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Abstract 

General Atomics (GA) leads a team of industrial, academic, and government organizations 
in the development of the Environmental Systems Management, Analysis and Reporting 
neTwork (E-SMART) for the Defense Advanced Research Project Agency (DARPA), by 
way of this Technology Reinvestment Project (TRP). E-SMART defines a standard by 
which networks of smart sensing, sampling, and control devices can interoperate. E- 
SMART is intended to be an open standard, available to any equipment manufacturer. The 
user will be provided a standard platform on which a site-specific monitoring plan can be 
implemented using sensors and actuators from various manufacturers and upgraded as new 
monitoring devices become commercially available. GA’s team members include Isco, 
Inc., Photonic Sensor Systems (PSS), Georgia Tech Research Institute (GTRI), Science & 
Engineering Analysis Corporation (SECOR), and the U.S. Air Force Armstrong 
Laboratory Environics Directorate at Tyndall AFB(AL). 
This DARPA TRP project will further develop and advance the E-SMART standardized 
network protocol to include new sensors, sampling systems, and graphical user interfaces. 
Specifically, the E-SMART team will develop the following three system elements: 
A new class of smart, highly sensitive, chemically-specific, in-situ, multichannel 
microsensors utilizing integrated optical interferometry technology, 
A set of additional E-SMART-compatible sensors and samplers adapted from commercial 
or near-term off-the-shelf technologies, and 
A Data Management and Analysis System (DMAS), including network management 
components and a user-friendly graphical user interface (GUI) for data evaluation and 
visualization. 
In addition, the E-SMART TRP team has signed Articles of Collaboration with another 
DARPA TRP awardee, Sawtek, to develop an E-SMART-compatible Intelligent Modular 
Array System (IMAS) for monitoring volatile organic chemicals (VOC’s) in the 
environment. This collaboration will simplify the network development required to field 
the IMAS sensor, and will encourage the adoption of the E-SMART standard by increasing 
the number of commercially available E-SMART sensors. 
Figure 1 summarizes the vision and goals of the E-SMART TRP project. 
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A set of E-SMART TRP Team meetings took place October 28th, 29th, and 30th. The 
10/28 meeting reviewed the E-SMART Node Specification. The meeting 10D9 
reviewed the E-SMART TRP Project focusing on GA, PSS/GTRI, Isco, and SECOR 
progress and future plans. The meeting on 10/30 was a site orientation meeting at the 
OC-ALC/J3MR office and visit to the E-SMART Field Demonstration Site at Tinker 
AFB, in Oklahoma City. 
A meeting was held with Clyde Frank, Deputy Assistant Secretary for Science and 
Technology (DOE EM-50), at DOE HQ for discussions on status of the E-SMART 
TRP project. 
Subcontracts were amended to reflect the TRP restructuring and signed by Isco and 
SECOR. 
A cost sharing issue for PSS/GTRI was resolved. 
An additional subcontractor, Rapid Clip Neural Systems (RCNS) was brought on the 
TRP project by PSS to aid in development of pattern recognition embedded software. 
Amendment of the PSS/GTRI subcontract is in process. 

Multichannel Microsensor 
0 

e 

e 

e 

Designs were completed for the E-SMART microsensor integrated optic sensing chip 
and the overall microsensor head. 
Progress was made on improving optical quality of the thin films in the integrated optic 
sensing chips. b 

Screening of over fifty polymers for BTEX-selective responses was completed, and 
twelve promising polymers were characterized in detail against both BTEX chemicals 
and the standard interferant species list. 
An Isco/PSS/GTRI working meeting was held in Atlanta, GA on October 21st & 22nd 
to assess the suitability of the Texas Instruments TSL4Ol linear photodiode array as the 
photodetector for the E-SMART microsensor. 
An outline of the microsensor signal processing specification was developed, and 
preliminary discussions were held with Isco regarding the basic design approach and 
division of responsibility for implementing the specification. 
Fabrication of a preliminary model of the E-SMART microsensor was completed. 

Sawtek Integrated Modular Array Sensor (IMAS) 
Dr. Ming Fang from Sawtek attended the E-SMART TRP Team E-SMART Node 
Specification Review Meeting, and the E-SMART Field Test Demonstration Site 
Meeting. 

Sawtek plans to work on the E-SMART interface during the first half of 1997. 
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Other Sensors and Actuators 
Additional E-SMART sensors have been fabricated for the Field Test Phase III 
installation and in-house testing. This includes five pressure sensors for barometric 
and water level measurements, and four metal-oxide sensors for measurement of 
hydrocarbons and volatile organic hydrocarbons. 
Characterization and calibration of sensors for the Field Test Phase III installation 
began. 
An improved E-SMART sensor housing is under development to transition the original 
proof-of-concept design to a commercial version. The improved E-SMART sensor 
housing design is incorporating lessons learned from laboratory and field testing. 

E-SMART Network Management 
Development of algorithms for characterizing each individual sensor for influence of 
temperature, pressure, and other environmental effects continued. 
Software on both E-SMART sensors and the E-SMART PC was upgraded as part of 
the Tinker field test. These upgrades implement basic functionality of the E-SMART 
node specification and allow sensors to retain calibration coefficients and transmit 
processed data in engineering units. The previous software package was limited to 12 
nodes. The current software approach can handle hundreds to thousands of nodes. 
Development of the E-SMART graphical user interface (GUI) continued. Efforts 
focused on construction of software objects that comprise the GUI screens. 
A number of emerging technologies are being evaluated for dynamically linking 
databases to internet web servers. A web server interface will allow the E-SMART 
network management program to be controlled remotely by a site owner or 
representative. 
Incorporation of an object-oriented approach to networking continued. Thus far, the 
prerelease Network Sewices Server (NSS) has been successfully implemented, 
allowing E-SMART nodes to be installed on and to communicate data across the 
network. 

E-SMART Field Testing 
The Phase I1 sensor installation at the Tinker AFE3 SWTA was completed, bringing the 
total number of installed sensors to 22. Thirteen new sensors were installed and nine 
existing (Phase I) sensors were removed from monitoring wells, upgraded, and 
reinstalled. The 22 sensors, which measure oxygen, VOCs, water level, and 
barometric pressure, were installed in six monitoring wells. 
Analysis of data being collected by the E-SMART network is continuing. The sample 
rate for data collection has been varied by downloading instructions from the E- 
SMART data management PC to the individual sensors. Each of the E-SMART 
sensors at the SWTA has taken measurements every 15 minutes continuously since the 
Phase II installation was completed in late October. 
Additional sensors have been fabricated for use in the Phase 111 installation, which 
include pressure and metal-oxide sensors. Characterization and calibration of these 
sensors began. The Phase 111 installation at Tinker was postponed until January, when 
it is anticipated the ethernet connection to the SWTA will be completed. 
Transmittal of the growing field test database to GA during the quarter was mainly by 
saving copies of the database on Zip cartridges and mailing them back to GA. 
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E-SMART Field Testing (continued) 

e 

e 

0 

During the quarter, the theft of a Zip drive, combined with delays in providing ethernet 
access to the E-SMART trailer, slowed data transfer to GA. In spite of these 
limitations, the E-SMART database was copied and sent to GA several times for 
analysis. To date, the database contains approximately 90 MB of SWTA site data. 

