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3.0 IXTRODUCTION 
This rc~or t  prescnb; the rr'suits oi the acti..*e Pilot Vapor Extraction Test 
(Pb'ET) on scbsurface v s ~ o r - p b ~  voIatile organic compoixds (VOCs) at 
material disposal a r m  (GD.4) L, tcchnicd arcso (TA) -52 at Los Ahmos 
?.!!ation;LI Lcrboratcrq. (Labora:o,?r) (Fig. 1-1 mc! Fig. 1-2). This test was planncd 
a d  Ccscribcb i? the Pilot Extraction Study Plan (PESP) for the organic vapor 
plarnc at  .MDA L (Appendix A, RFI Work Plan for OU 214s ( L A i i  1992- 
07s)). 

1.1 PUXPOSE OF THE WET 
The P E T  is one of scverd piht tcsts using 3 mechanicdly induced ncgative 
vapor p:essurc (hcrcinrrfter tcrrrwd "active cxtraction") to pull subsurface air 
containing VOCs through an extractiort wcll to the p o m d  surface. The 

* Stcc?y :kc effect of the P E T  on subsurface vapor-phase VOCs as 
nonitorcd by a sclcctcd set of monitoring ~velIs; 3nd - EvaIuatc the pcrforrnancc of the PIG?: using hstrumcntation to monitor 
changes in subsurface vapor prcssure and air flow. 

me p q o s e  of this report is to 

Summarize the reguhtoty status, history and previous work on tkc 
va p o r-p ha s e VOG; 
Summarize thc gcohydroIogica1 charxteristics of the rocks hosting the 
vapor-phcse vocs; 
Dusaibe the response of the vapor-phase V3C conccnt~ations during the 
PVET, and the change (recovery) of the vapor-phase VOC concentrations 
after thc PVET; 
Descriic the perfomancc of t+c PVET as a remediation system monitored 
by changes in subscrface vapor pressure and air 50% 

htcrprct the rcsdts of the P E T  in regards to the geohydrological 
propcrtics of the host rocks; a b  

Provide a foundation for modifying the Pilot Extraction Study Plan (PEP) 
for the Organic Vapor P1me at MDA L, kppmdix A, " R W  FaaIities . 
Lm~stigation Work Plan for Operable Unit 114s" (WJ, 1992,07SS) - 
i ron  active extraction to pilot studitk usbg naturd subsurface air flow 
which is not art.:fciaII;y indixcc! (hereinafter teLmcd "passive extraction"). 
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Figure 1-1 Location of Los ~ h n o s  S a  tional Laboratory 
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Figure 1-2. Low tion of TA-54 within thc Ldyorafory, 
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bbora toy  and Llc US. GeofoSical Sunpc.y. The nature of materids disposed 
at ,MDA L is documcntcd h &crabIe Unit 214s Data Report (IT Corporation 
1332, os-00 Is). 

1S.l Disposal ;It MDA L, TA-54 
MD.4 L is a 25s ocrc si:c within T.4-54 (Fig. 1-3). From thc 13 tc 1950s to 19S5, 
MD.4 L u*as us& as 3 Ianc! c?is?osaI site for h3zsrdous chcmicais. Formcr land 
disposal units indude onc Lx~ctivc covcrcd chcmica.31 waste disposal pit 
besip3tcd as Pit A, 34 k!&w covcrcrci bisposa! shafts, two Iead strirgcr 
shafts, xci three iA.wctiivc covc:cc! chrz~icd ws:e ~ I S F O S ~  impoundments 
designated as hpoundxenrs B, C, and D (Fig. 1-4). T&!e 5.3-2 of the "RFI 
Work PIm for OpcrJbIe LXt 11-23 (LLW 1992, OiSS) lists thc capacity of the 
pit, ~ ~ F O G Z ~ Z I C ~ ~ S ,  and &aFs a d  the months t h y  were uscd. A summary 
of disposty! =ateriaIs is pxidcc!  ir, the OU-ll4S I33 Work ?Ian and in the 
* m A  L RFI Report (in pmpEs). 
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nlc 54-20CO writs ~se11s are vcr5c~l borcholcs con:rtk,?iz:g ci*Acr gal\-ankcd 
steel pipe or ix!ividuaI samp!ing tubes cx tmdins  5orn sampling 70- 
located cvc?* 20 k c t  from the g:omd surhcc :o the 'sottom. The a n m I ~ ~  of 
each well at  t!!e hdividud sampling ports was E k d  x-ith a p d e d  sand pack 
to facilitate prc-gzs sampling. In most of the 3-2000 scrics wclls, bentonite 
seals \ \we  plxcd Jbovc and Sclow the sand F X ~ .  The intcmals btltwccl? the 
sand packs and Sentonitc scals is fillcd with tither -shed tuff, 3 
bcntonite/gravc.l Dixturc, or clean sand. 

