direct measurement of the flux using the Sorbiflux . The results of the 
fluxmeasurements with the Sorbiflux are summarized in the following table.  
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MWH fluxmeting         
peilbuis filter Sorbiflux diepte dagen liter   flux 


NF 1-1 5-8 0611-3910
6,00-
6,30 34,8 19,1 mg/m2.jaar


VC        57
trans        271
cis        6983
tri        311
per        990


NF 2-1 5-8 0611-3913
6,00-
6,30 39,9 23,3


VC        44
trans        0
cis        75
tri        0
per        10


NF 3-1 5-8 0611-3911
6,00-
6,30 34,8 43,2


VC        0
trans        0
cis        0
tri        0
per        0


AF 1-1 7-10 0611-3912
7,00-
7,30 34,8 23,4


VC        261
trans        56
cis        829
tri        48
per        20


AF 2-1 7-10 0611-3914
7,00-
7,30 34,8 33


VC        1911
trans        5852
cis        328147
tri        3215
per           8529
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1 Introduction 


1.1 Citychlor and the Biowashing machine Utrecht 


AgencyNL/Soil+ and the municipality Utrecht are partners in the European Interreg IVB project ‘CityChlor’. 
Within the project CityChlor, knowledge is developed and experience gained on the realization of an area-
oriented approach to soil and groundwater remediation. In this context, the utilization of sustainable energy 
with Aquifer Thermal Energy Storage ATES can play an important role. Essential elements in an area-
oriented approach are monitoring and optimization. The key question is: how can you optimally monitor area-
oriented groundwater management effectively and efficiently in a large-scale urban area? 
 
For this purpose a Think Tank has been installed, with specialists from Universities and service providers, to 
build a Conceptual Site Model (CSM), for the Utrecht Central Station Area. A part of the answer is to 
determine the contaminant mass flux across a transect (mass of contaminants passing per unit time per unit 
area, or flow rate of contaminants per unit area) and contaminant mass discharges (sum of all mass flux 
measures across an entire plume, e.g. grams per day). Contaminant mass discharge from source areas 
within a range and/or reliability interval is determined in order to ensure that a connection can be made 
between the degradation capacity and system limits and/or decontamination objectives. Using a flux-based 
approach, the extent to which the deeper groundwater is being fed with contaminants can be estimated. 
Traditional methods of estimating contaminant fluxes and discharges involve individual 
measurements/calculations of the Darcy water flux and the contaminant concentrations. However, taken into 
account the spatially and temporally varying hydrologic conditions in complex, heterogeneous aquifers, 
higher uncertainty arises from such indirect estimation of contaminant fluxes.  
 
Within the CityChlor project in Utrecht, the following innovative methods were used on two locations in 
the first aquifer of Utrecht to estimate/determine the contaminant flux:  


• Estimating the flux by using the Sorbicell that measures a time-average concentration, meaning 
that natural fluctuation in concentrations are averaged out, in combination with the 
measurements with Geoflo (a tool for measuring groundwaterflow direction and –speed).  


• Directly determine the flux by using the Passive Flux Meter 


• Directly determine the flux by using the Sorbiflux 
 


This technical report describes the direct measurement of the flux using the Sorbiflux .  The principle of the 
Sorbiflux is outlined in Chapter 2.  The results of the fieldtest are presented in Chapter 3. The comparison of 
the different approaches for the fluxmeasurements will be discussed in the overall report on Flux by Bioclear.  
 







Sorbiflux: Passive Flux measurements - Field test of the recently developed Sorbiflux on 2 sites in the municipality of 
Utrecht for the Citychlor project   7 


2 The Sorbiflux 


2.1 Principle of the Sorbiflux 


The Sorbisense Fluxsampler is based on the principle of the patented Sorbicell technology. SorbiCell is a 
porous cartridge that "filters" solutes from water passing the SorbiCell. The cartridge also contains a 
environmentally neutral tracer salt that dissolves proportionally as water transits the cartridge thus accurately 
detects the volume of passing water. The method enables measuring the average concentration over an 
extended time scale.  
 
In case of the Sorbiflux, the sampler is placed in a monitoring well and groundwater will pass the sampler 
continuously. The system is tested under laboratory conditions, sofar, there is limited experience with 
fieldtest.  It should be clear that monitoring well should be installed properly in order to be able to correctly  
measure the flux. 
 


Schematic overview of the flux-
sampler. The traces salt is located 
in the central compartment.  The 
adsorbent is divid into three 
compartment packed around the 
central compartment.  


Orientation 
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1. Transport. De flux sampler will be 
delivered in a HDPE transporting tube. Each sampler has its own specific serial number.  


2. Fielddata. The depth at which the sampler has to be installed as well as the filter length 
of the well should be recorded. As should the date and time of installation and 
extraction.  
 


3. Mounting system. Metal rods are prepared for the pre-determined depth and the flux 
sampler is mounted.  
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4. Orientation. By using metal clips the orientation of the sampler can be set.  This 
orientation can be used to determine the direction of groundwaterflow. 
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5. Installing the flux sampler. Due to the flexibility of the metal rods, the fluxsampler is 
easilty installed at the correct depth.   
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6. Inspection.  During the sampling period, the sampler can be inspected to check if the 
traces salt has been dissolved.  
 


7. Extraction. After the sampling period the system is extracted and the sampler is packed 
in the transporting tube. The sampler is send to Sorbisense in Denmark. Sorbisense 
than prepares the compartiments with remaining tracer salt and absorbance for 
analyses and calculates the flux. 
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2.2 Determination of groundwater flow velocity 


Groundwater flow velocity and direction : 
As groundwater passes the Sorbiflux the tracer salt dissolves.  Under “normal’ water conditions, as in 
groundwater, the solubility is 184 mg of Ca per litre. By dividing the  amount of Ca flushed from the 
Sorbiflux by the solibility, the volume of water that has passed the Sorbiflux is calculated.  
 
The Sorbiflux has a crossection (area through which groundwater has passed)  of 0,013 m2. 
 
De groundwater flow velocity (m/year) can be calculated with the following equation 
 


Calculating concentration and flux  
 
The time averaged concentration of a contminant in the groundwater is calculated by dividing the total 
mass of a contaminant (sum in section 1, 2 and 3) by the volume of groundwater that has passed 
through the Sorbiflux.  
 


The flux  can be calculated by diving  the total mass of a contaminant (sum in section 1, 2 and 3) by the 
crosssection with the following equation:  
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3 Results 


3.1 Installation of the fluxsampler 


In this field test of the Sorbiflux, 5 fluxsamplers were installed.  2 fluxsampler were installed in 
monitoringswells on the location Amsterdamsestraatweg,  3 samplers were installed on location 
Nachtegaalstraat.  
 
The information about the installation in presented in table 3.1.  
 