During the quarter, the theft of a Zip drive, combined with delays in providing ethernet 
access to the E-SMART trailer, slowed data transfer to GA. In spite of these 
limitations, the E-SMART database was copied and sent to GA several times for 
analysis. To date, the database contains approximately 50 MB of SWTA site data. 

A major effort was targeted at providing ethernet access to the E-SMART trailer at the 
SWTA. Through discussions with representatives from OC-ALC/EMR and the Tinker 
AFB Network SystemsLAN group, a decision was made to use a fiber optic cable to 
connect the trailer to the ethernet network in Bldg. 3001. 
To provide ethernet access to the E-SMART trailer at the SWTA, the option to run fiber 
optic cable from Bldg. 3001 to the trailer was revisited. A quote for this scope of work 
was received and accepted from Poisson Communications. 
General Atomics hired Poisson Communications to run a fiber optic cable from Bldg. 
3001 to the SWTA. This installation was completed in December. 
End equipment is being acquired to assist in completing the connection of the fiber optic 
cable to the Tinker ethernet network. This equipment includes (1) an EPIN-F fiber 
optic connector to allow connection between the Bldg. 3001 hub and the fiber, and (2) 
a fiber optic transceiver for the E-SMART PC. End equipment installation is 
anticipated January 1997. 
A laudatory article appeared in the 12/6/96 issue of the Tinker AFB newspaper, “Tinker 
Take Off’ which described the E-SMART system as a premier technological device 
being employed to monitor a 2.5 acre remediation site at Tinker. The value of E- 
SMART systems and the project partnering effort between OC-ALC/EMR, DOE, 
DARPA, and E-SMART team members were discussed in the article. 

Dual Use and Commercialization 

e 

Conceptual data sheets were prepared for 6 current E-SMART products that will be 
commercially available in the future. These components are the liquid level/barometric 
pressure sensor, two hydrocarbon soil gas sensors, free oxygen soil gas sensor, 
monitoring well interface, and network power controller. In addition, a summary data 
sheet was prepared that updates the description of E-SMART, including photos and 
descriptions for the existing E-SMART product line. 
Applied Research Associates has approached GA regarding development of an internet 
web accessible site map for E-SMART and a multiplexer E-SMART interface. 
Interactions with Biode, Inc. continued for development of an E-SMART compatible 
Hg sensor. Biode attended the E-SMART Team Node Specification meeting, at Isco 
Inc. - Lincoln, NE on October 28th for the purpose of reviewing the node specification. 

Rapid Clip Neural Systems (RCNS) of Atlanta, GA has been added to the E-SMART 
team to support Photonic Sensor Systems in the development of pattern recognition 
software for the E-SMART microsensor. 

The Naval Surface Warfare Center (NSWC) has continued to show interest in applying 
E-SMART systems in their Smart Ship Program and other programs. 

Page 5 



GAC22131 

44 CY96 
E-SMART TRP 

1. Work Conducted October - December, 1996 

1. I Multichannel Microsensor (PSS/GTRI) WBS 100,100 
1.1.1 Development of Requirements and the Design Configuration 

Designs were completed for the E-SMART microsensor integrated optic sensing 
chip and the overall microsensor head. As illustrated in Figure 2, the integrated optic chip 
design provides for thirteen interferometric sensing channels occupying an area 
approximately 17 mm long by 8 mm wide. Each sensing channel can be independently 
coated with a different sensing chemistry. It is anticipated that there will be either twelve 
independent sensing chemistries plus one reference channel or six coarse-scale/fine-scale 
sensing chemistry pairs plus one reference channel. Grating couplers are used for efficient 
light input and output. Total internal reflection (TIR) mirrors and Fresnel beam 
splitter/combiner elements are used to effect optical interference. Overall optical chip 
dimensions are approximately 25 mm long by 10 mm wide. The optical chip construction 
consists of a silicon nitride (Si,N,) or tantalum pentoxide (T%05) waveguiding layer 
approximately 140 nm thick on a quartz or borosilicate glass substrate. The sensing 
channels are covered with a thin silicon dioxide (SiOJ overlayer (approximately 40 nm) to 
improve light throughput, and the remainder of the optical chip is covered with a thick 
silicon dioxide overlayer (approximately 500 nm) to provide environmental isolation. 
Analysis of this design has suggested an alternate combination of optical elements that may 
reduce optical noise. This alternate will be tested before completely freezing the design. 

As illustrated in Figure 3, the overall microsensor head design uses a diode laser 
and a cylindrical lenslmirror assembly to image an input light beam with a relatively broad 
Gaussian cross-section (approximately flat across 8 mm) on the integrated optic sensing 
chip input grating. In addition, a Texas Instruments TSL4Ol linear photodiode array 
(placed directly against the integrated optic sensing chip output grating) is used to capture 
the thirteen interferometric outputs. The microsensor head will easily fit into a 5 1.5 inch 
cross-section cylindrical housing. This design has been forwarded to Isco for review. The 
microsensor head design will not be finalized until comments are received from Isco. In 
addition, if the alternate integrated optic sensing chip design is adapted, corresponding 
modifications to the microsensor head design will be necessary. 

Some progress has been made on improving the optical quality of the thin films in 
the integrated optic sensing chips. First, an electron-beam, ion-assisted vacuum deposition 
system installed at GTRI in July has been used to produce significantly higher quality 
silicon dioxide fdms. These coatings are smoother (reducing optical scattering), less 
porous (providing greater environmental isolation) and more durable. This system will be 
used for all future silicon dioxide deposition on this project. The electron-beam, ion- 
assisted vacuum deposition system will also be used to evaluate tantalum pentoxide as an 
alternate to silicon nitride for the principal waveguiding film. Second, a low-pressure 
chemical vapor deposition (LF’CVD) system installed at GTRI in September is beginning to 
produce usable silicon nitride waveguide films. However, the deposition process is not yet 
optimized enough to allow comparison with the high-pressure process that has been the 
standard for silicon nitride deposition to this point. 
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Fig. 2. E-SMART Microsensor Integrated Optic Sensing Chip Design. 
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TRP Probe Layout 

TSL 401 128 Element Array f 

Fig. 3. Overall E-SMART Microsensor Head Design. 
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1.1.2 Selective Coating Evaluation 

