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Abstract 
 
The purpose of this study was to develop a mobile self powered remote monitoring 
system enhanced for field deployment at Savannah River Site (SRS). The system used a 
localized power source with solar recharging and has wireless data collection, analysis, 
transmission, and data management capabilities. The prototype was equipped with a 
Hydrolab’s DataSonde 4a multi-sensor array package managed by a Supervisory Control 
and Data Acquisition (SCADA) system, with an adequate pumping capacity of water 
samples for sampling and analysis of Trichloroethylene (TCE) in contaminated 
groundwater wells at SRS. This paper focuses on a study and technology development 
efforts conducted at the Hemispheric Center for Environmental Technology (HCET) at 
Florida International University (FIU) to automate the sampling of contaminated wells 
with a multi-sensor array package developed using COTS (Commercial Off The shelf) 
parts. Bladder pumps will pump water from different wells to the sensors array, water 
quality TCE indicator parameters are measured (i.e. pH, redox, ORP, DO, NO3

-, Cl-). In 
order to increase user access and data management, the system was designed to be 
accessible over the Internet. Remote users can take sample readings and collect data 
remotely over a web.  Results obtained at Florida International University in-house 
testing and at a field deployment at the Savannah River Site indicate that this long term 
monitoring technique can be a feasible solution for the sampling of TCE indicator 
parameters at remote contaminated sites. 
 
Introduction 
 
Waste disposal facilities and many contaminated sites that cannot be economically 
cleaned to free release limits will be characterized and long-term monitored to reduce 
health risks and ensure public safety. Many of the current monitoring methods require 
manual sample collection and analysis at an on-site or off-site laboratory, which is costly 
and time-intensive. In addition, the integrity of the analysis can be compromised during 
sample collection, transportation and storage. There is a need for an accurate, cost-
effective, real-time analysis by automated, ruggedized sensors.  Such a system would 
reduce the need for manual monitoring of contaminated ground water by an individual 
and would reduce the cost of sample collection and laboratory analysis. Work included 
identification, design, engineering, testing and deployment of a long-term monitoring 
system for the remote detection of trichloroethylene (TCE) parameter indicators like 
temperature, pH, ORP, DO, specific conductivity, chloride, nitrate in contaminated 
ground water at the SRS. A bench-scale system was designed and tested along with a 
design for field-testing and deployment. 
 



Properties like density, solubility, octanol water partition coefficient, Henry’s law 
constant, and vapor pressure are directly responsible for behavior, transport and fate of 
the chemicals in the subsurface environment. Knowledge of a compound’s physico-
chemical tendencies can also be used to alter behavior and fate of that compound in the 
environment. Density of TCE 1.46 g/ml makes it heavier than water. A spill of sufficient 
magnitude is likely to move downward through the subsurface until lower permeable 
features impends its progress. This often results in formation of a pool of dense 
nonaqueous phase liquid (DNAPL). A density difference of about 1% above or below 
that of water (1.0 gm/ml) can significantly influence movement of contaminants in 
saturated and unsaturated zones (Josephson, 1983).  The water solubility limit of TCE is 
1100 mg/l, the maximum concentration of TCE that can be in aqueous solution at 200C. 
Water solubility of a compound has a direct relation on distribution coefficients and 
biodegradability of a particular compound. 
 
TCE contamination exists in both vadose and saturated zones of the subsurface 
environment. Because of its density and low Koc, TCE will ultimately move downward 
in the vadose zone until an impermeable barrier is reached. Once in the vadose zone, 
TCE can become associated with soil pore water, enter the gas phase because of its 
Henry’s constant, or exist as nonaqueous phase liquid (NAPL). Due to its high density, 
the movement of free-phase TCE is still directed vertically until lower permeability 
features are encountered. Once an impermeable layer is encountered, horizontal 
movement will occur. Such movement may even be directed against the natural ground-
water flow by the effects of gravity. 
 
Natural attenuation in ground water systems results from the integration of several 
subsurface attenuation mechanisms that are classified as either destructive or non-
destructive. Biodegradation is the most important destructive attenuation mechanism for 
organic contaminants. The more highly chlorinated solvents typically are biodegraded 
under natural attenuation conditions via reductive dechlorination, a process that requires 
both electron acceptors and an adequate supply of electron donors. 
  
