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DISCLAIMER
II IIII

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government
or any agency thereof.
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PREFACE

This booklet contains summary sheets that describeFY 1993 characterization,
monitoring, and sensor technology (CMST) development projects. Currently, 32
projects are funded, 22 through the OTD Characterization, Monitoring, and Sensor
Technology Integrated Program (CMST-IP), 8 through the OTD Program Research and
Development Announcement (PRDA) activity managed by the Morgantown Energy
Technology Center (METC), and 2 through Interagency Agreements (lAGs). The
summary sheet footers indicate whether a project isprincipally a CMST-IP or METC
responsibility. More detailed information regarding these projects can be obtained by
contacting the Principal Investigator. Contact information is included in each project
summary sheet.

This booklet is not inclusive of those CMST projects which are funded through
Integrated Demonstrations (IDs) and other Integrated Programs (IPs).

The projectsare in six areas:
Expedited Site Characterization; i s-- 5096

Contaminants in Soilsand Groundwater; DE93 01156 3
Geophysicaland HydrogeologicalMeasurements;
MixedWastes inDrums,BurialGrounds,and USTs;
Remediation,D&D, andWaste ProcessMonitoring;and
PerformanceSpecificationsand ProgramSupport.

Projectsthat haveapplicationin morethane_e area are listedintheirprimaryarea only.
The Table of Contentsprovidesthe comple_.,_listof projects.

The Ames Laboratory CMST group, together with OTD Headquarters and METC
personnel, is responsible for the CMST-IP poster sessionand this booklet for the 1993
RDDT&E Mid-Year Program Review. On behalf of all, we thank the Principal
Investigators and their Technical Project Managers,who supplied us with the
information for both.

= We hope this informationwill linktechnologydeveloperswith customersto help promote
appropriatetechnologydevelopmentand, ultimately,applicationandadoptionof
improvedor previouslyunavailabletechnology.Potentialcustomersor technology
appliers,we inviteyourcommentson howto betterserveyourneeds. Pleaseaddress
yourcommentsto any one of the following.

" Bill Haas Caroline Purdy Bob Bedick
IntegratedProgramCoordinator, ProgramManager,CMST-IP U.S. DOE ProgramManager
IP-CMST TrevionII Building MorgantownEnergyTechnology
Ames Laboratory 12800 MiddlebrookRoad Center
110 Speck:lingHall Germantown,MD 20874 P.O. Box880, MS E02
Ames, lA, 50011-3020 (301) 903-7672 Morgantown,WV 26507
(515) 294-4986 (304) 291-4505

This workwassponsoredby the Characterization,Monitc:-.-!ng,andSensorTechnologyIntegrated
Program,Officeof TechnologyDevelopment,Officeof EnvironmentalRestorationand Waste
Management,U. S. Departmentof Energy undercontractW-7405-ENG-82.
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Characterization, Monitoring and Sensor Technology -
Integrated Program

Task Description Accomplishments

This task provides field coordination ofCharactcrization, Moni. Ames Lalxratory CMST-IP staff (Bill Haas, Martin Edeison,
toring, and Sensor Technology Integrated Program (CMST-IP) Paul Wang, and Greg Junk) contributed to CMST needs assess-

activities, lt involves and contributes to technology needs ments, technology evaluations and technology selections in
identification, assessment of technology requirements, capabili- support of numerous EM-30, EM-40, and EM-50 activities

ties, and limitations, promotion of technology integration, as- throughout the DOE Complex. Examples include participation
sessment of technology development oppommifies,and pro- in: Characterization Technical Suplxxt Group activities for ali
gram planning and implementation. The Ames Laboratory and butone of the EM-50 Integrated Demonstrations; the Character-
DOE Headquarters CMST-IP teams are partners in ali these izationWorkingCaxaipoftheHanfordTankWasteRemediation

activities. System (TWRS) activity; Hanford Single Shell Tank Instrumen-
tation Program Review; Hanford Tank Vapor activities; and the

EM-40 Field Area Tedmology Representatives (FATR) group
in support of the Technology Information Exchange meetings.
These activities contribute to tlm effective coordination and
mtegratiou of CMST application and R&D/DT&E efforts and

Technology Needs helptheCMSX-IPteam and others stayuptodate regarding EM
needs and lessons learned.

Several C'MST-related topical reports were distributed. These

The rapidly changing and cross-cutting nature, wide divexsity, included: an overview of VOC-monitoring technologies (IS-
and large potential cost savings to be realized from improved 5082);non-radiometricmethodsforPudetermination(iS.5085);

characterization, monitoring, and sensor technologies (CMST) and an evaluation of technologies for the non-destructive analy-
mandates special treatment of those technologies for application sis of transuranic elements in drummed and boxed wastes (IS-
in accomplishing the Environmental Restoration and Waste 5095).
Management rEM) mission. Indeed, a CMST-IP driven by the

needs of the EM program is essential for sensible and cost A report on tlm Chemical Sensors Technology Development
effective resource allocation and managcmenL Planning Workshop (IS-5093) will be distributedin March 1993.

U. S. Oq_amenl 0_En_w
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Charactetizaaon, Monitoring and Sensor Technology. Integrated Program
I,

The Ames staffassembled teams of technical experts tocompare
validated CMST needs submitted by EM-30/-40/-50 organiza-
tions against their knowledge of existing CMST. This conlpari-

son led to the generation of CMST development needs, written
primarily by the technicalexperts, that formed thecore of the fwst : i _,r"7
Program Research and Development Ann_ent (PRDA) tt_,,
and CMST-IP Calls for Proposals.

The Ames team cot_inated thereview of over 300 technical task

proposals (TIPs) submitted by DOE and other federal proposers.
The _ were evaluated by the technical experts cited
above as members of the CMST-IP Technology Focus Groups.
Copies of the evaluations were distributed to EM-50 Technical

Program Managers for relay to the proposers from their sites.
Ames Laboratory CMST-IP staff teamed with the CMST-IP

Program Manager and headquarters staff in preparation and
implemenation of the CMST-L_ R&D program for fiscal year
1993.

The technology integration action described in detail below was
initiated.

Collaboration/Technology
Transfer

The application of CMST toenvironmental reslmation andwaste

managementproblemsisarapidlygrowingendeavor.Sotoo,is Ted_ Dm Sheets(TOSs)andAmes'CMSTPublications
the commercial, academic, and federal _ development
of new and improved CMST. Through CMST-IP participation i
in the EM-40 Technology Information Exchange meetings, it For more information, please contact:
was determined that EM-40 field personnel would

receiving brief (one-page) alerts on new and emerging CMST William J. Haas, Jr.applicable to the problems they faced. This led to the initiation

of a new CMST-IPproduct,the "TeclanologyDataSheet," Integrated Program Coordinator
designed to improve communication between EM field workers Ames Laboratory
andCMSTprovidersin EM-50and elsewhere.Overtwenty 110 Spedding Hall
Technology Data Sheets, providing quantitativedescriptionsof Ames, IA 50011
the capabilities and limitations of new and emerging CMST,
havebeenpreparedandhundredsofcopieshavebeendistributed 515-294-4986
to interestedparties,bothwithinandoutsideofEM.

James P. Corones

Technical Program Manager
Ames Laboratory
515-294-9636

!|11
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Expedited " Cha izati •racter on.
Application and Continued Development of Rapid, F__ed Site

Characterization Methodology for Federal Facilities
.... III

Task Description Technology Needs

Argonne National Laboratory has developed a methodology Ongoing application of existingand emerging technologies is
and procedure for remedial site characterization that has greatly a vital part of this program. Results from the program are used
decreased cost, time, and intrusive activities at Department of to give guidance to technology developers whenever possible.
Interior and Department of Agriculture sites. The purpose of The program emphasizes nonintrusive and minimally intru-
this project is to apply and continue to develop this approach sire technologies such as surface geophysics and ECPT,
for DOE. The continued development and transfer of this respectively. A mobile field laboratory is utilized as well as
approach will result in considerable cost and time savings to different computer programs for on-site data analysis.
DOE and will allow needed remedial actions to proceed
expeditiously.

[] I
Argonne will develop and demonstrate this expedited site
characterization (ESC) process at a federal facility chosen in
conjunction with EM-50 staff. Prior to field demonstration of

the methodology, Argonne will develop an ESC program
specific to the chosen site. The prog'am will emphasize the

maximum use of nonintrusive technologies (e.g., surface geo-
physics, electronic cone penetrometer [ECPT], Hy&oPunch,

vegetation sampling), field analytical procedures, and daily
integration of data via expert analysis and various computer
programs. Private industry and universities will be used in the

demonstration as needed to provide certain services such as
ECPT, auger drilling, and field analytics. Industry and DOE
will be invited to the field demonstrations. The field demon-

stration is expected to last for two or three weeks, depending
on the complexity of the site.

Surfacevegetationsamplingmaybe usedtodetectsubsurface
contamination.

_ " "_ .e ,_..

Using HydroPunch sampling allows delineation of the contaminant
plume without installation of monitoring wells.

mR__

FY-93 CMST-IP 5



Expedited Site Characterization: Application and Continued Development of Rapid, Focused Site
Characterization Methodology for Federal Fac_

I lH

Collaboration/Technology
Accomplishments Transfer

New programforDOE (2/93). However, this approachhas Aftersuccessful implementationof the field demonstration,
been successfully applied at Departmentof Interior (DOI) Argonnewill assistEM.50 in developingarequestforpropos- •
Bureau of Land Management landfills and U.S. Dept. of als (RFP) for industryto performa similarESC program.
Agriculture(USDA)sitescontaminatedwithcarbontetrachlo- Argonnewill provideguidance,assistance, andoversight to
ride in Nebraska and Kansas. The approach resulted in DOE throughoutthe technologytransferprocess, to ensure

...... significant cost and timesavings forboththe DOIand USDA. correctimplementationof the ESC methodology. This will
include assistance with theRFP, site visits and field instruc-
tion,field data review, laboratorydata review,and document
review.

--- I __

Formoreinformation,pleasecontact:
i i

Jacqueline C Burton
Argonne National Laboratory
9700 SouthCassAvenue
Argonne, IL 60439
708-252-8795

James E. Heit
Technical Program Manager
Argonne National Laboratory
708-252-7335

Illlllll I

FY-93CMST-IP .....
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Innovative Directional and Position Specific
Sampling Technique

II IIII I

Task Description

A strain-based position location (POLO) de_'on system building foundations which include steel reinforcement.
for use on penetrometers and lysimeters will provide accurate,
downhole, real-time directional control of sampling devices. The POLO system will be field tested by using a penetrometer
Conceptually, the POLO system del'reesthe trajectoryof a hole thrusterto puslhthe module into the soil of a non-contaminated

in the groundby navigating from point to point along its length site and a wedge-shaped nose to control the direction of the
and describing the shape and orientation of the centerline be- peneuation.

tween each set of points. Measurement is made by first insetting
an instrumented pipe section (measurementmodule),whose

centerline corresponds to the centerline of the _le, and then :.:._;:....:_.:,:.:.::_:_.:.:_._:_::::_._,_._:;:_:_:_._.._:_._:_:._

making straingauge measurements on thewalls of themeasure- _/:::i.:.: :::i::i::::::!:::!ii::_iii:i_:::_:i_:ii:_:_!__'_I!i::i_!ii_I_ment module. The measurement module, incaqxra_ in a

into the hole. The module traverses the length of the hole and

measures the shapeof thehole axis atsuccessive points along the
trajectory. A mapping algorithm makes use of measurements

spaced at a distance which allows theshape of thehole pathtObe
approximated by a planar radius of curvature. The technology °:.... ....,_._*_../:i:::/:::_!_i_i_!_i_:
will be applied for mapping existing well and real time mapping
of penetrometer and lysimeter paths.

POLO is small enough to be used in real time installation of ....i_:.i:_:::_!_S:::::!_:_
lysimeters, penetrometers or directional drilling of wells without
_verely limiting space needed for other insmmmntatioa or

drilling fluids daring the installation process. Its immunity to
nearby magnetic materials provides the additional benefit over

commercially existh'_gequipment in that it can provide position
location while installing, or mappingexisting installations, adja-
cent to and betw.ath underground or surface storage tanks; in,
adjacent to, and beneath landfills which may include magnetic
material such as steel barrels; and adjacent to and beneath

ThoPhaseI POLOinitializerprovideselevation,azimuthandrotation
angleofthePOLOmoduloatthebeginningofapenetromoterinsertion.

t.

. :....

POLOdepictedas conceptuallyprovidingpositionlocationfor the
directionalinsertionofa pertetrorneterforsamplingbeneathstorage
tanks.CommercializatJooofPOLOwillincludeapplica_nawhichwill
dramaticallyenhancecurrtmtenvironmentalsampling,monitonngandremedia_on.

mrll i I
iiiiii I
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Innomt_,e D_a_onal ar_ Pos_ion Spedfl¢ Samptiq Techni_
'-- II

Technology Needs Collaborationechnology
Transfer

Current,._mq_ngsu-aegisinc_g soilandgromdwa.

ter contaminationoften are limited by the cost of installing UTD _ hasbeen "tS,yatedapatenton the underlying
monitoringwells. Samplingbeneathandadjacentto buildings, lxinciplesofthePOLOsystem.C_ofthe POLO
stcrase tanks,andh3ndf_ wiremonitoringwells is ine_t

systemforusein thepeaeUemeterindusu7is scheduledt_x the
_1, in some cases, currenttechnologywill notmeet theneed. springof 1994.
Pene_ a_ lysimetersoffer thepotmtialfor increasing
thenumberof sampks thatcanbe obte/nedfroma site over the
numberavailableat _ same costfrommmitodngwells. With
allofthesemetlxxls,however,thealignmentofthewellorthe
deviceinsertedin_the_ilisconducou_donanaimandshoot
basiswithonlybroadapproximationsofactuallocationof
samplingpoints.Unforttmately,evenunallenursinappmxima.
tionsofsamplinglocationcanhaveasi_t impectonthe
inu_etationofplumeoriginsandotherc_. The
POLO systemprovidesanew_ty foracctaacyinthis
field.

Accomplishments
Moduleconstmctim is completeandtestingis _y. Pre-
t_m_naryresults indicateh/Sh reso_tiee in _ of

modele del_:tims. The _ al_ which integrates _ _zb m _ e_to m e_ in to_ e_
modulede_ overthl=to(aldislal_ uavek_ to(leleltnj_ dolockmmummm'wttaeeumb-yoiIhePOLOmodule.
positim lccmm, cou_es to unde_ evalmtim and exhibits

excellentperfcumance. An initiailza has beea desisaed aed ,, ,
to ixovide in/t/al_nOLOorimme_ infranmim at

thesumofa peaeueme_ _m, andthedevicehasalso met For more information, please contact:.
requiredacc=_ _ty.

Eusene Foster or John Hill

UTD, Incorporated
8560 Civzierbed Road, Suite 1300

Newington, VA 22122
• 703-339.-0800

Gary Nelkin

DOE Project Manager
304-291-4216

FY-93PRDA 8



DirectSamplingIon TrapMass Spectrometry
Methodsfor Organicsin Water,Soil,and Waste

Task Description

This task is an extension of the successsful demonstration at similar [] frasmentation spectra such as alkyl aromatics.
Savannah _iver and Ponsmuth Gaseous Diffusion Plant of Accurate quantitative results are achieved by collecting data
Direct Sampling Ion Trap Mass Spectroscopy (DSITMS) for for 2 to 3 minutes in orderto average outvariations. Integrated
therapid determination of organic pollutants in water and soil. responses for specific masses corresponding to target analytes

Theobjectiveofthisworkistoconvertthedemons_into are quantified relative to working curves generated using a
standardized analytical me_ which are acceptable to regu- series of standards.
latory agencies and/or can be routinely deployed at multiple
DOE sites. This involves developing operating conditions Concentmtlon In ppm
optimized for the intended purpose of the method, generating Reolk:ateO Reid D_ITM_; Lab DSITM8
and statistically analyzing the data to document the perfor-

I 29 28 27mance of the method,and preparing the documentation re-
quited to solicit regu_vcy agency acceptmu_. This task also
seeks to test the applicability of DSITMS to the characteriza- 2 :30 29 28
rien of wastes. Specifically, methods will be developed for the

multicomponent screening of the 34 Volatile Organic Chemi- 3 31 30 31
cals (VOCs) of the EPA Target Compound List (TCL) at the
EPA action limit concencations (both water and soil), and for Mean 30 29 29

quantitatively determining high priority organohalogen pal- Table1. Coml_imn ofTOEqusntifs:a_n ina groundwater
iutants commonlyencountered at DOE facilities. Nmldebyrml¢lDSITM$,ktbomtoryDSITMSandGC/MSusingen

EPAapprovedmelhod.
DSITMS methods for the analysis of VOCs in water and soil

are based on direct helium purge into the ion trap mass
spectrometer. No extensivesampleIm_uation, lxeconcen-
tration, or prior chromatographic separation is required. The
rapid response of this method provides a real-time visualiza-

uonof masssp . for m Technology Needs
sample. Both electron impact (El) and chemical ionh,=_ou

= (CI) spectra are obtained for a sampleby rapidly alternating

ionization conditions in the ion trapevery 0.5 seconds. The CI 'Inis technology is needed to reduce thecost and to increase the

specua improve the detection limits for water soluble com- responsetimeasscgialedwithorgank:analyticalsuplxgtofsite
pounds including aldehydes, ketone,s, and alcohols and also clgu_teriraUi_ _ nm_dial action monitoring activities
improve the ability to difference comlmumJs which have tlmmgh_t theDOE. lmpmvedemergency response capabili-

ties also result f_3m this work. The technology compliments
Archive fiber optic methods for rapid analysis by being applicable to

Helium Port

Purge [ _// soils and to multiple component analysis.

Sompi_ " Capillary

Flow .

__ Re-qtrictor I Accomplishments
Ion Trap

Moss Spectrometer

The _ accomplishments of tl_ task have been the
development era method for DS ITMS screening of the 34 EPA

Figure1.Directpurgerumpleinletu_v:lforDSITMSanalyzds _ VOCsinwaterandthe gene_tionof the damnecessary
ofvolatileon_nicchemi=d=inwaterandsoilrumples.