Jn 1993, the ER Project's OU-i14S, as part of thc MDX L I??, installed 
zdditior,al vapor monitoring wclls in I?? boreholes d d k d  cast of MDA L 
Tncse wells are dcsipattd as 54-1000 scrics wells on Fig. 1-1. The purpose of 
the additional rvclls was to sad>* thc \-apor-phasc VOCs bcncath MDA L and 
the adjacent \*.icbiY a t  TA-54 (Appendix A, Pilot Estxtction Skdy PIXI for t\e 
Organic l'apor Plume a t  MDA L, OU-11;Y r\R JJork Pian). 

Lq the winter of 1994 and 1995, monitoring wells 54-1015 and 54-1016 were 
instrrllcd in two dccp borcholcs drilled from thc adjtlccnt canyon northeast of 
MDA t. The FuTosc of these .rvt.lls was to tmt for thc prcstmce of vapor and 
!iquid phased VOCs a t  depth bcloiv MDA L The bo:eholcs angled to 
approxima!ely 550 fcct and 600 f w t  dccp, rcspcctivcly, bdow former dis?osd 
units at MDA L (Fig. 11). 

In Mm-3 of 1995, two additional \\*ells, designated as 5.1-1017 and S.l-lOlS, 
were instdkd LY L.?C midst of the monitoring i \ d l  ncnuork cast of MDA L 
(Fig. 1-4). ICcll 54-1017 rvas desipcd ;IS an cstraction w*cll for subsequent Filot 
tests on the vapor-phase VOCs. An additional monitorhg tvcl2, designated 3s 
54-101S, was installed 20 fcct from the extraction \\*cl! to monitor the 



Da tc Eastrng' I Sorhrg" "~~ I Drilled "X" 
Locaaon Uept!  iJom!ole 
Idcntitv ( f m )  Attitt.de I 

'" S A 3  XI (north itmencan datum 199J). 
'' Feet above mean ICJ IevcI. 
''I .'.!ortitoring wclli %IO?5 and 5010:6 a n  ssnplc Frrched \Vatcr at scIcctec! depths. 
''I Borcholc 54-1017 i5 the pilot cx:rtr;tcnon study well. 

We& 54-1002 through 54-1006 were outfitted with vapor monitoring systems 
using S c u n i S P  borehole linzs. .S ScamistT" Iincr is a flcxibIe polymcr 
membrane deployed and inflated in place by 3 small over prcssurc of air. 
,Vonitoring ports are Iowtcd at  sclccted depths in thc l k c r ~  constructed for 
thee wdb. Teflon ~ b h g  cxtcnbs from each subsurface port to the well head, 
where instrrrments m v  be attached to collcct vapor samples, or to monitor 
subsurface vapor presiure or other physicai parameters. SeamistTM Ibm 
may be rr-ithdrawm and reuscd; h a few cascs they have becn used to install 
adbitiona1 sensors for tertperature and humidity. 

