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Progress Report VII

January – June 2002

I.  Project Tasks
Task I:  Administration

A.  Personnel.  During the period from January to June 2002, the BBC did not have any new positions to fill, but did replace two persons who had left the project.  Jo Coulburn filled the postdoctoral position vacated by Dr. Sylvia González-Acinas in May 2001.  Jo's resume was contained in Appendix I of BBC Project Report VI.  Jo is working with Dr. Tisa on the microbial characterization project.  Her background is in the use of molecular methods in microbial characterization.  She is getting her Ph.D. at the University of Abertay at Dundee (UK).  Since her arrival in January, the molecular work has increased because we are no longer short staffed.


Dr. Larry Brannaka left UNH in December 2001 for Pennsylvania to be with his family.  His positions as the BBC's Quality Assurance (QA) officer and Health and Safety (H&S) officer were assumed by Claudie Grout, a certified environmental trainer (CET) with extensive QA and H&S experience.  Claudie's resume was contained in Appendix I of BBC Project Report VI.  Claudie began working part-time (~10 hrs/month) on the BBC project in January and has been active in monitoring QA activities and H&S of the various aspects of the project.


Dr. Evan Griffiths, who joined the project as a postdoctoral student in September 2001, left in June 2002 to pursue a career in private consulting.  Dr. Griffiths funding for the Postdoctoral position was for one year and, because the Year IV funding was only $500,000, could not be renewed.  Dr. Griffiths was able to develop a prototype bedrock core microcosm during his nine months with the BBC.  Stephen Druschel, a Ph.D. candidate with Dr. Kinner, will test the microcosms for his dissertation research.  Steve is a part-time student who owns his own environmental engineering consulting business, so he will not need any funding other than supplies for his research.  Kimberly Newman (Research Scientist) was on maternity leave from late December 2001 to late March 2002.  When she was on leave, Michelle Mills (Research Technician III), assumed Kim's responsibilities.  This was possible because (i) we were not doing extensive drilling during this time, and (ii) Don Dubois (Research Technician II) was able to cover the limited field work occurring.  Kim has returned to the project at 80% time.  Because of the reduced budget and scope of work for Year IV, this has not created a problem for the BBC.  


B.  OSHA Training.  All BBC personnel who work in the exclusion zones at the Pease Site 32 BBC field site must have a current OSHA 40 hr certification.  Jo Coulburn does not need this certification as she does not work in the field.  Claudie Grout has her OSHA 40 hr certification, so the BBC did not have to pay to train her.  The BBC will sponsor its annual 8 hr OSHA refresher for all of its employers in July 2002.  Claudie Grout will conduct this refresher training.


C.
Quality Assurance Project Plan (QAPP).  The Project’s QA Officer (Claudie Grout) met with all of the BBC's researchers during this reporting period and conducted QA audits.  Follow-up meetings were scheduled as needed.  Reports from the QA audits are contained in Appendix I.  Claudie will continue her meetings with BBC researchers in Year IV.  The SOP for packer sampling of borehole groundwater was developed (See Appendix II).  A chemical inventory of all chemicals at the BBC's Pease field site was also conducted.  


D.
Health and Safety Plan (HASP).  Claudie Grout, the project's H&S Officer, helped Dr. Kinner, Michelle Mills, Don Dubois, and Kim Newman develop a new decontamination procedure for the packer system.  The straddle packer weighs almost 200 lbs and the old decontamination procedure required lifting this device into a set of inclined PVC pipes containing the cleaning solutions.  This was difficult to do as the opening to the PVC pipes was ~5 ft off the ground and decontamination liquids could splash out of the tubes or drip off the packer onto workers.  The new procedure will use 10 inch diameter PVC pipes laid horizontally on the ground.  The packer will be lowered into these pipes by workers standing above them.  This means that there is less potential for splashing as the entire length of the pipe is cut open allowing packer entry.  In addition, workers can wear boots to protect them from dripping fluid and also do not have the packers near their bodies and faces.