FY-93 CMST-IP 9



DirectSamplingIonTrapMass SpectrometryMethodsforOrganicsinWater,Soil,and Waste

II II 111 II

for submissionto the regulatoryaganciesfor theirapproval. Conc. in ppb
Themethodinvolvesdirectpurgeof watersamplesusinga _ IonizationMode" MDL=' CRL"
heliumflowra= of 100mL/rain.Approximately1.5mL/rain
(1.5%)ofmceffluententersMemassspectrome=rthroughmc Aoetone CI 2.g 4.1
splitter/capillaryresldctorwhilethebulkoftheeffluent(98.5%)
is dkactcdtoa ventportwbcrcitcanbecollectedonascibent Benzene CI 1.1 1.5

- cartridgeforfurtheranalysis.[atcmalstandardsarealsoadded
tomesampleforimprovedquantificationaccuracyamdiasmj- Cadxin Tetrachloride El 0.7 0.9
mentperformancestandardsate employedforqualityassur-
ance p_. Statisticalmethodsareappliedtocalibration Chloroform El 0.9 1.3
curves in order to establish the USEPA Method Detection
Limit (MDL) andtheUSAEC(theU.S.Army Environmental 1,2-Dlchloroethane El 1.4 1.9

Center,formerlyknownas USATHAMA)CertifiedReporting Methyl-Ethyl Ketone CI 1,9 2.8Limit (CRL). These limits takeinto account theerrorsintro-

duced throughoutthemethodand:archigherthantheinslru- Pewchloroemylene El 0.5 0.7
ment detection limit:;. Analytical methodsforthe determina-
,ionof VOCsinsoilarealsounderdevelopment.Thisworkis Toluene Cl 0.6 0.9
more complicated &le to significantly different VOC purge
characteristicsfor varioussoil types.Thebehaviorof repre. Tdchlortmthylene El 0.7 0.g
sentafive VOCs in differentsoiltypeswill be examined in
ordertoestablisha protocolforsoilanalysis. Xylene= Ct 1.1 1.5

In addition toMe memods forVOCs initialwork is also " kamaeonroomxmaforop_mumd_ otcempeund
underwayfordeveloping methodsforsemivolatilecompounds ,.
suchasPCBsandpesticides. Preliminarydamon PCBsin soil _ r'mt,me_Limit,,, _ byu.s,er_r=am,,_,i
indicate thata fast screeningmethodat or above I ppmshould _=,mtm A_a=V
be possible. " _ P4_ Limita=decriedby U.S.An_ Envkonmenu_

C,,mw

n I1' III I
Table 2. Example MDLs and CRLs for VOCs in wator by direct
purge into the ion trap mau spectromeWr.

ollahorationrrechnolonv .....
'_l=r Wl mlllF IIIBll _ H I _1 _

Transfer For more information, p/ease contact:

M. IL G uerin

TechnologytransferwithinDOE will occurthroughtheOTD ORNL

FAST committee and through ongoing contacts with DOE Martin Marietta Energy Systems
environmentalservices labommeies. Contacts v_th environ- P.O. Box 2008
mental remediationand was= management offices will be

Oak Ridge, TN 37831maintainedthroughtheORNL OTD Program Office. Inter-
agency transferwill occurasa resultof briefingsandprogress 615-574.-4862
repons to theDOE/AEC, DOD/PMRMA,USEPA/OSW,and
NIH/NCI. Scientific u,,chnologytransferoccurs throughpar. A.P. Malinauskas

,icipaticmin scientific symposia andopen literaturepublic.a- Technical Program Managertions. Whereresources ate available, ORNL staff will assist
otherDOE laboratoriesin methodsdevelopment. Martin Marietta Energy Systems

615-576-1092

III II iiii I 31 i .... , ....... Ii ii ii
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Direct Sampling Ion Trap Mass
Spectrometry Instrumentation for Organics

in Water,Soft,and Waste
rl I

Tas k Des eription opment andrefinementofthehardware andsoftwareneededto
address specific analytical challenges related to the analysis of
organic pollutants at DOE sites. This includes improvement of
both the lab and field DSITMS instruments to provide better

This task is part of an overall program, in cooperation with the multicomponent analysis, greater sensitivity for ultra-trace
US Army Environmental Center (USAEC, formerly U.S. poUutantsandincreasedspecificityfortargetcompoundanalysis
Army Toxic and Hazardous Materials Agency), focused on in the presence of interferences. In addition, the field instru-

thedevelopment, demonstration, and deployment of faster and ment will be modified to enable operation in a moving vehicle
less expensive methods for environmental analysis. The andwiUundergofurtherimprovementsintermsofsize, weight
technology utilized for this project is Direct Sampling IonTrap and power reduction. Existing sample introduction hardware
Mass Spectroscopy (DSITMS)which has shown significant will be made more reliable and new sample introduction
promise for rapid analysis for environmental samples, both in modules will be developed for custom applications as needed.
the lab and in the field. This work builds upon USAEC Software modifications will be aimed at improved instrument
sponsored observations that DSITMS is capable of the quail- control, operatorconvenience and real-time datainterpretation

. titative determination of EPA-targe,.ed volatile organic chemi- and quantification.
cals (VO_"s) in waterand soft at regulated levels in less than
five minutes. This work has resulted in the development of
laboratory and field DSI'IMS instruments and a highly versa- _ D_ta
tile direct sampling interface for the analysis of air, water and
soil samples. Field testing of the transportable instrument has
been pedbrmed at the Savannah River Integrated Demonstra-
tion Site and at the Portsmouth Gaseous Diffusion Plant.

Research efforts under this TlP focus primarily on the devel- tacarvt treatd'

I'_.IM 1_1 _-DIII

Rgum 2. DSITMS Inlsrface and sampling modules.

l II

Technology Needs

Rapid analytical technology is needed to reduce thecost anOto
improve the response time associated with site characteriza-
t.ionandremedial action monitoring throughout theDOE. This

task extends the benefits of direct sampling ion trap mass
Figure 1. Field transportable ion trap mass spectrometer.

III
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Direct Sampling Ion _ Mass Spearome_ I_W_en:_on for _anics m Water, Soil, and W_U

_ t t I IIII hill I I

spectrometryto fieldapplications,quantitativeanalysesand volatileorganiccontaminantsat these sites. Accuratequanti-
thedeterminationof prioritypollutants, ficationof TCEandPCEhasbeen demonstratedingroundwa-

tersamplesatppbandppmlevels withasamplethroughputof
upto24samplesperhour.Further,thereal-timeairmonitoring

..... " capabilitieshave beendemonstratedfor measuring TCE and
PCE in soil gas and the headspaceof monitoringwells at

Accomplishments concentrationsrangingfromlow ppbvto lowppmv.
Aspe_ of thefieldtrials,theruggedness of the instrumentwith
respectto tampon in a vehicle andoperationunderextreme

Workfunded underthis and relatedTIPs has resultedin the environmentalconditionshas been _monstrated. Improve-
development _d deploymentof prototype Direct Sampling mentsin thedesignofthe fieldinstnanentincludingreductions
IonTrapMass Spectrometersforlaboratoryandfieldapplica- in power consumption, lighter weight vacuumpumps, and
tions. These instrumentshave been based on modified vet- integrationofextemalcomponentsandpowersuppliesmtothe
sions of commercially available (Finnigan.MAT)ion trap main instrumenthousinghave beenlargely a directresult of
mass spectrometersin orderto deploy, test andevaluate the lessons learnedduringthe field deploymenttests.
generalcapabilitesof thetechnology ina timelymanner.The
currentfield instrumentrequiresapproximately500 wattsof
power, weighs 120 poundsand is approximately8 ft3in size. iii i, i ii sn
lt is operatedusinga Compaq486-C portablecomputerandis
mounted on a shock-absorbingbase in order to improve

  po.bity. Collaboration/Technology
Field testingof theDSITMStechnologyattheSavannahRiver Transfer
IntegratedDemonstrationSiteandPortsmouthGaseousDiffu-
sionPlanthavein generalbeenverysuccessfulwith respectto

demonstratingthe sensitivity,analyticalspeed,and versatility Technology transferis expected to occur throughthe OTD
of the DSITMStechnology. These testshaveprimarilydealt FAST committee, the ORNIJOTDProgramOffice, andcol-
with the analysisof trichloroethylene(TCE), perchloroethyi- laboratingDept.of Armyprogramoffices. Special attention
ene (PCE)and relatedchlorinatedsolvents whichare themain will begiven to contractswith the EPA/OSW, theDOE/OTD

IntegratedDemonstrationProgram,and the manufacturerof

Cone. irt ppb im trap instrumentation. Where resources are available,
ORNLstaffwill assistotherDOE laboratoriesin acquiringthe

Sample NO. gPA Method F._ieldIon Trap
MHM-1 7088 > 10,000 necessaryinstnunentationandwill train operatingstaff.
MHT-1D 360 274 I 11 I

MHV-6 666 738 For more information, please contact:
MHV-7 4178 9000 i, i

MHT-10D 1180 1273
MHT.14D 160 102 M.B. Wise
MHT-1C 351 324 ORNL

MHT-3C 435 461 Martin Marietta Energy Systems
MHT-4C 63 64 P.O. Box 2008

MHT-SC 254 257 Oak Ridge, TN 37831
MHT-6C 159 167 615-574-4862
MHT-8D "- 1366

MHT-13D - 305 A.P. Malinauskas

Technical Program Manager

nallTableRiverl'ComparisOnlntegratedDemonstmtion°fme_Jltsfor TCEsite.ingmundwster at Savan- Martin Marietta Energy Systems615-576-1092

I ii i I I II III ii
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Field-Deployable VOC Analyzer:
On-Site, Real.Time VOC Analyzer Systems

for Air, Soft,and Water
llnl . I I

Task Description severalpoints,preparationof soil andwatersamplesfor VOC
measurementby fh¢gasanalyzers,orinterfacingtodeployment
andretrievalsystemssuchasSEAM]ST andconepenetrometers.
DemonsWafionsof theanalyzersystemsbeganin 1992.

This project is developing field-deployable analyzer systems for

environmental air, water, and soil samples based on infrared Simplified analyzers for measuring single cvntaminants (or
spectroscopy. The systems will provide in-the-field, real-time perhaps two) are also being developed. These single-conmmi-
analysis forenvironmental remediadon and monitoring. Present nant analyzers will also make photoacoustic-based mt.asure-
off-site analysis methods entail much higher costs, delays, and ments of infrared absorption by gases, but they will be consider-
environmentalrisks. Theanalyze_willcomistofhand.carried ably simpler in design than the commercial units described
modules thatcan be mated together to produce systems tailored above. These single-contaminant analyzers will provide inex-
to the specific needs of a site. pensive, long-term monitoring of the target vapor during ex-

tended remediation efforts.
Most of the systems will use one of two commercially available
infrared photoacoustic gas-analysis modules. One of these

300
modules uses filters tomonitor infrared absorption in narrow

wavelength ranges and thereby measure up to five target gases _" 250 ..... __
(plus water vapor), and the other contains a complete Fourier- E
transform spectrometer to provide a full mid-infrared spectrum. _ ZOO

The full-spectrum device is the more versatile and can identify ¢_

unknown gases, but the filter unit has somewhat better semitiv- ._ 150ity. Figure 1 shows how the various modules combine to form ,.,
complete analyzer systems. A laptop computer can attach to the o= ]00
commercial units to augment control and data storage, analysis, _ ? ,_ TCE
and display capabilities. Sampling and sample preparation _ 50 /
modules developed in this projectwill also attach to the commer- 0 ,: -- _ _
cial units. These will provide automatic gas sampling from 0 10 20 30 40 50

: Volume Pumped (Liters)

m_=u,== Figure2. Trichloroethylene(TCE)andperchloroethylene(PCE)con-

centmtionsdeterminedsimultaneouslywiththefilter-basedgasana-
lyzerattachedtotheheadofamonitonngwellatSavannahRiverwhile
airfromthewellwas=lowlypUr.q:NKIout.

z

II I

TechnologyNeeds

F,,=,.h,_ _ VOCs are the most widespread chemical contaminants in the

c,,,-,_,, [_ DOE complex. The versatility inherent in the modular structure

of the VOC analyzers gives them a very wide range of applica-
bility. The proper combination of modules will allow the

._____ ^, measurement of VOCs in almost ali environments. The instm-

Figure1.Themodularstructureoftheanalyzersystems.Aflit=r-baNd mentationcan beusedto monitorworker exposuretoambient-,
ora full-spectrumgasanalyzeristheheartofeachsystem.Alaptop ak VOC releases,todetem'dnesoft-gascontamination,to moni-
computeraugmentscontrolanddatahandling.Anyof a varietyof tot off-gas treatment operation, to provide real-time guidance for
samplingor sample propamtionmodules can be attachedto the ga= site characterization tasks, or to determine depth-specific con-analyzerseit_ordirectlyor inparallelthrougha mulli-portsampler.

tamination levels in monitoring wells.
I

FY-g3 CMST-IP ! 3



Field.Deployable VOC Analyzer: On.Site, Real.Time VOC Analyzer Systems for Air, Soil, and Water

Accomplishments

Versionsof the analyzersystem arenow readyfordemonstra-

tion. The baseanalyzersystemwas demonstratedin 1992for >' 10-
analyzingmonitoringwellsat SavannahRiver(Non-AndVOC E
ID _ite). Figure2 shows the con_t concentrationsmea- _ 5 -

suredatonewellheadwhile thewell wasbeingslowly pumped ":'_ 2 -out. Aliof themeasmeu_nts_own weremadeinlessthantwo
hours. The samplingandmeasurementtimefor gases is gener- 1

ally less than 2 minutes, irrespectiveof thenumberof contami-
nantstobe determim_ Analysisof waterandsoil takeslonger 0

i

(5 to 20 minutes)becauseof the time requitedto extractthe
VOCs,butbyconnectingseveralsamplelxeparationmodulesin

parallelthroughthe multi-portsampler,the timerequiredper . .
samplecanbe greatlyreduced, r_ o
Theunaidedcommercialanalyzershavelimitsof detectionfor --_

0.05

mostVOCsoffrom 100ppbVto10ppmVin ak. Attachmontof --=
the_ samplingdevice canextendtheselimitsof detection _ 0.02-
towhateverlevel isrequired.Figure3 showsaiahoramrytestof 0.01<
theabilityof thetechnologytodetermineIrichloroethylene 0.010.020.050.|0.2 0.5 I 2 5 I0
contaminationin water. The most dilute sample shown (10 Measured Concentration in Water (ppmV)
plYoV,or 15ppbW)was determinedwitha:1:5%pcecision,thus
it isnot thefinal Limitof thetechnology. Rgum3. Laboratorymusurementsoftdchioroelhytene in water

determinedwitha water.sparging=amplerattachedtothe6_r-based
gasanalyzer.

The systems consist of hand-canied modules andrequireno
infrasm_tureotherthanelectricalpower(Abatterypackforthe
simplersystems is in development.)and a coveringto keepoff
precipitationand direct sun, thus they can be used in many
locationswherebulk_ ormoredelicateeq_t cannot The
sysumascanbe set upandreadyforuse inunder10minutes,thus
thesystemscan be used effk'ientlyto makemeasurementsat
dispersedlocations.

For more information, please contact:

John McClelland

Collaboration/TechnologyTransfer AmesLaboratory
B27 Spedding Hall
Ames, LA 50011

Aclose workingrelmionshiphasbeenestablishedwithBmeland 515-294-7948
Kjaer(Marlbot_gh, MA),whichmanu_ the

phytic gasanalyzersusedintheanaJyzersystems.Ames James Corones
Laboratoryhasbeenactingasabetatestsiteforthefull.spectrum Technical Program Manageranalyzer,which wasreleasedto themarketearlierthismonth.
Thesimplified,smgle-contmninantanalyzerbeingdeve_ in Ames Laboratory
theprojectis scbeduledfortransferto theprivatesectorin 1995. 515-294-9636
Theprojectstaffis mteTest_incollaboratingwithpotentialend-
usersof thetechnology.

FY-93CMS¥-IP "
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Field-Usable Portable Analyzer
for Chlorinated Organic Compounds

III

Tas k Descr ipti on of thismost [m:m_ing real-tm_esenso[_.Field-deployable proto-
type designs are expected within 18 months of development.

A solid-state sensor based chlorinated organic (R-CD monitor
has been shown to be highly selective fox the detection of B

hydrogen chloride and chlorinated orgalfic compounds. The
sensor consists of two platinum electrodes encapsulated in a rare

earth salt. The conductivity of the rare earth salt, which corre- _
sponds to the level of chlorinated solvent in _ vapor phase, is ._

to detect brominated compounds, but _xltm_s a weaker re-
sponse, and still weaker responses to fluorinated and iodinated
compounds. The advantage of the R-CI monitor is its selectivity

since it is notsensitive tohydrocarbons, oxygenated compounds, _nitrogenated compounds, or elementalchlorine, o 1_11ILI_) III I]111_ Ill I1111
"riME (_oum)

The sens_ has several other desirable properties that render it
suitable for immediate application to environmental and indus- ,o.

trial pollutant-monitoring problems, including simple operation, A
ease of maintenance, and low cost. This sensor has been fitted a
into an existing instrument system, and iscurrently inoperational
use at the DOE Hanford site and several other non-DOE facili-

ties. Basedonthe operationalexperiences,designimprove-
ments have been identified that will significantly improve perfor- ._
mance. The monitor system will be modified to extend the _
dynamic analytical range for carbon tetrachloride, trichloroeth-

ylene (TCE), and perchlotoethylene (laCE); and toproduce a user 2-
friendlysystem for in-situ, real-time measurements atDOE sites.

These modifications follow logically from the fieldperfommnce oo _ ,_ _, _ ,_ ,=
(hours)

!ii:ii:iiiiiiii::i::ii_i:!::_i!!:i::::i.... ...._:::.:_.... Figure2. T®mpomlconcentrationprofilesofchlorinated
: organicvaporsobtainedthroughcontinuous'aroundthe

clock'monitoring,Mththecurrentversionofthe
chlorirmtedvapormonitorat twolocationsarounda site
withsubsurfac4soilcontamination.A)Nearthe
oontaminetedsite.B) ApproximatelylO00maway. Note
thedifferenoeinsensitivity.Thesuddeningreasein
vaporlevelswasattributedtoa suddendecreasein
barometricpm_mmwhicheffectivelyprovickDda natural
vacuumoxtraclionof:.Jbsurfacecontaminalion.The
mmoWmonitordetectslowervaporlevelswithlagtime
comparedtotheproximalmonitor.

i

Figure1. Photographofthecurrentversionofthechlorinatedvapormonitor.This
instrumentisextensivelydeployedincleanupoperationsat theWe_nghouse
Hanfordfacility,Applicationsincludeperimetermonitoringofaoonteminatedzone
andprocesscontrolofvacuumextractionoperations.
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Field.Usable Portable Analyzer for Chlorumted Organic Compounds
I

Technology Needs po_ andhave_m_,_s of6.3*3.9* _0.2_s
including thehandle. Componentsof the inset arecur-
rently being fabrkat_ and a Ix_3type is plannedfor field
testinginJune.