Table 3.1: installationdata Sorbiflux 


Sorbiflux Filter Depth of 
fluxsampler 


Orientation Installation date 
and time 


Extraction date 
and time 


0611-3910 NF 1-1 6,00 – 6,30 N 25-10-2012 
14:00 


29-11-2012 
 9:45 


0611-3911 NF 3-1 6,00 – 6,30 N 25-10-2012 
13:30 


29-11-2012  
9:40 


0611-3912 AF 1-1 7,00 – 7,30 N 25-10-2012 
15:15 


29-11-2012  
10:40 


0611-3913 NF 2-1 6,00 – 6,30 N 25-10-2012 
14:30 


4-12-2012  
12:15 


0611-3914 AF2-1 7,00 – 7,30 N 25-10-2012 
15:00 


29-11-2012  
10:45 


3.2 Analytical results and interpretation. 


The extracted Sorbifluxes were send to Sorbisense where the different compartments were prepared for 
analyses.  The amount of CVOC on the adsorbent and the weight of the left over tracer salt were analysed by 
Alcontrol.  The analytical report is given in Appendix 1, the overall results of the fluxmeasurements is given in 
Appendix 2. 
 
The results of the fluxmeasurements are summarized in table 3.2  
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Table 3.2: Results of Sorbiflux 


 


MWH fluxmeting         
peilbuis filter Sorbiflux diepte dagen liter   flux 


NF 1-1 5-8 0611-3910
6,00-
6,30 34,8 19,1 mg/m2.jaar


VC        57
trans        271
cis        6983
tri        311
per        990


NF 2-1 5-8 0611-3913
6,00-
6,30 39,9 23,3


VC        44
trans        0
cis        75
tri        0
per        10


NF 3-1 5-8 0611-3911
6,00-
6,30 34,8 43,2


VC        0
trans        0
cis        0
tri        0
per        0


AF 1-1 7-10 0611-3912
7,00-
7,30 34,8 23,4


VC        261
trans        56
cis        829
tri        48
per        20


AF 2-1 7-10 0611-3914
7,00-
7,30 34,8 33


VC        1911
trans        5852
cis        328147
tri        3215
per           8529
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ALcontrol B.V. is accredited under nr. L028 by the Raad voor Accreditatie, according to the criteria for testing laboratories ISO/IEC 17025:2005.


All our work is carried out under the General Conditions, kept at the Kamer van Koophandel (Chamber of Commerce) in Rotterdam, Netherlands:Trade record: KVK Rotterdam 24265286.


Analytical report
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ALcontrol B.V.
Steenhouwerstraat 15 · 3194 AG Rotterdam
Tel.: +31 (0)10 231 47 00 · Fax: +31 (0)10 416 30 34
www.alcontrol.nl


Sorbisense
H. de Jonge
Niels Pedersens Allé 2
DK-8830  TJELE


Your Project name : Region Hovedestaden
Your Project number : FLUX
ALcontrol report number : 11850714, version: 1


Rotterdam, 03.01.2013


Dear Mr./Mrs,


Attached you find the results of the laboratory tests carried out for your project FLUX. The sample and project
description were adopted from and the tests carried out according to your order. The reported results refer
only to the tested samples.


All tests, unless they were outsourced, were carried out by ALcontrol Laboratories, Steenhouwerstraat 15,
Rotterdam, Netherlands.


This certificate contains inclusive attachments 5 pages. In case of a version number of '2' or higher all former
versions of the certificate are invalid. All attachments are inextricably part of this certificate. Only reproduction
of the whole report is allowed.


In case of questions and/or remarks related to this certificate, for example in case of information required
about measurement uncertainty of the analytical methods, please contact our Customer Support department.


Yours faithfully,


Laboratory Manager
R. van Duin







Sorbisense


Region Hovedestaden
FLUX
11850714


19.12.2012


de Jonge, Hubert


19.12.2012


03.01.2013
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Project name
Project number
Report number


Order date
Starting date
Report date


ALcontrol B.V. is accredited under nr. L028 by the Raad voor Accreditatie, according to the criteria for testing laboratories ISO/IEC 17025:2005.


All our work is carried out under the General Conditions, kept at the Kamer van Koophandel (Chamber of Commerce) in Rotterdam, Netherlands:Trade record: KVK Rotterdam 24265286.


Analytical report


Initials :


1-


Code Sample type Sample description


001


002


003


004


005


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


0611-3910 A


0611-3910 B


0611-3910 C


0611-3911 A


0611-3911 B


Analysis Unit Q 001 002 003 004 005


VOLATILE AROMATICS SECTION 1
benzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


toluene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


ethylbenzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


p- and m-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


o-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


styrene µg/sample  <0.2  <0.2  <0.2  <0.2  <0.2  


naphthalene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA


HALOGENATED HYDROCARBONS SECTION 1
vinylchloride µg/sample Q 1.01  1.28  0.774  0.584  1.05  


1,1-dichloroethene µg/sample Q <0.2  0.280  <0.2  <0.2  <0.2  


dichloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


trans-1,2-dichloorethene µg/sample Q 5.39  5.51  3.52  <0.2  <0.2  


1,1-dichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


cis-1,2-dichloroethene µg/sample Q 123  166  84.0  1.30  1.76  


chloroform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,1-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,2-dichloroethane µg/sample Q 0.860  1.03  0.690  0.570  0.720  


trichloroethene µg/sample Q 6.56  5.55  4.36  <0.2  <0.2  


1,2-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,2-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,3-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloroethene µg/sample Q 23.6  15.7  13.3  0.280  0.210  


bromoform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA
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Project name
Project number
Report number


Order date
Starting date
Report date


ALcontrol B.V. is accredited under nr. L028 by the Raad voor Accreditatie, according to the criteria for testing laboratories ISO/IEC 17025:2005.


All our work is carried out under the General Conditions, kept at the Kamer van Koophandel (Chamber of Commerce) in Rotterdam, Netherlands:Trade record: KVK Rotterdam 24265286.


Analytical report


Initials :


1-


Code Sample type Sample description


006


007


008


009


010


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


0611-3911 C


0611-3912 A


0611-3912 B


0611-3912 C


0611-3913 A


Analysis Unit Q 006 007 008 009 010


VOLATILE AROMATICS SECTION 1
benzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


toluene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


ethylbenzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


p- and m-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


o-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


styrene µg/sample  <0.2  <0.2  <0.2  <0.2  <0.2  


naphthalene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA


HALOGENATED HYDROCARBONS SECTION 1
vinylchloride µg/sample Q 1.60  <0.2  <0.2  <0.2  5.78  


1,1-dichloroethene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


dichloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


trans-1,2-dichloorethene µg/sample Q 0.260  <0.2  <0.2  <0.2  1.16  


1,1-dichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


cis-1,2-dichloroethene µg/sample Q 2.47  <0.2  <0.2  <0.2  17.9  


chloroform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,1-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,2-dichloroethane µg/sample Q 0.693  0.975  0.869  0.917  0.845  


trichloroethene µg/sample Q <0.2  <0.2  <0.2  <0.2  1.01  


1,2-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,2-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,3-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloroethene µg/sample Q 0.248  <0.2  <0.2  <0.2  0.445  


bromoform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA
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Report number
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Starting date
Report date


ALcontrol B.V. is accredited under nr. L028 by the Raad voor Accreditatie, according to the criteria for testing laboratories ISO/IEC 17025:2005.


