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ABSTRACT 

The cost of dmracterizhg and monitoring U.S. governs* hazardous waste sites could 

exceed $100 Wkm läöiäng traditional methods and technology. New sensor technology *e 

b^g devdoped to meet the onrio^ envtoim^ ramedktk» iad compile pmgm. In 

1993, Armstrong Lfenrimy and Loral Defense Systems, Eagsn (formerry a d^skm of Unisys 

Corporation) sigpM a Cooper»** Search and Devdopmfint Agreemeat (CBDA) to. ;, 

commercialize fiberoptic tar**** fluc^cence technology tte bri b^ 6m**A ** Air 

Force fending at North X^ State ttfrmtt (NDSU). A consortia cenästing of the CRDA 

partnersCÜSAF ^ Loral), Dakota TedmoJogies fcs., and NDSU ******* a proposal to «be 

Advanced Research Projects Agtncy. Technology Investment Pioj«* «d woo •» aw*rd to 

art kser spectrc^opy ***» for MF of aroint hya*c^a^*a^<* »1 and 

grounder. With ROST, cnriroomoal invoOgaft» « ab* to <3*4 d»fr -* **? the 

dsribtfk» of n^y fa****** *«** »*» £*U h^ead of wdthtg for report* to come bask 

fro* A. analytical laboratory. The research and development program leading to prototype laser 

spe^asrs Is summarized *«g ™* re^s from laboratory »1 fie« <*——*— 

iOOStratiog system pctfooffU» «M Wfi« &r rite character^. T*e technology 1» recently 

Wde^n^* Germany,^ 

ro 
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tigfci, medium «d heavy aromatic hydn^c^o« contrail™ from &d «ib and refinary 

t^nüdA ptoat operation» 

or 

BmtomJCnoN 

Tb* visoa of US. D^artment of IX&nse (DOD), Tri-S^vi« (Air Force, Army and 

N^) scfcäta has become a reality as a partnership beam» DOB, academi«, «id pavsie 

industry chives into a combined teefemlosy tfu* can save müKon, of doUa« m long-term 

j,*«^ ***« A. <WP cettt.   Tte DOD has about 2Ö.00Ö can^nmated sites, n*s* of 

costing nMor* of dollars per year.    11« «* of Ae Anot«nto a*d «Ao^ ^ 

traditionally been oa*-&iri or more of the total refflödiatkra costs. 

Traditional methods ^ployed during emirona*^ site characterizations are to- 

consume yetofteal<*d toinsufficientorinadequatesouandt»»^»^ Tbetyp«*! or 

phased abroad, «*ofves tnany stsps, aft- ~iddy separated fa fc. faafadtag: tawfcpta* 

designs arid *3*-*; ge°pby^ sou boring: sampHng (sou, soil gas, a*d grounds); off-site 

analysis; ud data evaluation. Due to fte «pew» and time taw»*. ***?*« program m« 

usuany conserv«^ typic^ prcvidi^g ^ 

i^^^at«*. Tfae «rf«*»*« of hydrology and comaminanf <MbüHon is ofc* poor and 

remediation designs feil. Too many tin«, *epS must be seated und! the «sdent of 

contamination is sadsfectonly defined. 
To add«« this probl**, the Tri-Sarvices bi^grated laser speäxoscopy wi& a cone 

pm»«**. Xhe ccmbuvatica provides «. opportunity to signiScantly ex?*** tte 

cfc^terizaüon proce* by proidblg » ««. «*«». dat* of both prfroWa coatsmmant 

di3tributi<mandSo5lb.,droseoltw. TU. »*«*>* ha, bee* fiddled st numerous st» »d - 

ncw being cc^nm^cMy deployed. 0^0^ rese^ ^ ^«d sen^^e^ ^^d capabib^ 

to detect other ^asunants sucb « ■*«, ««als, **d *&*** "* «** ***» op*"*00 

nxrc^^^dly&roptmöns^b^^. Tte «d mult is a techno^ that«*n ^gmficantly 

reduoe the cost of site diaratteriaation and monitoring. 
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BACKGROUND 

The Site CbaiwMriaitioii *rf Analysis Peaetroasetef System (SCAPS), developed jointly by 

the Tri-Services, has prawn to be an e^ctive technology for characterize «manned sh«. 