Chlorinatedhydrocartxmco,laminationof.soilandgroundwater
isamajorpmblcmatnumeroosDOEsiles,includingtheHanfogd Ata laterdate,specializedsamplerswillbctestc&Cus_m
ReservationinRichland,WA andtheSavannah17dyerRantin samplersarebeingde.signedformultiplcrequirementsincluding
Aikcn,SC.Bochfacilitieshaveongoingremediationpcograms directsamplingforgcm_ral_ fixcddilutionofhighlevel
whichincludetheremovalofR-CIcohen fxomsabsur- vapors,pccconcenwatkmoflowlevelvapors,andpcrmcatio_
face soilsand watersupplies. Duringthe rcmali_cm process, samplingfromccmdcnscdmedia.
chemical moair_-ing is necessary to cnsare work_ safely, to
verifyenviromncnmlcomplianceof emissions,and to/rack the
actual cleanup process. Until recently, theonly availabletech-
nology m selectivelymonitorchlorinatedorganicswasagas
ct_nmmgrapb (GC)equipped withanelectronca_m_ dcmctor
orGC/MS.Inadditiontobeingexpensive,gasc_y
requiresgrabsamplesanddoesmx providerealtimemonitoring
capability.

FY-93 PRDA
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Improvements in Inductively Coupled Plasma
Mass Spectrometry

I IIII IIII I I II'II

Task Description

Inductively coupled plasma - mass spectrometry(ICP-MS), determi_ation of long-lived radionuclides at ultratrace levels
which was invented by this project's principal investigator, is or for determining elemental speciation. Direct analysis of

a very sensitive method for elemental and isotopic analysis. It solids without priordissolution is also an important capability.
is expected to have major applications for monitoring both The use of laser ablation in conjunction with remote sampling
stable and radioactive elements in waste remediation. How- technologies could make the assessment of 'hot' sites safer.
ever, the precision of ICP-MS is not particularly good (RSD of This project will improve the capabilities of ICP-MS for ali of
+_5%for elemental concentrations, _+1%for isotope ratios), these important tasks.
The goal of this project is to improve precision and accuracy by
at least one order of magnitude by constructing a new type of
ICP-MS device. The ion beam from the ICP will be split into -- -
two parts, Each part will be directed into a separate mass
analyzer set to monitor a different isotope. With this "double-
beam" approach, isotopes will be detected simultaneously

rather than sequentially as with present devices.

The anticipated benefits include: 1) improved accuracy for

determining,,dtratraceelements;and2) fast isotopicanalysis DETECTOR 2
at high precisi:_n and sensitivity with minimal sample prepara-
tion. Improvements in precision and accuracy for laser abla- "_ _'__

tion ICP-MS will eliminate thecosts,time delay andopportu- _ _ D_-TECTOR
nities for contaminating the sample incurred by the usual need
to dissolve the sample. These capabilities will improve the
accuracyandspeedwith whichstableor long-livedradioactive QUAD 2 / QUAD 1
isotopes can be monitored, which is necessary for proper
storage or disposal of toxic or hannful elements. In addition,

this instrumentation should facilitate several new applications BEAM SPLITTER
that lack suitable analytical methodology, including measure- AND DEFLECTOR
ment of elemental speciation and tracer experiments with
stable isotopes in biological and environmental systems.

DIFF.
A prototype instrument is presently being assembled for these PUMPING

studies. ","heinstrument is being constmctcd with rugged, II APERTUREreliable components so that it can be readily a'ans_ to

actual waste sites, if desired. II
SKIMMER

.... I I

SAMPLER

,= - ,,,, Needs o .

Schematicdiagramofa double-I_mmICP-MSdevice.
Rapid,accuratemeasurementof elementalconcentrationand
isotopical_ndance isobviously necessaryfor wasteremedia-
tion. In pmicular, there are no general methods for fast

_
iii IIii I i ii iii i ii
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Improvements in Inductive _ Coupled Plasma Mass Spectrometry

I II II I

Accomplishments Collaboration/Technology
Transfer

• Prototype instrumentassembledand tested.

• Ions observedwithsingle quadrupoleorientedon-axis. Lalx)ratoriesand industriesinvolved with the handlingand
The usualbackgroundions andmetalionswere detected, characterizationof nuclearmaterialsarethepotentialcustom-

ers thatwill makebest use of thisnew technology. The laser
, Laserablationsystem installed, ablation techniques should be especially applicable in the

analysisof soils at hazardouswaste sites containingnuclear
materials.

Theworkis beingperformedcooperativelywithaninstrument
manufacturer(VG Elemental)so thatthe improvementsreal-
ized canbecome availableto analysts.

II Illl I

For more information, please contact:

Robert S. Houk

Ames Laboratory

108 Spedding _

Ames, LA 50011_
515-294-9462 /

James P. Comnes

Technical Program Manager
Ames Laboratory
515-294-9636

__L
I II I I
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Direct Measurement of 9°Srin Surface Soils
IIII JI III

Task Description Technology Needs

A real-time analyzer for measurement of _°Srin surface soils Currentmeth(xls for the measurementof Srin soils requirethe

could provide a tremendous savings in nuclear waste clean-up collection of myriadsamples followed by extensive, laborious,
efforts. The long-lived radionuclide (29 yearhalflffe) is perhaps andtime-consuming radiochemicalseparationsandsubsequent
the fission product of greatest concern with regardto site terne, beta counting. Sample turnaroundoften takes weeks tomonths
diation, but itsanalysis is themost difficult, time-consuming and when anoutside laboratoryiscontractedto perfovat theanalyses.

expensive. The purposeof thispro_ect is to develop, calibrate, Consequently, to employ such techniques fox large area site
and field demonstrate a real-time Sr analyzer fox direct mea. clean-up would be prohibitive from both a cost and time stand-
surements in surface soils, on conveyor belts, or other locations, point. The real-time beta sensor technology which.is proposed
The technology will employ a sensor co_ of multiple hasalreadypmven effective for therapidanalysi.sof "'U (via the
layers of organic fiber scintillators (each £1 mm thick ) which 2.29 MeV beta fromits equilibrium progeny, z"_a), and it will
will selectively observe thehighly energetic beta particlesof the provide invaluable suPlxXt toward theexpeditious characteriza-
9°Ydaughter(2.28MeVmaximum)inthepresenceofotherlong- tion of _°Srcontamination of ali DOE sites requiring rel_._lial
lived fission andactivation products and gamma decay radionu- action.
clides (see Figures 1 and 2). "Fne lightweight, hand-_le
sensor will employ coincidence and anti-coincidence counting

techniques in order to provide the required selectivity foxdis-
crimination against other anthropogenic and nann'al radionu-
clides and cosmic-ray radiations.

Accomplishments
I I

The existing _ sensor was s_ully demon str_ed.,at

Real-time $r-90 Analyzer _eFen_dsite(Cinc_ OH)fox_equantif_tionof_'Uin
surface soils over a range of _5 pCi/g to >3000 pCi/g (prelimi-
naryinvesfigalimsindicatethatthecurrentdetector is capableof

quantifying strontium activities as low as20 pCi/g). Thisunit is

,m approximately 1.5 m long, 20 can wide and 8 cm tall and
,,1-V---c-

_.-,_-- imuxIxrmes a large(i.e.,1500-2000 cruZ),andlight-tightbeta-

_,, sensitive region thatmeasures about 1 m long and extends to the
p,,m,,nt,_ *4w,,,,t_ mm, mm, fall width of the tmit.Al0meterpowersupply/signaluansm_-

{tm_twm) nm tammm_i mm_tram /

_,m,,.,m. ,--_,m.ut sion cable connects the detectm unit to a rack.mounted process
Iii
a. module that triggers a bank of scalers, which then indicate the

total number of counts in each layer as well as the number of
"_ _ associated inter.layer coincidences. The unit was set directly on
i-.*.w._m-,- m-_.--._._== a_._,-,., ..u.._t i the ground(grassy areas w_¢ cropped prior to sudacc character-
I _ wwa,w __ _mm _ m (_BmCq _ _Im I
[_r,,.--,N*_),N, j,==,_wm_mm_--,_d,--,_,m,_mm I ization), and I(30second counts were obtained at each sample

location. Relative env_ were generally found to be around 1(3-

Figure1. Schema_representationofthereal-time=eSranadyzer,The 15%,and somewhathigherasactivitylevels_ below35
sensorissetdirectlyupontheground(ordighUyabove)andobmrv_ pCi/g.
thebetaradiationomanalingfromstrontiumdecayintheupge¢3-_[mm
of thecontaminatedml. Thisunitr_,y alsobe poeilionodabovea Currentand futureeft(Its will concentraleoil thosemodifica-

conveyorberformonitoringexcavate_gr'washod'moils,ormounted donswhich will be mx:essary for thereduction of backgounrdto a roving vehicle for large-sc=do ata _haractarization (see text for
sensordimensions), intel'ferelices(Iximarilydue togamma-rays and cosmic-_

particles), thereby enhancing sensor precision, decreasing total

li II II 1 I II
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D_rectMeasure_ of"Sr m Sur]aceSo_
IIIIII I

counting times,andloweringtheminimumdetectableactivity, t-m_-'_-'_
To this end, specm3scopic evaluations upontheexisting system .._ __,wm,, _'N_" _mnnBIc_'_
are underway and a number of optious are being considered for

the next generation of sensors, such as (1) substituting thinner [ \ { _-_,_,_,_tm,
layers to minimize gamma sensitivity and consequent back- '"-_;:'-.'.'_'_"";'.'.',-.-_._.-.'._

ground, (2) defining e_ discrbnblat_ settings for indi. _ _ p_R. ,v
vidual layel"sto eliminate gamma-generated Compton pulses,
and (3) adding an a_tioml top layer(s) for anU_
• _on against com_: bcck_ Fu_ennore, the

future version will rely solely on _ power, and will be
scaled.down such that it may be manipulalcd easily by a single
operator. mm lmmm

Imm Imfl01m_
IBlma m_ m

, Real-TimeStrontium-90Analyzer
tlmm eQIIr.10 =ml m o1_ fadlemclld_ In _rla_ Bdlz

Figure 2. Detailed ..dmmq_ of the interactions occumng within lt_
senior. Theene_lic Sr- Ybelapar_clesproducecoincidentpulses

C II h tl n/T h I _ in the bottom 3 - 4 Iwer= to provkk)a unique _gnalure. while lower_o..a_ora..o... ec.no.o_ ,_,_b,=,_.=, ,_=,==v,_,,,_ 2o,,y_,t_n.,,
Transfer _._,r=_. leadtoComptonelectronpulsesinlayers_ the

flintlayer,andairborneradondaughterswilltriggoronlytheuppermost
layer=.Coincidenceandan_-coincidor¢,ocircuitry_ewoto mitigate

_ontributions,u wetlasthoseodgir_lingfromoosmic-induced
partide=.

This novel technology will be directly applicableto many
exislJngnuclearwasteandsoilcontaminaa'onproblemsUaough-
out the industrial and DOE complex asa means of establishing
remedial activities and verifying clean-up operations. As such,
a considerable effort will be direoed toward transferring
infoanation to the scientific community and private sector via

open litm'aturepublications md government- or industry-spoa-
sored conference _tafions. In termsof commmcializatim,
PNL has applied for a technology patent for the tpja sensm, and
the Bicron CorlXratim (Newbury,OH)hasbeencoamcuxlasa

possible caadida_ for mass production of tl_ unit in thenea=' For more information, please contact:future,.

Alan J. Schilk
Pacific Northwest Laboratory
P. O. Box999, MS PS-O1
Richland, WA 99352
509-376-9510

Richard W. Perkins

Technical Program Manager
509-376-0204

F_., c.s_.,_
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Road TransportableAnalytical Laboratory
(RTAL)System

II I I

Task Description Technology Needs

The Departmentof Energy(DOE)RoadTransptmableAnalyti- Theuseofaroadtranspmmble,fullyindependent,highlyreliable
cal LalxratorySystembuilds uponECO's successfuldevelop- labotattxysy_m willsavetheDOEsignificanttimeandmoney
mentof roadandairtransportablelabtxatorysystemsandopera- by providingrapidanalyticalguidanceduringsitecharacteriza-
tionalcontrolcentersforuseinareascontaminatedwithchemical tion andremediationmoaimting activities,and by e_dminating
andbiologicalwarfareagentsa_ well as conventionalenviron- costly,papetwt_-intensive and time-consullting shipmentof
mentalcontaminants.This familyof TranspolableEmergency samplestocentrallalxrat_es. Theintegratedlabccatorysystem
ResponseMonitafingModules (TERMMTM) are used by the willbeable toprovideafuUrangeofac,curateanalyseswithin16
EPA,DOD,andothergovernmentagencies. Theselaboratories hours.At thesametime,thesystemwill providefullprotection
andoperationalcontrolcentersweredesignedforrapid-deploy- for theoperatingpersonneland sensitiveanalyticalequipment
ment duringcritical operationsin seriouslycontaminatedor againstthehazardsencounteredatDOE sites.
remoteareaswhich requiresophisticatedanalyticalcapabilities
withoutany externalsupport.The 'IERMMTM modularlaixn-
toriesandoperationalcontrolcentersprovidetheprotectionand

I I III

supportnecessarytomeet these stringentrequirements.

Thecurrenteffortaddressestheuniquerequirementsof theDOE

fora roadtransportableanalyticallaboratorysystemcapableof Accomplishmentsanalyzing fora wide varietyof radioactiveand hazardouscon-
taminaats in soil, groundwater,and surfacewater. Tais labora-
tory systemwill be designed toprovidetic fieldandlalxxatmy
equipmentnecessarytodetectandquantifyradionuclides,otgan- The RTALprojectwasinitiatedin September1992. Although
ics, heavy metals and other inorganic.s,and high explosive still early in the project,the following accomplishmentshave
materials. TheRTAL systemwill consistof a setof individual beenachieved:
laboratorymoduleswhichcanbe deployedindependentlyor as
an interconnectedgrouptomeeteachDOEsite'sspecificneeds.
Systemmodules will include: (a) Held AnalyticalInsmnnent • Completionof NF_A impactsanalysis
_; Co)_mistry _, (c)Chemi_ Analy-
sisLaboratory;(d)BiomonitoringLabomu:_,(e)RoboticSam- • Completionof assessmentof operationalandcomtruction
pier/MonitorBase Station; (O DecontaminationTrailer, (g) requimmnts forthe RTAL and itscomponentmodules

_ons ControlCenter,and,(h)PmaxetedLivingQuan_. • Initiationof develc_ent of alternativedesignsforthe
Each modulewill providefull Imxect_ forvperal_ against iategratedRTALsystemandeachcomponentmodule
radioactivityand conventionalenvironmentalcontaminants.
Robotics,bothin tlmiabctmo_ andin tlmfmld,willbe_

ratedto maximizetheefficiencyof thehuman_. The developmentof alternativedesignsis Im3gressingrapidly
towardthedevelopmentof acom_ns_ve designfor thefull
RTALsystem. Thiscompcehensivedesignwill incoq_ratethe
operationalandconuructionrequirementsnecessarytoaccom-
plishthe RTAL'smisskmof acceleratingandloweringthecost
of_'on andremediationatcontamina_ sitesacross
theDOEcomplex.
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RoadYranspon_le .4._al_al Laboratory(RTAL)System

Formore information,pease contact:

Virgil Keith or StanleyFinger
Engineerh_gComputerOptecnornJcs,Inc.
(Eco)
1356Cape St.,ClaireRoad
Annapolis, Maryland 21401
410-757-3245

Jagdish Malhotra
DOE Project Manager
304-291-4053
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In Situ Secondary Ion Mass Spectrometry
Analysis: Development and Evaluation of a

Transportable Ion Trap SIMS Instrument for the Direct Analysis

of Low Volatility Orgamc Compounds

Task Description
Progress to datehas shownthattributylphosphate(TBP) can
be detectedon the surfacesof small rocks usingan existing,

This programwill develop a laboratory-based,transportable laboratory-based,quadrupoleSIMSinstrument.TBP-sodium
instrumentthatcombinesnewSIMS technologydevelopedat ionshavebeenobservedin otherexperiments,whichprovides
the INELwithan ion trapmass spectrometer.Thisnew type encouragementthatothermetalionspeciesmaybeobservable.
of instrumentwill havethecapabilityto analyzelow volatility Further,experimentsdemonstratedthat SIMS is compatible
or non-volatile organic materialssuch as chelating agents, withthe instrumentpre_ures usedin an IT.

complexingagentsandtheirmetalcomplexes. Itis anticipated Itis anticipatedthatthedevelopmentof theITtechnologywill
thatthisinstnmtentwill be ableto functionon-site,requiteno enable the analyses of samples that have heretofore been
samplepreparation,produceno laboratorywaste, andwill be problematic, for analytes including low volatility organic
cost effective based on rapid analysis time, and moderate complexingandchelatingagems andtheirmetalcomplexes.
instrumentcost. The endgoal is tobeabletoperformtheseanalysesrapidly,on-
Complexing agents and chelatingagents contaminatedwith site, andwithoutsamplepreparationor analyticalwastegen-
uranium(U) andplutonium(Pu)were disposedof togetherat eration. These attributes will facilitate activities such as
DOEburialsites. U andPuate difficult todetectbecausethey definition of plume boundaries,and analysis of exhumed
havelowalphaactivity,andtheironly photonemissionis weak samples like rocksandwastecontainers.
X-rays; hence analyses aretime consuming and expensive.
The detectionof complexingand chelatingagentsmay be a
useful indicationof the possible presenceof U and Pu, with
substantiallyreducedcost andeffortcomparedto thedetection
of Pu itself.

Newly-developed SIMS technology has been shown to be Technology Needseffective for the analysis of organophosphomscompounds
adsorbedontoavarietyof surfaces.Theapproachfortheinsitu
SIMSprogramis tocombinethis technologywithanion trap
(IT) mass analyzerfor the analysisof materialssuch as low Them is currentlyno rapidscreeningtechniquefor the pres-
volatilityorganicsandmetalcomplexesthathavebeendepos- ence of plutonium. The lackof a screening techniqueis a
itedonto thesurfacesof samplessuch assoil, rocks,_. problembecause directmethods for plutoniumanalysisare
asphalt,plastic,andwood. TheWogtamwillrequite analytical difficultandexpensive. A methodthatwoulddetect tributyl
scoping studies, andion opticalmodeling of a SIMS source phospha_ (TBP)mightamelioratethisproblem,becauseTBp
withan IT. If the resultsof these studies arewomising, then andplutoniumwere often buriedtoged_er.
anIT SIMSwill beconstructedandtestedin thelaborato_. If
these tests are positive, a transportableIT SIMS will be TheneedforSIMScharacterizationis broad,becausethereare

n_ siteswherecombinationsof alkylphosphates,chelat-
ingagents,radionuclidesand/oftoxic metalsweredisposedof

_._., . Some well known examplesof these sites are:

• 300 Area PondsandTrenchesat Hanford
Vca_uum Legl

,..m,_. ¢' RadioactiveWasteManagementComplexPadAandTest
ReactorAreaDisposalWell at the IdahoNationalEngi.
neeringLaboratory

• theS-2 Pond,BearCreekBurialGround,andLow-Level
_,,,_ _. _ BurialGroundatOak RidgeY-12

• AreaL (TA-M) at the Los AlamosNationalLaboratory
Schematicdiagramofa quadrupoleSIMSinstrument • TNX SeepageBasinatSavannahRiver

i , ii
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la Situ Secondary ion Mass Spearometry (SIMS) Analys_: Development and E_n of a Transportable
Ion _ SIMS Instrument for the Direct Analysis of Low Volat_ Organic Compounds

I

Accomplishments

SIMS technology hasbeenused forthedetectionof 250 ng of
TBP on the surfaceof basaltandsandstone. Excellentsignal-
to-noisewasobservedin theseexperimentsandtheminimum
detectablelimitforTBPon thesemineralswasestimatedat 10
ng. Sample handlingconsisted of merely attachinga small
sandstoneor basaltrock to a targetusingdouble-sidedtape.