Don Dubois and Michelle Mills both took a first aid/CPR course offered at UNH.  It is good to have trained individuals working at the Pease field site.  New hazardous/chemical notification and non-smoking signs were posted at the site.  Respirators were checked for cartridge age and suitability.  Both BBC trucks were inspected and certified for another year of service.  All agreement and log sheets are being maintained at UNH and/or the BBC Site 32 trailer.


E.
Waste Disposal Issues.  In January 2002, the BBC hired Clean Harbors to remove the accumulated rock flour from the waste tanks used during drilling (two-3,000 gallon tanks).  The total cost for this disposal is ~$4,750.  The drill cuttings were not contaminated and could therefore be disposed at the Waste Management landfill in Rochester, NH.  The 5,000 gallon waste tank at the U.S. Air Force (USAF) Site 8 treatment plant will be cleaned in July 2002 by Clean Harbors.


F.
BBC Website.  The website is continually updated by Colleen Mitchell, who oversees  website management for the UNH Environmental Research Group, which is the umbrella center under which the BBC resides.  The website is used for course registrations (e.g., the May 15, 2002 Regulator's Workshop, the September 27, 2002 Consultants Workshop).  It also is a repository for all course materials, so that attendees can access electronic copies of information.  The website contains copies of all abstracts and papers published by the BBC and the hydraulic model (HYTESTS) developed to estimate hydraulic conductivity (K) and storage coefficients (S) from flowrate-drawdown time data.  


G.
Conferences.  The BBC researchers presented four papers at the Fractured Rock Aquifers 2002 Conference in Denver, CO (March 13-15, 2002).  Copies of the abstracts for three talks and one poster were contained in Appendix V of the BBC Progress Report VI.  Copies of the published conference papers (for the three oral presentations) are contained in Appendix III of this progress report.  The HYTESTS model presented as a poster is downloadable from the BBC website as shareware.  The feedback from the papers presented at the Denver conference has been good.  The paper comparing borehole sampling methods did cause the manufacturer's of the FLUTe system to be concerned because of its release of DOC into the groundwater.  Subsequent tests are being conducted on the FLUTe and are corroborating the original findings.


Four papers, submitted by the BBC, have been accepted for oral presentations at the International Symposium on Subsurface Microbiology (ISSM) being held in Copenhagen from September 8-13, 2002.  Drs. Kinner, Eighmy and Tisa will be attending this meeting.  Only Dr. Tisa's trip expenses are being covered by the BBC.  Other resources are being used to pay for Drs. Kinner and Eighmy.  The abstracts of the four presentations are contained in Appendix IV.   The BBC was asked to be a sponsor of the Northeastern FOCUS Ground Water Conference organized by the NGWA.  (N.B., No financial commitment was involved in this sponsorship).  BBC researchers will give a keynote address at the conference (Burlington, VT; October 3-4, 2002) and have a special session on the first day.  Appendix V contains the abstracts for the presentations and the schedule.  


USEPA support of the BBC is acknowledged in all abstracts, papers, oral presentations and posters given by the BBC.


H.
BBC Advisory Board.  The BBC's Advisory Board met in the Environmental Technology Building at UNH on Monday, April 29, 2002.  The meeting was attended by Board members:  Dr. Allen Shapiro, Richard Willey, Arthur Ditto, Dr. Darrin Curtis, Dr. Ronald Harvey, Thomas Mack, and Susan Willoughby (NHDES; representing John Regan).  Peter Forbes (the USAF Pease Environmental Coordinator) also attended.  Dr. John Wilson participated by telephone.  He also had all the PowerPoint slides on his computer while listening to the talks.  Dr. Frank Chapelle was unable to attend at the last minute due to a death in the family.  Dr. Mary Gonsoulin (USEPA Project Officer) was unable to attend because of a prior commitment for USEPA.  The agenda for the Board meeting is contained in Appendix VI.  