All our work is carried out under the General Conditions, kept at the Kamer van Koophandel (Chamber of Commerce) in Rotterdam, Netherlands:Trade record: KVK Rotterdam 24265286.


Analytical report


Initials :


1-


Code Sample type Sample description


011


012


013


014


015


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


Adsorbing material


0611-3913 B


0611-3913 C


0611-3914 A


0611-3914 B


0611-3914 C


Analysis Unit Q 011 012 013 014 015


VOLATILE AROMATICS SECTION 1
benzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


toluene µg/sample Q <0.2  <0.2  0.768  0.289  0.303  


ethylbenzene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


p- and m-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


o-xylene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


styrene µg/sample  <0.2  <0.2  <0.2  <0.2  <0.2  


naphthalene µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA


HALOGENATED HYDROCARBONS SECTION 1
vinylchloride µg/sample Q 6.29  5.86  40.1  41.8  50.0  


1,1-dichloroethene µg/sample Q <0.2  <0.2  4.98  3.36  3.81  


dichloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


trans-1,2-dichloorethene µg/sample Q 1.32  1.31  162  116  135  


1,1-dichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


cis-1,2-dichloroethene µg/sample Q 19.6  19.5  12900  4870  6220  


chloroform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,1-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloromethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,2-dichloroethane µg/sample Q 0.898  0.778  0.704  0.703  0.758  


trichloroethene µg/sample Q 1.10  1.14  91.6  58.0  77.7  


1,2-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,1,2-trichloroethane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


1,3-dichloropropane µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


tetrachloroethene µg/sample Q 0.435  0.469  260  153  194  


bromoform µg/sample Q <0.2  <0.2  <0.2  <0.2  <0.2  


Analysis marked with Q are accredited by the RvA
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Project name
Project number
Report number


Order date
Starting date
Report date


ALcontrol B.V. is accredited under nr. L028 by the Raad voor Accreditatie, according to the criteria for testing laboratories ISO/IEC 17025:2005.


All our work is carried out under the General Conditions, kept at the Kamer van Koophandel (Chamber of Commerce) in Rotterdam, Netherlands:Trade record: KVK Rotterdam 24265286.


Analytical report


Initials :


1-


Analyses Sample type Relation to standard


benzene Adsorbing material Own method
toluene Adsorbing material Ditto
ethylbenzene Adsorbing material Ditto
p- and m-xylene Adsorbing material Ditto
o-xylene Adsorbing material Ditto
styrene Adsorbing material Ditto
naphthalene Adsorbing material Ditto
vinylchloride Adsorbing material Ditto
1,1-dichloroethene Adsorbing material Ditto
dichloromethane Adsorbing material Ditto
trans-1,2-dichloorethene Adsorbing material Ditto
1,1-dichloroethane Adsorbing material Ditto
cis-1,2-dichloroethene Adsorbing material Ditto
chloroform Adsorbing material Ditto
1,1,1-trichloroethane Adsorbing material Ditto
tetrachloromethane Adsorbing material Ditto
1,2-dichloroethane Adsorbing material Ditto
trichloroethene Adsorbing material Ditto
1,2-dichloropropane Adsorbing material Ditto
1,1,2-trichloroethane Adsorbing material Ditto
1,3-dichloropropane Adsorbing material Ditto
tetrachloroethene Adsorbing material Ditto
bromoform Adsorbing material Ditto


Sample Barcode Reception date Sampling date Container


001 A6176435 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
002 A6176437 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
003 A6176436 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
004 A6176440 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
005 A6176439 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
006 A6176438 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
007 A6176443 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
008 A6176442 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
009 A6176441 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
010 A6176446 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
011 A6176445 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
012 A6176444 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
013 A6176449 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
014 A6176448 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)
015 A6176447 19.12.2012 19.12.2012 ALC201 Sampling date (calculated)







Sorbiflux: Passive Flux measurements - Field test of the recently developed Sorbiflux on 2 sites in the municipality of 
Utrecht for the Citychlor project   23 
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Laboratory report


Client: MWH B.V.


Your reference: Robert-Jan Stuut


Project: Utrecht


Customer Projectnr: M12B0194


Our projectnr: 10240


Sampling by: Customer


Sampling date start: -


Sampling date end: 04-12-2012


Date start analysis: 19-12-2012


Date final analysis: 02-01-2013


Reportnumber 11850714_MWH


Date report: 07-01-2013


Sample ID fluxsampler 0611-3910 0611-3910 0611-3910


Sampler section: a b c


Groundwater filter: - - -


Tracer salt, start: gram, Ca3(C6H5O7)2 106,2


Tracer salt, after installation: gram, Ca3(C6H5O7)2 90,5


Tracer salt, start: gram, Ca 23,7


Tracer salt, leached: gram, Ca 3,51


Sample volume: L 19,1


Cross sectional area: m2 0,013


Groundwater flux: m 1,5


Adsorbent weighed p. section g 46 45 52


Adsorbent extracted p. section g 2,0 2,0 2,0


 


Halogenated hydrocarbons 


(GC-MS)


vinylchloride ug / sektion 23 29 20


1,1-dichloroethene ug / sektion < 4,6 6,4 < 5,2


dichloromethane ug / sektion < 4,6 < 4,5 < 5,2


trans-1,2-dichloorethene ug / sektion 124 125 91


1,1-dichloroethane ug / sektion < 4,6 < 4,5 < 5,2


cis-1,2-dichloroethene ug / sektion 2829 3768 2171


chloroform ug / sektion < 4,6 < 4,5 < 5,2


1,1,1-trichloroethane ug / sektion < 4,6 < 4,5 < 5,2


tetrachloromethane ug / sektion < 4,6 < 4,5 < 5,2


trichloroethene ug / sektion 151 126 113


1,2-dichloropropane ug / sektion < 4,6 < 4,5 < 5,2


1,1,2-trichloroethane ug / sektion < 4,6 < 4,5 < 5,2


1,3-dichloropropane ug / sektion < 4,6 < 4,5 < 5,2


tetrachloroethene ug / sektion 543 356 344


bromoform ug / sektion < 4,6 < 4,5 < 5,2


Volatile aromatics (GC-MS)


benzene ug / sektion < 4,6 < 4,5 < 5,2


toluene ug / sektion < 4,6 < 4,5 < 5,2


ethylbenzene ug / sektion < 4,6 < 4,5 < 5,2


p- and m-xylene ug / sektion < 4,6 < 4,5 < 5,2


o-xylene ug / sektion < 4,6 < 4,5 < 5,2


styrene ug / sektion < 4,6 < 4,5 < 5,2


naphthalene ug / sektion < 4,6 < 4,5 < 5,2


= not provided


Signature:
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T. +45 8999  2505  |  F. +45 8999 2599  |  www.sorbisense.com | info@sorbisense.com
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Laboratory report


Client: MWH B.V.