Tte Tri-S«vices are cooperaüag on töe development and incflcaiaitaaan of ca» ^«romefcrfc 

ami; assodsted technologies. The Army has provided l<*<2«sttp On developing SCAPS; ti* 

Waterway* E.p««^ Station conceived tih* idea of combining ojrticsl measurements with cone 

peabtrtHaetöS to dstemme chemical irfnntfoa «boot the soil A patent enütfed -D«« fir 

Mo»««**«»-* SCAPS «dudes the 

tn^k-^^nt^ con« p^troceter, physical *** chemical s^sors, envkc^tai s^to; data 

anju&tio«, sä« and gispbfcal presentatioateröwe and software, aad ?*» W* *«»&*. 

CONE PENETROilETER ROD —- 

m&suaE JSLECTSUCK. 

POUE PRESSURE 

t   WKTCR.TRBI.B 

B.ECTMCAU «eNSOft 
M»SWR1NO »OS FRICTION 

-COME P-WETRDMPTERTCST PKOBfc* 

•—UP SENSOR MODULE 
—I     ELeJ^rraCAL SENSOR MSÄSUR5NG 

* B PEMETRATiO« RESISTANCE 

Figure 1. Cone Pextetrwnefca' 

ConfePcTOtnjnietrY 

cfaa^nzalion (Figure 1). Using it« truck as a action « ** pen*«* hydrau^y 
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p^anin*™*««*«»^^ The CO^ * pushed ini» 
tektett^COfllta^ Sign*Uft«m thee«« are 

cJeyedtotbesurfacethro^ Thc^nab^ 
prcde*^ * . <~*«hr b«^ ^^ The ccne p^eix^ter may 

the peaetrometer.   Stt* gauges insure the forces agate* the tip «nd sl«v* of the cc*c tool 

soilt^ormois^ andean ofte^cate ifee pra^c* of «tf»»** Other sensor pr^dc 

SoMäl s^ «d groandsvater «anpBßg can be panned »^ Ite ooao p«***»**. 

^pTifig tools are attach*. TUs sanÄg devices axe afco *dn»ftcän, pu*cd to *. d«^ 

4^h aad a um* b cclkctcd. The aanpl* to bro^ to the surface for snbseq^ «*» m 

the Seid er at an off-** l*»*»y- The cone pmetroraete sc*«« ****» Mtan** on 

tydiflffofey and «^natio* the sample ^ it-   ^ «al-dms ability te *«** ^ 

^during *tei^«^^ 

provide hssdme dtfa ftr intrinsic laoren^o« models studio to d^e «^oa fcnrts, 

oth« apä&des erf* when deploying a cone peaetromtfer for environmental inventions. 

te rf d« kay «»son ä^ptoj«! for u» «Mi the «« penernxmsr involve, the o*> of 

W. «i. I—**-4 H—«• am*-*-*"»«'*«**- tf«^ 

MM h, the M^ and theNsv, »d= « of. W-ft*p«~v *••->— *»*»* **■ 
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L&bWtory's Environlcs Directorate, working with North Dakota State University (NDSV), 

developed a transportable,  l»»f  »f«o«x.im*«r  sy«-^  »^«s » MiVAÖ  («vcodym^^y***1»- 

Ti..i^.»» garoet) User to p*uap ft dye laser. The taiabfe, laser-generated uHnaviofet light is 

transmitted through optical fibers to the subsurface coBWainaot. Optical fibers are also used +© 

return the resulting fight (Euorsscence) fi» spectxoseopfc analysis- Tte detection system consists 

of cither a monochromaior, pbotomuitipSer tub«, and digital oedfcoecope or * sated. ngthA 

mibitimmä. analyzer. A personal computer b used for ^sttro control amoved data 

collection, and data analysis. The system detects aromatic hydroö&ftas such as benzene, 

toluene, «fr/fcenzene, and xyicne (BTEX), n^hth*l**s *** poly^clic wont» iwdttxatfW* 

ro ATJT. \ v,, tu .««so«««— Tt /-art idaa+«ft> wmrntninannn torn gasc-Hse. <fcese\ fuel, faei oE^ jet fuel, 

creosote and coal tars. *H of wiiich contain aromatic hydrocarboos by thar «uotescent spectra. 