ElevationW 
"2" 

,Multipart SoIinstrhf monitoring wcIIs wcre instdkd in boreholes 54-1015 
and 54-1026. Each S o h P  well was constructed using B ?-inch diarnctcr 
schcdulc SO poljvinyl ch1oridc (PVC) pipc with either vapor artd/or moisture 
monitoring vorts positioned 3t depths corrcsponding to hydrogcotogic 
horizons of htcrest  TeflonTSf tubing extends from cach monitori?g port to 
the well hcad for collecthg samplcs, or for rnonitohg subsurface vapor 
prcssux or othcr phJ.sic;lI parslnctcs. Ln w*clls 54-1015 md 54-1016, sampling 
ports capable of deliwring both vapor w.0 watcr sarnpks were installed at  
depths where highcr moisture contcnt was observed. To drrtc, no pcrchcd 
water has bcen sampled due to insufficient xcdrndadon. Following the 
SolhtT~t monitorkg well hstdfations, well completion operations 
invoIved Sack!iing with graded sand packs; ;rrott?d the ports, btmtonitc seals 
bclow and above the ports, and a finc-gained sand/bcntonite/rock-ffour 
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Tab!c 1-3. .Maximum Vapor Phase VOCs at  MDA L, 1 QCY ’96 

i\’e;I Surnber. SamvIc Dcnth 

Vo?atile Orsmic Cornpcud 
- .- . . . . -. ... 

I W+!l 54-2002, 150 feet 
7535-4 35 0.03 IO I 



The conclusions rexhcd by thc MDA L E I  rcSxding the VOC plume are the 
following: 
No ncw V0C.s sre being dctcctcd ctl thou~h the list of vapor phase VOCs 
analyzcd is growing; 
The list of vapor-phase VOC andytcs has g c w n  with improwmcnts in 
sampling and analysis; and 
Based on a statistical andvsis of sarnplcs from 19% to 1396, the vapor 
phase UOC plume is latcrkly s:atic. 

follow in^ tbc admkistra tive suspcnsion of quarterly vapor phase VOC 
sampling in mid-1496, sampling rcsumcd in F c h m y  1997. Ssmplcs were 
collcctcd primxily from pcrimctcr monitoring wells. 

1.3.4 Previous Investigations 
Frcvious invcstigstions on :he vJpor phase VOCs includes rhe following: 

Initial detection and charactcritation by Intcmztional Tcch..ology (IT) 
CoArporation in thc mid 19SOs; 
RCP? Facilities LTvcstigation ( X I )  JVork Plan far Operable Gnit 114s 
(LANL, 1992,07SS); 
@uartcrly poregas san?lhg 
Appcndix A, VoIuntary Concction Plan, addcndurn to th&CRA Facilities 
Invcstigation (PW) Work Plan for %crablc Unit 114s (LAX%, 1992,OXS); 
Appendix A revised, FiIot Extract5on Study PIm (PESP) for the Orbmic 
Vapor P I u x  at .MDA L, Appendix A, RCrd  Fxilitics Investigation (rN3) 
TVwk Plan for Oi~cmble Unit 11;s (TAXI, 1992,OZS); 
Pilot tcss in borcholc 3-1003, Tcst 1 ( 1s October 1994). Test 2 (7-11 
Xovenber 1994), and Ttrst 3 (32s NovcnScr 19%); and 
MDA L Phase I I?? report ( in p:optss) 



I 
I 

I '- I 

-: .. 



As prcparation for thc hrgcr-sc~lc Pk'ET, small  scale pilot tests tvcre 
pcrformcd by applying an a c ~ \ * c  ncptive prcssurc at wcll 54-1003 (Fig. 1-3). 