Your reference: Robert-Jan Stuut


Project: Utrecht


Customer Projectnr: M12B0194


Our projectnr: 10240


Sampling by: Customer


Sampling date start: -


Sampling date end: 04-12-2012


Date start analysis: 19-12-2012


Date final analysis: 02-01-2013


Reportnumber 11850714_MWH


Date report: 07-01-2013


Sample ID fluxsampler


Sampler section:


Groundwater filter: 


Tracer salt, start: gram, Ca3(C6H5O7)2


Tracer salt, after installation: gram, Ca3(C6H5O7)2


Tracer salt, start: gram, Ca 


Tracer salt, leached: gram, Ca 


Sample volume: L


Cross sectional area: m2


Groundwater flux: m


Adsorbent weighed p. section g


Adsorbent extracted p. section g


 


Halogenated hydrocarbons 


(GC-MS)


vinylchloride ug / sektion


1,1-dichloroethene ug / sektion


dichloromethane ug / sektion


trans-1,2-dichloorethene ug / sektion


1,1-dichloroethane ug / sektion


cis-1,2-dichloroethene ug / sektion


chloroform ug / sektion


1,1,1-trichloroethane ug / sektion


tetrachloromethane ug / sektion


trichloroethene ug / sektion


1,2-dichloropropane ug / sektion


1,1,2-trichloroethane ug / sektion


1,3-dichloropropane ug / sektion


tetrachloroethene ug / sektion


bromoform ug / sektion


Volatile aromatics (GC-MS)


benzene ug / sektion


toluene ug / sektion


ethylbenzene ug / sektion


p- and m-xylene ug / sektion


o-xylene ug / sektion


styrene ug / sektion


naphthalene ug / sektion


= not provided


0611-3911 0611-3911 0611-3911


a b c


- - -


105,5


86,2


23,5


4,29


23,3


0,013


1,8


41 33 42


2,0 2,0 2,0


12 18 34


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 5,4


< 4,1 < 3,3 < 4,2


27 29 52


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4 < 3 < 4


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


5,7 3,5 5,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


< 4,1 < 3,3 < 4,2


Signature:
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Laboratory report


Client: MWH B.V.


Your reference: Robert-Jan Stuut


Project: Utrecht


Customer Projectnr: M12B0194


Our projectnr: 10240


Sampling by: Customer


Sampling date start: -


Sampling date end: 04-12-2012


Date start analysis: 19-12-2012


Date final analysis: 02-01-2013


Reportnumber 11850714_MWH


Date report: 07-01-2013


Sample ID fluxsampler


Sampler section:


Groundwater filter: 


Tracer salt, start: gram, Ca3(C6H5O7)2


Tracer salt, after installation: gram, Ca3(C6H5O7)2


Tracer salt, start: gram, Ca 


Tracer salt, leached: gram, Ca 


Sample volume: L


Cross sectional area: m2


Groundwater flux: m


Adsorbent weighed p. section g


Adsorbent extracted p. section g


 


Halogenated hydrocarbons 


(GC-MS)


vinylchloride ug / sektion


1,1-dichloroethene ug / sektion


dichloromethane ug / sektion


trans-1,2-dichloorethene ug / sektion


1,1-dichloroethane ug / sektion


cis-1,2-dichloroethene ug / sektion


chloroform ug / sektion


1,1,1-trichloroethane ug / sektion


tetrachloromethane ug / sektion


trichloroethene ug / sektion


1,2-dichloropropane ug / sektion


1,1,2-trichloroethane ug / sektion


1,3-dichloropropane ug / sektion


tetrachloroethene ug / sektion


bromoform ug / sektion


Volatile aromatics (GC-MS)


benzene ug / sektion


toluene ug / sektion


ethylbenzene ug / sektion


p- and m-xylene ug / sektion


o-xylene ug / sektion


styrene ug / sektion


naphthalene ug / sektion


= not provided


0611-3912 0611-3912 0611-3912


a b c


- - -


106,0


70,4


23,6


7,94


43,2


0,013


3,3


42 47 43


2,0 2,0 2,0


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4 < 5 < 4


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4 < 5 < 4


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


< 4,2 < 4,7 < 4,3


Signature:


Sorbisense A/S | Niels Pedersens Allé 2 | PO Box 10 |  DK-8830 Tjele| Denmark | CVR 27 58 08 07 


T. +45 8999  2505  |  F. +45 8999 2599  |  www.sorbisense.com | info@sorbisense.com







Page 4 of 5


Laboratory report


Client: MWH B.V.


Your reference: Robert-Jan Stuut


Project: Utrecht


Customer Projectnr: M12B0194


Our projectnr: 10240


Sampling by: Customer


Sampling date start: -


Sampling date end: 04-12-2012


Date start analysis: 19-12-2012


Date final analysis: 02-01-2013


Reportnumber 11850714_MWH


Date report: 07-01-2013


Sample ID fluxsampler


Sampler section:


Groundwater filter: 


Tracer salt, start: gram, Ca3(C6H5O7)2


Tracer salt, after installation: gram, Ca3(C6H5O7)2


Tracer salt, start: gram, Ca 


Tracer salt, leached: gram, Ca 


Sample volume: L


Cross sectional area: m2


Groundwater flux: m


Adsorbent weighed p. section g


Adsorbent extracted p. section g


 


Halogenated hydrocarbons 


(GC-MS)


vinylchloride ug / sektion


1,1-dichloroethene ug / sektion


dichloromethane ug / sektion


trans-1,2-dichloorethene ug / sektion


1,1-dichloroethane ug / sektion


cis-1,2-dichloroethene ug / sektion


chloroform ug / sektion


1,1,1-trichloroethane ug / sektion


tetrachloromethane ug / sektion


trichloroethene ug / sektion


1,2-dichloropropane ug / sektion


1,1,2-trichloroethane ug / sektion


1,3-dichloropropane ug / sektion


tetrachloroethene ug / sektion


bromoform ug / sektion


Volatile aromatics (GC-MS)


benzene ug / sektion


toluene ug / sektion


ethylbenzene ug / sektion


p- and m-xylene ug / sektion


o-xylene ug / sektion


styrene ug / sektion


naphthalene ug / sektion


= not provided


0611-3913 0611-3913 0611-3913


a b c


- - -


107,7


88,3


24,0


4,31


23,4


0,013


1,8


37 36 36


2,0 2,0 2,0


108 113 106


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


22 24 24


< 3,7 < 3,6 < 3,6


334 353 354


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


19 20 21


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


8,3 7,8 8,5


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


< 3,7 < 3,6 < 3,6


Signature:
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Laboratory report


Client: MWH B.V.