. _'

SIMS was used to observe contaminationof basalt by gas-
phaseTBP. IfTBP andbasaltwerebeinghandledat thesame
timeinthelaboratory(butthebasaltwas notspikedwithTBP),
thensubsequentanalyses of thebasalt revealed TBP on the
surface. These results are interpretedin terms of unusual
affinityof basaltforTBP, and asub-nauogramTBP detection
limitforSIMS.

EDTA is difficult to detect bedcause it strongly binds to
mineralsurfaces. However,EDTAdetectionon rocksurfaces
was demonstratedusingSIMS. The success of this detection
dependson theacidityof theEDTAsolutionthatwas applied
to the rock. In those cases whr.a'ethe EDTAspikingsolution : : ,,

was acidified,abundantionso_iginatingfromthecenterof the
_°

moleculecould be observed:R_61 tsaparticularlydiagnos-
tic ion,becauseitcorrespondstop_otonatedethylene diamine.

Photograph of a quadrupoleSIMS

Collaboration/Technology
Transfer For more information, please contact:

i

A manufacturerfor fieldableinstrumentsis being sought for J.E. DelmoR
technology transfer subsequentto demomtrationof the ion EG&G Idaho
trapSIMS. Potentialsites forDT&E of the fieidable inswa- P.O. Box 1625
ment are theBuriedWasteIntegratedDemon.qration(Idaho), 200 S. Woodruff
andtheAridSoils VOC IntegratedDemonstration(Hanford).
Collaborationhas been initiatedwith bothof these sites. Idaho Falls, ID 83415-3940

208-526-2820

D. T. Maiers

Technical Program Manager
EG&G Idaho
208-526-6991

I:Y'93 cMST'IP ' ' '
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Spectroelectrochemical Sensors for
DOE Site Characterization

Task Description

This work will develop new, cost-saving, spectroelectrochem- ments in real time and field tested on the Oak Ridge reserva-
ical technologies for the in situ detection of subsurface con- tion. Demonstration of the new sensors is planned for the
taminants atDOE sites. The combinationof electrochemistry SavannahRiver siteandother applicablelocations.
with surface-e_anced Raman and fluorescence spectroscopy
will provide a sensitive means to monitor chlorinated hydro-
carbon solvents, light aromatics, and other ubiquitouscon-
taminants in subsurfacevapor and liquid phases. Modular
fiber-optic spectroelectrochemical probes will be developed

where the electrodein the probewill serveseveralimportant Technology Needs
functions, including: generating reagents thatreact with select

analytes to produce fluorescent or Raman-active products;

adsorbing "andconcentrating reaction products from solution There is a need at Savannah RiverandmostotherDOEsites for

for greater sensitivity; and, providing a surface that enhances in situ sem(cs that detect volatile organic contaminants in soil
Raman spectroscopic signals up to a million-fold. Tic probes gas and groundwater. New instruments that can be used in the

will be coupled with truly portable (< 25 lbs.) laser spectro- field and that respond rapidly can greatly reduce characteriza-
meters capable of making Raman and fluorescence measure- tion costs in terms of both time and money and provide critical

feedback information during remediation. This task addresses

some of the most ubiquitous monitoring needs at DOE sites,
including chlorinated hydrocarbon solvents and fight aromat-
ics which are used as solvents or found as fuel components.

ModularSpectroelectroehemicalSensor

Accomplishments
• . hml_llFilw

.---- Cdlm_ gibw
ote_ M,,_a,

A number of technical accomplishments have been recently
I-- s,,,_ o_ achieved, including:

.t _edl

' /j.... _ • development of advanced electrolyte compositions
M_ a for enhanced detection of chlorinated hydrocarbons

_¢mxb Mzd_ ------ IWmmmIllmlmb

"'"'_ _ • development of sensor technology for ppb-level
_ detection of aqueous cyanide ion

• development of a modular sensor design allowing
Schematicofmodular.Sl_ctroelectrochemicalsensor.Usinga com- field configuration for specific target contaminants
mortopticsmodule(upperporlJonof sensor),¢OUI:_KIwithImalym-
specificsemi-permeablemembranesandoloctrodos,acustomsensor
iseasilyassembledfordetectionofparticularcontaminants.

II
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Spectroelectrochemical Sensors for DOE Site Characterization
V I

KCI Electrolyte

500 1,000 i,500 500 1,000 1,500
RAMAN SHIFT RAMAN SHIFT

III __ _ I __ iii ] ......... mm .... _m --

Illustrations: Comparisonofelectrolyteeffectsonthes)ectroelectrochemicaldetectionofaqueousTCE using
a copperelectrode. Leftspectra,SERS responseto TCE inKCI electrolyte(uppercurve)vs. KCIelectrolyte
background. Major features observedin both spectra attributableto copper/chloridecomplexes. Right
spectra,TCE inKBrelectrolye(uppercurve)vs. KBrelectrolytebackground.Features inTCE spectrumwell
resolvedfrom copper/bromidefeatures. Note also significantenhancementof TCE responserelativeto
chlorideelectrolyte.

_ I III I

For more information, p/ease contact:
i i .=l i ii

Collaboration/Technology EricWachter
Transfer oP-L

Martin Marietta Energy Systems
P. O. Box 2008

The purpose of this task is to develop instruments thai will be
useful to DOE site workers involved in characterizationand Oak Ridge, TN 37831
monitoring. Throughout this project, experimental results will 615-574-6248
be reported regularly to DOE and the public. In addition,
emphasis will be placed on transferringdeveloped instruments A.P. Malinauskas

., tothe private sectorasquickly as possible so that they become Technical Program Manager
widely available. Martin Marietta Energy Systems

615-576-1092

I I iii
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Improved ReversibleCCl 4 Sensor for
On-Lineand Down-WellMeasurements

Task Description Technology Needs

We are developing a reversible fiber optic-based sensor to The discovery and remediation of contaminated sites is very
detect carbon tetrachloride (CCI() and other volatile organic costly and new toechnology is necessary to mitigateclean-up

compounds (VOCs) that contaminatesoils and groundwater, and site monitoring costs. To achieve this goal, inexpensive
The sensor will be able to measure in real-time the concentra- analytical devices are needed that monitor VOCs in a variety
tion of general classes of vapor phase VOCs. The concept for of environments and process streams. Our innovative sensor
the fiber optic VOC sensor involves the use of dyes whose is field portable, capable of measuring vapor phase VOCs on-
optical properties change when they are exposed to vapors of line and down-weil, and will provide cost efficient analytical
volatile compounds of different chemical composition. The field support.
operation of the sensor is relatively simple. The Voc-sensi-
tive dye-matrix is illuminated with a compact light source.

Interaction of VOCs induces concentratiou-dependent changes
in the emissive properties of the matrix which are monitored
with a photodiode. The Voc-sensitive polymeric dye matrix
can accommodate several basic configurations. This fler,ibil-
ity will enable the sensor to be incorporated into optical fibers
for deployment down wells and bore holes to make vapor-

phase measurements of VOCs in subsurface locatiom, lt will connector fibercoro
also permit the sensor to be assembled into a ixxtable hand- - \ blacktip

held device that will measure above ground sites comtami- \_:::: _ -- ,'
nated with VOCs. We are currently developing the VOC

sensor to monitor carbon tetrachloride, but by changing the ....j
composition of the polymer-dye matrix we will be able to more
selectively measureother compounds,suchas aromatics in VOC sensitivematrix
gasoline or the alkanes of jet fuel. fiber buffer

[ andcladding
Fiberopticto

_ instrument

SchematicofVOCsensor,measuring,,_OOpmindiameter
3oreinlength.Protective_ield notshown.

1.0-

0.8 °

0.$

m 0.2

I 1 I i
sso 6oo 650 7oo

Wavelength(rim)

EmissionspectrameasuredwiththeVOCsensoruponexposureto
vaporsof(1)CC1¢(2)CHCI3,and(3)EtOH,
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Improved Reversible CCI4 Sensor for On.Line and Down. Well Measurements

Accomplishments

Todatewe havecharacterizedthespectralpropertiesofseveral
solvatochromaticVOC-sensingdyes andevaluatedtheinter-
action of VOCs with thedyes in polymersupports. Several
polymersystems wereevaluatedon the b_is of theirabilityto
reversiblyabsorband concentrate the'vOC from the vapor
phase. Thise polymers were also tested for their chemical '
inactivitytowardsthe dyes. We measuredtheuptakeof VOCs 4o_oo
by thepolymer andhave quantifiedsome importantchangesin
therefractiveindexof the polymer as itabsorbsVOC vatx_. _, le00 -
Wehavemadevaporphasemeasurementsof carbontetrachlo- ] 1700 -

ridewiththereversiblefiberopticsensor in flowing andstatic i 1600 -systems. The presentsensorcandetect this VOC at the 1000 ,.,

ppmlevel. Ourcurrenteffort is directedtowardmodifyingthe i 1500 - 2

polymermatrixtoachieve lower detectionlevels. Wearealso _ 1400- 10ooof
constructinga small monochromamrsystem to increase the 1300- o 2ooo sooo
numberof volatile organic compounds that can be detected. , , w , , --7
Lastly, we have constructeda vapor concentrationdevice that 0 10 20 30 40 50 60
will be miniaturizedandincluded as partof a VOC detection Time(minutes)
system. This device is a thermoelectrically-cooledconcentra-

tor that will provide a meat.,or analyzingverylowlevelsof Re=pon=eof VOC senior to vaporph=meCCI4. Numbersrepresent
VOCs(lowppmleveLs)witha varietyof differentfiberoptic, lhc ¢oreentmtion of vapor ph&_ CCI4(ppm).
basedtechnologies, ranging from simple chemical sensors to
directspectroscopicmeasurementswith Ramanor IR.

Collaboration/Technology
Transfer Formoreinformation,pleasecontact:

Kevin Langry
This technology has beenlicensed by Purusand has received Lawrence Livermore National Laboratoryattention by severalothercompanies and institutions.

P. O. Box 808, L-524
Livermore, CA 94550
510-423-2043

Ann Heywood
Technical Program Manager
Lawrence Livermore National Laboratory
510-422-8203
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Ctdorinated and Aromatic Hydrocarbon Thin Film
Chemical Sensors

Task Description Technology Needs

This proposed Surface Acoustic Wave (SAW) based chemical Sensors for continuous real-time monitoring of ambient air,
sensor R&D for chlorinated and aromatic hydrocarbons will ground and surface water, and contaminant plume migration
greatly advance the currentbase-line SAW technology (which will be needed for compliance with state and federal regula-
is inadequate for DOE needs); and may be a viable alternative tions (the Clean Ah Act, the National Environmental Policy
to existing sensors, including the fiber optic conventional Act, and the Resource Conservation and Recovery Act, to
SAW b_Lsedsensors. Proposed R&D will base a sensor on mention a few). Moreover, the specific needs of the ER and
observal)le phase velocity change of a SAW or Lamb Wave WM programs require a new generation of sensors and ad-

(LW) device upon mass loading by a specific organic com- vanced fieldable inslrumentation. Present technology is sire-
pound. A thin-film coating based on covalent attachment of a ply inadequate to address the multitude of monitoring needs in
species selective reagent (to be determined) will provide the site characterization, cleanup verification, post-closure moni-
molecular specificity, reversibility, and sensitivity needed for toting, and process diagnostics and control. There is a specific
both gas and aqueous phase measurements. When operational, high level need at anumber of ID sites for real-time sensors that

the proposed SAW. or LW-based sensor will be reversible, will accommodate both air and down-hole aqueous phase
inexpensive, and robust under realistic environmental condi- sampling of chlorinated hydrocarbons.
tions and will be capable of providing species identification.

The operational sensor will also meet state and federal regula-
tions (NEPA, RCRA, Clean Air Act, etc...) forcontinuous real-

time monitoring of ambient air, ground and surface water, and AI (Interdlllltal trantclr)contaminant plume conditions in subsurface water. Motorola

Corp. is investing on a 50% cost sharing with the DOE to co- ZllO (ldelectH¢ Itytr)
develop this technology (via CRADA) for commercial appli- (Jl'OIllMi ]l_all0)
cationswithin industry.

Accomplishments

During this initial funding cycle we will prepare and charac-
terize monolayer thin films of differing cyclodextrins as the
sensing layer on SAW substtate surfaces. We plan to have
validation of the surface modification techniques and proof-

SAW-basedchemicalsensor of-principle demonstration of the resulting sensing capabilities
for detecting chlorinated hydrocarbons and aromatics in air m
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Chlorinated and Aroi_i¢ Hydrocarbon Thin Film Chemical Sensors
I ' IIII rf, Ill

time to allowan informeddecisionregardingcontinuedfund- senuconductorindustryas a whole. A formalCRADA be-
ing. tween MotorolaandLANL is currentlyunderdevelopment.

Towardthisend we havemadeconsiderableprogressinthe six Several potential sites employed for the field testing and
weeks since the startof the programFebruary1st. We have databasedevelopmentneededforenteringinto DOE's Meth-
purchasedand assembled hardwareconsisting of the SAW eds Compendiumare I_ing considered. Discussions ate
sensorft-electronics,two fi'equencycounters,andapersonal currentlyheldwithRocky'_-'latsPlant andtheSavannahRiver
computerwithan IEEEinterface,and have writtensoftware PlantID.
for basic dataacquisition and real-timedisplay of the sensor
response. In parallel we have explored several of many \
possible routes to synthesizing and surface-attachingcycle- " _
dextrins. The f'u'ststep requiresattaching a linker layerthat
serves as the "glue" between the substra_ and cyclodexu_in \
reagent. We have been making extensive use of surface
characterizationtechniques (optical absorptionand FTIR-
ATRspectroscopies,SIMS,XPS, andcontactangle measure-
ments)to gaugeoursuccess at eachstep. Thesemethodsgive g
direct identificationof the surface-attachedspecies, and also
provide informationon the molecularorientationand film '_
thickness. We have conclusively demonstratedsuccessful
auachmentof several candidatelinkersto the SAW subseate,
and have very favorable indications of success in the subse-
quentandfinalstepof attachingthe cyclodextrinto thelinker
for the case of at least one m and probablytwo -- of these
linkers.Convincingevidence of success fromFHR spectros-
copy forthecase indoubtis cloudedby thepresenceofspectral
featuresthatarecommonto both thatparticularlinkerandme
cyclodextrin. Such ambiguities arecommonly resolved by imo
performingthe same chemical synthesisandcharacterization Wivlllumbe_ (¢111-1)
with isotope-substitutedcyclodextrinorotherchemicallysimi-
lar cyclodextrinderivatives having FTIR spectral features FTIR_oectmluggestinglUCC.eSlinsurface-
distinctfromthoseof the linker.While muchworkremainsto atla_mentof8-cyctodextnnviaa linker.

be donewe arevery excitedby the progressto date.
II I

t

For more information, please contact:
ii

Basil Swanson

Collaboration/Technology Los Alamos National Laboratory
Transfer Los Alamos, NM 87545

505-667-5814

Motorola is interestedin sponsoring and establishing a test
facilityattheirPhoenixplantforwaste streammonitoringand Hugh Murphy

down-holesensing inaqueousmedia. LANLwill providethe Technical Program Manager
sensorelements andtechnologywansferinformationtofacili- Los Alamos National Laboratory
talethese testswhich Motorolahopestomakeapplicabletothe 505-667-8914

I III
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Remote SensingSystemsDevelopment
I ]I'll roll I III I I I

Task Description

The focus of this project is the cooniinated deve_nt and
evaluationof existingsensorsystemsandnewremotesensing
technologiesfor environmentalrestorationandwastemanage-
mentapplications.Emphasiswill be placedonairborneremote
sensingsystemsusefulfor surfaceandsubsurfacecharacteriza-
tionstudies.Airbornestudiespermitrapid,h_.ghresolution,non-
intrusive0_oroughcoverageof largeareas. Potentialapplica-
tionsexistat ali DOEsites.

Existingremotesensingsystems(bothnuclearandnon-nuclear) •
andtheirassociatedprocessingtechniqueswillbeevaluatedand
optimizedtoaddresssitecharacterizationandmonitoringneeds.
Integrationofremotesensingdatawithgeographicinformation
systemswillalsobedeveloped.Remotesensingsystemcom-
mortalities,suchaslocationequipment(e.g.GlobalPositioning
System)anddatarecordingdevicesandformats,willbeexam-
ined.

Inadditionto optimizationof existingtechnologies,severalnew
technologieshavebeen reviewed.Three have beenassessedto :,: _::::::_:
beworthfurtherdevelopment:hyperspectralimaging,subsur- ,::!:L:!..:::::...:i:!:!::!::!::.:.:
face characterization,and laser-inducedfluorescence. These
technologieswill bc refinedandappliedthroughairborneand

....:....:::..:.

l I II l

EnvironmentallycontrolledchambersknownasECOPODS
designedforthestudyoftheeffectsofcontaminantsonthesl_ctml
req)onseofvegetationinsupportofwasteidenffcationonDOE

Technology Needs

I p,, ,, ,m

Thereisa needfor_mo_, insitu,andon-sicalocal_.
tionofcontaminantsandresultingmodificationtotheland i__ __llglL JL__

surf.Airborneremotesensingsysemsca,,providesafe,Acgompllsnmenls
spatiallycomplete,highresolution,quantitativeinfonnatimon
changesofthelandsurfaceresultingfromER/WM related

activities. Thereisa clearneed to_ infcxmalkmon InAlx_ I992 thefirstannualRenmteSensingLiaisonWorking
existingDOE remotesensingcapabilitiesaswellasbetter GroupmeetingwasheldattheEG&G/EM RemoteSensing
coordinatefuturedevelopmentalprojects. LabcratotVinLasVegas.Thismeetingwassuccessfulinmaking

theusersmoreawareofremotesensingcapabilitiesandapplica-
tiresaswellaswhat thetechnologydevelopmentprogram(EM-
5O)is doing.