Under anaerobic conditions, chlorinated VOCs can be biodegraded by reductive 
dechlorination pathways, which entail the replacement of chlorine atoms by hydrogen to 
produce more reduced, less chlorinated products [Bouwer, 1992; Chapelle, 1993]. 
Biodegradation of highly chlorinated VOCs such as TCE is known to occur under a range 
of anaerobic conditions (nitrate-reducing, iron-reducing, sulfate-reducing, and 
methanogenic) but is believed to be faster and more likely to result in complete 
dechlorination to nontoxic end products of ethylene and ethane under methanogenic 
conditions compared to less reducing conditions [McCarty and Semprini, 1994]. 
 
Highly chlorinated VOCs mostly undergo reductive dehalogenation through co-
metabolism, giving the microorganism neither energy nor growth [McCarty and 
Semprini, 1994]. Under anaerobic conditions the chlorinated VOCs can act as electron 
acceptors, and the presence of electron donors is needed to drive the reaction. Reductive 
dechlorination of tetrachloroethylene and TCE is not sustainable unless an electron 



donor, such as methanol, acetate, or gaseous hydrogen, is provided [Fathepure and Boyd, 
1988; Freedman and Gossett, 1989]. 
 
TCE biodegrades under anaerobic conditions through hydrogenolysis, a reductive 
dechlorination process that sequentially produces isomers of 1,2- dichloroethylene 
(12DCE), vinyl chloride (VC), and ethylene, as shown in Figure below. Ethane also has 
been reported as a degradation product [Belay and Daniels, 1987; de Burin et al., 1992]. 
Of the three possible DCE isomers that can be produced from hydrogenolysis of TCE, 
several studies have indicated that the cis-isomer of 1,2-dichloroethylene (cis-12DCE) 
predominates over trans-12DCE and that 1,1-dichloroethylene is the least significant 
intermediate [Bouwer, 1994]. 

 

Figure 1 Anaerobic reductive dech rination of TCE [Bouwer, 1994] 
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parameters at various stages of research and development at universities and national 
laboratories was conducted and found Hydrolab’s DataSonde 4a will be suitable for this 
testing. Bench scale testing was conducted with Hydrolab DataSonde 4a to understand 
the trends during the anaerobic biodegradation of TCE. 
 
A
anaerobically degrade TCE. The bioreactor was filled with growth medium and initially 
was inoculated with anaerobic bacteria from several sources: SRS TCE-contaminated 
sediment, sediment from an industrial canal in Miami, and material from a municipal 
water treatment plant anaerobic digester. The pH was controlled by automatic addition of 
Na2HCO3 to maintain a pH value of 6.95 during the acclimatization of the bacteria to 
anaerobic TCE biodegradation. The basal medium for bioreactor (modified from 
Freedman, D and Gossett, J, 1989) consisted of the following compounds (in grams per 
liter of distilled deionized water): 1.5 g/L NaHCO3, 0.2 g/L NH4Cl, 0.1 g/L 
K2HPO4·3H2O, 0.055 g/L KH2PO4, 0.001 g/L resazurin, 0.039 g/L Na2S·9H2O as a sulfur 
source and reductant, 0.02 g/L yeast extract, 0.1 g/L MgCl2·6H2O, 1 ml/L vitamin stock 
solution (consists of 0.05 mg/L Cyanocobalamine), and 5 ml/L trace metal solution. The 
trace metal solution consisted of 0.005 g/L FeCl2·4H2O, 0.005 g/L MnCl2·4H2O, 0.001 
g/L CoCl2·6H2O, 0.0006 g/L H3BO3, 0.0001 g/L ZnCl2, 0.0001 g/L NiCl2·6H2O, 0.0001 
g/L Na2MoO4·2H2O, 0.002 g/L CaCl2·2H2O.  Prior to placing the solution in the reactor, 
it was purged with N2 to create as close to zero initial O2 baseline as possible. 
 



A parallel experiment was conducted by introducing into the Hydrolab’s flow through 

he other task of this study is to integrate Hydrolab DataSonde with CR10X for field 

he well monitor and control system is based primarily on a Campbell Scientific CR10X 

he entire system is powered by two 12-Volt automobile batteries that are kept charged 

cell a feed solution consisting of basal medium with known concentration of TCE, yeast 
extract, and trace nutrients like nitrogen, phosphorus, and vitamins from continuously 
stirred bioreactor. In addition, 1 mg/L of resazurin was added to indicate when the 
dissolved oxygen had been consumed and anaerobic conditions had been established. 
Data was collected from Hydrolab DataSonde and compared with the data displayed on 
the Bioreactor. On the other hand samples from stirred bioreactor were analyzed for the 
concentrations of chloride and nitrate at laboratory for confirmation. 
 