The Board members main comment regarding the information presented at the meeting concerned the focus of the BBC's research as proposed in Year IV.  While the Board supported the work done to date, they emphasized that the project should focus more on bioremediation.  They stated that the well cluster should proceed, so that an in situ test of a bioremediation technology could be started in Year IV.  They suggested that this should be the major effort for Year IV.  The Board members will be receiving a request along with this progress report, asking for their specific comments on the Year IV proposed research.  Based on the Board's comments, the BBC is proceeding with BBC6, the last borehole in the well cluster, and should be ready to start a bioremediation test in Winter 2003 after geophysical and tracer testing of the well cluster are completed.


I.  Drilling at Site 32.  Little drilling was done during this reporting period.  BBC5 was finished during the second full week of January 2002.  Drilling BBC5, the second borehole in the well cluster, was a difficult experience.  The borehole was started in late November 2001 because it could not be installed until after testing in BBC4 was completed (in early November).  The microsphere and INA tracer experiments slowed the drilling process and more difficult yet was the problem of cold weather (i.e., need to use extra measures to avoid freezing of the drilling water supply/equipment).  BBC5 was completed to a depth of 198.2 ft below ground surface.


Drilling of BBC6 will commence in August 2002.  This borehole will be located based on the drilling parameter recorder (DPR), lithologic and geophysical logs, and the hydraulic testing.


The rhodamine monitoring in the Site 32 bedrock wells continued during this report period.  Rhodamine was used as a tracer for some of the drilling experiments in BBC1 during July 2001.  The pumping tests at Site 32 have shown that the flow direction is generally toward the sheetpile.  Rhodamine has not been detected in any well at Site 32, even at the part per trillion level, since its addition to BBC1 occurred in July 2001.  Based on an average groundwater velocity of 1 ft/day, travel times may be more than 1 year to most of the wells.  Monitoring will continue on a biweekly basis.  


The profile of chlorinated solvents with depth in BBC5 is shown in Table 1.  The concentrations are similar to those found elsewhere in the competent bedrock at Site 32.  Again cis 1,2 DCE is the predominant species, indicating some biodegradation is occurring at Site 32, but the extent is probably small, especially in the competent bedrock, most likely because of electron donor limitation.
Task II:  MTBE Site Selection
 
As discussed in Progress Report VI and the Year IV Workplan, the BBC has decided to delay opening an MtBE bedrock research site because of limited funding.  Opening the MtBE site, without securing more long-term funding for conducting research there, would detract from the BBC's projects at Site 32.  The opening of the MtBE site will be delayed until more secure funding can be obtained.  Senator Robert Smith (NH) included language in the U.S. Senate's version of the Energy Bill authorizing support for an MtBE clearinghouse/research effort by the BBC in MtBE.  While the language was in the Senate version, it was not in the House version.  It is unlikely an energy bill will be reported out of the conference committee this year.  Senator Smith is up for reelection in November 2002.

Task III:  Hydraulics and Well Sampling

During the reporting period, two oral and one poster presentation were made at the Fractured-Rock Aquifers 2002 Conference (Denver, CO).  Hydraulic and slug tests were conducted in BBC5 and single packer hydraulic tests were performed in BBC3 to check previous work.  A vertical hydraulic conductivity profile was delineated for BBC5.  Data analysis on the BBC5 slug and pumping tests is continuing and will be completed during the next reporting period.


The HYTESTS hydraulic model (including Slug Test Analysis) is being converted from the DOS application, presented at the Fractural Rock Aquifers 2002 Conference, to a Windows application.  The code will be available on the BBC website.


Dr. Ballestero taught a two week short course to 40 groundwater professionals in Bogota, Colombia.  The subject of the course was the Design of Monitoring Networks and much of the information was on bedrock.  The PowerPoint slides for the course are available on the BBC website.  