Initialf'_ldtrialsof theLaser-InducedFluoresc,encetechnology
were successful. DepletedUraniumtargets at Los Alamos
National_ andplumesassociatedwiththeSpillTest

lH I II II II II I I II
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Remote Sensing Systems Development

IIIIII I

Facility at the Nevada Test Si_ were idcnlff'_L An_ mectonceayearinaddititmtositespccificmcetingsandinformal
MultispecwalScannetsurveyallowcd__ofbmi_ communicalitmas neededthroughoutthe year. Collaboration
wastesitesatLos Alamosto bede_ Publicati(mfor the with Universityof Californiaat SantaBaxbara,NASA Ames,
handbookof AirborneSubsurfaceInvestigativeTechniquesis JPL,andtheUSGeologicalSurvey,as wellasotherDOEsites,
immh_enLDatagatheredthrough_ hyperspectmlsur- iscontinuingtogrow.
veysofatoxicspillintheSacrmnentoRiverhasdemtmsntedthe

IIII

usefulnessofvegetationstressasa mappingtoo4forwaste
managementandenvhonmoatalcleanup. For more information, please contact:

" Lee Balick
EG&G/EM

Collaboration/Technology Remote SensingLab,RSC-19P.O. Box1912

Transfer LasVegas,NV 89125
702-295-8603

The liaisonworkinggroupwUiprovidea linkagebc_ecnOTD
and ER/WM. lt is expectedthattheworkinggroupwill identify Leo Rogers
applicationsforexistingtechnologyandprovideguidanceforthe Technical Program Manager
developmentof new technologywhicharepemnmt to current EG&G/EM
and futureER/WMneeds, lt is anticipatedthatthegroupwill 702-295-8726
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Zero-Tension Lysimeters:
An Improved Design to Monitor Colloid-Facilitated

Contaminant Transport in the Vadose Zone

Task Description

Alysimeterisadewcepermanenflyinstalledinthesoiltosample Colorado.They will also be "mstaUednearAmes, Iowa,where
soil waterperiodically. Zero-tensionlysimeters(ZTLs) are colloid-facilitatedtransportofheavymetais(Cu,Ni,Cd,andZn)
especiallyappropriateforsamplingwateras it moves through in municipalsewagesludgeis monitored.
saturatedsoft, althoughsome unsaturatedflow events may be
sampledaswell. Becauseno ceramicbarrieror fiberglasswick to
is involvedto maintaintensionon thewaler (as is thecasewith pump
other lysimeters),particlessuspendedin the wa_ as well as
dissolvedspeciesmay besampledwithZTLs. AZTLdesignis

proposedtocapturesamplesofsuspendedcolloidsas theymove air inlet tubein thevadosezone.
i

TheimprovedZTL designconsistsof aTefloncylinderplac_d
belowanund_._4m_edcoreof soilthat_ beeninitiallywith-
drawn with an hydraulicallypowered tube, "[he design has
significantadvantagesoverconve[_tionaldesignswithrespectto
simplicityandspeedof installation.Becausemore_ of the
proposeddesignthanofthe conventionaldesigncanbe installed
to assesssite variability,moreaccuratemonitoringof contami-
nant u'ansportbefoce, during,and afm- remediationwill be
achieved.Inaddition,becauseoftheimprovedspatialresolution
insamplingandmonitoring,ffcontaminantsatemobilized,their

= sourcecanbe more easilyidentifiedthanwithpiezcmel_-based
monitoringmethods.

The improvedZ'IT,s will be installedatfive sitescordamina_
with americiumand plutoniumat Rocky FlatsPlant,Golden,

. _-_ 8.9cm O.D. -.....I
I.D,[ _----8.2cm -------! [

,I II
1_ii___ _.1 i.,_-""air Inlet

,tT'---f _._.;_!!__ '::,)_ _ tube R_lm 2. _lmpling and maintenance of the zero-ten_on ,ysimeter.•:.:.:.'..'..:.::::-[...-_..,_::'...i:::.:::'.,',.:."2!_.'.:.'..:_:. •
__ _/,J ,:." FEP

f..o0"o0tubeI ',,..:::,:" I

8"Ocm[i1.-:.._: 1_J__flexible

[_.:'.. :'.i../.:. .:...:::.'.'.!_ _rxmnector Technology Needs

- Zero-tensionlysimetersate needed to monitor contaminant
_ migrationwithmobilecolloids. Theyareparticularlyapplicable

Figure 1. Basic design of the zero-ten=don lysirneter, where a site is tmdergoing in-situ remediationment that
leaves thesoil physicallyundis_ Theycanalsobe usedin
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Zero.Tension Lysimeters: An Improved Design to Monitor Colloid.Facilitated Co_ Transport in the
Vadose Zone

othercontexts wherecoUoid-fa_tated _ of coutami- etets tocharacu_ theratesandmechanismsofactinidemigra.
nantsis suspecxedoxmustbequ_tified innear-stmrfaceenvirm, timat thesite.TheimprovedZTLsa_ alsoinstaUedinsoilsnear
merits, amtmicipalsewage treannentfacilityformonitocingmigration

of heavy me_als. Successful field uses will result in wideA zero-tensionlysimeterthatcanbe installedinmuchlesstime
andwithless site distta,bancewouldallowmoreextensiveand acceptabilityatothersitesformonitoringcontamitmntmigrationin soils.
thereforemoreaccm-_ monitoringof colloid_ in con-
taminatedsoils. Inthisprcfosal,adesignthatmeetstheseneeds
is outlined.

Ptmomeu_

_,_-_ II

Accomplishments .. , _ _,,, , ,

insmtledin 24 resemchplotsata site n_eiving
mtmicipaisewagesludgein low& Thelysim-
eterseffectively sampledcolloid migratm at _
_0_ c_xl_dunngIx_ samra_ andpr_enm-

even in _ receiving ide_tk:al shldge and " .i .::": .

vegem_ureauneats.TheabiUtytodocmnem mo.. ,'". '. . .' ". , . . . ,.. . .' ,.:such varial_ty less expetlsively amd _ ac- i .' :..
cxwatelyman with conventict_ mm'o-,,_tsion

lysimeters is seen asone of the important adwaw F_m3. Typic_ inmlldon o¢'_e zeUs/on lysimetefrollbe in conjurglg_ with
ragesof theIxesentdesign.Formstailatmat othervmo_-zmewq_mgandmortaring_.
theRockyFlatsRant,me d_gn hasbeen
mcdif'gdtoimprovethedevice'srigidityandto

polemial for _ of _- For more information, please oontact:.

Michael L. Thompson
Ames Laboratory
2503 Agronomy
Ames, IA 5OO11
515-294-2415

Collaboration/Technology
Transfer James Corones

Techn/ca/Program Manager
Ames Laboratory

The PrincipalInveuigator wo_ closely with au end user at 515-294-9636
EG&G'RockyRas in using theimprovedzem-temion lysim-
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Multi-Spectral Neutron Logging: ANew Generation

Pulsed-Neutron Induced Gamma.Ray Multi-Spectral Logging
System for In-Situ Mapping of Contaminants

II I III

Task Description Collaboration/Technology
Transfer

The task is focused on neuu'on-induced,gamma-ray,multi-
spectralboreholeloggingfo¢in-situmappingof contaminants.
ResourceConscrvationandRecoveryAct (RCRA)metalsand This project will be performedjointly by the Los Alamos
chlorinearetheelements of initialinterest. The subtaskswiU National Laboratory (LANL), the GrandJunction Projects

Office (GJPO,operatedby Chem-NuclearGeotech), and thebe to modify an existingborehole logging sonde to mat,._an
innovativetypeof measurement,performnumericalcalcula- U.S.GeologicalSurvey(USGS). The breakdowninresponsi-

bilities is as follows:
tionstore-designthe sondeand interpretthedata,andconduct

experimentstophysicallydemonstratethehardwareandverify LANL: NumericalModeling & OverallCoordination
numericalcalculations.

GJPO: NeutronGenerator& Logging System

USGS: DetectionSystem
_J

The LANLandGJPOorganizationsarefundedseparatelyand
functionunderindividualandseparateTechnicalTaskPlans.

Technology Needs USGS fuming asincludedin fundingfor GJPO.

Under the DOE Environmental Restoration(ER) Program,
techniques are needed which maximize the informationob-
tained from boreholes and minimize the numberof samples/
analysestoreduceCOSLNeutron-induced,multi-specualbore-
holelogging has theability to mapcontaminantsin-situandis
nuclide-specific. The techniquecan be used in boreholesas
smallas 4 inches indiameterand throughsteel casing. Mca..
surcmentcan be made repeatedlyovex anyperiodof time to
trackchangesincontaminantconcentrations.No environmen-
tal contaminationis causedby thismeasurement.

For more information, please contact:

John Conaway
Accomplishments Los Alamos National Laboratory

P. O. Box1663
Los Alamos, NM 87545

• Work plans, budget and fundingrecently put inplace 505-667-2683
• Transfer of funds to USGS has been initiated

Hugh Murphy
• Collaborationon modeling began in mid-February Technical Program Manager

Los Alamos National Laboratory
: 505-667-8914

lH i I

FY-93CMST-IP 39



40
2



High-Resolution Subsurface Imaging and
Neural Network Recognition:

Non-Intnlsive Buried Subst,ce Location
m

Task Description

Ground Penetrating Radar(GPR) has been shown to be a patternsin thedataandestimatesuchquantitiesas the location,
powerful tool for environmentalinvestigations,but in many size andconductivity of the target in nearreal time. Unlike
situationsthe attenuationof radarenergyis muchtoo greatfor conventional in--ration schemes, neural networks retain
radarto be effective. In the southwesternUnited States, for theirknowledgeandcontinue to learn.

example,thedepthofpenewaLionofradarenergyis typicallyonly Thehigh_y ofthe lXOposedimagingsystem,coupledwith
one meter. Inorderto reliablyobtaina usabledepthof penetra- the fast, accurate interpretationby the neural network will
tion forenvironmentalinvestigations,it is necessarytouselower providea fasternon-intrusivemeansof mappingcontaminated
frequenciesthanarenormallyusedin GPRinvestigations, siteswith less ambiguity.The datacollectedwill be interpreted

Ahigh-frequencyEMimagingsystemthatovercomesthedepth in the field in near-real-timeby neuralnetwork. Thenetworks
restrictionsofgroundpenetratingradarswillbedevelopedfotthe will outputthe identificationand locationof subsurface targets.

frequency range 30 kHz to 30 MHz. The system will be an The proposed high-frequencyimaging system could reduce
extension of an existingimagingsystemwhichhasa frequency occupationali_alth risks by reducingthe amount of time for
range of 30 Hz to 30 kHz. The high-frequencyextension is conductinga geophysicalsurveyandinterpretation.Theenvi-
necessaryto providehigh resolutionover the rangeof possible ronmentalriskswill bereducedby pinpointingmote accurately
depthsthatareof interestin this project, whereobjectsareburiedandwhatthoseobjectsmay be. The
"Fneconventionalmethod for interpretingEM dam involves morecompleteyourknowledgeis of the potentialhazards,the
assumingsimplifiedmodelsof theemth,calculatingtheoretical moreableyouaretodeveloparemediationplanthatwill restore
EM fieldsforthesemodelsandcom_g thcs¢ to ObSeCv¢_lEM _ environmcnLFasterandmoreaccuratedata acquisitionand
data. This _ is typically slow and tedious, lt usually intecpretalionmeans both cost and timewill be reducedfor the
involvesa greatdeal of subjectiveguessworkby theinte_retc¢ remedialionplan.
inorderm chooserealisticmodels.The_ure isoften
computerintensive.A motepromising_ isneural
networkparameterestimation.Theneuralnetworksrecognize



High.Resolution Subsurface Imaging and Neural Network Recognition.. Non.Intrusive Buried Substance Location

Theproject is expected to udr_eighteen months tocomplete with
the f.'st year spent building the imaging system and trainingthe
neural networks. The f'malsix months will be spent testing the
system in the field.

Loyer kJ. _LJ

Technology Needs
//{f/ \ \ _'Le_e_s

H,dcten _// ' / \ _ (PE's)

Non-ina'usive geophysical methods are needed for mapping L ay e r (...)_,)__ ---

//I__._/_<'-..._ \ w . '__ gh,and pit boundaries. Performance enhancements which are

expected to be acxcznplishcd by the IXO_ task will overcome [np u t //_// / _\ J '

conductive or clay-rich-soft and will provide higher resolution )/
and _,cutacy tlm conventionalDC resistivityorEM induction i
techniques.

Figure2. Simplifiedfeed-forwardneuralnetworkwibhonehiddenlayer,
Inputlayerconsistsofobservedelliplicitiesatvariousfrequenciesand
distances.OutputlayerconsistsoftargetIoca_n coordinates.

Accomplishments

Initial versionofsoftwareinterfacewas developed on Dec. 15,
1992.Design of the receiver antetma wu _ on Jan.31,
1993.

Formoreinformation,pleasecontact:
,11

Ben K. Steinberg
Dept. of Mining and Geology
University of Arizona
Tucson, AZ 85721
602-621-2439

Keith Rawson

DOE Project Manager
304-284-5431

I I
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Geophysical Data Fusion for Subsurface Imaging
II

Task Description

A software package will be developed that will integrate g¢o- Shear wave surveys will be compared against conventional

physical data derived from multiple sensor technologies with compression wave surveys to determine improvements in geo-
geophysicalunderstandingtoobtainthebestpossible3Dsubsur, logic detail. In addition, algorithms shall be developed for
face image. A package will be developed to process multiple differential processing of TDEM. The conventional "out of

sensor data with sufficient automation to be accessible to engi- loop" horizontal magnetic field TDEM process techniques shall
neers with minimal training, be enhanced to increase sensitivity to geologic strata. Thiseffort

shallresult in thegeneration Dfa three-dimensional (3D) display.
The combining of data from non-invasive geophysical sensors, The geophysical data fusion methodology will be demonswatedincluding time-domain electromagnetic induction (TDEM) and

for an aquiferimaging problem at sites with hazardous wastenear surface seismic sensors, will be studied to determine the
contaminants. The proposed methodology will be enhanced bysystem effectiveness. To suPlX_ decisions on the location of

monitoringweUsforcontaminantplumes, it is desired to identify providing a full 3D capability, automating the approach, and
thin clay layers (1 to 3 feet thick) and geological discontinuities optimizing the spatial computational flow. Advances in fusion

and sensor technology will be incorporated in the softwareto depths of 300 feet. A high frequency seismic source will be
evaluated to determine identification enhancement of thin strata, package. This software package will be portable enough so that

it can run on a variety of work stations.

i.....EM-DIFFERENTIALPROCESSING 2D. GEOLOGIC

O GEOLOGIC-.

SITEDATA

O -EM-INVF.RSION ....

_ T T --mm,- DATA --a,.

WAVE j r IA T -- FU_ON

r

- t ! :-]| ,
........

! CONDITIONS

COMPRESSIONWAVE _ ..... _'_-DATA ANALY_S ! -_ .-.---

_ l"" DATA J

Fundamental Data Fusion Methodology
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Geophysical Data Fusion for Subsurface Imaging

Aquifer lmagiJJg ExaJnple Using Time-Doma2n Elec_romagTJetic(EM)
and Seislldc Sensors

InversionShapca linage Until Data Muiti-Sen_r Imaging
Cmm_l_iltwith Predictions

TiB, Ilae I. III

' ' NN //• P Compess_m wive, vi
•.,. m. ,,..,,,\\ //
_Niq ..J.,, f.. \\ //
lmytlul IWwUM aral "_ //

,---,. i..L:..... . ,,-,.,-Ii- ..... ,,-v" " "<'', .1_.",.w,n,,i li ,-"'i',-.,i iii

i ' mmMu,lmaNi

--.-.-: p,NiCl_il

Accomplishments

II I

Conceptson how toincludethe compression-waveand sheer-
wave seismic data,both reflectiveand refractive,along with
verticalandlmfizontalTDEMin thefusion softwarehavebeen

Technology Needs _ve_ _ _ p_ _t__ _p_,_0_.._._.,,,
wire_t fesistivili_to_ thefusioncapabilities.

III

Themeasuringof highly stratifiedgeologywiththin,lessCen For more information, please contact:
threefeetthickness,anddiscontinuouslaye_ iatemdxedwith ....
unconsolidatedsedimentat several b_ foot depthis cm'-

renflynotacccmplLd_ by any singlect multiplegeophysical Jam_ Vandergraft
surfacesensormethm.Exteasiveandtimecomemin8_gins Coleman ResearchCorporation
ofcloselyspacede_ weUs,anddownholesec_ysiod 9891 BrokenKane Parkway,Suite 200detectionSuchas a_ss-bole tmsogmphywe the only reliable
alternativesfordefiningsuch complicatedprofiles. Even so, Columbia, MD 21045
there is little guarantee that retry thin clay layers have been 301-621-8600
adequatelyidentifiedto Igrmitmeaningfulgroundwa_ flow

migration_. This taskwill evaluateanddevelopan Vijendra Kothari

optimmnsuile of non-invasivegeophysicalseiners to address DOE Project Managerthis need.
304-291-4579

iiiiiii ii iiii
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HistoricalImagery Applicationsfor Environmental
Restorationand WasteManagement

III

Task Description

The feasibility of exploiting historical imagery to support niques and systems implementedwhich satisfy the variou_
ERWMactivities hasbeenanalyzedwithspecific emphasison levels of site requirementswhile meetingregulatorrequire-
theFernaldsite forDiscovery and Characterization. ments andguidelines formeeting dataqualityobjectives.

This task has focused on site requirements,identification,
acquisition,and evaluationof historical imagery,anddefini-
tion of a system architecturewhich satisfies the functional,
technical,andoperationalrequirementsof the site andregula-
tor'swith flexibility to handlefuture imagery requirements
duringthe Remediation and Surveillanceand Maintenance Accomplishments
Phases.

Futureeffortswill focuson analysisof the imageryand system
implementationto meet currentand futureimagery analysis The majorobjectives have been met with the final report,
requirements, currentlyin draft,to be completedby 30 May 93.