T
deployment. The field deployable system consists of battery powered air compressor, 
solenoid air manifold, recycling time delay relay, micro-purge submersible pumps, 
solenoid drain valve, Hydrolab DataSonde, CR10X SCADA and solar power supply. The 
well monitoring system operates autonomously retrieving well samples and storing 
sensor readings for later retrieval. Data retrieval can be done in one of two ways, either 
by physically connecting a cable to the system and downloading data to a laptop, or by 
driving by the system to automatically download the data. 
 
T
SCADA unit and a Hydrolab DataSonde 4a. The CR10X is a measurement and control 
system. It is responsible for manipulating the water flow, and for storing data for later 
retrieval. The CR10X accomplishes water flow manipulation with the use of submersible 
micro-purge pumps and various solenoid valves. When the system samples a well, it first 
pumps out enough water to fill the flow-through cell of the DataSonde system. An optical 
level switch placed inside the flow-through cell that signals the CR10X when the cell is 
full determines the volume of water being pumped out of the well. The DataSonde 4a will 
take a reading and store it in the CR10X. The CR10X will then retrieve another sample in 
the same manner and compare it’s reading with the previous one. This sampling cycle 
will repeat until the readings are stable. The readings will all be stored for retrieval. 
 
T
by a 24V Solar panel. The battery powered air compressor will supply the compressed air 
required to operate the micro-purge pumps, capable of supplying up to 120 psi of air. The 
air compressor unit will automatically turn on when pressure is needed to activate the 
pumps. In order to supply air to the three pumps in the system with only one air 
compressor, a manifold will be needed. This manifold uses solenoids to control the flow 
of air to the desired pump. The manifold is able to withstand a pressure of up to 120 psi. 
The operation of the pumps requires that air be sent to the pumps in pulses. To achieve 
this, special recycling, time-delay relays are used to pulse the air compressor on and off 
at a specified frequency. The frequency of the pulses will be dependent on the depth of 
the particular well being pumped. The micro-purge pumps used are QED Environmental 
Systems model T1200M. The T1200M are stainless steel with a Teflon bladder. It is 3.4’ 
in length and 1.5” in diameter. This pump is capable of pumping a volume of 495ml at a 
maximum lift of 300’. The solenoid drain valve is controlled by the SCADA system. It is 
used to drain the Hydrolab instrument between samplings. The Hydrolab instrument has a 
flow-through cell where water enters for measurement. The flow-through cell on the 



Hydrolab instrument was modified to include an optical level sensor that signals the 
system when the flow-through cell is full and measurement can begin. 
 
The CR10X SCADA system is responsible for gathering data from the Hydrolab 

 

Figure 2 Experimental Setup for parallel experiment 

Each sample was sto ess transmission, or 
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uring the parallel experiment, the same amount of TCE was added to both the stirred 

uring the experiment the pH readings decreased. This decrease is due to formation of 

instrument and controlling the system of solenoid valves used to pump water to the 
sensors. This system possesses wireless communication capabilities, allowing for remote 
data collection. It is fully programmable thus providing many possible system 
configurations. The CR10X has built-in memory to store data, which can be retrieved on-
demand at a later time. The CR10X is the control center of the entire well monitoring 
system. A single micro-purge submersible pump was used for pumping water from each 
well. To obtain a sample, water is pumped from a well into the DataSonde’s flow-through 
cell. When the water in the flow-through cell reaches the optical level sensor, the pump is 
stopped and a reading is taken from the sample. The system then drains the flow- through 
cell by opening a solenoid valve. After a few moments, the flow through cell is emptied 
and the process is repeated again. Samples are taken until the readings are within a set 
percentage of each other. The system runs autonomously, with an option to run on- 
demand sampling. 
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bioreactor and Hydrolab chamber. The initial concentration was about 87 mg/l of TCE. 
Samples were collected on a regular basis for further confirmatory testing of the selected 
parameters. 
 