Screening of over fifty polymers for BTEX-selective responses was completed, and 
twelve promising polymers were characterized in detail against both the BTEX chemicals 
and the standard interferant species list previously developed by the E-SMART team. (The 
polymers screened and the standard interferant species are listed in the Q2CY96 Quarterly 
Report covering the period April 1,1996 to June 30,1996.) The twelve polymers pursued 
in detail are: 

poly(butylhsobuty1 methacrylate) (PBIBMA) 
poly(hexy1 methacrylate) (PHMA) 
poly(styrene-butyl methacrylate) (PSBMA) 
poly(trifluoroethy1 methacrylate) -MA) 
poly(trifluoroethy1 acrylate) -A) 
polycarbonate resin (PC) 
poly(dially1 phthalate) (PDAP) 
poly(dimethy1 phenylene-p-oxide) (PDPO) 
poly(viny1 methyl ketone) (PVMK) 
poly(viny1 propionate) (PVP) 
ethyl cellulose (EC) 
Teflon AFm (TAF) 

As an example, the results of the detailed characterization of PBIBMA are given in 
Figure 4 and Figure 5. As is typical for the polymers investigated in detail, the only 
significant responses are for the BTEX chemicals and the chlorinated solvents. Exposure 
to tritane, naphthalene, humic acid, ethylene glycol, dioctyl phthalate and sodium dodecyl 
sulfate gave no response (as a size-exclusion mechanism would predict). Phenol and 
methyl ethyl ketone gave responses on the order of 0.01 of that for the BTEX chemicals. 
Signals were observed for sodium chloride and sodium nitrate only at very high 
concentrations (> 0.1 M). Thus, it appears that the only significant interferants for 
discriminating the BTEX chemicals are the chlorinated solvents. 

Two approaches for utilizing these “final candidate” polymers (or polymers closely 
related to them) are being investigated and are discussed below. 

(1) Polymer blends are being constructed. Polymers with low glass transition 
temperatures show both positive and negative responses depending on whether the 
refractive index of the analyte is greater or less than that of the polymer. This is as would 
be predicted for dissolution of the analyte into the polymer (as opposed to displacement of 
water from fissures via polymer swelling, which would produce positive responses only). 
Polymers with sufficiently low glass transition temperatures should have no fissures in. the 
intended operating temperature range of the E-SMART microsensor. This invites the 
possibility that low-glass-transition-temperature polymer mixtures or co-polymers can be 
precisely tailored for clear discrimination between analytes based on refractive index 
differences. Attempts at making physical blends have been generally unsuccessful. (The 
polymers either do not mix or the resultant mixture has poor optical quality.) Chemical 
blends (i-e.; true co-polymers) will be attempted. 
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Fig. 4. Results of Detailed Characterization of PBTBMA. 
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(2) Polymer laminates (i.e.; multiple layers of polymers) are being constructed. 
Laminates offer several possible advantages. First, laminates are another means of 
expanding the range of refractive indexes available. (The effective refractive index seen by 
the evanescent wave is a hybrid of the refractive indexes of the individual laminate layers.) 
Second, upper screening layers could be used to exclude undesirable interfemts (e.g.; by 
size or polarity exclusion) from lower sensing layers. Third, the sensor equilibrium 
response could be accelerated by having a thin sensing film buried under a relatively inert, 
but rapid transport, protective film. (The thinner the sensing film, the more rapidly 
equilibrium is reached) Fourth, a robust upper layer may preclude lower layers from 
being dissolved away in the presence of high concentration solvents &e.; LNAPLs and 
DNAPLs). Initial experiments comparing a single thick film of PHMA versus a thin film 
of PHMA covered by a thick film of TAF showed as much as a 50% reduction in the 
equilibrium response time with no reduction in the equilibrium response magnitude. 

An attempt was made to enhance chemical specificity by judicious choice of the 
solvents used to cast the polymers. The objective was to imprint varying pore sizes in the 
polymers depending on the solvent employed. It was hoped that the pores would in turn 
facilitate dissolution of analytes into the polymer, but only for analytes at least as small as 
the solvent used (and hence able to fit in the imprinted pores). This approach is limited to 
polymers with glass transition temperatures above the intended operating temperature range 
of the E-SMART microsensor. (Otherwise, the imprinted pores will relax when the 
ambient temperature rises above the glass transition temperature.) Tests of this approach 
were mixed, and it has been abandoned for the present. 

It was observed that rate-of-change responses for various analyte/polymer 
combinations differ more significantly than equilibrium responses. Consequently, both 
equilibrium and rate-of-change data will be considered in developing a pattern recognition 
algorithm for interpreting the E-SMART microsensor signals. 

1.1.3 Development of Sensor Design for Electronics and Packaging 

An Isco/PSS/GTRI working meeting was held in Atlanta, GA on 10/21-22/96 to 
assess the suitability of the Texas Instruments TSL4Ol linear photodiode array as the 
photodetector for the E-SMART microsensor. The TSL4Ol has 128 pixels, a 50 pm pixel 
width, a 63.5 pm pitch, a 1.2 cm length and a I$15 price (including a companion A/D 
chip). It was concluded that this compact, low-cost photodiode array is adequate for the 
TRP project. Rough evaluation of a thirteen-channel microsensor design indicated that the 
TSLAOl will not be a significant constraint on overall sensitivity, resolution, data rates or 
other major performance criteria. The only significant limitation is the inability to grow 
much, if at all, beyond thirteen channels. A circuit board interfacing a TSL4Ol linear diode 
array output directly to a personal computer has been fabricated. Preliminary tests have 
confirmed that the photodiode elements are sufficiently sensitive. Future tests will 
investigate noise characteristics. 

An outline of the microsensor signal processing specification was developed, and 
preliminary discussions were held with Isco regarding the basic design approach and the 
division of responsibility for implementing the specification. 

of Atlanta, GA to develop pattern recognition software for the E-SMART microsensor. 
RCNS offers an attractive combination of experience and proprietary “adaptive learning” 
technology. It is expected that the subcontract will be executed in January and work will 

A $75K subcontract has been negotiated with Rapid Clip Neural Systems (RCNS) 
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begin in February. The initial task will be to assist GTRI in determining the specific 
combination of polymer coatings to be used for BTEX detection. 

Lincoln, NE on 10/28/96. 
PSS and GTRI participated in a review of the E-SMART Node Specification held in 

1.1.4 Fabrication and Testing of Preliminary Microsensor Model 

Fabrication of a preliminary model of the E-SMART microsensor was 
completed. The model is part of a companion Small Business Technology Transfer 
(STIR) program to evaluate use of the E-SMART microsensor in a cone penetrometer 
format. The model uses a four-channel integrated optic sensing chip substantially identical 
in design to the thirteen-channel sensing chip proposed for the final E-SMART 
microsensor. The sensing chemistry employed is a combination of Teflon AFM (TAF) on 
the signal branches of the interferometer and poly(dially1 phthalate) (PDAP) on the 
reference branches of the interferometer. TAF is selectively sensitive to benzene versus 
acetone, which will be used as the target and control analytes for testing. PDAP is 
essentially blind to all organic compounds, providing an unvarying interferometric 
reference. General Atomics modified existing E-SMART electronics and software for use 
as a smart controller. The entire model (including the microsensor head and the smart 
controller) is housed in a 1.4” diameter stainless steel tube approximately 15” long. This 
model will be tested in a bench-scale soil chamber in the Daniel Laboratory at Georgia Tech 
during January. 