Your reference: Robert-Jan Stuut


Project: Utrecht


Customer Projectnr: M12B0194


Our projectnr: 10240


Sampling by: Customer


Sampling date start: -


Sampling date end: 04-12-2012


Date start analysis: 19-12-2012


Date final analysis: 02-01-2013


Reportnumber 11850714_MWH


Date report: 07-01-2013


Sample ID fluxsampler


Sampler section:


Groundwater filter: 


Tracer salt, start: gram, Ca3(C6H5O7)2


Tracer salt, after installation: gram, Ca3(C6H5O7)2


Tracer salt, start: gram, Ca 


Tracer salt, leached: gram, Ca 


Sample volume: L


Cross sectional area: m2


Groundwater flux: m


Adsorbent weighed p. section g


Adsorbent extracted p. section g


 


Halogenated hydrocarbons 


(GC-MS)


vinylchloride ug / sektion


1,1-dichloroethene ug / sektion


dichloromethane ug / sektion


trans-1,2-dichloorethene ug / sektion


1,1-dichloroethane ug / sektion


cis-1,2-dichloroethene ug / sektion


chloroform ug / sektion


1,1,1-trichloroethane ug / sektion


tetrachloromethane ug / sektion


trichloroethene ug / sektion


1,2-dichloropropane ug / sektion


1,1,2-trichloroethane ug / sektion


1,3-dichloropropane ug / sektion


tetrachloroethene ug / sektion


bromoform ug / sektion


Volatile aromatics (GC-MS)


benzene ug / sektion


toluene ug / sektion


ethylbenzene ug / sektion


p- and m-xylene ug / sektion


o-xylene ug / sektion


styrene ug / sektion


naphthalene ug / sektion


= not provided


0611-3914 0611-3914 0611-3914


a b c


- - -


105,6


78,3


23,5


6,08


33,0


0,013


2,5


30 38 40


2,0 2,0 2,0


608 803 988


75 65 75


< 3,0 < 3,8 < 4,0


2454 2227 2666


< 3,0 < 3,8 < 4,0


195000 94000 123000


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


1388 1114 1535


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


3939 2938 3832


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


11,6 5,5 6,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


< 3,0 < 3,8 < 4,0


Signature:
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MWH fluxmeting


peilbuis filter Sorbiflux diepte dagen liter ug/sectie ug/l flux


NF 1-1 5-8 0611-3910 6,00-6,30 34,8 19,1 a b c a b c totaal mg/m2.jaar


VC 23 29 20 1,2 1,5 1,0 3,8 57


trans 124 125 91 6,5 6,5 4,8 17,8 271


cis 2829 3768 2171 148,1 197,3 113,7 459,1 6983


tri 151 126 113 7,9 6,6 5,9 20,4 311


per 543 356 344 28,4 18,6 18,0 65,1 990


NF 2-1 5-8 0611-3913 6,00-6,30 39,9 23,3


VC 12 18 34 0,5 0,8 1,5 2,7 44


trans 0 0 0 0,0 0,0 0,0 0,0 0


cis 27 29 52 1,2 1,2 2,2 4,6 75


tri 0 0 0 0,0 0,0 0,0 0,0 0


per 5,7 3,5 5,2 0,2 0,2 0,2 0,6 10


NF 3-1 5-8 0611-3911 6,00-6,30 34,8 43,2


VC 0 0 0 0 0 0 0 0


trans 0 0 0 0 0 0 0 0


cis 0 0 0 0 0 0 0 0


tri 0 0 0 0 0 0 0 0


per 0 0 0 0 0 0 0 0


AF 1-1 7-10 0611-3912 7,00-7,30 34,8 23,4


VC 108 113 106 4,6 4,8 4,5 14,0 261


trans 22 24 24 0,9 1,0 1,0 3,0 56


cis 334 353 354 14,3 15,1 15,1 44,5 829


tri 19 20 21 0,8 0,9 0,9 2,6 48


per 8,3 7,8 8,5 0,4 0,3 0,4 1,1 20


AF 2-1 7-10 0611-3914 7,00-7,30 34,8 33


VC 608 803 988 18,4 24,3 29,9 72,7 1911


trans 2454 2227 2666 74,4 67,5 80,8 222,6 5852


cis 195000 94000 123000 5909,1 2848,5 3727,3 12484,8 328147


tri 1388 1114 1535 42,1 33,8 46,5 122,3 3215


per 3939 2938 3832 119,4 89,0 116,1 324,5 8529
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Summary 


This study comprises the application of the Passive Flux Meter (PFM) for the measurement of chlorinated 


solvent mass fluxes and Darcy water fluxes in groundwater at a field site in Utrecht. It frames in the remediation 


project of the groundwater in the Utrecht central station area and is part of the CityChlor project (Pilot project 6: 


Monitoring of (bio)processes).  


 


For this purpose 15 PFMs of 1.4 m length were constructed and installed in 6 different monitoring wells in the 


source and plume zone of 2 selected sites in the Utrecht study area: site Amsterdamsestraatweg and site 


Nachtegaalstraat. The PFMs were retrieved, sampled and analyzed after 3 weeks of exposure time (Sept-Oct 


2012).  


 


According to the analytical results groundwater velocities range from 0.8 to 3.3 cm/d at the site 


Amsterdamsestraatweg and from 0.2 to 4.7 cm/d at the site Nachtegaalstraat. Measured contaminant flux data 


at Amsterdamsestraatweg raise up to 4000 mg/m²/day for perchloroethylene (PCE), 1100 mg/m²/day for 


trichloroethylene (TCE),  1600 mg/m²/day for cis-1,2-dichloroethylene (DCE), 27 mg/m²/day for vinyl chloride 


(VC), and 12 mg/m²/day for cis-1,3-dichloropropylene (DCP) in monitoring well AF2.1. The latter indicate that 


this monitoring well may be located near a source zone. The other monitoring wells (AF1.1& AF3.1)  are 


characterised by much lower mass fluxes (0-22 mg/m²/day for TCE and 0-7 mg/m²/day for DCP), , indicating 


that they are located in the plume area.   Measured mass fluxes at Nachtegaalstraat vary between 0 and 


respectively 7 mg/m²/day for perchloroethylene (PCE), 3 and 27 mg/m²/day for trichloroethylene (TCE) and  0 


and 28 mg/m²/day for cis-1,2-dichloroethylene (DCE). At both sites  increased contaminant fluxes are mostly 


related to increased groundwater fluxes. 


 


Since hydraulic conductivities of the surrounding aquifer sands were not available, no corrections were made for 


the deviation of the groundwater flow field when passing the monitoring well and PFM.  