The FLUTe sampling experiment conducted in October 2001 and reported at the Fractured Rock Aquifers 2002 Conference indicated that the chlorinated solvent results obtained from this device (See Appendix III – Sampling Paper) were ~1/2 the concentrations obtained with the other methods, including the traditional straddle packer.  This difference was attributed to the FLUTe releasing DOC into the borehole.  Because the aquifer is electron donor limited, releasing DOC enabled in situ microorganisms to degrade the chlorinated solvents (which acted as electron acceptors).  The FLUTe manufacturer was unaware of this effect and believes that the results occurred because more water volumes need to be purged before sampling groundwater in order escape the FLUTe's "halo" effect.  They have recommended that two well bore stroke volumes be purged.  An experiment was designed and conducted this reporting period to sample from the various FLUTe ports in BBC4 to determine if increasing the volumes purged (i.e., 1, 2, 3, 5, and 8 well bore stroke volumes) would eliminate the DOC effect.  The results of the VOC and TOC analyses will be back from the laboratory during the next reporting period.


Long term monitoring of the groundwater levels and climatological data at Site 32 continued.  Plots, graphs and regression equations of this data were derived and presented at the BBC Advisory Board meeting in April 2002.  Groundwater levels and changes still appear to correspond to precipitation and atmospheric pressure.


The USAF Pease contractor, MWH, performed a long duration (14 day) pumping test of the overburden Haven Well located in the middle of the runway apron at Pease.  The BBC provided the pressure transducer data from its competent bedrock wells to MWH for this period.  There was no significant effect of the overburden pumping on the BBC's competent bedrock wells.  

Task IV:  Microcosm Development

The two prototype microcosms developed by Drs. Griffiths, Kinner and Brannaka were presented at the BBC Advisory Board Meeting.  After working with the microcosm prototype that consisted of a single rock face in a glass reactor with a Delvin lid, it was determined that more surface area for microbial colonization was available on the reactor parts themselves (e.g., lid, sidewalls) than on the rock.  There was little way to overcome this problem, so work on this microcosm prototype was stopped.


The second microcosm prototype, based on a permeameter, is more promising and the BBC and UNH are exploring the possibilities of patenting this design.  In this microcosm, the 4 inch diameter rock core is placed inside Tedlar® and latex membranes.  The former is resistant to chlorinated solvents and is in direct contact with the core.  The latter is very elastic and holds tight to the core.  Machined deldrin and stainless steel pieces clamped to the sides of the rock direct flow into and out of a fracture spanning the core.  The latex and Tedlar® membranes are held tight against the core by the pressure of an external water jacket.  Rhodamine dye studies indicated flow can be directed solely through the fracture spanning the core.


The BBC Advisory Board suggested that the microcosms be used as a draw and fill device and not with continuous flow as this will be too complicated.  Eight microcosms of this type are being manufactured at the UNH Machine Shop and experiments with them will be conducted starting in the next reporting period.  One bioremediation company has expressed interested in this device.

Task V:  Lithology and Geophysics

Core from BBC5 was logged. No difference in lithology with BBC4 was noted, nor was it expected, as BBC5 is sited only 25 feet from BBC4.  Less connectivity of fractures identified in BBC4 at depths between 95-100 feet was found than was predicted from structural, ground penetrating radar (GPR) and DPR data at depths in BBC5 between 110-115 feet. Greater hydraulic communication was recognized at several deeper positions, likely related to the contacts of a diabase dike recognized in both boreholes.


Additional zeolite occurrences have been identified in BBC5 and have been evaluated by xray diffraction (XRD).  They, not unexpectedly, are the same species as reported in BBC4.  Characterization of the distribution of this mineral will continue as it has the potential to constrain the temperature, pressure, and fluid composition during at least one stage of fracture filling.  One working hypothesis relates the zeolite mineralization to the emplacement of widespread Jurassic diabase dikes in the seacoast region of New Hampshire.  A close working relationship continues with Dr. Eighmy on the characterization of mineralization of fracture surfaces.


Detailed optical and acoustic televiewer logging by Geophex, scheduled for July 2002, is needed before siting BBC6, as the apex of an equilateral triangle. BBC6, slated to be drilled starting in August 2002, will be logged as it is retrieved and sampled for further mineralogic and structural study. 