1.2 Sawtek Integrated Modular Array Sensor (IMAS) 
WBS 100.214 

Dr. Ming Fang from Sawtek attended the E-SMART TRP Team E-SMART Node 
Specification Review Meeting 10/28/96, and the E-SMART Field Test Demonstration Site 
Meeting 10/30/96, at Tinker AFB. 

the first half of 1997. 
Sawtek indicated that they were planning to work on the E-SMART interface during 

1.3 Other Sensors and Actuators (GA) WBS 100,210 
Additional sensors have been fabricated for use in the Tinker field test Phase III 

installation. This includes five pressure sensors to be used for barometric and water level 
measurements, and four metal-oxide sensors (MOSS) for measuring hydrocarbons and 
volatile organic hydrocarbons (VOCs). Characterization and calibration of the Phase III 
sensors began. Deployment of the Phase III sensors at Tinker is awaiting completion of 
the ethernet connection to the SWTA, anticipated to take place January 1997. 

Much effort was expended on improvements to the E-SMART sensor design. The 
sensor housing design is under development to transition the original proof-of-concept 
design to a commercial version. The improved E-SMART sensor housing design 
incorporates lessons learned from laboratory and field testing to produce an improved 
sensor package. The new design has a housing material option for Delrin or stainless steel, 
to make sensors suitable for various environments with differing compatibility demands. 
In the new design, the mechanical linkage that supports the weight of the sensors has been 
modified. All remaining sensor components that had a suspected vulnerability to the 
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environment have been better protected (ex. PVC coating on internal wiring). A major 
improvement has been the elimination of the potting process for sensor components, which 
has made E-SMART sensor fabrication quicker and easier. The potting process had been 
very slow, prone to leakage, and labor-intensive. Another improvement realized by the 
new design is the more universal or modular sensor features. A transducer from one E- 
SMART sensor can now be more easily interchanged with a transducer from any other E- 
SMART sensor. 

1.4 E-SMA RT Network Management (GA) WBS 100.230 
E-SMART network management software provides the ability to talk to nodes and 

to display data. The development of algorithms for characterizing each individual sensor 
for influence of temperature, pressure, and other environmental effects continued. 

Development of the E-SMART graphical user interface (GUI) continued. The 
Windows 95 GUI will allow users to install, configure, and access data from devices on 
the E-SMART network. Efforts focused on construction of software objects that comprise 
the GUI screens. 

A number of emerging technologies are being evaluated for dynamically linking 
databases to internet web servers. This is the intended approach for providing remote 
access for E-SMART data. In addition a web server interface will allow the E-SMART 
network management program to be controlled remotely by a site owner or representative. 
Several software packages and systems are being evaluated for use in E-SMART. 

management software has been developed allowing E-SMART nodes to be installed on and 
to communicate data across the network. Bench-scale testing of the network using 
prototype E-SMART-compatible pressure sensors was conducted to evaluate network 
hardware and software, including network connections. These tests will continue 
throughout development of the E-SMART network management. 

Incorporation of an object-oriented approach to networking continued. Network 

1.5 Field Testing WBS 200 
1.5.1 E-SMART Testing 

The Tinker AFEI field test is sponsored in part by the Air Force Air Logistic 
Command in Oklahoma City, Oklahoma (OC-ALC) under contract number F34601-95-D- 
0374, Task Order 14, SDRL A025 The goal of the testing is to deploy an E-SMART 
network in the SWTA site, to evaluate system performance, and to iden* opportunities 
for system improvements. The E-SMART network has a graphical user interface tailored 
to the SWTA site and allows OC-ALC Environmental Management & Restoration (EMR) 
Division personnel remote access to data from the site. 

E-SMART demonstration testing at the SWTA at Tinker AFB is divided into three 
phases, each with a different number of sensors deployed, and each augmenting the 
functionality of the previous phase. Phasing the deployment allows the E-SMART team to 
thoroughly evaluate the performance of individual components on the network 
incrementally, and to identify any changes in network performance as the system is scaled 
to a larger and more complex installation. 
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A site visit orientation meeting was held on 10/30/96 at the OC-ALC/EMR office 
that included a visit to the E-SMART Field Demonstration Site at Tinker. Several visitors 
from DOE, DARPA, and the Air Force who have been involved in E-SMART development 
also participated in the meeting. The meeting was used to introduce the goals, schedule, 
and team for the E-SMART field test, and to tour the field test site at the SWTA. 

During the quarter, the Phase I1 installation at the SWTA was completed. This 
brought the total number of installed sensors to 22. Thirteen new sensors were installed 
and nine existing (Phase I) sensors were removed from monitoring wells, upgraded, and 
reinstalled. The 22 sensors, which measure oxygen, VOCs, water level, and barometric 
pressure, were installed in six monitoring wells. The barometric pressure sensor will be 
used to correct the readings from the water level sensor (which is based upon readings 
from a pressure transducer) to local atmospheric conditions. The installed sensors are listed 
in Table 1 and the configuration of the network is shown graphically in Figure 6. A 
photograph of the site is shown in Figure 7. 

As part of the Phase I1 installation, the software on both the sensors and the E- 
SMART PC was upgraded. These upgrades implement basic functionality of the E- 
SMART node specification and allow the sensors to retain calibration coefficients and 
transmit processed data in engineering units (e.g. psi). (The Phase I sensors transmitted 
raw signal levels that had to be converted to engineering units on the PC.) The new 
software also allows commands to be sent to each sensor to adjust the sensor 
configuration. For instance, the rate at which the sensor takes measurements may now be 
varied via network commands. 

The new PC network management software utilizes an SQL database to retain data 
and implements a more flexible interface for installing and communicating with nodes on 
the network. The previous software package was limited to 12 nudes. The current 
software approach will be able to handle hundreds or thousands of nodes. The network 
management software will be enhanced for the next phase installation to include such 
features as data presentation, periodic backups, and additional E-SMART functionality. 

Analysis of the data being collected by the E-SMART network is continuing. The 
sample rate for data collection has been varied by downloading instructions from the E- 
SMART data management PC to the individual sensors. Initially, data was being collected 
at one measurement per minute, which for 22 sensors yields 31,680 measurements per 
day. The ability to sample at this rate will be useful for applications such as slug testing of 
wells, and in situ calibration of sensors, but is not necessary for ground water monitoring. 
Each of the E-SMART sensors at the SWTA has taken measurements nearly every 15 
minutes continuously since the Phase 11 installation was completed in late October, with 
only brief interruptions due to PC configuration changes or problems. 