I The basic detection approach, takes advantage of the fea thai certain tatarac* Suoresce 

wikn particular wavelengths of ßßbt are «bsorbed. The transportable laser system is unique 

because its output may be tuned to select the optimum wavelength to stimulate imcrescence of 

the; pollutants wbile mkinrizing potential interferences. The resultant spectre! «njsskm Including 

fluorescent lifetime is somewhat Hke a fingerprint, ut*fcl for identifying the conttnmaol. The 

fluorescent intensity indicates concentration of the contaminant This technology provides , 

saWaTrtativeanaser^^ Tte u? «spww «n ta • 

correlated to the total petroleum hydrocarbon (T?H> coacentmiioB within the soil us-eg standard 

or site specific calibraöoa cwv*s. The system has been tested in the field with TPH detection 

fanjii* as tow as part*per-miBKm levels on sou wha u^ ^vith a coae. pei^rotneter and to r^ 

laboratory at parts-per-biHiüa levels for naphtnalenc in water uäag fiber optic probes. 

rWiined Tedmolagiffil 

■ The cpmbfowd R»IC pctLctrometer and transportable laser »««twowter HHä been used £ a 

vanety of sites having aromatic hydrocarbon comaminarlciL Sites characterized include feds <jct, 

gasoline, kerosene, dicsd, etc.), naphthalene, benzene, creosotes and coal tars. Tb* tunable laser 

gykeiu is opthri«! for stimulating cenüurWts and detecting ** fiaorescence. Laboratory 

fluorescence spec** fiom Siels suggest that naphthalene often produces the maximum 
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flutircwence; cowwjyently, a tow «cdtatlon wdcngfc appropriate for uaphiW** is 

Tte^stmfedesigciadtoconectto "push"or"staiifi" lathe 

pu& mode, laser exdiation fiequency » feed and UF signal is motored as the cane 

penetromster probe is advanced, acquiring a fluorescence iote^iiy-var^<teptfe (FVÜ) profile. 

Oper*aoa in the &&* «ode, or with the probe stopped. «Hows colleetkari of LBF 

amitidiiacnsonal data sets, typically the fluoresceace emission wayelengjit, im&iäty, and lime of 

deejay matrices (WTMQ. WIMs haw ptw«n to be uacRil in Meatäying vsrious* foel typ«*- The 

«jTfamAKäal product of this technoloay, known *s ROST,  is new avaSabte fox state-of-tke-ert 

SisHoiiiffiiiinsf cd sts charactsnsäSfon services (Fig. 2). 

Figure 2. ROST Equipment! 

vLÜGaöätioa 

Armstrong Laboratory and Loral Co-porafiöfi signed a Cooperative Research and 

Development Agreement (CRDA) ia 1993 to commercialize the ifr Fo-wfcvctoped iaaer 

spcctromsters-ystenL A consortium conäatag of the CRPA part*«* (ü5AF/Lox»l>, Dskote 

Tsebnolcgira Inc., and North Dakota State University submitted a proposal to Hie Advwuso. 
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I 
I 
j 

Rj^Px^ectsAee^CAK^^^^ In December 

194, ABPA ^«ctod *• *«**«* to «c«v« * two-y^r $1,600,000 gr^ mdustay provide in- 

land contributions and matching &nds. 
j     The *OST «anmcr^«JI-ri^ program feas «utc»=*««i ^ ejection and mappix« öfdata, 

«Je «juip*«* caaponatt «miter and more ragged, aid developed uHriündfefattatato 

ailojv easy uwby «tvirocmfintel tecfamcians- This MÄumörf is also adapt&te for naatofas w* 

applications. KOST has potential fer process control ad even .radical diagrams. 

'     Use of the KÖST system should i^uit m substantial savings iß costs associated wfth 

ds^^on, monitor a*d «naflaltoii «frtanta» ™* son. U** is *>« offering tie 

rW*^««fltion services using tilC RDST SYÄSni- 

Jte^ndbribto m»e* tie pivate sectors receive a tegfify transferable **? 

profitable technology; andaUwM bereit from a cUamr crrfnmnL 

RAPID OrHCAl, SCREENING TOOL 

ßSß£Ü*»a 

;      R05T employs laser-Induced fciorescoisc spectro**^ for in »tu ana*«* of peiroW 