Borehole radar logging of BBC5 occurred this reporting period.  Table 2 shows important fractures identified with depth in BBC5 by the videologs, lithology, omnidirectional borehole radar and DPR.  This determined the depths at which groundwater sampling occurred in BBC5.  

Task VI:  Microbiological Characterization

The primary goal of the microbial characterization component of the BBC project is to identify TCE-degrading bacterial populations associated with or growing on the fracture faces of the contaminated bedrock. Previously, samples were collected from the cores that were removed from BBC1, BBC3 and BBC4.  In June/July, the final samples of the seasonal study were obtained.  Groundwater samples were collected from BBC1 and BBC3. The packer system was used to collect groundwater from three different depths for BCC3:  59-64 feet, 85-90 feet, and 95-100 feet.  Core samples from two depths in BBC1 were also collected:  40-45 feet and 47-52 feet.  The DNA from these samples was extracted and is being analyzed by the use of a molecular fingerprinting technique to check spatial and temporal differences in the prokaryotic community. Denaturing gradient gel electrophoresis (DGGE), which allows for large numbers of samples to be analyzed simultaneously, is used to analyze microbial community structure. Primers for 16S rRNA genes, which were described in an earlier report, were used for the partial amplification of these genes for DGGE analysis. The variable region number 3 (V3) of the 16S rRNA gene is amplified.  


Analysis of bedrock cores from BBC5 is now occurring.  One of the most interesting results is the identification of microbial populations extracted from the surface of the partially sealed mineralized fractures (PSMF).  Before BBC5, only two samples had been obtained of these types of fractures. To allow a vertical study, DNA was extracted from nine samples of these types of fracture surfaces from BBC5 at different depths (from 71.5 to 124 ft).  The community profiles of these samples are being analyzed. Preliminary data on one PMSF sample at 95.5 ft indicated that the microfracture community structure differed from those in the groundwater and open fractures. Ten DGGE bands were sequenced and analyzed to identify the microorganisms that are present in the population. This PSMF surface contained Arthrobacter sulfonivorans, Ultramicrobacterium str. D-7, an uncultured bacterial clone RA13C10 that has also been retrieved from groundwater contaminated with chlorobenzene, glacial ice bacterium Guliya200-A1, and a U(VI) reducing bacterium.  A study comparing the community profiles of these PSMF samples and mineral content was initiated. These fracture surfaces are being grouped based on geological traits and surface chemistry by Drs. Bothner and Eighmy. The community profiling studies should indicate common prokaryotes for each of these groups. Although most efforts were focused on the PSMF studies, samples from groundwater and open fracture surfaces from BBC5 were also processed and DNA was extracted for these samples. 


Based on the chemical analysis of the groundwater samples from BBC1 and BBC3, primers were designed for several specific phylogenetic groups that may act as key players in the aquifer.  These groups include iron-reducers, sulfate-reducers, methanogens, methylotrophs, dehalorespirers, and ammonia-oxidizers.  Primers were designed for functional genes including dissimilatory sulfite reductase, methyl CoM reductase and reductive dehalogenase.  Preliminary analysis of the groundwater and fracture surfaces detected the presence of the dehalorespirers, Dehalococcoides ethenogenes and Desurfuramonas chloroethenia.  It will be important to quantify microbial populations for the samples.  Current efforts have focused on developing real-time PCR methodology for analysis of future BBC samples.  This technique will be used to quantify unique metabolic groups of microbes.


During this reporting period, a method of Fluorescent In Situ Hybridization (FISH) has been developed.  The FISH protocol was optimized with pure cultures for two probes, one for a sulfate reducing bacterium (SRB385Db) and one to a general Eubacterial probe (EUB338).  Initially, it was hoped that FISH could be performed directly on rock samples from the BBC cores, allowing a direct count of bacteria present on the fracture surfaces.  However, the rock samples autofluoresce at the same wavelength as the fluorochromes used with the FISH probes.  Groundwater samples are ideal for FISH work since they have high cell counts and little rock debris.  There has been recent success in obtaining preliminary FISH results from these samples.