Site requirementshave beendefined andconsolidated. His-
toricalimagery, because of its synoptic spatial and temporal
coverage, hasbeen determined to supportdiscovery and char-
acterizationrequirementsof alioperable units. Consolidation
of theserequirementsis thereforeappropriateinordertOdefine

Technology Needs, _ most effective analysis plan.
Regulat_ requirementsfor thecollection, analysis,andquai-

l ity controlof imageryhave been identified. EPA recognizes
Site requirementsfor discovery and characterizationwhich the value andcost-effectiveness of remotesensing data,and
exploit imagery include OperationsReconstruction,Feature historical imagery in particular,as an essential and cost-
DetectionandRecognition,FeatureIdentificationandMensu- effective informationsource. Collection, processing, and
ration;providinguniqueinformationandcomplementingother analysisguidelineshave beenestablishedfor its exploitation.

sourcesof informationsuch as recordsand interviews. The Imagery has been identified, acquired, and characterized.
processof analysis includesiterationsbetweenqualitativeand Aplm_ximately60 dates (over 200 images) of unclassified
quantitativeanalysiscovering the entiresite as well as indi- stereo, mapping imagery, covering _ period pre-1950 to
vidualoperableunitsas specific issues evolve. 1988, havebeenacquiredandcharacterizedin termsof utility

Historical imagery of DOE sites includesdatafromprecon- forERWMapplications.Sensorsincludepanchromatic,color,
structionthroughconstructionandoperationalphases.Forthe and inflated with imagery in various scales, ranging from
Fernaldsite, these are pre-1951, 1951-1954 (primary)and 1:3,600 to grealexthan1:130,000. Virtuallyall of thisdata is
1954-1988,respectively, useful for operations reconstruction,feature detection and

recognition,andfeatureidentificationandmensuration.
: Imagerydata taker,duringthis periodincludeground,aerial,

and space-basedsensorinformation. Focusof thiseffort has System concepts and trades studiesare being completed for
beenon aerialstereomappingimageryin orderto providethe systemsdesign andimplementation.Digitalimageprocessing
qualityrequitedfor the levels of analysisrequired.To exploit systems are currentlyavailable with capabilities to convert,
imageryin a cost-effective manner,data mustbe identifw,d, process,andenableanalysisofthe imagerycost-effectivelyfor
acquired, and evaluated and processing and analysis tech- ali levels of applications while satisfying regulatorquality

I
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H_toricalImageryApplicationsforEnvironmentalRestorationandWasteManagement
I I III

HISTORICAL DATA FUSION WORKSTATION

,...,.,,,_._.,..= WORKSTATIONS cc==,_,u=

HISTORICAL AND c..=.=m_.L,_,
GEOGRAPHICAL
DATA

ColemanRemmmhCorporation(CRC)Imsbeandevelopingawod_mliontorelive, dmptayanddimmminatehistoricMdata
ofinterredto DOE. Thismultimediawodumdioncummllyhas the¢=pebilityto diiplmyandmanipulmoaerialphotograph=.
maps.CADdrawing,oralinteNmw,,textfliesand_annedimagRKmha, newtpaperciil_ng,. Aumrck,linedmle.bmmKt
textretnevMcapabilityiscurrant_underdevelopfmmtThepuq_omofthisrelz_ai WMemisto guidetheumrthroughlh,
hii_mcMdm inordertoextractintommlionlh_ isrokwanttoaparticularMu¢/.

(Accomplishments, continued)

controlrequ:uemcats. Imagepr(x:es_g tecbaololwandsys-
temsarerapidlyevolving in the_ madr,etpl_ and,
withopensyst=asimplemema_on,elememscanbecombim_

to providea systemsolutionwhich can_ the _ For more information, please contact:required in a form compatible w/rh site requitemems, includ-

ing _ flexibifi W for handling fulxnreimage_ing re-
quirements.

Jerry Collins ........

Theresultsofmisuudy,w_Uefoo=edonFer=_requue.ColemanResearchCorporationmenLo,are believed Io be applicable to _ DOE sites where

simi_ requi_mestsandeven_'r amountsof avaiJable 9891 Broken Kane Parkway, Suite 200
m_a_..-ryareexpeca_.Hisaxicali=_ery, aspm ofatiered Columbia, ]VII)21045
approachm_'o_ hasbeendmonsn'a_ mbea 301-621-8600
primarymm= ofinforma=_for PrclimiaaryAsses,unen¢

Si=Inve_g_ion(PA/SDandReme_ Inveaigatim/F_i- Caroline Purdybility Study (RI/FS) and technology is rapidly evolving to
enable analysis in a cost-effective manner. DOE Project Manager

301-903-7672

FY-03 CI_T4P,IAG
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Data Fion Workstation

II

to show howthecurrentstateof practicecanbeautomatedinto
asingle workstationandhowexistingsensordatacanbefused

Task Description ,oenhancetheunderstandingof theoverallproblemasshown
in Figure 2. The program has fourgoals for the development
of theprototypeworkstation. Thesegoals include:

Currentlythousandsof waste sites exist at DOE facilities
• demonstratingthe capabilitiesof data fusion within the

covering hundredsof squaremiles. The predominantcharac- environmentalcommunities;
terizationmethods used are invasive techniques (boR-holes)

which are inaccuratebetween bore-holes, risky, slow, and • producingaprototypeworkstationwhichprovidestools in
extremely costly. Additionalsensor informationfromboth theactualdatafusionprocess,manipulating,orinterpreting
remoteandnon-invasive sensorsoffer potential for dramatic raw data;
improvement but no single sensor exists which address ali
characterizationneeds. An automated Fusion Workstation is • gatheringgeophysical data at the HanfordSite which will
being developed that offers the potential to mathematically be fused withexisting bore-holedata;

fuse data fromindividual invasive, non-invasive, and remote • using a GeographicInformationSystem (GIS) basedman-
s_asors toproducea clearerpicturewithquantifiedconfidence machine interfaceto organize thedata.
shown in Figure 1.

Technology Needs Accomplishments

Site characterization is currently performedmanually by a A new theoryfor spatial non-causal randomfields observed
principalscientist responsibleforatl aspectsof acontaminated thr°ughn°nlinearn°isy data fr°mmultiplesensorswas f°rmu"
area. The principalscientistis supportedby otherpersonnel latedformathematicaldatafusion. The newdatafusion theory
with expertise in individual fields of specialization (i.e., geo- is a transfer andextension of technology fromnovel Coleman
physicists,geochemists,geologists,sensorexpertise,andmodel Research contributionsto space science, DoD, and intelli-
expertise). The goal of theDa_aFusionWorkstationprojectis gence applications.

t_TA
Pl_OCZIla_D

,,,a_,o, I

, ' hU.1141_l$Og

-lm,, _gMffATIC_

I¢OO_,GgB ]

Figure1. Integratedmulti-tmnsor_mchmacterizafion
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Data Fusion Workstation

III

I

I IIII

(Accompl_hmenu, continued) For more information,please contact:

David Porter

The HanfordSit¢wassclected foradatafusiondcmonstmlk_ Coleman Research Corporationincollaboration with theVOC/AridInteBralcdDmnonslralion.
A caUcheLayertm saouldbe auimpcn=e_lebarrierto 9891 Broken Kane Parkway, Suite 200
contamination was chosen as the tatge_ for3D imaging using Columbia, MD 21045
seismicandelectrkalnon-invasivegeophysicalu_clmiques. 301-621-8600
HanforddataacquisitionhasrecenUybeencompletedanddata

processmgis underway. Jack Stewart
PreUm/n_designofmedeUverableprotoq_fusionwork- DoD/Ft. Meade
s_ion is compie_l andthedeu_Al deaignis nearingcomple. Caroline Purdy
t/on. Commercialoff-the-shelf hardwareand software has DOP. Project Managerbeen selected and is being acquired.

301-9(_7672
l
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Associated ParticleImaging (API) Development

Task Description

| I I

The API imagingsystem is an active, non-intrusive,single- ASSOCIATEDPARTICLEIMAGING(API)sided,fast-neutronbasedsystemthatwillexaminetheinteriors
of sealedcoatainers,displaythelocations,shapesandsizesof Position and Elemental Information
theircontentsin three-dimesionalimage format,andidentify
their elementalcompositions.

¥ Stops TAG
The general winciples on which the API meth_ is basedare y
illustratedinFigure 1(rigid0.A SealedTubeNeutronGenera-
tot"(STNG), not shown in the figure, produces 14 MeV _'_
neutrms via the t(d,n)a reaction. The neutrons leave the _ czStarts TAC
collision site in a direction antiparallelto the (Zparticles,as

shown in the figure. The ¢x particlehits a two dimensional Z X
positionsensitivedetectorandstartsthecl_k (labelled"TAC"). /

At the sametime, theneutronheadsoff towardtheregionto be n / _
interrogated.If theneutroninteractswith targetmaterialin the ,,
interrogationregion, attd if a gamma ray is producedand s, 'I
subsequentlydetected withina presetperiodof time,thenthe
clock is stopped upon detection of the gamma ray. The ct POSITION: X, Y, Z (n TIME OF FLIGHT)
particle'slocationon the twodimensionaYdetectorgivesthe ELEMENT:7 RAYSPECTRUM
neutron direction of flighL The elapsed time between clock
"start" and "stop" give informationthat tells how far the L

neutron travelled before hitting the target. These pieces of RQunD1
informationultimatelygive t_ x,y,z locationof the neutron-
targetinteraction.Futhermore,the energyof thegammaray is
characteristicof the materialthatwas hit. Thus,_ gamma

spectrumallows one to identify theelemental compositionof An example of API's 3D imaging capabilities is shown in
thematerialin the targetregionas a functionof position. Figure 2 (left). "I'necolor informationis missing due to the

constraintof ablackandwhitetext format.Thedataconglom-
eration on the left, labelledN.._, is thesalt image and is
normally mostly green. The water image on the right is mostly
blue. The boxes around the data aggregatesweredrawnby the
user.

NaCI Aprs realpower ties in itsabilityto gain_elemen.
tal and positional information. This is illustratedin Tabkl

"' (seeback). The two leftmostcolumnslist the elemental
inf_ pertinentto salt(CI),andwater(O). Thenexttwo

.... columnsgive informationabouteachof theseelementsif only
" .................... a "lumpsum"of salt andwaterdata is considered. However,

" H20 ffoue isable toseparatethesaltfromthewater,as we havedone
in theboxesof Figure2,onecansignificantly reducethesignal
tonoise ratio. TMsis evidenc_ by comp_son of thethirdand

: fifthcolumnsof thetable. Intenns of NDEmeasurements,this
: meansthatout confidencelevel is manytimes improvedover

whatitwould be withouttheabilityto spatially isolatethedata
aggregates.

Figure 2
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AssociaW,d Particle Imaging (API) Develola_nt

II II I

Technology Needs Accomplishments

APl addresses theneedfornondestructiveevaluationof waste The API system itself is verycomplex; the developmentof a
barrelsand otherclosedcontainersby non-intrusivemethods, systemcapableof producingthe datashown in Figure I and

Table 1 is an acctmaplislunentin itself. API hasprogressedto
point, however, wheresuch issues as improvedsignal to

noise ratio(as inTable 1)areaddressed. Workis beginningin
the areaof image enhancementas weil.

iiiii

Witlxmt SpatialGate With SpatialGate
Energy(MEV) Element I

S/N Ratio % Error S/N Ratio % Error
II III

1.78 CI .15 17% .43 9.3%
I

2.15 CI .12 16% .58 5.1%
I III I

3.68 O .15 6.9% 1.3 6.8%

6.13 O .44 42% .76 15%

Table 1" SpatialGating ImprovesSignalto Noise Ratio.

III - I I

Collaboration/Technology
Transfer , ,

For more information, please contact:.
i

Thereisasyetnotransferof API technology.
Paul Hurley
Special Technologies Laboratory
5520 Ekwill Street, Suite B
Santa Barbara, CA 93111
805-681-2472

Richard Lynn
Technical Program Manager
Special Technologies Laboratory
805-681-2401

I
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Field Raman Spectrographfor
EnvironmentalAnalysis

II

Task Description sp nty and concentrationlevel. The wavenumbersof
Raman bands provide the f'mgerprinm of compounds, and the

" intensity of peaks provides sn indication of the concentration.

This is an instrumentation development project which com- The hermetically sealed spectrograph, lasers, detector and
hines fiber optics, Raman spectroscopy, echelle gra_Jng,tun- power supplies will be integrated into a small case which
able solid state lasers, micro-opticallenses andcharge coupled connects the sensing heads using fiber optic cable. "['he
devices (CCD). The field hardened, small (suitcase size) instrument, which contains no internal moving parts, is based
Raman Spectrograph will be used in field screx_ng and on a unique design resulting in a ten fold reduction in size
monitoring of a wide variety of wastes, pollutants and con'o- compared to conventional Raman specu'ographs without loss
sion products in storage tanks, soils, ground and surface waters of spectral resolution.
at DOE sites slated for environmental restoration. The inslru-

ment will have the capability for remote operation which The Raman spectrograph system should be capable of charac-
enables measurement to be conducted over >50 meters of terizing critical pollutants at highly concentrated levels as well

as at sub-ppm to ppb levels with enhanced Ran_m techniques
optical fibers without interference from Raman scattering

such as surfaceenhanced Raman spectroscopy (SERS). Using
arising from _ fiber itself, the field portable insmunent, Raman spectroscopy will be

The instrument uses monochromatic light from the tunable applied to site characterization problems through asubcontract
solid state laser which passes through fiber optics where a lens with Oak Ridge and research collaborations with several
focuses the fight on the sample. The fight is scattered away national laboratories. Field tests will entail introducing Raman
from the sample, and some of the light is collected with another probes into waste storage tanks with both known and unknown
lens. The light is sent through fiber optics to theechelle grating contents, identifying the major chemical species present and
where it is distributed on the CCD and the spectrmn recorded, mapping their distribution within the container. Additional
Correlation can be made with reference spectra to determine site tests will involve introducing Raman probes into existing



F_ld Raman_aro_wh for En_ron_n_l A_

sampling wells and identifying groundwatercontaminants '

such as chlorinated hydrocarbons and volatile organic soil m 5.....gases insitu. _ I ppm ChlorinatedHydrocarbonsI

Technology Needs
,_ [10 TcESto.ol

The field hagdened, portable Raman probe will address the _,,_ _ _o_ 7
needsforinsitumappingofthechemicalcontentsinunder- !_"-% II ,s r. 2 I g

' \ II,_ mSo g_ : li gs Tground storagetanks. The measurements which can be con- _ u- _ o .... e Ji _ :x ^
ductedremotelyover >50metersof.opticalfibersprovidesafe _,.1_,¶ g ,. - 7 _JL/ ! , " ]'

I ! i iprotection of the personnel from exposure to the harsh, radio-
. ! ,, ! "

active environment. Advantages of the technique would also 600 800 10'00 1200 14_)0 1600
include increasedefficiency of environmentalcbaracteriza- WAVfNUMSER(eta-1)
tion and mapping, reducedcostsassociatedwith field sam-

piing andexsitu laboratoryanalysisand more effective real Surfa_ enhancedRamanspectrumofgroundwaterinOakRidge,_
time moititoringof remediationactivities. TNcontaminatedwithchlo_medhydrocad)onsolventssuchas

trichloroe_ylerm.

Accomplishments
The design and fabricationof a prototype field-hardened
Raman system has continued. Several off-the-shelf near

infrared lenses were evaluated and found to be adequate for use
if the focal length of the CCD lens was reduced to 75mm.

Calculations indicated thatthe resolution of thesystem was not
affected. The 75 mm lens should also confer the added benefit

of shorter data acquisition time due to a demagnification

process of the fiber optic inptiL _ Useof off-the-shelf lemes For more information, please contact:
willspeed up final assembly and testing of the system.

Michael M. Carraba or John W. Haas
EIC Laboratories,Inc.
111 Downey Street
Norwood,MA 02062-2612
617-769-9450

Curtis Nakaishi
DOE ProjectManager
304-291-4275
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Novel Mass Spectrometric Instrument fi r Gaseous
and Particulate Characterization and Monitoring

III li I IIII II I I I

Task Description

A unique and versatile insmumnt will be developed that will Moreover, the srai_ffonvard designand useof proventech-
ixovidereal-time,part-per-billiondetectionsensitivityforira- nologieswillresultinan insuumentofhighreliabilityand
portantpollutantspeciesrelevanttoDOE wastecleanupactivi-sensitivitythatcanbereadyforactualfieldusewithintwotothree
ties.Thisinsu'umentwillhaveanisokineticsamplerforparallelyears.

detectionofgasesandparticlesbytwoiontrapmassspectrom- Theinstrumentwillbecapableofdetectingandidentifying
eters.Initially,theinstrumentwillbedevelopedforusein volatileorganiccompounds,polynucleararomatichydmcar-
conJunctionwiththeK-1435ToxicSubstancesControlAct bom,heavymetals,andtranstranicspeciesreleasedduring
(TSCA)incineratorattheOakRidgeNationalLatxratoryK-25 wastecleanup,ltwillbeuniqueinitsabilitytodetectand
site. Ultimately,the instrumentwillbedesignedtooperateinthe quantifyin real-timetime diversepollutantsin bothvaporand
fieldatany cleanupsite,locatednearthestackorpt'ocessventto particulateform.
providetheplantoperationspersonnelwith real-timeinforma-
tionandalarmcapabilities. The instrumenttobe developedunderthis programwillconsist

of fourmajorcomponents:a samplercapableof operatingover
The instrumentrelieson bothcommerciallyavailabletechnol- awiderangeoftemperatures;two smallmassspectrometers,one
ogy, includinga simplelaserscatteringparticledetectorandan optimizedfor organicanalysisusing a uniquefield ionization
iontrapmassspectrometer,anduniquetechnologiesin the areas source and one optimized for particlecharacterizationusing
of field ionizationmass spectrometry,high.temperaturesam- thermalpyrolysisandelectron-impactionization;andapowerful
piing,andmembraneseparation.The immanentis expectedto computerforcontroland dataacquisition.
be easily transportablewithminimalutilityrequirements,mak-
ing it ideal for deploymentat a variety of DOE waste sites.

DetlonTrap _ IXlmt._ _ IIll_I__I

__ t fw Para=tru

E_m_n
Beam

ttr 1
F.xl_uN _ gutdNbW Pure:

FlOw
G_MI,4OHk6

Simplified_.,hem_ diagram of the iontrap mass q)e_mmeter
vaporand particulateanalyzer.
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Novel Mass Spectrometric Instrument for Gaseous and Paniculate Characterization and Monitoring

Technology Needs e.,.....

Real-timemonitoringof off-gas slackemission forhazmdous _- _m m/ m {_

orgamccompounds,polynucleararomatichydrocmt_ns,heavy

metals, and tranuwanicspecies in the gaseous andparticular _ m_%_ t

phases._he immanentwill alsobe usedforairqualitymonitor- _ m._c_ _\

ingduringwastecleanup. _¢ _=HC%)-,_

........ LL,L ,t! v vvvl iw ivh_ Ia "v "
!111 i | iii Illl g I |1 I !1 _ III| [ T]I'I I rr

100 200 300 400 500 600

MASS(m/z)

Accomplishments

FN_clionizationmassspectrumofsootfrompyrolysis
of butaneshowingthe sequenceof PCAH

The_tial 18-month,PhaseIresearchIxojectwas initiatedinthe intermediatesandtheiralkylatedderivatives.
Fallof 1992,withtheactualtechnicaleffortbeginningattheend
oftheyearlo,owing satisfactionofaliNEPArequirements.The
goal of the first phase project is to clemonsuat¢ a iatxxatary
prototypeinsa'mneatcapableofsimul_ vaporandparticu-
latechemicalanalysisandc_'(m.