One of the interesting things noted from readings from the oxygen and VOC 
sensors at the SWTA is their dependence on changes in atmospheric pressure. (See Figure 
8) This phenomenon is sometimes referred to as “barometric pumping”, and appears to be 
due to air entering and leaving the monitoring well as it equilibrates with ambient 
atmospheric pressure. Thus, when the atmospheric pressure quickly increases, as when a 
weather front enters the area, fresh air moves into the well and temporarily dilutes the gas 
sensor readings in the vadose zone. Similarly, when the atmospheric pressure decreases, 
air exits from the well to also temporarily reduce the sensor readings. 
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Monitoring Well 
Mw 1-99 

Sensors Depth (ft) 
BO13 9.8 
PO14 30.01 
PO15 30.17 

MW 1-1 16 

MW 1-123 

P10 
BO12 

MW 1-1 19 

33.31 
9.96 

MW 1-109 

Mw 1-98 

11.48 
30.59 

02005 
Vocoo4 9.75 

30.61 
02001 

11.52 

PO29 35.45 

BO22 
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Fig. 7. Photograph of the SWTA and the E-SMART trailer. 
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Fig. 8. Variations in atmospheric pressure and VOC concentration. 
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It is also clear from a cursory analysis of Figure 8, that significant variations occur 
on a timescale less than one hour. Therefore systems that sample at slower rates (e.g. once 
per day, once per quarter) will not measure important phenomenon. 

Additional sensors have been fabricated for use in the Phase III installation. This 
includes five pressure sensors to be used for barometric and water level measurements, and 
four metal-oxide sensors (MOSS) for measuring hydrocarbons and volatile organic 
hydrocarbons (VOCs). Characterization and calibration of the sensors was begun. The 
Phase III installation at Tinker has been postponed until January, when it is anticipated that 
the ethernet connection to the SWTA will be completed. 

A telephone modem was initially used to transfer data from the E-SMART PC at the 
SWTA to the General Atomics site in San Diego for subsequent review and analysis, but 
this mode of data transfer is relatively slow, and the telephone connection is not reliable. 
As the database grew larger, we found it more effective to periodically save copies of the 
database on Zip cartridges, and have a GA representative mail copies to GA. Unfortunately 
a set-back occurred for this data transfer process in November, the theft of the Iomega Zip 
drive which was used in this task. 

The theft of the Zip drive, combined with delays in providing ethernet access to the 
E-SMART trailer, has slowed data transfer to General Atomics for subsequent review and 
analysis. In spite of these limitations, the E-SMART database was copied and sent to GA 
several times during December. To date, this database contains approximately 90 MB of 
SWTA site data. Copies of the database have been compressed onto diskettes, and these 
diskettes have been mailed to GA. Evaluation of these files is continuing. Meanwhile, a 
replacement ZIP drive was procured and sent to Tinker during the last week of December. 

The E-SMART trailer at the SWTA required some maintenance during this 
reporting period. The telephone pole which carries telephone and power to the site was 
found leaning against the trailer after a storm. This situation has since been corrected by an 
electrical contractor on site. 

The removal and inspection of E-SMART sensors from the field test Phase I 
installation at Tinker is shown in Figures 9-14. Photos from the Project meeting between 
E-SMART TRP Team members, OC-ALCEMR staff, and Field Test sponsors held 
1 0/30/96 at the Field Demonstration Site are provided in Figures 15-2 1. 

Page 20 



GA-C22131 
E-SMART TRP 

Q4 CY96 

Fig. 9. Removal from Monitoring Well and Visual Inspection of Well Cap 
Used to Connect Phase I Sensors at Tinker Field Test. 

Fig. 10. Inspection of Well Cap and Associated Sensor Cabling at the 
Completion of Phase I Sensor Monitoring at Field Test. 
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Fig. 11. General Atomics (Albert Dibelka, Dominic Ferone) and SECOR (Joe Almazon) 
Test Engineers Removing Phase I E-SMART Sensors from Well 1-99 at Tinker Field Test. 

Fig. 12. Field Test Engineer (J. Almazon) Visually Examining String of Phase I 
E-SMART Sensors upon Removal from Well 1-99. 
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Fig. 13. String of E-SMART Sensors and Associated Cabling being Decontaminated 
during Removal of Phase I Sensors at Tinker Field Test (D. Ferone, J. Almazon). 

Fig. 14. Removal and Visual Inspection of Internal Sensor Components at the 
Completion of Phase I Sensor Monitoring at Field Test. 

Page 23 



GA-C22131 
E-SMART TRP 

Q4 CY96 

Fig. 15. E-SMART Team Members Discussing Tinker Field Test Results and Operation of 
E-SMART Data Management and Analysis System @MAS) to DOE, 

DARPA, and OC-ALC/EMR Field Test Sponsors Inside Field Trailer at Tinker. 

Fig. 16. E-SMART Project Manager Describing Features and Capabilities of E-SMART 
Network Power Controller to Field Test Sponsors. 
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Fig. 17. OC-AL,C/EMR Project Manager Discussing E-SMART System 
Deployed at Tinker AFB. 

Fig. 18. Field Test Engineer Showing how Instrumented E-SMART Sensor Hardware 
will be Installed and Used for Phase 11 Monitoring at Well 1-98 at Field Test Site. 
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Fig. 19. Field Test Engineer Showing how Well Cap serves as Interface to 3 E-SMART 
Sensor String, and how Well Cap will be Installed to Monitoring Well 1-98 at Test Site. 

Fig. 20. Discussion of Installation of Sensor String to Monitoring Well 1-98. 
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Fig. 21. Group Photo of E-SMART Team Members and Field Test Sponsors at End of 
Working Meeting and Visit to Tinker AFB Field Test Site. 

from lej? to right 
1.) John Mills, OC-ALC/EMR 
2.) Albert Dibelka, GA 
3.) Dr. Ira Skurnick, DARPA 
4.) Patrick Trudel, DOE-ID 
5.) Dr. Steve Leffler (kneeling), GA 
6.) Dr. Glenn Bastiaans, Bechtel 
7.) Jim Shim, Applied Research Associates (also Figs. 15, 16, 18,20) 
8.) Dr. Caroline Purdy, DOE-HQ 
9.) Bruce Nielsen, ALEQW-OL 
10.) Craig Smith, SECOR 
11.) Dr. Ming Fang, Sawtek 

(also Figs. 17,20) 
(alsoFigs. 11, 15, 18-20) 
(also Figs. 15, 17-20) 
(alsoFigs. 18, 19) 
(also Figs. 15-20) 
(alsoFigs. 15, 16) 

(also Figs. 15-20) 
(alsoFig. 15) 
(alsoFigs. 18, 19) 
(also Figs. 18,20) 
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1.5.2 Remote Access to E-SMART Network 

A summary of the alternatives considered for remote access to E-SMART field test 
data at Tinker AFB is provided in Table 2. Similar remote access alternatives would apply 
to any E-SMART monitoring site. 