Groundwater samples from several sites in BBC1 (42.5 and 49.5 feet) and BBC3 (61.5, 87.5, and 97.5 feet) were collected during part of a seasonal study.  Total cell counts in BBC1 were in the range of 106 cell/mL, ten-fold higher than in BBC3 (105 cells/mL).  Preliminary FISH results from several of these samples showed that between 95-99% of the total cells are Eubacteria (not Archaea) and up to 5% of the cells are sulfate reducers.  With the FISH protocol optimized, all of the groundwater samples are being analyzed with these two probes.  The results will allow comparison of the distribution of the sulfate reducers and Eubacteria based on location and depth.  More probes will be developed to target other relevant groups of bacteria thought to be involved with in situ TCE degradation.  

Task VII:  Fracture Characterization

The characterization of bedrock microfractures has been ongoing since September 2001. Methodology was developed to collect small pieces of fracture surfaces and then preserve /store them for subsequent analysis using scanning electron microscopy (SEM), x-ray powder diffraction (XRPD), x-ray photoelectron spectroscopy (XPS), mercury intrusion porosimetry (MIP), and ion microprobe/secondary ion mass spectrometry (SIMS).  Additionally, these materials are being provided to Dr. Louis Tisa for PCR amplification and DGGE, and Dr. Elise Sullivan for epifluorescent microscopy and FISH.  To date, microfracture samples have been collected from two cores from BBC3 and three cores from BBC5.  The BBC3 cores were collected almost one year ago, however, many of the fracture surfaces were still wet when opened.  The BBC5 fracture surfaces were collected within days of core extraction. Approximately 15 microfracture surfaces were collected in total. 


Extensive progress has been made on two microfracture surfaces from BBC5: microfracture 6 (from 97 ft) and 8 (from 124 ft). Preliminary examination of the fracture surfaces by Dr. Bothner's team with petrographic methods and XRPD suggests that at least three different secondary minerals are present, nominally one comprised of chlorite, one of clinoptilolite, and one of calcite.  Microfracture 6 is most likely host rock with very little secondary mineralization or host rock alteration. Some conchoidal surfaces are present, suggestive of the glassy nature of the host rock microfracture surface. The distinction between surface weathering and secondary mineralization is difficult. XRPD analyses of the surfaces suggest that chlorite family minerals are present.  Energy dispersive x-ray spatial mapping revealed a number of secondary minerals or fracture surface minerals;  calcite- and pyrite-like minerals have been observed.  SEM has shown microorganisms to be present, particularly in clusters or biopatches, but at low densities overall.  Morphologies are almost always rods 1.0 to 1.2 um long and 0.5 um wide.  Some possible extracellular polymeric material has been seen.  Microfracture 8 is perhaps a calcite/dolomite-based microfracture surface with complex three dimensional structures coating the host rock. Microorganisms are also present, but are embedded in either precipitate or extracellular material.  More work is ongoing.  Some preliminary geochemical modeling of pore waters from regions including the microfractures suggests that microfracture surface minerals do control major ion porewater geochemistry.  Fracture surfaces will be subjected to SIMS and XPS mapping and depth profiling.  Mercury intrusion porosimetry is also planned.  

Task VIII:  Drilling Parameter Recorder (DPR)