 


The PFM has been successfully applied at two field locations in Utrecht. The acquired flux data can be used in 


combination with traditional soil and groundwater sampling methods in order to get a broader view of the 


groundwater contamination at the Utrecht study site. 
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1 Background 


This study frames in the remediation project of the groundwater in the Utrecht central station area which will be 


performed by a combination of ATES (Aquifer Thermal Heat Storage) and biological natural attenuation. 


Passive flux measurements were carried out to determine prevalent contaminant mass fluxes before the start of 


the remediation. The passive flux measurements aim to characterize contaminant mass fluxes resulting from 2 


selected source zones in the Utrecht central station study area: site Amsterdamsestraatweg and site 


Nachtegaalstraat. 


 
 


2 Theory 


2.1 Contaminant mass flux 


Contaminant mass flux (Eq.1)  is defined as the total amount of contaminant, expressed as mass, passing per 


unit area per unit time through a well-defined control plane or plane of compliance that is orthogonal to the 


mean groundwater flow direction (Basmadijan, 2004; Bear, 1988; Newman et al., 2005).  


 


 
t.A


m
v.CJc                        (Eq.1) 


 


where Jc is the contaminant mass flux [g m
-2


 day
-1


], C is the mean concentration of the contaminant in the 


groundwater [g m
-3


], v is the Darcy groundwater flux [m
3
 m


-2
 day


-1
], m is the mass of contaminant [g], A is a well-


defined plane of compliance (AA’B’B), orthogonal to the groundwater flow direction [m
2
] and t is the time [day]. 


Figure 1 shows the concepts of a contaminant flux at a plane of compliance between source and receptor. 


 


 


Fig. 1. Concept of a contaminant mass flux at a plane of compliance (after EPA, 2003). 
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2.2 Contaminant mass discharge 


Contaminant mass discharge (Md) is the spatial integration of the contaminant mass fluxes (i.e., the sum of all 


mass flux measures across an entire plume) and thus represents the total mass of any contaminant transported 


by groundwater through a defined plane. Contaminant mass discharge is expressed as mass per time 


(Basmadijan, 2004; Bear, 1988; Newman et al., 2005). 


 


 
A


cd dAJM                      (Eq. 2) 


 


where A is the area of the plane of compliance [m
2
] and Jc is the spatially variable contaminant flux [g m


-2
 day


-


1
]. Figure 2 shows the concept of contaminant mass flux and contaminant mass discharge. 


 


 
 


Fig. 2. Concept of mass flux (Jc) and mass discharge (Md) (after ITRC, 2010) 


 


Contaminant mass flux can be determined  directly or indirectly using passive sampling devices (Goltz et al., 


2007; Verreydt et al., 2010), while contaminant mass discharge requires a calculation, estimation or modeling 


approach. 


 


 


2.3 Groundwater flow field distortion 


The groundwater flow field around a monitoring well, whether or not equipped with a PFM, will be disturbed 


because of the different hydraulic conductivities of the well filter, flux measurement device and surrounding 


aquifer (Fig.3). Therefore, flux measurements performed in a monitoring well should always be corrected for this 


flow field distortion. 


 


Jc,CP1 
Jc,CP2 


Md,CP1 
 


control plane 1  


source  


control plane 2  


Md,CP2 
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The water flux (q) through the PFM or monitoring well [m
3
 m


-2 
day


-1
] is directly proportional to the water flux (q0) 


in the aquifer [m
3
 m


-2 
day


-1
]. This is expressed in (Basu et al., 2006; Börke, 2007): 


                  (Eq. 3) 


 


 


where α  is the flow field distortion of the groundwater flow in the vicinity of a monitoring well with or without a 


PFM installed [-]. If a monitoring well is equipped with a PFM, α can be calculated from the potential theory 


(Klammler et al., 2007). The potential theory assumes a uniform flow field in a homogeneous domain. If  < 1, 


the groundwater flow field shows a convergence, if  > 1, divergence of the groundwater flow takes place. 


  


 


 


               


a) b) 
 


 


 


Fig. 3. Converging and diverging flow lines in a uniform groundwater flow field due to the presence of a 


monitoring well with filter pack and PFM installed (horizontal cross-section, Verreydt, 2012). 


 


 


3 Passive Flux Meter 


3.1 PFM characteristics 


The PFM is a passive sampler that provides simultaneous in situ point determinations of a time-averaged 


contaminant mass flux, Jc, and water flux, q0 (Hatfield et al. 2004; Annable et al. 2005; Basu et al. 2006). The 


PFM is typically placed in a monitoring well where it intercepts the groundwater flow and captures the 


contaminants. The PFM consists of a permeable sock which is packed with a permeable sorbent matrix (Fig. 4).  


Each PFM has a diameter equal to the internal diameter of the selected monitoring well. Rubber washers are 


used inside the PFM to prevent vertical water flow and to make a vertical flux differentiation possible. A center 


tube serves as a backbone for the PFM and facilitates the installation and retrieval allowing water bypass. The 






q
q0


filter pack filter screen 


PFM 


borehole 


monitoring well 
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PFMs made for this field experiment were dimensioned at a length of 140 cm and consisted of 3 vertical 


segments. The sorbent matrix is impregnated with known amounts of one or more water soluble resident 


tracers. These tracers are leached from the PFM at rates proportional to the Darcy groundwater flux. Table 1 


summarizes the characteristics of the constructed PFMs. 


 


 
Fig. 4. a) Vertical cross-section and b) horizontal cross-section of a PFM 


 
 


Table 1. PFM characteristics 


Characteristic Parameter Value/description 


Dimensions length 
diameter 
weight 


140 cm 
50 mm 
3 kg 


Sections amount 
length 


3 
46 cm 


Material inner tube 
fixing ring and cable 
sock 
outer mesh 


PVC 
stainless steel 
100% polyester  
nylon 


Sorbent material 
mesh size 
hydraulic conductivity 
tracers 


silver impregnated activated carbon  
5*30 
0,00386 m/s 
methanol, ethanol, 2-propanol, tert. butanol 
and 2,4-dimethyl-3-pentanol 


 


 


3.2 PFM application 


The PFMs were constructed in the Enviroflux lab in Florida and transported to the field site in Utrecht. During 


construction, several samples of sorbent matrix were collected for the analysis of the initial tracer 


concentrations. One PFM blank was installed in a monitoring well and immediately retrieved in order to map the 


installation / retrieval effect on the flux measurements. PFMs were superimposed in wells to cover the larger 


central hollow 
tube 


fixing ring 
sorbent with 
tracers 


rubber 
washer 


nylon 
mesh 


Stainless 
steel cable 


a) 


b) 
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well screen intervals. Every PFM was attached to an individual stainless steel cable. Figure 5 shows some 


pictures of the installation of the PFMs. 