To date,themajorvacuumccmq_ncntscomwising thedifferen-
tialpumpingsystem andsamplerinterfacehavebeendesigned
andareunderconstruction.Inparallelwiththevacuumsystem
work,bothionnapmassspecurm_=rsarcbeingmodified.One
ion uap will have a beat_ pyrolysis filament installedfor
particulatedetection,while the otherwill hcoqxxale an SRI-

developed,microfabricatedfield ionizationsoutgeoiximizcdfor
orgamcvapordetection.

Pre_nary testshave shown thatthe/n s/tu votafliz,a_ of For more information, please contact:
small,metaific pmlicles witldn the ion trapvolume leads to
excellentdetectionsensitivityandmWtxhgible_ic ratios.

Valxx detectionby field imizatkmmassspectromel_ hasalso M.J. Coggiola
been shownto providerapid_ chmactedmtionof very
complexmixtmm,includingpolycyclicaromatichydmcmtxats SRI Lrtternatiogh_Ll
andothervotatUeorganic_. 333 Ravenswood Avenue

Menlo Park, CA 94025
Theprojectis pmsenOyon scheduletobegintestingby August,
1993,using latxramrygeneratedtestatmoqdam_. 415-859-3045

William Huber

DOE Project Manager
304-291-4663

I II I
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Air Quality Site Boundary Monitoringfor Volatile
Organic Compounds by Preconcentration/
Membrane Ion TrapMass Spectrometry

Task Description

This proposal describes a methodology in which patented foraccidentalreleasesduringwasteexhumationat theBuried
preconcentrationtechnologydevelopedatLos Alamoswill be WasteID (B-1) at INEL.

• combined with a transportablegas chromatographion trap The proposedtechnologycansupportmanyotheractivitiesin
massspectrometer(GC/ITD)for thefieldcoUectionanddetec, the environmentalarena:(1) Air monitoringat hazardousor
tion of airborne VOCs. Membranesampling technology, mixed waste storagesites. (2) Air monitoringat DOE and
developedatPurdueUniversity,will beused to introducethe privateindustrialareasto ensureworkersafetyanddocumentpreconcentratedVOCs to the GC/ITD. Each of theseindi.

exposure. (3) Detectionofalmospherictracerstoprovidedata
vidualtechnologieshas beenprovensuccessful. Sensitivities forglobalmodeling efforts. Finally, the instrumentcould be
can be tailoredto quite easily surpassanyexistingor realisti- used to monitorchemical emanationsthat are signaturesof
cally anticipatedregulatoryrequirementsfor the lowerlimits militaryoperations,drugprocessing,andother illegal or ag-
of detection. This technologycanprovidebothprimary(fast gressiveactivities.
screening)dataandsecondary(slower)legallydefensibleG_
MS datato verify airqualityatandaroundDOE facilities and
remediationsites. Sampling can be done in near-realtime
(minutes);additionalsamplescanbeeasilycollected forveri-
ficationby independentoff-line analysis.

Accomplishments

! Technology Needs Wehave made several accomptishments in the fewweeks that

we have been workingon this projecLTheCompactMicrom-
ist Air Sampler(CMAS) is set up for the sampfing and
concentrationof VOCs inair. Preliminaryexperiments,where

Thistechnologyis neededateveryDOEfacilityto monitorair micromist samples arecollected and analyzedoff-line using
qualityat site boundaries. There aremany scenarioswhich thetranspoaableGc/rrD, areverypromising,demonstrating
requirehigh sensitivity detectionof almosphericvolatile or. excellent detection limits and good specificity. We have
ganiccompounds:(1) Routinemonitoringtoestablishbaseline evaluatedseveralmethodstoreliablypreparesamplescontain.
air quality at site boundaries. (2) Response monitoring to inghigh(part-pcr-milliontopatt-per-biUion)tolow (part-per-
characterizeanddocumentatmosphericdisttibutionofvolatile trillion)amountsof VOCs in air for instrumentcalibration.
chemicalsolvents fromaccidentalreleasesor spills. (3) Waste ProfessorCooks'groupat PurdueUniversityhas made some
site monitoring to ensure workerand public safety during exciting advancesin the developmentof a coaxial pneumati-
remediationactivities. Specific IntegratedDemonstrations callyassistedmembrane_etseparatorcombination.Detection
(lDs) thatcouldbe supportedby thistechnologyincludethose limits fm"organicsin water,which is the formof the sample
where remediationof VOC contaminatedsoil is plannedor provided by the CMAS, using this separatorwith ion trap
underway(SavannahRiver A-1, HanfordA-4, and Sandia- detectionarebelow the I ppblevel, even at theseearlystages.
AlbuquerqueA-9). Theinstrumentcouldprovidemonitoring A patenton this concept is being pursuedat Purdue.

FY-g3CMST.IP
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AirQualitySiteBoundaryMortaringforVolat_Organ_CompoundsbyPreconcenU_n/Membrane
lonTrapMassSpecUvn_Wy

illl lilll --- llql I I' I

TheLosAlamostransportableGC/ITDisbeingusedforfieldanalysisofVOCsintheenvironment.Thisinstrumentoperatesunderaturn.key
opemlJngsystemtominimizeoperatorinfraction, lt hasbeenm_.4_hlily demonstratedat theRockyFlatsPlantandwasoperatedthemby
programmamigemsndI_pe-litters.Anupdldedanddown-sii_lvernonofIbisinldmmentwl bethedetlctionsystemfortheairquldity
monitoringtechnology.

. I I I --

L
Iliil

Collaboration/Technology Formore information, please contact:
Transfer ....

Philip Hemberger
Los Alamos National LaboratoryThisprojec_is in collaborationwithProfessorR. Ccaham

CooksofPurdueUniversity.ThePrincipallnvestigatorisalso Analytical Chemistry Group, MS-G740
discussinglxxentialcollaborativeeffortswithDr. George Los Alamos, NM 87545
Staffordof F'nmiganMAT,thecommercialman_ of 50,5-66,5-5735
the ion trapmass spectrometer.We are also discussing

technology transfer with MIMS, a comity founded to de- Hugh Murphy
velop and market membraneseparators for chemical analysis. Technical Program ManagerOn-site demonstrationof the proposedinstrumentationis
plannedtobeheldat nationalmeetingsin massspectrometry Los Alamos National Laboratory
tohelppublicizethoseaccomplishmentstothegeneralpublic. 505-.667-8914

I
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Continuous Emission Monitor for Incineration

Task Description Technology Needs

Thisprojectaddress_ theneedmanda_ by theCleanAb.Act Title3of theCleanAirActrequiresmonitoringofairtoxicsfrom
of 1990 to monitorairtoxics. The technologyis applicableto incinerators,stacksandfugitiveemissions. This technologyis
bothstackandambientaircontinuonsmonitvmg.Theobjective applicablefor theserequirements. This workwill resultin a
is to developa Fouriertransforminfrared[FI'IR]spectrometer certifiedEPAmethodforFTIRmonitoring.Thismethodcanbe
combinedwithaheatedlong.pathcell asacontinuousemission extendedtocovet slackandambientairmonitoring.Continuous
monitorfor incinemurs. Theinslrumentationwillcontinuously monitoringwill directlyaddressissuesof environmentalsafety.
monitororganicproductsof incompletecombustion[PICs].To The technologycan be used to identifyandquantifyorganic
providetherequitedon-streamanalysis,FI'IRtechnologymust chemicals in air. There is significantpublic concernabout
be developed, incineration.A continuousemission monitoraddressesthose

The _ benefitof an on-streammonitor for indnem_ concerns.
effluentis thenearrealtimede_on of incineratorperfor-
mance. On-streamanalysisof the incineratoreffluentwould
satisfytherequirementsof theCleanAirActof 1990andaddress
public concernaboutincineratorsafety. Otherbenefitswould
includeeliminationof theneedfora trialburnandtheasux'ialed
cost of demonstratingthedestructionandremovalefficiencyof
theincinerator."l_iswouldreplacethemorecosdysamplingand
analysisutilizedundercurrentprocedures. '........ ......... .'.'. i:::; '.'." ... ':;' .'i. : .... '.

......... :;:_:.'" i..... : . ,:: "

Theprojectconsistsof assemblingandtestingtheperformance
of anFTIRsystemfirstwithalalxrauxy incinerator,whichcan
be operaledunderclosely controlledconditions,and thenon
mixed waste incineralors. Figure 1 shows a pictme of the

incinerat_ andFI_ moni_.

Inthefirstyearof thisIm3grmn,FTIRtechnologywasadvamced
in fourareas: 1) testingcell materialsforstabilityto hydrogen
chloride,2) c_on of flue gas PlCs, 3) in_
and evaluationof dataquality,4) develolm_nt of autvem_
analysissoftware. The above infommtm was used for the
initiationofconslntctionof the_ eq_t f_ fieldtree.

Thesecondyearwill have twosubcasks. The first_ will

consist of using the infot,mation gainedfrom the t'n_tyear's Rgm_1.LaboratoryindnemtorandFTIRmonitor
research to completethe con_ and prepara_n of the
prototypeequipmentfor fielduse. Ali inslnanentatkmwill be
constructedandtestedin the labcrat_ beforefield use. The

o.a of Accomplishmentstesting. Therewill be aQA dataassessmentwhichwillevalute
ourdamwiththeproposedEPA n_luiren_ts. The
rationwill be field testedat theOak RidgeTSCA incinerator.

Thisdatawill bepresentedto EPAformethodcellification. A labofalmyincineratorhasbeencon,qruc_dandintegra_ to
= an FTIRsystem.._., operatingconditionscanbe defiberately

and_m3dudbly changedto simulateoff-set conditionsof an
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Comhmous Emission Monitor for lnchw.m_n

incinerator. Afteran initialtest burnof thesingle component:
toluene,chkxolgnzene, 1,1,1-trichloroethancandtrichloroeth- _.,,,_ o.D • ,.-.

yler_e, a m_gge o, _]le fo_ wigh e_ g_.) C:H;C_|_ ml _ ----I3:3.1:0.9(simulatedPCB)wasincineratedatvariouscmcStions. - --'-,_-
Fig.2_ _ cones_:ungspec_changesdeec_ - / ! ,,,_ L_--'-_".

en'_ion monitonngresultsfor5compom_duringacontrolled ,,,

tempermme reductm in the incimm_. The _ test '_." / __ //_
demonseatesthe_tyofFTIRspecl_pyinmonitoring " , : / / _._.,, / _,-,,,_,,

- ....0 ._ . _m--...o.-

A w'm_portableWHRfor fieldtestinghas beenpmchasedafter , a . , . , . . g , _-_ !., T _ "
carefulreview. Anopth_ systemwhich interfacestothe_ _-"""

Figwe2. Plotofconc4mtmlionsoffiveorganicanatytosduringalong-pathcellhasbeendesignedandis underassembly.The bum.
long-pathcellhasbeenordered.Thenew FHR systemhas
highersensitivity andresolut_nthantheexistingoneandin- I ','

cludes a visiblebeam to helpalignment of theoptical system, i a,wm w_ AI.A,_
Hardwareand modificationsto the _ ArrayBasicsob- _ ..,
ware have been completed for data acquisition in the field
insmm'_enL

Discussionswith theOakRidgeGaseousI_fusion Plantto field

testtheFTIRcontinuousemissionmoni_'ing systemat theK25 J _. m _ _ _.TSCA incin_alor have takenplace. A field test is tentatively
scheduledfor earlysumme_,1993.

_llll tl I_ ,_qll _11 II_lBIIml IIillmll

Development of QA/QC pmcx_ for EPA cenif'_uion is
ongoing. A cafilxationdataset will beg_ and usedas a *Is Tmmm_.mm_

benchmarkinlhecvalualiooofvav/_dala_n_-dysi$algorithm& _ am --
E_taqualitywill be thoroughlyd_mmmed andvalidatedfor t...._ b.-,_
EPA certification.

IqgumI. Spectraof incinora_remissionsobtainedbeforeand
dudngen up-_t.

For more/nformation, please contact:
i li

Collaboration_echnology
Transfer Jack DemirBian

Argonne National Laboratory
9700 South Cass Avenue

ACRADAtscurrenUyunder_ve_t w_tac_ _ Argonne,IL 60439-4837
En_g (CAE)andHughestoadvancethe_ 708-525-6807
tim of the sysl_a al_ EPA cerdtkalgm. CAE will assist in

develol_g suck sam#ing tectmotogywhichis _ for James Heltthis new technot_.

Technical Program Manager

Argonne National Laboratory
708-252-7335
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InfraredAnalysis of Wastes: Novel Lab and
On-Line Measurements by Photoacoustic

and TransientInfraredSpectroscopies
I

Task Description _RS approachforthesalt/polymerwastemonitoringappli-
cation.The system will thenbe modifiedand expandedfor

This project will develop a methodology for quantitative a full pilot-scale waste processingsystem.
analysisof multi-atomicions and molecularspecies in tank
sludges, which are chemically active and hazardous under
certainconditions, via Fourier TransformInfrared-Photoa- • " " " I " " " " I " ' """ ' " "' _ I " " " " I " _ " " ! " " • "i

cousdc Spectroscopy (FTIR-PAS). Goals include a quick Surrogate #. Tank Sludges

and easy method for producing quantitativeFTIR-PASspec- _,,,Ii -

!
ma from small surrogatewaste samples with a minimum of
sample handling, andan analysis of FTIR-PASspectrade-
pendenceon thecomplex compositionof thewastematerials.
Once a methodology for producing quantitative spectra is
determined,anFTIR-PASsystem will be installedatHanford

''_'" " I .... I " " _ " I .... t " " ' " I ' ' ' ' I " ' • )

and a training session will be held by Ames personnel. No'Fe(C'N)°"10H20 / _ L

TRANSIENT INFRARED f'-----_aaNiFe(CN%/_ ,_ /_

SPEC'rRoscoPV ANALYZER / \_,,. /!
coM_'r.v.aaA','^ Jr --'-----------'--f-" _ I i

svs_._ ____O____,._r /_
I .... I .... I " " ' I " " " " I _ ' '"i I , , • • I • • _-

4000 3000 2O00 1000

[ sPc.,.o I Wavenumbers (cm")

Figure 2. FTIR.PAS spectra of surrogatetank gudges (top) and of

i_"I '_,: _ _arato ?oaaiblecomponentsofthe_udgo,(bottom).Themisan
1/'-'_ obviousmatchbetweenMudg_sfalctrapeaksandI:_ arisingfrom1) .... NaNO3(nitrate)andNa_NiFo(GN),(ferrocyanido).

.or o. COLD_. ',_y;.:_//"
- [ -

FigureI.Sd_msli¢ofa TIRSanalyzerenapmt_ line.ADIo!ga=

heatsorcoa4s_esurfar.eofthemovingpmcmmstream.ThisMtemlhe '=n '9yT-o'-no'o-' Needsinfrared light emitted by the pmming strewn. 1"himeJtomfionis I:M:ked
upand usedby sn infraredspectrometerintheTIRS unitsto produce

• einframdspoctrumofthestnmmortomm_ro_.mdminKich_nic_lTheFTIR-PAS technique is uniquelycapable of analyzing
ormolecularpropertyofthestrum, solidsandsludgesretrievedfromtheundergroundstorage

tanks. Virtually no sample preparationandhencea minhnum
of handlingare requiredfor their analyses with FTIR-PAS.Also to be developedistheapplicationof TransientInfrared

SpeOroscopy(TIRS)asa monitorforpolymerencapsulation The amountof material necessaryforFTIR.PAS analysis is
of low-level waste (radwaste salt). Figure 1 shows a sche- quite small, typically about I mg, which also reduces the

hazardsand complexities of the analysis. FTIR-PASwillmaUcof a TIRS unit on a process line. The monitoring will
certify that the properwaste-to-polymer ratio is maintained providea quantitative compositional analysis of the mulU-
duringencapsulationandinsurethatexcess processed was_ atomic ions andmolecularspecies in the sludges andsolids.
volume is avoided. A laboratory-scale,woof-of-principle Thesespecies(ferrocyanide,nitrate, etc.) are of special
test on an extruder at Brookhaven National Lab has been interest because they pose the potential risk of explosive

successfully completed. A dedicatedFTIRspectrometerfor reactions.

the monitor has been acquired and accessto a lab-scale BrookhavenNationalLaboratory,WestinghouseHanfor_
extruderhas been securedfor experiments '._optimize the and Rocky Rats aredeveloping the polymer encapsulation
m

i i
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Infrared Analysis of Wastes: Novel Lab and On._Me Measuren_nts by Photoacoustic and
_nt InfraredSpecuescop_

II I

process to immobilize radioactive salts and similar wastes to technology has been commercialized by a small company
meet new RCRA requirements. The TIRS monitoringtech- locatednearAmes Lab(MTECPhotoacoustics). The project
niquewill improvethe qualityof the waste formproducedby staff has hadsubstantialexperience in studying theapplica-
theer_apsulation process and providedocumentationof its tion of photoacoustics to the needsof manyend users.
composition. The teal-time information pmvid_l by the

The applicationof 2"IRStechnology to waste-process moni.monitoringsystem will allow the waste-process operatorsto
maintainthe proper salt-to-polymerratio i_ the f'malwaste toting will be closely tied to the efforts at the user sites to
form. Thissame informationcanactas documentation of the develop the polymer encapsulation process. TIRS can be
waste-formcomposition for certificationpurposes, effectively used to monitor any molecule-based property

(e.g., chemical composition, cure level of thermoset poly-
mers and paints, oxidation level of and mineral content in

, _ coals) in process streamsof solid or viscous-liquid material.
The TIRS technology was invented by the project staffand
has beenpatentedby IowaStateUniversity. lt is availablefor

Accomplishments .c.sng.
FTIR-PAS has become awidely usedtechniqueforanalyzing
normallyintractablesolid samples, lt often requireslittle or
no sample preparation and o.ly a small amountof sample.

Successfulqualitative analysisofmilligram-sizedsamples of o.os/_ ' ' ' ' ' :/I

1 1ure2 shows FTIR-PASspectra of the surrogatesludges and

of purematerials believed to be components in the sludges, o.mt _ t

Manypeaks in thesludgespectraobviously matchwith peaks <,.,q
from the component spectra. Quantitative tests are now -o.o2
underway. _" .

TIRShasheendemonstratedasa real-time,on-lineprocess _ °'°' lJ_ l
monitoron the pilot or production lines of several manufac- o r" • , , , . ' , , I
turers. The TIRS results fromthese demonstrationswere as o 2o 4o eo so
accuratein determining the property of interest as themanu- SodiumNitrateConcetration(%by weight)

facturers' usual off-line tests. A successful proof-of-prin- Rguro3. Correlationbetw_mtheTIRSmumamm_mta(abaorbanm)
ciple test of'FIRS as a waste-processing monitor has already and the knownsodiumnitrm loadingin lt_ moltenemit/polymer
been completed at Brookhaven NationalLab, and optimiza- proe,_ ,trmm. T_ mean,nor of tt_ rmamammsnUDi_3.S%by
tion of the approach is underway at Ames Lab. Figure 3 w_ht.
shows the correlation betweenone setorlaRS measurements

(infraredabsorbances) and the known salt (sodium nitrate) _ _ ,
loading in the sueam. T/RS was chosen for an R&D 100
Award in 1992. For more information, please contact:.