The drilling parameters acquired during the advances of boreholes BBC4 and BBC5 have been fully concatenated and have been partially analyzed with the help of two students (Jeffrey Garnett and Stanley Sadkowski).  Figure 1 shows all drilling parameters as recorded by the DPR system for the depth interval from 95 to 110 feet of BBC4.  The torque is corrected to take into account the drill rig efficiency.  Work is being conducted using compound parameters as a means to detect fractures, material type changes and other anomalies using the DPR data from BBC4 and BBC5.  These parameters are correlated to the caliper as well as the acoustic and optical televiewer logs.  Figure 2 shows the geophysical data (televiewer and acoustic logs as well as the geologist interpretation of rock types) compared to two compound DPR parameters and the DPR's monitored difference between the inflow and outflow of water during drilling.  The Somerton index is a parameter that is a function of the weight on the drill bit (thrust plus weight of rods), rotational speed and penetration rate.  The Specific Energy is a function of thrust pressure, rotational speed, torque, and penetration rate.  It also takes into account the cross-sectional area of the borehole.  Several data smoothing techniques have been used to extract those key features from the DPR logs. The students also logged the cores from BBC4 in an effort to better understand the relationship between the DPR measurements and the physical features of the bedrock at Pease and to gather additional information.  Stanley Sadkowski has decided to attend UNH for his master’s degree in civil engineering.  His thesis work will involve the DPR and how it can be used to detect fractures in bedrock.  


The drilling fluid pressure sensor on the DPR system, which was damaged while drilling the last stages of BBC5, was shipped to France for repairs.  It was returned to UNH during this period.


Analysis of BBC4, BBC5 and BBC6 DPR data will continue during the next reporting period.  

Task IX:  Site 32 Maintenance

The BBC continues to be active at Pease Site 32.  Pumps, the packer system and other tools, tanks and equipment are used frequently.  Don Dubois is conducting routine maintenance on these items as needed and is developing a preventive maintenance plan for the BBC.

Task X:  Technology Transfer

Technology transfer became a major focus of the BBC during this reporting period.  Until this time, the BBC did not have enough information to hold workshops, but now it does.  The BBC held a one day workshop for Federal and state environmental regulators from New England.  The free workshop was held at UNH on May 15, 2002.  68 people attended representing various agencies.  Appendix VII contains a list of attendees and the workshop agenda.  The course handouts were given to attendees and also made available to them on the BBC website (but not to the general public).  The costs for the workshop were minimal because it was conducted on a day when classes were not scheduled (a finals preparation day).  In addition, all advertising and registration was done via email and the BBC website.  The attendees provided their own lunch.  


The general consensus of the attendees was that the workshop was valuable and informative.  They expressed a desire for annual workshops and suggested that they also be given for consultants.  This will be done on September 27.  The workshop for consultants will be similar to the one for the regulators except that a fee of $100 will be charged to cover course handouts, conference center rental, and food.  As of August 30, 20 people had registered after an email notice was sent to ~250 consultants, many suggested by regulators who attended the May 15 workshop.  Regulators were contacted to encourage attendance of consultants of the September 27 workshop.  A mailing will also go out to consultants to encourage attendance.  After Labor Day, registration is expected to increase.


There were no regulators from New York or New Jersey at the May 15 workshop in spite of invitations sent to these states.  The major reason for this was an out-of-state travel ban imposed in these states due to budget constraints.  These state agencies were contacted and would like to have the BBC workshop presented to their employees.  Therefore, on November 25 and 26, Drs. Kinner and Ballestero will travel to Trenton and Albany to give the workshop at NJDEP and NYDEC, respectively.  Attendance at each workshop is expected to be in the range of 50-70.


Richard Steimle (USEPA TIO) has provided the BBC with a list of other states that may be interested in the workshop.  These agencies will be contacted during the next reporting period about the possibility of BBC researchers traveling to these states in Spring 2003 to give the workshop.  The cost of these workshops, as with the May 15 and NJDEP and NYDEC workshops, would be covered by the funds budgeted in Year III Task XI (Technology Transfer).  The number of workshops will be limited by the funds available. 


Drs. Kinner and Ballestero traveled to San Antonio and Austin, TX to present an overview of the BBC's research at AFCEE and Parsons Engineering, respectively, on April 8, 2002.  As a result of these presentations, Drs. Kinner and Ballestero will return to AFCEE in October and give the 16 hr bioremediation course, developed by Dr. Kinner in Fall 2001, to their employees.