D
acid during fermentation processes occurring under anaerobic conditions.  This reading as 
well as DO concentration was consistent with the bioreactor’s main data screen and this 
served as confirmation for the Hydrolab data. The values of ORP are in the negative 
range, again confirming that anaerobic conditions were occurring. The values of nitrate 
fluctuate continuously through the entire time period. This data is considered erroneous 
since no known nitrate source was present, as was confirmed by laboratory analysis. The 
chloride sensor behaved in an unusual manner. The concentration of chloride first 
increased, reached a maximum value of 43410 mg/l and then decreased, which is not 
possible in the anaerobic degradation of TCE. 



The samples collected during the experiment from the bioreactor were analyzed at 
analytical laboratory for nitrate, chloride. Nitrate values were found to be negligible in 
the bioreactor and the results for chloride are tabulated below. 
 

Compound Concentration at 
the starting of the 
experiment (mg/l)

Concentration at the 
end of experiment 

(mg/L) 

Vinyl Chloride 19.616 47.09 
1,1,DCE 0.0268 <0.001 
Trans, DCE 0.2562 0.245 
Cis, DCE 0.178 0.186 
TCE 87.203 0.004 
Cl 0.179 250.61 
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Samples collected at the beginning and at the ending of the experiment were analyzed to 
confirm the degradation of TCE. The concentration of TCE at the beginning of the 
experiment was 87.203 mg/l. At the end of the experiment it was found that the 
concentration of TCE was 0.004 mg/l as TCE was converted to vinyl chloride, DCE and 
chloride during anaerobic degradation. 
 
Conclusion 
 
All the indicator parameter showed good results except chloride and nitrate during the 
trend studies, this could be inferred due to the presence of a small amount of sulfide 
present in the basal medium preparation, but it is not that much high to interfere with the 
chloride reading. Further tests are being conducted with individual sensors to find out 
what went wrong during this experiment. Even though chloride and nitrate readings were 
not reliable, complete degradation of TCE was achieved successfully. 
 



As the other part of this experiment was successfully deployed at SRS and data was 
collected on regular basis and will be analyzed. 
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Appendix: 
 
1.  Table of Parameters recorded using Hydrolab DataSonde 

 
Time 
(Hrs) 

pH DO (mg/l) Specific 
Conductivity 

(mS/cm) 

ORP (mV) Salinity 
(ppt) 

Nitrate 
(ppm) 

Chloride 
(ppm) 

TDS 
(gm/l) 

0 7.74 0.1 4.95 -162 2.71 48.08 191.4 3.17 
4 7.73 0.1 4.95 -193 2.72 45.48 196.6 3.17 

20 7.71 0.1 4.93 -259 2.7 49.93 199.3 3.15 
28 7.72 0.1 4.95 -261 2.71 47.91 204.7 3.17 
44 7.70 0.1 4.97 -268 2.73 44.22 270.6 3.18 
52 7.70 0.1 4.96 -277 2.72 46.85 356.5 3.17 
68 7.70 0.1 4.97 -283 2.73 45.84 1047 3.18 
76 7.70 0.1 4.96 -283 2.72 49.91 1320 3.17 
92 7.69 0.1 4.98 -283 2.73 49.32 4402 3.18 
100 7.68 0.1 4.98 -283 2.73 48.29 7377 3.19 
164 7.57 0.1 4.98 -278 2.74 54.07 38983 3.19 
172 7.55 0.1 4.97 -276 2.73 56.08 37508 3.18 
188 7.52 0.1 4.99 -272 2.74 54.13 43410 3.19 
196 7.49 0.1 4.98 -270 2.73 56.45 38004 3.19 
213 7.46 0.1 4.97 -268 2.73 57.23 35225 3.18 
220 7.46 0.1 4.99 -270 2.74 56.68 35039 3.19 
236 7.42 0.1 4.98 -266 2.73 54.99 27153 3.19 
244 7.41 0.1 4.99 -266 2.74 53.64 22749 3.19 
260 7.38 0.1 5.00 -264 2.74 50.42 16398 3.20 
268 7.35 0.1 5.00 -259 2.74 50.18 13639 3.20 
284 7.29 0.1 5.01 -256 2.75 40.25 6815 3.20 
290 7.29 0.1 5.02 -253 2.75 39.46 6526 3.21 



 
2. Figure showing Remote monitoring system at SRS 

 

 
 