Table 2. Alternatives for Remote Access to E-SMART Network 
Alternative 

1. Route a fiber optic cable from Building 3001 
to the SWTA and use it to access the base 
ethernet network 

2. Use a lOBaseT telephone line originating 
from Bldg. 3001, coupled with repeaters, to 
extend the Tinker AFB ethernet network to 
the SWTA 

3. Access an existing RF network maintained 
by the base 

4. Install an E-SMART-specific RF link from 
the trailer to Bldg. 3001 and/or the OC/ALC- 
EMR offices, 

5. Use a dial-up modem for telephone-only or 
telephonehternet communications. 

6. Copy E-SMART data onto ZIP drives 
(100MB capacity) and mail to GA for 
subsequent analysis. 

Comments 
A quote within our budget has been 
received from a 2nd supplier ($6.2K, 
Poisson Communications) which has 
made this the most attractive solution. 
The previous quote was for $22.5K. 
The lOBaseT router from TUT 
Systems did not meet the requirements 
of the Tinker AFB Network 
SystemsLAN group. 
The existing RF network belongs to 
the Fire Department, and it may be 
inappropriate to use it for other 
applications 
Expensive ($15K estimated.) To 
obtain line-of-sight between the 
SWTA and the roofs of Bldg. 3001 
and the OC/ALC offices would require 
significant hardware, labor, and 
electrical wiring. 
Slow rate of data transfer. Also, 
upgrade to ISDN requires expensive 
monthly fee ($4OO/mo), as does 
Internet access via an Internet service 
provider (ISP-$lOO/mo). 
Relatively labor intensive, but a 
practical temporary solution when 
sending large (>5 MB) files. 

Originally, it was planned to connect the E-SMART trailer to Tinker's ethernet 
network via a lOBaseT telephone line from Bldg. 3001 using repeaters manufactured by 
"UT SYSTEMS. However, before we could proceed with this plan, we needed 
permission from the Network SystemsLAN Group at the base. After conversations 
between representatives from OC-ALc/EMR, the Tinker AFB Network SystemsLAN 
goup, and Poisson Communications, we found that the base policy is to limit the routers 
on Tinker's network to high-end products from Cisco Systems. In the past, the network 
Systems/LAN group has found that a wide variety of products on their network leads to 
product incompatibilities and maintenance problems that impact their entire network. 
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The cost of required equipment from Cisco Systems was outside the budget for this 
task. As a result, the option to run fiber optic cable from Bldg. 3001 to the trailer was 
revisited, and a quote for this scope of work was received and accepted from Poisson 
Communications. 

In the interim, a telephone modem was initially used to transfer data from the E- 
SMART PC at the SWTA to the General Atomics site in San Diego for subsequent data 
review and analysis. As the database grew larger, a GA representative at Tinker saved the 
database on ZIP cartridges and mailed them to GA. 

Due to circumstances beyond our control, completion of the remote access to the E- 
SMART network at the SWTA has been delayed. The delay is primarily due to activities 
required to negotiate access to the base ethernet with the Bldg. 3001 
TelecommunicationsLAN office. As is appropriate to protect the security and reliability of 
their network, these personnel control the quantity and quality of the equipment added to 
their system, particularly the equipment added by site contractors. Unfortunately, the 
concomitant negotiations with this office have slowed OUT ability to add an E-SMART node 
to their network. 

However, based upon a decision arising from discussion with the 
TelecommunicationsLAN office, General Atomics hired Poisson Communications to run a 
fiber optic cable from Bldg. 3001 to the SWTA. This installation was completed in 
December. We are now awaiting installation of end equipment in the Bldg. 3001 hub. 
This installation will be performed by the Telecommunications/LAN office. 

For this task, Poisson Communications pulled lo00 ft. of 40-strand 62.5 micron 
multimode fiber optic cable from Bldg. 3001, Post P.47, to the E-SMART trailer at the 
SWTA. They placed ST type connectors at the ends of the fiber, tested the fibers after 
installation to assure minimum dB loss. Poisson needs to install a fiber optic patch panel at 
the trailer site for connectivity from the E-SMART data management PC to the fiber. 

Additional end equipment is being acquired to assist in completing the connection of 
the fiber to the Tinker ethemet network. This equipment included (1) an EPIN-F 
connector to allow connection between the Bldg. 3001 hub and the fiber, and (2) a fiber 
optic transceiver for the E-SMART PC. 

1.6 Visualization WBS 100.300 

SigmaPlot software was acquired from Jandel Scientific for use in charting E- 
SMART data for detailed analysis. The utility and ease of use of this software was 
investigated for subsequent incorporation into the E-SMART Data Management and 
Analysis System (DMAS). One of the advantages of SigmaPlot is its ability to quickly 
manipulate and plot large quantities of data. Other visualization and charting packages are 
under evaluation. 

1.7 Program Management 
E-SMART Team 

WBS 300.100 

A set of E-SMART TRP Team meetings took place on October 28th, 29th, and 
30th. The meetings on 10/28 and 10/29 were at Isco Inc., Lincoln, NE. The 10/28 
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meeting was used to review the E-SMART Node Specification. The meeting on 10/29 was 
used to review the E-SMART TRP Project focusing on GA, PSS/GTRI, 1x0, and SECOR 
progress and future plans. The agenda, that includes participants and participating 
organizations, for the E-SMART TRP Team meetings can be found in the Appendix. 

The meeting on 10/30 was a orientation meeting at the OC-ALCEMR office and a 
visit to the E-SMART Field Demonstration Site at Tinker AFB, in Oklahoma City, for E- 
SMART TRP Team members. Several visitors from DOE, DARPA, and the Air Force 
who have been involved in E-SMART development also participated in the meeting on 
10/30. The visitors were met by representatives from OC/ALC, General Atomics, and 
SECOR. The purpose of the meeting was to introduce the goals, schedule, and team for 
the E-SMART field test, and to tour the field test site at the SWTA. The visitors were: 

0 

Dr. Ira Skurnick, DARPA Project Manager for the E-SMART Technology 
Reinvestment Project (TFP); 
Dr. Caroline Purdy, head of the Characterization, Monitoring, and Sensor 
Technology (CMST, EM-53) branch of the DOE Office of Technology 
Development, and DOE-Headquarters Project Manager for the E-SMART TRP; 
Patrick Trudel, the DOE-Idaho Project Manager for the E-SMART TRP contract 
(which is administered through the DOE-Idaho office); and 
Bruce Nielsen from the Armstrong Laboratory Environics Directorate at Tyndall 
Air Force Base. Armstrong Laboratory is a member of the E-SMART TRP 
team. 
Glenn Bastiaans from Bechtel - Nevada, Special Technology Laboratory. 
Jim Shinn from Applied Research Associates. 

Isco 

1x0 approved and signed their amended subcontract that reflects the current TRP 
project restructuring. 

PSS/GTRI 

An agreement was reached with DOE and General Atomics to allow a temporary 
imbalance between DARPA costs and PSS/GTRI cost share, provided a letter is obtained 
from GTRI reaf f i ing  their total commitment and pledging to restore the appropriate 
balance as soon as possible. GTRI prepared such a letter. 

An additional subcontractor, Rapid Clip Neural Systems (RCNS) of Atlanta, GA 
was brought on the TRP project by PSS. A $75K subcontract has been negotiated by PSS 
with RCNS to develop pattern recognition software for the E-SMART microsensor. It is 
expected that this subcontract will be executed in January and work will begin in February. 