Mr^^-s (Hgurc 3). UlüWet fight is «quired to excile the fluot^nce of most 0? tbe 

ar^^ccoB^^smpetroleuinhyd^^^ Pülwd fight m this wavdeag* regioa is 

Eith«" the 2nd or 3rd harmonic of thcKd; YAG can be used «5 6e dye laser puaip. The bs» 

mir» and det^on Q«mi (spectrometer) are located in a cone penammeta: true* Tte pulsed 

,***,   AromaticpetroWf*^^ 

Wessen« ^ had; to^ 
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moiiochromator. The wavdeagth-dispcrscd radiation is converted to an electrical »goal by 4 

pbciomuÄipüOT tube «A the etacMc* *&** * axvüy*«! *y * dl#«d oscffloaoop« »d «^putar. 

bMdlf 

EfgareX KOST Optical System Concept 

penetrorarer push. Tbofluoramcesignalta 50 ^u*^)***^ {***** *«***»*<* 

l9^d)h™^^torwhdm.vobn^keA^&^ed- Sin« the cone is pusbedai 4 

fienämetOTper*coiui.fr*«Ä 
I     In addition to F^ profiles, ROST can tfifferentiste petrolewm fiid types. Tha is 

accomplished by acquiring VTOft <Kui*g a abort p«u« (.^prend^^y 1 n^te) m ^ coae 

p«i*rometef push. A WTM is a tkeeKÜmeiiäöiial graph of ßuöresoence wavstagfc, 

fiuires^lifeü^^ 
fiuoT^rxemtm.ity. ?ctntaproduct**rv*. «*«*•ft*»«»«» *-«^A»" 

305 nanometer (am) raage indicate smarms «an«*» Bin 3T*X compounds. BHWDO b 

Ü» 30010 350 am range indicate two-ring aronatics *** •» napkhal«* Urger polycsdic 

for detenainmg if multiple sources of contanjiaation are present. 
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tXM r 

ta 

%** 

Diesel ¥uti 
JP4 

us« 
IÖM 

ft»     l_ 
SOtJaaa S*"0 

Unleaded Gasoline 

Figured Fluorescence 
Enrissioa Wavrf««gth-Iütensit5-LifeütnC Matrices (WTOfe) 

^"^ROST * «w* usefcl for nil and gtouiidwater JqfdraaAoii ««ante** ^sis 

^e raans ft« to «rttik» -vclcngth cs* be optl,^ ^ the cont^n^i of ««erc.t. 

exJsfcbg cone paietropätertrudcs. 
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BESÜLTS AN» DISCUSSION 

Tte ROST system has been demonstrated, field tested and integrated into site 

^^t^^^m^a^ ROST unite have 

performed ov« 20.000 liaear feet of fi<M tes&Jg over the kst 12 month*. 

t rV4=T?m A 

t »ROSTIM*fcwa 
^V/*** 0 

Figure 5. KOST Test Locations 

'   Ti^technolosiesareb«^ 
DOD, DOE, aivt EPA programs. The results diacussed aie from Moratory and fidd 

de^n^oiis^thcTri-Ser^ , 

«imietedinfer the Mowing: ajß*Afap»di>«>dl0»*^T«^^ 

London Scotland, and Whales, d)WHhUS. EPA/DOMXSE Coawtbn. «br SHa 

Characiedzatian Tcd^logy - 4o National Hydroc*^ Test Site in Califon^ and at 

eJNumoraue oils** commercial and government ateS. 
Thepuiposeoftnel^ASnTSPtügr^ 

„Ufe indudins d^on^tion, to hdp bo* countries deal «ftctiv* wA wtomitf 

probte«. In London fhc technology was uwl to invest poato tmk tetas» aia«^ 

petrols dilution fttifty. An ri *fe A. wttfch-b- t™d ** * &«use was 

10 
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detwgento. inmalesaBTEXcoiii^natJonfrc^^ 

r™W<*a «riM of iaboratoiy teste SS3ÄS * «dibratioa caives with differed Ä*fc on various 

sal matrices. The Gßlbraloii cure obtained ta ifa« laboratory for dicscl iUi ««rin. on . Band 

m^mcüOaieea^^^limkl^tb^30mgflcg(ppm). SPA calibratioa *tfves on sand 

showed detection lonifc o£ 5 mgrkg. 