 


After 3 weeks of exposure to groundwater flow, the PFMs were retrieved. Subsequently, the PFM sorbent was 


carefully extracted to quantify the mass of all intercepted contaminants and the residual masses of all resident 


tracers. The contaminant masses are used to calculate cumulative time-averaged contaminant mass fluxes, 


while residual resident tracer masses are used to calculate cumulative time-averaged groundwater fluxes 


(Hatfield et al., 2004). 


 


  


     


 


Fig. 5. Installation of PFMs on site Nachtegaalstraat 
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3.3 PFM analysis 


The extraction of the sorbent involved two extraction steps: the activated carbon was first extracted with isobutyl 


alcohol (IBA), subsequently an extraction of the activated carbon with an acetone/hexane (AH) mixture followed. 


From the IBA extract, all alcohols, including 2, 4-DMP, were analyzed using an Interscience Trace Gas 


Chromatograph equipped with automated liquid injection and flame ionization detector. The CAHs were 


analyzed from the AH extract using a Interscience Trace Gas Chromatograph equipped with an automated 


liquid injection and a mass spectrometer (MS). More analytical details are provided in Annable et al. (2005). 


 


 


3.4 PFM calculations 


A PFM “measures” local contaminant mass and Darcy water fluxes, bounded by the length (b) and diameter (2r) 


of the PFM section. A PFM, installed along a control plane and exposed to a contaminated groundwater flux, 


will adsorb contaminants from the groundwater while tracer elutes from the sorbent. If an irreversible complete 


contaminant sorption on the activated carbon is assumed, the contaminant mass flux (Jc) can be calculated as 


(Hatfield et al., 2004): 


 


 
t.b.r..2


m
J c
c



                       (Eq. 4.) 


 


where mc is the mass of contaminant sorbed by the PFM [g], α is the convergence or divergence of flow around 


the PFM [-], r is the radius of the PFM cylinder [m], b is the length of the sorbent matrix or the vertical thickness 


of the aquifer interval sampled [m] and t is the sampling duration [day]. 


The Darcy water flux (q0) through the aquifer can be determined by: 


 


 
t.


)1.(R.r.67.1
q Rd


0




                     (Eq. 5.) 


 


where Rd is the retardation coefficient of the resident tracer on the sorbent [-] and ΩR is 


the relative mass of the resident tracer remaining in the PFM sorbent at the particular well 


depth [-]. More details are provided in Hatfield et al. (2004). 
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4 Study sites 


Two sites within the Utrecht central station study area were selected for the passive flux monitoring: site 


Amsterdamsestraatweg and site Nachtegalenstraat. Both sites are contaminated with chlorinated solvents from 


former dry cleaning facilities. A map of both site locations, is included in Annex 1. 


 


Respectively 15 PFMs were installed in 6 recently installed monitoring wells, 3 at every site. The details of the 


selected monitoring wells and PFMs are summarized in Table 2. The PFMs at both sites were exposed to the 


contaminated groundwater for 3 weeks (installation on September 13, 2012; retrieving on October 4, 2012). 


 


Table 2. Monitoring well details 


Well ID Location 


Well 
diameter 


ID/OD 
(mm) 


Borehole 
diameter 


(mm) 


Screen 
interval 
(m bgs) 


Slit 
size 
(mm) 


Filter grain 
size (mm) 


Number 
of PFMs 
installed 


AF1 (1.1) Amsterdamsestraatweg 51/63 178 6.0-10.0 0.3 0.75 – 1.25 3 
AF2 (2.1) Amsterdamsestraatweg 51/63 178 8.5-10.0 0.3 0.75 – 1.25 3 
AF3 (1.1) Amsterdamsestraatweg 51/63 ? 7.0-10.0 0.3 0.75 – 1.25 2 
NF1 (1.1) Nachtegaalstraat 51/63 178 4.0-8.0 0.3 0.75 – 1.25 2 
NF2 (2.1) Nachtegaalstraat 51/63 178 4.0-8.0 0.3 0.75 – 1.25 2 
NF3 (1.1) Nachtegaalstraat 51/63 178 4.0-8.0 0.3 0.75 – 1.25 2 
AF2 (2.1) Amsterdamsestraatweg 51/63 178 8.5-10.0 0.3 0.75 – 1.25 1 blank 


*note: ID/OD: internal diameter / outer diameter, m bgs: meter below ground surface 


 


A traditional starting concentration measurement has been performed on August 9, 2012. The results of this 


sampling campaign are shown in Table 3. 


 


Table 3. Starting concentration measurements 


Well ID Location 
Screen 
interval 
(m bgs) 


PCE 
(µg/L) 


TCE 
(µg/L) 


cis + trans  
DCE (µg/L) 


 VC 
(µg/L) 


AF1 (1.1) Amsterdamsestraatweg 6.0-10.0 <0.10 <0.10 5.6 7.0 
AF2 (2.1) Amsterdamsestraatweg 8.5-10.0 16000 5100 29000 1700 
AF3 (1.1) Amsterdamsestraatweg 7.0-10.0 <0.10 <0.10 0.14 1.1 
NF1 (1.1) Nachtegaalstraat 4.0-8.0 440 110 280 11 
NF2 (2.1) Nachtegaalstraat 4.0-8.0 46 16 110 54 
NF3 (1.1) Nachtegaalstraat 4.0-8.0 20 4.1 150 51 


*note: PCE= perchloroethylene, TCE= trichloroethylene, DCE= dichloroethylene and VC= vinyl chloride 
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5 Results and discussion 


5.1 Flow field distortion factor  


The α-factor estimates for the present study can be calculated theoretically through the potential theory 


(Klammer et al., 2007). For this purpose, the hydraulic conductivities of PFM, well screen, filter pack and 


surrounding aquifer and their corresponding radii should be known (Table 4). The hydraulic conductivities (k-


values) of the gravel filters (included in Table 4) and the PFM (kS = 0.386 cm/s) were measured with a 


permeameter (Klute, 1986; Eijkelkamp, 2008). The hydraulic conductivities of the well screens were estimated 


based on borehole dilution tests in a laboratory setup (Lamontagne et al. 2002; Massey et al. 2007). Since the 


hydraulic conductivities of the surrounding aquifer sands were not available, the corresponding -factors could 


not be calculated and were therefore arbitrarily set equal to 1.  