All documentation necessary to proceed with a $705K contract modification to 
implement the TRP restructuring agreed to in early 1996 is now complete. Also, approval 
has been obtained for an additional $154K contract modification to implement the new 
subcontract with RCNS. Both contract modifications are expected to be executed in 
January. 
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SECOR 

SECOR approved and signed their amended subcontract that reflects the current 
TRP project restructuring. 

1.8 Dual Use and Commercialization WBS 300.200 

Conceptual data sheets were prepared for 6 current E-SMART products that will be 
commercially available in the future. The data sheets provide descriptions for the: 

Model 1100 - Liquid Level/Barometric Pressure Sensor 
Model 1210 - Hydrocarbon Soil Gas Sensor (Adsistor) 
Model 1210 - Hydrocarbon Soil Gas Sensor (SnOJ 
Model 1300 - Free Oxygen Soil Gas Sensor 
Model 11x50-04 - Monitoring Well Interface 
Models 10100/10150 - Network Power Controller 

Included in the data sheets are descriptions of features, applications, and specifications for 
each E-SMART component. In addition, a summary data sheet was prepared that updates 
the description of E-SMART (the Environmental Systems Management, Analysis, and 
Reponing neTwork), and E-SMART capabilities. Included in the summary data sheet are 
photos and descriptions for the existing E-SMART product line. 

internet web accessible site map for E-SMART similar to the system they implemented for 
the Groundwater Remediation Field Laboratory at Dover AFB. 

Interactions with Biode, Inc. continued for development of an E-SMART 
compatible Hg sensor. This is a SBIR project that currently has DOE funding. Biode 
attended the E-SMART Team Node Specification meeting, at Isco Inc. - Lincoln, NE on 
October 28th for the purpose of reviewing the node specification. 

SMART team to support Photonics in the development of pattern recognition software for 
the E-SMART microsensor. 

applying E-SMART systems in their Smart Ship Program and other programs. 

Applied Research Associates has approached GA regarding development of an 

Rapid Clip Neural Systems (RCNS) of Atlanta, GA has been added to the E- 

The Naval Surface Warfare Center (NSWC) has continued to show interest in 

2. Problems 

During the Tinker field test, the E-SMART trailer at the SWTA was broken into 
October 1996 and an Epson Stylus Color 11 printer and an Iomega Zip drive were stolen. 
The theft of the Zip drive, combined with delays in providing ethernet access to the E- 
SMART trailer, has slowed field test data transfer and analysis. This has impeded technical 
progress somewhat. 

Technical progress has also been slowed somewhat by delay is linking the E- 
SMART trailer to the base ethernet network We expect this connection to be completed 
during the next quarter. 
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3. Plans for the Next Quarter 
Optimization of pattern recognition and improvements to waveguide quality and 

Microsensor coating chemistry development will continue. Rapid Clip Neural 

fabrication techniques for microsensors will continue. 

Systems will begin to assist Photonic Sensor Systems ( P S S )  in determining the specific 
combination of polymer coatings to be used for BTEX detection. 

The preliminary model of the E-SMART microsensor fabricated by ( P S S )  will be 
tested in a bench-scale soil chamber in the Daniel Labomtory at Georgia Tech. 

Advances in E-SMART network management, data management, and visualization 
will continue, including continuation of system upgrades. 

A scenario for extending the E-SMART field test at the SWTA is being developed. 
This extension would have several advantages. The most pressing advantage is that it 
would mitigate the consequence of the delay experienced in providing remote access to the 
E-SMART network by allowing an extended period of time during which the sensors take 
data. It could also provide the opportunity to continue to use information gathered during 
the demonstration to upgrade the E-SMART user interface, add more sensors to the 
network, provide a link between the E-SMART database and the OC-ALCBMR REGIS 
database, perform additional experiments to develop good correlations for the sensor 
results, monitor additional site parameters (such as humidity and meteorological 
parameters), and to develop a dedicated E-SMART web server. In addition, the extension 
would provide an opportunity to incorporate user feedback into the data presentation. 
During the extension perid, one or more visitor days that would be scheduled to allow 
representatives from other Air Force, US. government, and industry organizations to 
become acquainted with the SWTA and the E-SMART installation. The feasibility and 
scope of this extension will be discussed with project personnel. 

Specific field test activities planned for the next quarter are targeted at data analysis 

Connection of the newly installed fiber optic cable to the ethernet hub in Bldg. 
300 1 , and 
Evaluation and presentation of the E-SMART data collected to date. 

and completion of the ethernet access to the E-SMART trailer. The activities planned 
include: 

4. Milestones and Deliverables 

E-SMART System for In-situ Detection of Environmental Contaminants - Quarterly 
Technical Progress Report, Quarter 3, Calendar Year 1996 - completed and delivered per 
contract requirements. 

Financial Status Report-Standard Form 269A, Reporting Period 7/1/96 - 9130196 - 
completed and delivered per contract requirements. 

5. Papers and Conferences 

Tinker AFB newspaper, Tinker Take Off , entitled “Tinker selected as sensor test site.” The 
article described the E-SMART system as a premier technological device that is being 

An article that included field test photos was published in the 12/6/96 issue of the 
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employed to monitor a 2.5 acre remediation site at Tinker Air Force Base. The value of the 
E-SMART system deployed, that reports real-time data for Tinker’s Installation Restoration 
Program was detailed. The successful project partnering effort between OC-ALCEMR, 
DOE, DARPA, General Atomics, Isco, SECOR, and PSS/GTRI was also described. 

6. Financial Status Report 

completed by GA for this quarter and has been distributed to the following individuals at 
Per contractual direction, DOE form SF-269A, “Financial Status Report”, has been 

DOE-Idaho: 

Patrick Trudel, Program Manager 

Wade Hillebrant, Contract Specialist 

Chief Financial Officer, Financial Management Division 
Rebecca Rich, Accounting, Financial Management Division 

7. Distribution 
Rebecca Rich 
Chief Financial Officer, Financial Mgmt. Div. 
U.S. Dept. of Energy, 850 Energy Dr., M / S  1221 
Idaho Falls, ID 83401-1563 

Dr. Caroline Purdy 
Program Manager 
Trevion 11, Rm. 418 
U.S. Dept. of Energy 
Washington, DC 20585-0002 

Dr. Ira Skurnick - (DARPA TRP) 
Program Manager 
Defense Advanced Research Project Agency 
3701 North Fairfax Drive 
Arlington, VA 22203-1714 

Patrick Trudel 
Program Manager 
U.S. DOE, Idaho Field Office 
850 Energy Drive, M / S  1219 
Idaho Falls, ID 83401-1563 

Wade Hillebrant 
Contract Specialist, Procurement Services Div. 
U.S. DOE, Idaho Operations Office 
850 Energy Drive, M / S  1221 
Idaho Falls, ID 83401-1563 
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7. Distribution (continued) 

Bruce Nielsen 
Program Manager for Site Characterization, 

Monitoring, and Sensor R&D 
Site Remediation Division 
Environics Directorate 
Armstrong Laboratory (AL/EQW-OL) 
139 Barnes Drive 
Tyndall AFB, FL 32403-5323 