John McClelland
Ames Laboratory
•B27 Spedding Hall

Collabor'ion/Technology Ames,LA50011
Transfr,. 515-294-7948

A training _ession atHanfordis plannedto explicitly transfer James Comnesthe FTIP..PAS technology. Frequent communicationis
plannea_'xtweenAmes andHanfordtotransferexpertiseand Technical Program Manager
receive feedback. The plmU3acousticportion of FTIR-PAS Ames Laboratory

-- 515-294-9636

III IK
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Developmentof a Long-Term Post-Clare
RadiationMonitor

i.

Task Description Accomplishment.n
A low cost, multi-point radiationmonitoringsystemwill be
developedforthelong-_m, continuousmoniumg of radiation

ThefirstoflhteephaseswasinRia_ inOctobet1992. Theinitiallevels in thevadosezone of hazardouswa._esites. The system
will be based on gamma _tection and will be capableof proj_ planningandconlra_ submittalshavebeencomplew._.

An initialsurveyof availablecomponentshas beencompletedinstallationandmonitoringto depthsof upto 50meters below
anda parameterstudyis beingperfom_ to selectinitialdesigngroundlevel in existingwells and throughthe useof

penelrometers.Thesys_ will becapableof monitoringlarge parametersfortheprobegeometry.Preliminarydesignconcepts
arebeing developed. Contactshave been made andworkingnumbersof passive,permanentlyinstalledprobes.Onacompo-

nent level, the monitorwill employ commerciallyavailable relationshipsidentifiedwith a scintillatorsupplieranda pen-
scintillafionmateriaLoptics,fiberopticsandopto-electronics.A etrometersupplier.Thedrafttestplansf_"thelaboratorytesting
largenumberof passiveprobeswithindividualscintillatorswill whichwilltakeplaceinPhase1havebeenissuedtotheDOEfor
be installedbelow groundto Ixovide areacoverageand these comments.
individualprobeswillbeconnectedviafiberopticcabletoabove
ground multiplexer/detecu_electronics. This combinationof
componentswill forma systemthatis notcomm_cially avail-
ableatthe presenttime.

Thedevelopmentprogramwill includetheselectionandtesting

ofindividualcomponentsandtestsofalaboratoryco_guration. Technology NeedsA single prototypeprobewill thenbe designed,fabricatedand

fieldtestedinsoil atahazardouswastesite. l'marly,a pro_ In.situ, long-term,and real-timemeasurementtechniquesare
systemconsisting of severalprobesmultiplexed toa singleopto- neededformonitoringcontaminantleakageandmigrationfrom
electronicsdetectorwillbedesigned,fabricatedandsubjectedto undergroundstQragetanksandpost-closurelandfills.
a year-longfieldtestat ahazardouswastesre.

=

Omt_ mO4w_ d
1

--:--7 //

PROTOTYPEPROBECONCEPT(WITHOUTMULTIPLEXING)

[
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Deve_pmentofa Long.TermPost.CIo,nu'e_n Mon_r
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CONCEPTUALDRAWINGOF INSTALLEDRADIATIONMONITORINGSYSTEM

Formore information,pleasecontact:
11

Garry W. Roman
Babcock & Wilcox, A McDermott Company
Research & Development Division
1562 Beeson St.
Alliance, OH 44601
216-829-7484

John II. Schultz
DOE Project Manager
304-291-4861
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ISV Field Data Collectionat ArnoldAFB
and Parsons Superfund Site

-- '1III I .

Task Description

This lask is designed to result in the collectionof full-scale natedwithheavymetals,radionuclidesand/ormixedwaste,there
operationalandperformancedataduringFY-1993andearlyFY. exista limitedn_ of insitutechnologies.Resolutionof ISV
1994insituvitriticationflSV) operationsconductedbyGeosafe te_anicalissue.sfor al_icaUon tocontaminatedsoilwill increase
Corporationat theParsonsSuperfundSite inLansing,Michigan the in situ remediationoptions available to DOE. This task
andtbeArnoldAirForceBase(AFB)inManclw.ster,Tennessee. suplxntsthe closureof these technicalissues by obtainingthe
In addition, feld data will be collected from, and field dam fielddatanecessaryfor an increasedunderstandingof the ISV
coUectiontechniquesverified on, an C_onal Acceptance process thatwillexpandtheapplicabilityof the ISVtechnology
Test (OAT) planned by Geosafe Corporation inearly FY-1993 tomeet DOE remediationneeds.
asalaecursorto theoperationsat PatsonsandArnoldAFB. The
fielddatacollectedviathistasksuIvofttheresolutionof techni-
calissuesthatare delayingthedeploymentof theISV technology
forcontaminated soil applications within the DOE complex.
This fielddamcollection tasksupportsclosureof vaporrelease
fromunconfinedsoil, fateof VOCs andattainabledepthissues.

Closureof theseISV technicalissuesdirectlysupportsthe Accomplishments
planneddemonstrationsand RODsattheHanford100B/C Area,
Oak RidgeNational Latxxatory (ORNL)WAG 7 and Hanford
200 BP-1.

Thetestplanthatwill guidefielddata collectionactivitiesduring
Thistaskrepresentsthef'trstdedicatedefforttocollectfuU-scale Ge_safeoperationswas finalizedduringthefast quarterof FY-
ISV process data duringremedialoperations. Resultingdata 1993. lncludedinthe testplan isadescriptionof instnanentation
fromthistalkwillbe reduced,intetlxetedandrthxr,_l ina format thatwillbe used,placmnentofinsmnnentation,descriptionofthe
suitable foruse by regulatorsand end usersof ISV. Gcosafe data acquisitionsystem, _ frequency at which data will be
C_on, EPA RegionIV, EPA RegionV andAnmld AFB collected.
aresupportiveofthiscollalxrafiveeffortas thistaskwillprodao_
datathatareofbenefit toallpartiesconcerned.1heresultingdata A key componentof the field datacollection task is thedata
will assistDOEby resolvingissuesthatarecurrentlypreventing acquisitionsystem.Configurationof thedataacquisitionsystem
thedeploymentof theISV technology in theDOE complex, wascompletedonscheduleattheendofJanuary1993.TheField

DataCollectionDamAcquisitionSystem FDCDAS VI.0 is the
dalaa_luisitionsysteanforthecollectm offielddatadiningfull-
scaleGeosafe_. The systemhas beendesignedwith
built-inflex/bilityandcanbe usedforallofC,eosafe'sopemaon
with very little _ for each opetalion. _ current
version of lhcdataacquisitionsystem is capableof acquiring,
logginganddisplayingover 150 instrumentsignalsandcanbe

Technology Needs expanded to aclx_mnodaleadditionalsignals.

Futureeffortswill focus on theplaom_nt of instnanentation,
collecti_ of field data,reductionof field dataandreportingof

Contaminatedsoil withintheDOEcomplex_ asiBnifi- resultsfx_ fielddatacollectionactivitiesfxomeachof Goosafe's
cant waste streamthatmust be nmedimed. In general, the full-scale_. Th_cmrentschedule for full-scalefield
remediationof these contmninaledmils in place,or insi_, is a datacollection_ is Ai_ 1993for the GeosafeOAT,
preferredalternativein termsof economicsand safety to the August 1993for ParsonsandOctober1993 for ArnoldAFB.
environment,wod_rs and public. However, for soil coutami-

I
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Inl

Collaboration/rechnology
Transfer

The identification of data needs, and the collect_ of field dam

tomeet these needs, constitute the mchnology transferactivity for
thistask.WorkslmpsheldbetweenmembersoftheDOEISV
communityandCJeosafeC_ klcntifiodthefielddata
neededtoresolvetechnicalissuesandidentifiedinsmanentation
tocollectthisfielddata.Inputfromtheworkshopswovidexlthe
basisforthefielddatacollectiontestplan.Technologytransfer
activitiesforthefielddatacollectkmphaseofthistaskcontinues
throughthecollaborationbetweenthistask,GeosafeCorpora-
tionandEPA.Thefinalphaseof this_sk willensurethatdata
infommtiongatheredis availablethroughthedisseminationof
reportsandpresentations.

For more information, please contact:

Ja-Kael Luey
Pacific Northwest Laboratories

P. O. Box 999, MS P7-34
Richland, WA 99352
509-376-5740

Steven C Slate

Technical Program Manager
Pacific Northwest Laboratories
509-375-3903
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TechnologyPerformance Specifications
I

Task Description

This lxoject will establishandimplementtechnologyperfor- thecurrentcost of analysis or improvementin analytedetec-
mance specifications for OTD R&D and DT&E projects, tionover establishedmeasurementtechnologies.
Technologyperformancespecificationswill beused toestab-
lish milestones, evaluate _ status of ongoing projectsand We haveprepareda list of relevantVOC measurementtech-
determine the success of completed projects. Preliminary nologies thatincludesgas chromatography/massspectrometry
performancespecificationswill be requiredin TTPsand will (GC/MS) and various sensors based upon electrochemical,
beevaluatedaspartof theTlP evaluation. In thefirstyear,a optical,piezoelectricandbiological sensing of VOCs. Eachof
pilot projectwill focus on chemical and radioanalyticalmea- themeasurementtechnologieswillbe reviewedpayingspecial
sttrementtechnologiesforVOCs. The PrincipalInvestigators attentionto theirapplicationin fieldmeasurementcampaigns,
(Pis) will prepareapreliminarylistof specificationtopicsand detectionlimitsforanalyteslisted inEPAMethod8240of SW-
valuesforchemicalandradioanalyticmeasurementtechnolo- 846, interferencesand their speed of analysis, datarecovery
gies. The list will be derived from available sources and anddatareduction.A draftreporton _S instrumentation
resources. Evaluationcriteriawill addresswhether the list is andoperationhasbeen prepared.
complete, whether the values are within regulatoryrequire-
ments, whetherthe values are reasonable,and whetherthe
entiresystem will be workable.

The reviewerscommentswill be usedto revise the specifica-
tions, which will then be applied to the threeOTD-supported
technologies selected by the HQManager. The result will be
summarizedin a reportto the HQManagers,alongwith draft
guidance to facilitate dissemination of specifications to the
affectedconstituents (e.g., Pis, TSG's, etc.). In subsequent
years,specifications will be preparedin other technicalareas
as directedby the HQ Manager.

Accomplishments , ,,,
Formoreinformation,pleasecontact:

i i , i ,

A PerformanceSpecificationsModel has beenprepared.The

firststepof theperformancespecificatiousprocessts tostate Mitchell Erickson
the need of the environmentalrestorationor waste manage-
ment customer. The general apprmch of the model is to Argonne National Laboratory
documentthe baselineteclmologies thatcurrentlyexist or are 9700 South Cass Avenue, CMT/2G5
nearing completion of theirdevelopmentand to compete the Argonne, IL 60439-4837
baseline to thecustomers'needs in orderto determineunn_ 708-252-7772
requirements. The unmet requirements form the basis for
further technology development. Investigatorsmustbequan-
titative in assissing their proposedtechnology'sreduction in James Heir

Technical Program Manager
Argonne National Laboratory
708-252-7335

I II II I I II III III
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Defining Requirementsfor Evaluationand Testing
of CharacterizationTechnologies

-- llnl

Task Description Technology Needs

This task will establishperformanceguidelines for,andmoni- The establishmentof standardsof quality(includingperfor-
tor the progressof, selected OTD geophysical and remote- mance specifications)for OTD programswill provideprinci-
sensing programsin characterization,monitoring,andsensor pal investigators,DOE customers,andDOEprogramreview-
technologies. Adetailedsetofperformancespecificationswill ors with guidelines thatcan be used to evaluate existing and
be writtenand usedto reviewproposalsfornew projectsand futureOTD proposalsforboth qualityandrelevance.
evaluate the progress of existing projects.

Newprojectproposals willbe examinedforbothtechnicaland
managementcontent. Eachexperimentalplanwill be evalu-
ated for overall technical merit by matching the proposed
capabilitieswith the regulatoryrequirementsto determinethe
probabilityof success in meeting those requirements. The
sensorsand theirrelatedinsmnnentationwill be evaluated for

performanceexpectation, while the data processing algo- Accomplishments
rithms will be examined for technicalmerit and applicability.
The proposedexperimental plans,includingschedules,mile- Note
stones,cost estimates,andultimateobjectives inadditiontothe
performancespecifications, will be reviewed for reality and No responseto our requestforupdatedinformationwas
consistency. Similarproposalswill also be screenedto ensure received before the printingdeadline for this brochure.
complementarityandprevent duplication. The materialpresentedhere wasextractedfromthe Tech-

nicalTaskPlan,"Irt>#NV-031002. Pleaseaddressqnes-
The status and progress of existing programswill also be tions to the PrincipalInvestigator,identified below.
evaluatedfor both technicalandmanagementcontent. Low-
profile,on-site visits will be made,as appellate, to selected
laboratoriesto enhance the qualityof technicalassessments.
Evaluationcriteriaforeachof theprogramswill be established
forthe variousmeasurementtechnologiestoprovidestandards
againstwhichtheperformanceof individualprojectscanbe
compared.ThesecriteriawiUthenbeusedtodetermineif the
measuredvaluesmeetthe regulatoryrequirements,if the
projected milestones have been _, if the dataareboth

IIIII
reasonableand realistic,and if the systemperformedas pgo-
posedandanticipated. Formoreinformation,pleasecontact:
The results of these evaluations will be Wansmittedto the

ProgramManagerforappropriateaction. Paul Hurley
SpecialTechnologies Laboratory
5520 Ekwill Street, Suite B
Santa Barbara, CA 93111
805-681-2472

Richard Lynn
Technical Program Manager
Special Technologies Laboratory
805-681-2402
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Non-Intrusive Characterization Program Support
II

Task Description Accomplishments

Thisproject focusedon reviewingnonintmsivetechniquesthat A workshopinvolving58participantswasconductedin August
mightbe usedforenvironmentalcharactemationatDOEwaste of 1991. Participantswere askedto discussDOE's needsfor
sites.Thesereviewsweretoconcentrateongeophysicalground- wastesite chatacterizaa'on,andthecurrentstatusofnoninvasive
basedandaircraft/satelliteremotesensingtechniques.Further- geophysicaltechnologyavailable to satisfythese needs. The
more,techniquesthat mightbe broughtto the"open"environ- initialdiscttssionfocusedon electromagnetic,groundpenetrat-
mentfromtheclassifiedwereto be considered.Thiswasto be ing radar,seismic,gravity,andmagneticmethods.However,an
accomplished by holding a series of workshopsand making additionaltechnology,"data fusion" aroseout of thesediscus-
recommendationsbaseduponthoseworkshops, sions andwas addedto the lisL The ultimaterankingof these

technologies(i.e., thosethatwouldprovidethemostbenefittothe
TheprojectwastoprovideDOEa methodologyforcharacteriz- DOE atthemost sites,andfortheleastcost--1 beingbest)was
ing subsurfaceobjects(e.g., drumsand tanks),pit boundaries, as follows:
geological features,and air/soil/groundwatercontamination.
Furthermore,theprojectwastoprovidesupporttotheCMST-IP 1. datafusion,
on thesetopicswheneverappropriate. 2. electromagnetic,

3. groundpenetratingradar,
4. seismic,
5. gravity,and
6. magneticmethods.

IIII -

A reportstmunarizingtheseresultswas subsequentlywrittenand
is available.

Technology Needs A two-dayworkshopwas convenedinMay of 1992inWashing-ton,D.C. toassessthevalueof usingbothclassifiedand unclas-
siftedremote-sensingsystemsinmeetingtheDOE's wastesite
characterization/remediationneeds. Themeetingwasattended

Beforecleaningup themorethan 3,000identifiedwastesitesat by 62 membersof theremotesensingcommunity. It's recom-
DOE facilities, them is logical and legal imperativef'u'stto mendationswere:
characterize(describe)thesites as to theirgeography,typeand

1. A d_icated groupmust beestablishedto provideleadershipdegreeofcontamination,and theirgeologyandhydrology.Sites
in addressingtlmproblems.areoften charact_ in part,by drillingto gain inftmnation

directlyaboutthe subsurfaceand itscontents.Geo_ysics and 2. A common understandingof site-based needs and remote
airbome/sateUitesremotesensingcanprovidemethodsfornon- sensingcapabilitiesmustbe furtherestablished.
intrusiveinvestigationofthesubsurface atlowercostand with 3. Dambmemanasemengfusionsystemsmustbeestablishedto
less riskto theinvestigatorsthandrilling, exploitexistingdataand_ new findings.

If by developingcertainnoninvasivetechniquesincrementaUy4. _on for itsuseof theGPS l_edsion PositionSystem
on DOE site workshouldbe req_ by DOE throughthe

so thatdrillingcosts can be reduced,thereis a real potential ASDC31.

savingstobe gained. Inmanyof therecentcalls for_, 5. Sensible invesmmntfor mid- to long-termsensorsystemoneof thehighestprioritiesfor furtherdevelopmentisnoninva-
upgradeand/ordevelopmentisrecommendedfoghighpriority

sivetedmiques,so thatcostandrisktopenommlcanbereduced, technologydisctm_ in thewod_x_.
6. Near-teamfundingis necessaryfordemonstrationsusing

multiplesotm3_ of information.
7. Commonfonnatlingofdataisa veryimportantconsideration

and shouldbe in_ on a DOE-wideor even U.S.
govenmmnt-widebe_.

8. Longtermplanningandmulti-yearfundingshouldbe devel-
ot.
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9.Commonlanguageforthevariousstepsof thesitebysitewaste
hazardassessmentprocessshould bedevelopedandconsis.
tentlyutilized(e.g., discovery,waste_ waste
remediation,wastemonitoring,apartfromsite
tion).

ThisworkshophasbeensummarizedandisavailabletoPmi_y
clearedpcrgxm¢l.

Supporthasbeenprovidedm the CMST-IPin theimpknum_.
_ionandexecu_ of these recemme_labo_.

II' l

Formore information,pleasecontact:

- "" - -" "-" - ,=_sC°llah°rationrrechnolo"" Ed Van Eeckhout
Los Alamos National Laboratory

Transfer P.O. Box 1663, MS#C335
Los Alamos, NM 87545
505-667-1916

_ae __ ment/onedabovehaveonlybeenalza/ned
by thecoflabot'atimof manyindusu'iaLtmivefsity,andgovetw
mentalcrgani_omandpmmmLPleasecmsaltthen_xxts Hugh Murphy
andminutesrmmtheseworksh_fora_ list. TechnicalProgram Manager

•" Los Alamos National Laboratory
505-667-8914
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