A graphs«»! y«pre5SBiation of data fcom me puBktoc*U»ilta»rag vertical «OTiasnft^ 

dilution, seal snrtfer-pfe (based on tip toi*«»» »d si*** &*«»} **i Wffrie^uThe 

Matrix (WTM) d^a cüHected by the ccoe peaetxwnew/KOST system b real-tm» is shows 

(Figure 6). Data Logs wdi as these are product to the field, saving v^tetmienannaliyfo* 

todays voting for ^ytical^ 

used. 

"INTEGRATED ROST/CPTDATALOg 

~J5   i»   rn  a»   Ä  Ä   2fe  ■* 

M      =BJI*I WKTWrnS^n               1 

fc»«»J    so- n.ta«x»    mi      ! 

{fegiadfe:   OR. LORAL       ; 
By       t**      i 1 

Figured. Real-Tim$ CMput 

11 
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ttipr to «ch put*, •» ~4«° •»* *•* rftl~ ROST Jnjrtxum^isiwdbrroeduänfiastaiukld 

reference cbeck sohmor*, -wmen is wuuuu*** m * «"v^  *•■ ->       r «- 
sapphue window. This ensures the kustmnKixt is properiy s« up, operating correctly, and abo 

pxcyid« a «*obsTten to «»dffi tfae raWang iWsceacs data so date from jmritipie pushes 

or sites ca» be quaafctfively compared- FVD profiles K*V fee reported in ^tfetrda* to tl* 

finoresccacerespocseof iherefer*»» cli*ek sohrtkm or x^g Moratory 0***1$ caSbrstbn 

curv« F*> profiles may be reported in n^W******- The vertical axis ispreserls skpth 

Mow ground ute The horizon dhptomt to tfae rigfct« ft*««»*» iftaäy. «riddl Is 

tfrtctiy rdaied to petroleum hydrocarbon cOüceotratioiL Item com nwWpfe OT/ROST push 

locations can be integrated using con»p<m ecotouräg programs io g^ *view of the overall 

niBtnbution of petroleum hydrocarbons at the ate (Figaro 7). 

Figure 7- Hydrocarbon Flume Eased OH ROST Data 

Analytical laboratory results collaborate tbe charactari^oa of pömfeu* bydrtwabocs 

by ROST. Areas having ***** high <»*•*«*»• of pe**«* hjdmarik» b SO* «a«*» 
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cotregpW to ***** ■«&**• fALadawly high fluorascenca intfnsitfes are observed. Furthermore!. 

areas sheering no fluorescence response are fbaod to contain rebövely low eonoentndion* of 

petroleum bydrocärtums. Figaro S compares fluorescence iiseasny to the results of bbomorjr 

aaatph cf fieW «"«pfos for total semi-votetii« ««game compoüads by EPA Met**** S3 10 slunvmg 

the iidailve flücrescöicc iriensiiy dato is very sänril*' to that of the btbotatciy results. An 

exc^^<*«dtfitmtv^öbtamM se«ravn1aftJle organc 

corapounö analysis as wdl as total recoverable pc4rokumb^ootoW«VyS?AÄf«faod4iSj 

analysis,   Data 5om ia-sita testing indicates tbat at tana site, material oonteififfig more than 1 ppm 

total sem^volatile organic ecanperonds by Medtcd 8310, is rearfüy observed by KOST, 

r 
TdoiSefrt-vaCs <3&Slarc*icÖ 

7O#00T 

600Goj 
50000 + 

S: 30XX» • 
20X00- 
taooo- 

900 

5,     *•    .?     v 
4 

t £: 

£     5     2     »r 

*     *     J     S     2     I    1     f     t 5 5  S 5  I  6 5  S  S- & 

Fignre 8, Flaorescenae response versos field sample analytical «»nit» 

B*ta Accumulated verify that ROST can refiabls map subsrffaa petroleum eomaoinakm in situ, 

in real-time and in continuous vertical fes&on 

13 
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CONCLUSIONS 

TheprOCeSS^ow.«^-,aM^iBarC^l«conCloSivB. Wi^.~*£«. 
go^^ent ^ alc^ xua«Msh - S500 bimo^ About 15 p«n^ oFtJ^ »gur*. ^ $'5 

„,-**,- w^rf*« *n*T and i^*&«&>*» «p^elitadno* &»**»«*« ** 

te. *=d «■*»• =,**»»«* such as «*>.W .*-* —•* - «*■*- *** * 
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