Materials were prepared that could be displayed at a conference booth to inform attendees about the BBC's research and services.  The materials are contained in Appendix VIII.  Drs. Kinner and Griffiths manned booths at the USEPA/NEWMOA Site Characterization Workshops in Manchester, NH and Farmington, CT on June 4 and 6, 2002.  The booths were well received at both meetings and several calls for technical assistance from the BBC resulted from these experiences.  The materials will be displayed at the NGWA and ISSM conferences in October and September 2002, respectively.


The result of all of these technology transfer efforts by the BBC is a better informed private and public sector about the current state-of-the-art in bedrock monitoring and remediation, as well as a heightened awareness and use of the BBC's services/knowledge base by those outside UNH.  Technology transfer will continue to be a focus of the next reporting period.

Task XI:  Technology Verification

BBC6, the final well in the cluster needed to perform the in situ bioremediation technology verification, will be completed in late September 2002.  The rest of the fall and early winter will be consumed doing geophysical and lithological evaluations, and hydraulic and tracer testing to verify hydraulic connectivity between BBC4, BBC5 and BBC6.  It is anticipated that technology verification will begin in late Winter 2003.  During the next reporting period, Dr. Kinner will work with the private sector and USEPA to identify possible bioremediation technologies for testing.  These will be brought before the BBC's Advisory Board before any final decision is made as to which technology to test.  


The technology verification on the different borehole sampling devices (e.g., FLUTe, Hydrasleeve, diffusion bag samplers) was completed and a paper will be submitted for publication on this work.

II.
Budget

A Workplan for Year IV monies ($500,000) was submitted to USEPA in March, 2002 Year III funds are being expended at a reduced rate to conserve money for the next year.  A major focus of the next reporting period will be seeking funding for Year V.

III.
Quality Assurance

Goals/specifications outlined in the BBC's QAPP are generally being met.  Claudie Grout, the project's QA Officer, audited all of the BBC researchers this reporting period.  These reports are contained in Appendix I.  She will follow-up on these audits during the next reporting period to be sure any issues have been addressed properly and promptly.

IV.
Miscellaneous

The BBC researchers, staff and graduate students continue to meet biweekly to discuss their findings and plan experiments/field events.  This coordination continues to be essential to keep the project on track.


A map of Site 32 including BBC1, BBC3, BBC4 and BBC5 was prepared (Appendix IX).


On January 28-29, 2002, Dr. Frank Chapelle (USGS, Columbia, SC) returned to BBC3 to sample the hydrogen gradient in the borehole.  The hydrogen concentrations had been high in the well on August 30, 2001 after the FLUTe was inserted and removed from the well.  It is believed that the FLUTe released DOC that stimulated bacteria to produce hydrogen during biodegradation of the organic matter.  The hydrogen concentrations were lower again in January.  Dr. Chapelle will return to sample BBC3 in Summer 2002 to see if there is a pattern of hydrogen production in the casing as a function of temperature.  


A hydrogen gas analyzer was ordered, per specifications of Dr. Chapelle.  The analyzer will enable the BBC to sample hydrogen in its wells as a means of determining what type of in situ degradation is occurring.  The analyzer is back-ordered until the next reporting period.

V.
Activities Planned for July-December 2002

The following major activities are planned for the beginning of Year IV during the reporting period from July to December 2002.  These will be discussed in Progress Report VIII.

· Funding for the BBC for Year V will be sought.

· BBC6 will be drilled, completing the well cluster.  DPR, lithogical and geophysical logging, and hydraulic testing will be conducted on BBC6.

· A protocol for tracer studies on the well cluster (BBC4, BBC5 and BBC6) will be developed and reviewed by the BBC Advisory Board.  Once approved, the tracer tests will be conducted to determine the extent of hydraulic interconnectivity between the boreholes.

· Planning will begin for the in situ bioremediation technology verification experiments in the well cluster that will begin in late Winter 2003.

· Presentations will be made at ISSM (September 2002), NGWA (October 2002), NJDEP (November 25), NYDEC (November 26) and to consultants (September 27).  A two day bioremediation course will be given at AFCEE.

· The manuscript to Nature on the bedrock characterization will be submitted.
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