Dr. Glenn Bastiaans 
Bechtel - Nevada 
Special Technology Laboratory 
5520 Ekwill St., Suite D 
Santa Barbara, CA 931 11 

Kathy Waldrof 
Information Control & Accountability Branch 
Office of Scientific and Technical Information (OSTI) 
U.S. Department of Energy 
P.O. Box 62 
Oak Ridge, TN 37831 

Michael Long 
DARPA 

lo00 Independence Avenue 
Office of Defense Programs 
Washington, DC 20585 

(gets fax of cover page of report only) 

DP- 1 S/GTN 

fax: (301) 903-2903 

John Edwards 
President 
Photonics Sensor Systems, Inc. 
Suite N-103 
430 Tenth Street, NW 
Atlanta, GA 30318 

Ralph Setter 
Isco Inc. 
7108 Spoon Terrace 
Edmond, OK 73003 

Bill Foster 
Director of Engineering 
Isco, Inc. 
53 1 Westgate Boulevard 
Lincoln, NE 68528-1586 
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7. Distribution (continued) 
Craig smith 
SECOR International, Inc. 
Suite 302 
2655 Camino Del Rio North 
San Diego, CA 92108 

Nile F. Hartman 
Principal Research Engineer 
Georgia Tech Research Institute 
Georgia Institute of Technology 
Electro-optics & Physical Sciences Laboratory 
Atlanta, Georgia 30332-0420 
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APPENDIX 

E-SMART Node Specification Meeting 
Participants and Participating Organizations 

E-SMART TRP Project 

E-SMART Node Specification 
October 28,1996 
Lincoln, Nebraska 

E-SMART TRP 
Meeting Attendees 

Armstrong Laboratory, 
Wndall AFB 
Bruce Nlelsen 

ISCO. Inc. 
Ralph Setter 
Bill Foster 
Larry Fritz 
Dale Davison 
Steve Lenz 
Tim Sullivan 
Doug Carson 
Phillip Liescheski 

General Atomics 
J. Steve Leffler, Ph.D. 
Albert Dlbelka 

PSWGTRI 
John Edwards 
Nile Hartman 

SECOR 
Craig Smith 

BIODE 
Jason Syverson 
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E-SMART Node Specification Meeting Agenda 

Meeting Agenda 

Morninq 
8:30 am 
8:m am 

9:30 am 
1035 am 
10130 am 
11 :30 am 

i2:15 prn 

Meeting Overview 6. Leffler) 
Introduction to the E-SMART Node Spec (S. Leffler) 

- E-SMART Coals 
- E-SMART Node Overview 
- Node Spec Purpose/Audience 

lntro to LONWorks - Fundamentals (S. Lefflerl 
Break 
intro to LONWorks - Network Mgmt (S. Leffler) 
E-SMART Nodes - Hardware implementation 
(A. Dibelka) 
Lunch 

Meeting Agenda (cont.) 

Afternoon 
1:15 pm 

2:OO prn 
2:45 pm Break 
3:OO pm 

E-SMART Nodes - Software Implementation 

E-SMART Nodes - Physical & EnV. Specs (S. Lefflerl 

Open Discussion, Agreements & Commitments 
(All) 

(A. Dibelka) 

~ G C N E R A L m o M I c 5  
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E-SMART TRP Team Status Meeting 
Participants and Participating Organizations 

E-SMART TRP Project 

E-SMART TRP Team Meeting 
October 29,1996 

Lincoln, Nebraska 

E-SMART TRP Meeting 
General Atomics 

J. Steve Leffler, Ph.D. 
Albert Dibelka 

Government Sponsors 
Carolyn Purdy, Ph.D.-DOE 
Ira Skurnick, Ph.D.-DARPA 
Patrick Trudel-DOE/ldahO 
Bruce NielSen-ArmStrOng Lab lsco Inc. 
Glenn ~astiaans, Ph.D.-AMES 
Lab 

Ralph Setter 
Bill Foster 
Larry Fritz 
Dale Davison 
Steve Lenz 
Tim Sullivan 
Doug Carson 
Phillip Liescheski 

PSSIGTR I 
John Edwards-PSS 
Nile Hartman-GTRI 
Dan Campbell-GTRI 

SECOR 
Craig Smith 
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Meeting Agenda 

Morning 
8:30 am 
8:45 am 
9115 am 

10:15 am 
10:30 am 
12:45 pm 
1:15 pm 
1:45 pm 
2:15 pm 
3:15 pm 

Introductions & Meeting Ovetview (S. Leffler) 
Status of the E-SMART TRP Project (S. Leffler) 
GA progress ti FUtUre plans (s. Leffler) 
Break 
PSS/GTRI Progress & Future Plans (J. Edwards) 
Lunch 
lsco Progress & Future Plans (R. Setter) 
SECOR Progress & Future Plans (C. Smith) 
Open Discussion, Agreements & Commitments 
Adjourn 

Status of the E-SMART TRP 

. Contractual Status . Project Schedule  . Financial Status 
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E-SMART Field Test Site Orientation Meeting 
Participants and Participating Organizations 

E-SMART Field Test 

TINKER AIR FORCE BASE 
TRP Team Site Visit 
October 30,1996 

E-SMART Field Test 
Meeting Attendees 

OC-ALC/EMR 
Cathy Scheirrnan 
Jeff Bradley 

Joseph Cecrte 
John Mills 

E-SMART TRP Team 
J. Steve Leffler-GA 

Dominic FerOne-GA 
Craig Smith-SECOR 

Albert Dibelka-GA 

Ming Fang-SAWTEK 

TRP Government Sponson 
Carolyn Purdy, Ph.D.-DOE/HQ 
Ira Skurnick, Ph.D.-DARPA 
Patrick Trudel-DOE/ldaho 
BNCe Nielsen-Armstrong Lab 
Jimmy Cornette-Armstrong Lab 
Glenn Bastiaans, Ph.D.-AMES Lab 
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E-SMART Field Test Site Orientation Meeting Agenda 

Agenda 

9:OO am 
9.15 am 

Welcome to Tinker AFB (J. Bradley) 
E-SMART Field Test Overview (S. Leffler) 

10:15 am Break 

11:15 am 

1 2 : ~ p m  Lunch 

10:30 am EMR Activities at Tinker AFB (J. Mills) 
Visit to the Southwest Tank Area ( S W A )  
Field Test Site 

E-SMART Vision 
E-SMART NETWORK 

SAMPLER MANAGEMENT SYSTEM 

I I 
PLUME SMART SENSORS 

+ G M R A L m C S  

Page 4 1 


	Executive Summary
	Work Conducted October December
	Multichannel Microsensor
	Sawtek Integrated Modular Array Sensor (MAS)
	Other Sensors and Actuators
	E-SMART Network Management
	Field Testing
	Visualization
	Dual Use and Commercialization

	Problems
	Plans for the Next Quarter
	Milestones and Deliverables
	Papers and Conferences
	Financial Status Report
	7 Distribution
	Appendix