 


Table 4. Details of source data for α-factor estimates  


Well ID 


Well ID/OD 
 
 


 (mm) 


Borehole 
diameter 


 
(mm) 


Slit size 
 
 


(mm) 


Grain size 
gravel filter 


 
(mm) 


k-value 
well screen 


 
(m/s) 


k-value 
gravel filter 


 
(cm/s) 


AF1 (1.1) 63/51 178 0.4 0.75-1.25 0.12 0.462 
AF2 (2.1) 63/51 178 0.4 0.75-1.25 0.12 0.462 


AF3 (1.1) 63/51 ? 0.4 0.75-1.25 0.12 0.462 


NF1 (1.1) 63/51 178 0.4 0.75-1.25 0.12 0.462 


NF2 (2.1) 63/51 178 0.4 0.75-1.25 0.12 0.462 


NF3 (1.1) 63/51 178 0.4 0.75-1.25 0.12 0.462 


 


 


 


5.2 PFM blank 


One PFM blank was added to the test series. A deployment PFM blank was installed in AF3 (3.1) (site 


Amsterdamsestraatweg, well near source zone), down to 10 m bgs, and immediately retrieved. In total, 


approximately 20 L groundwater was pushed through the centertube of the PFM blank during 


deployment/extraction. The tracer loss of the deployment blank corresponds to a Darcy velocity of 0.231 


cm/day. The water deployment/extraction volume of a 50 mm PFM (Table 5) amounts to 2 L per meter 


deployment depth below groundwater level. Subsequently, the Darcy water flux deployment error per meter 


groundwater deployment depth can be calculated. For a 50 mm PFM it is estimated to be 0.023 cm/m 


groundwater deployment depth. The contaminant loading of the deployment blank respectively corresponds to 


calculated contaminant mass fluxes of respectively 6 mg perchloroethylene (PCE)/m²/day, 8 mg 


trichloroethylene (TCE)/m²/day, 10 mg cis-1,2-dichloroethylene (DCE)/m²/day and 3 mg cis-1,3-dichloropropene 


(DCP)/m²/day. 
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Table 5. Results of PFM blank 


Compound Deployment blank 


 Rel. conc
1
 [-] CV


2
 


Methanol 0.23 0.007 
Ethanol 0.58 0.0005 


2-propanol 1.25 0.005 
Tert. butanol 2.34 0.08 


 Conc. 
[µg/gAC] 


CV
2
 


PCE 6 0.1 
TCE 8 18 


cis-DCE 10 2 
VC 


cis-DCP 
0 
3 


0 
9 


1
 Relative concentration, i.e. tracer mass on Si-AC after exposure versus initial tracer mass on Si-AC  


2
 Coefficient of variation between the PFM sections 


 


 


 


5.3 Contaminant mass flux 


Figures 6 to 10 visualize the PFM groundwater flux (q0) and contaminant flux (JPCE, JTCE, JDCE, JVC and JDCP) 


data for the 6 monitoring wells at the study sites Amsterdamsestraatweg and Nachtegaalstraat. It should be 


noted that the flux data tell nothing about the groundwater flow directions. They indicate net fluxes through 


PFMs, installed in the referred monitoring wells. 


 


 


Site Amsterdamsestraatweg 


 


The measured Darcy groundwater fluxes range from 0.8 to 3.3 cm/d (Fig. 6-8). The contaminant mass fluxes 


vary between 0 and respectively 4200 mg/m²/day for perchloroethylene (PCE), 1100 mg/m²/day for 


trichloroethylene (TCE),  1600 mg/m²/day for cis-1,2-dichloroethylene (DCE), 27 mg/m²/day for vinyl chloride 


(VC), and 12 mg/m²/day for cis-1,3-dichloropropylene (DCP). According to Figures 6 to 8, high contaminant 


fluxes are often related to high groundwater fluxes. The highest contaminant mass fluxes clearly are found in 


AF2.1 (site Amsterdamstestraatweg, Fig. 7). This is in line with the starting concentration measurements (Table 


3). However, the presence of cis-1,3-dichloropropylene has not been noticed by the traditional concentration 


measurements.  
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Figure 6. PFM flux data for monitoring well AF1 (1.1) (site Amsterdamstestraatweg) 
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Figure 7. PFM flux data for monitoring well AF2 (2.1) (site Amsterdamstestraatweg) 
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Figure 8. PFM flux data for monitoring well AF3 (3.1) (site Amsterdamstestraatweg) 
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Site Nachtegaalstraat 


 


The measured Darcy groundwater fluxes range from 0.2 to 4.7 cm/d. The contaminant mass fluxes vary 


between 0 and respectively 7 mg/m²/day for perchloroethylene (PCE), 3 and 27 mg/m²/day for trichloroethylene 


(TCE) and  0 and 28 mg/m²/day for cis-1,2-dichloroethylene (DCE). According to Fig. 9-10, increased 


contaminant fluxes are mostly related to increased groundwater fluxes. 
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Figure 9. PFM flux data for monitoring well NF1 (1.1) (site Nachtegaalstraat) 
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Figure 10. PFM flux data for monitoring well NF2 (2.1) (site Nachtegaalstraat) 
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Figure 11. PFM flux data for monitoring well NF3 (3.1) (site Nachtegaalstraat) 


 


 


 


6 Conclusions 


15 PFMs were installed at two sites (Amsterdamsestraatweg and Nachtegaalstraat). Exposure times of 3 weeks 


contributed to the presented Darcy groundwater and contaminant mass flux profiles for the 6 selected 


monitoring wells (3 monitoring wells at each site). 


 


According to the analytical results groundwater velocities range from 0.8 to 3.3 cm/d at the site 


Amsterdamsestraatweg and from 0.2 to 4.7 cm/d at the site Nachtegaalstraat. Measured contaminant flux data 


at Amsterdamsestraatweg raise up to 4000 mg/m²/day for perchloroethylene (PCE), 1100 mg/m²/day for 


trichloroethylene (TCE),  1600 mg/m²/day for cis-1,2-dichloroethylene (DCE), 27 mg/m²/day for vinyl chloride 


(VC), and 12 mg/m²/day for cis-1,3-dichloropropylene (DCP) in monitoring well AF2.1. The latter indicate that 


this monitoring well may be located near a source zone. The other monitoring wells (AF1.1& AF3.1)  are 


characterised by much lower mass fluxes (0-22 mg/m²/day for TCE and 0-7 mg/m²/day for DCP), , indicating 


that they are located in the plume area.   Measured mass fluxes at Nachtegaalstraat vary between 0 and 


respectively 7 mg/m²/day for perchloroethylene (PCE), 3 and 27 mg/m²/day for trichloroethylene (TCE) and  0 


and 28 mg/m²/day for cis-1,2-dichloroethylene (DCE). At both sites  increased contaminant fluxes are mostly 


related to increased groundwater fluxes. Mass discharge measurements were not possible due to insufficient 


sampling locations with respect to a transect.  


 


It should be emphasized that a PFM requires a monitoring well in ‘good status’. This means a monitoring well 


with a proper surrounding gravel filter and open filter slits (< 0,3 mm) since clogging and biofouling  influence 


the flux measurement. One of the most important issues concerning the application of the PFM is the deviation 


of the groundwater flow paths when passing a monitoring well equipped with a PFM, expressed as the α-factor 


(convergence/divergence) (section 2.3). The characteristics of the well and the gravel filter (diameter, length, 


hydraulic conductivity) should be known in order to calculate the flow convergence or divergence through well 
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filter and PFM. Since not all of these parameters were available, the corresponding α-factors could not be 


calculated and were therefore arbitrarily set equal to 1. 
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