1.3.4.2.1 Pilot Test 1 (IS October 1594) 

On 1s October 1994, II small scale pilot test applied 3 f w  psi of ncgative 
prcssure at  the surface of wcll5.1-3003 (239 ft dccp) for 3 duration of 433 
hours. The ncsative Frcsswc x s m  z p ? i c d  usbg a hand-held c5lcctn'c p m p .  
Thc cffccts of this small scale pilot tcst wc:e ncasurcd by pressure trmsducers 
in Sctlmistf" monitorcd ports locatcc! in t \ ~ l l  54-1004, 125 ft from v.*cll 5 4  
1003. Prior to thc tcst, monitoring ports had bccn Fositioncd in rvcU 54-1004 
at dcpths of 3i.5 ft, dS.9 ft, 703 ft, 113.2 ft, 124.3 fi, 140 f?, 179,s ft, 2 3  ft, 254.5 ft, 
310 ft, and 3 5  A bclow the Found surfxc. 

Thc rcsults of this small scdc pilot test idicated that the pressure t r ansduca  
a t  37.5 ft, dS.9 ft, 70.3 ft, 254.5 3, and 3 0  ft in v.~t.ll54-1004 detcctcd the ~*';~cuu.m 
applied at ~~pcl154-1003. Of thcsc monitorhg locations, the port at 2545 ft 
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kbk2:cd t!!e k t m t  rcspomc. to the t p ; l ~ c m .  In addition, 'Xs port showed 
:kc clcscst bchavior to atzcs2hcric prmsurc as rnorritowd by a prcsst;rc 
t f ; l rdxtr  Ioca tcd at  the groanc! surface at we11 54-1003. 

- -  r.~.;.$3 Pilot Tmt 2 (7-11 Ncccmbcr 199;) 

From 7 Sovemlxr to 11 Novcmbcr 1994,a sccond small s d c  pilot tcst 
J??Iicd a few psi of nc);at;,ve F:CSSUX a t  thc surhcc of wcll54-1003. The 
negative pressure was applied usi7g s had-held elcctric pump.. The effects of 
this sxdl  scdc pilot trst were massurcc by prcssure tr;msduccrs in ScarnistT" 
rnonitorcd ports 1omtt.d in vcrtjcal x*c.IIs 54-202C 54-1004, and 54-2025 anC in 
mgk we1h 54-1006,54-1005,~nc! 54-1002 (Fig. 1-5). TzbIc I 4  is a fist of wek 
3 6  =r,or.itori?g ports dctccthg thc piIot :at 2 vacuum based w o n  pressure 
vs. t.m plots. 

Tabk 1-4. ,Monitoring wclk and ports dctccting pilot test 2 vacuum 

Port J 249.8 224.5 
Port K 2s3.s 255.0 

97.5 
67 

Port L 314.5 282.7 78 I 
t 

LVcli 1004. verticzf 
Port I hTA 222.3 125 
Port J NA 253.7 125 

Port K SA 333.0 125 
Port L NA 338.0 125 

Well 54-1005, 69'" t 
lJort J 241.7 225.6 270 
PortL 254.0 265.1 253.5 

Wcll 54-1002, 69'" 
Port L 304.3 32.1 291 

'" SA indimta not apFkablc 
Dcclimdon IS ingle m Cegnw from homcnral 

Durirls pilot tcst 2, conccntrations of l,l,l-trichloroetkme (TCA), 
:richIo:oethenc (TCE), tctrschlorocthcne (PCE), vinyl chIoridc, md carbon 
dioxide (COJ were measured bv CL Bmcl and Kjacr (B6-K) MuIti-gas Monitor 
T)ye 1302 at the .rvcil head for &U 54-100S. 



13.43.1 S:DX L RFJ PVET Boreholes 

Boreholes 3-1001 through 54-1006 were dri.l?td to d c p h  ranging from 299 
feet to SO feet using an eight-in& diameter 50lIow stern ausc and 
continuous coring technique. L? each borc>ole, eigh:-in& diameter stcd 





Table 1-5. \'OCs dctcctcd in thc 67 f t  corc S3TnFlC in bowholc 54-1003. 

Ilibromornlrthmc I O,L!U73 I U.VO5 1 650 
Uichlorobcnzefic (122) IO-] I U,013 I 0.005 ! 2300 

Dichloroprouanc 113-] 1 u.UUb8 1 0.uus I not available 
fsoaroovltolucnc 14-1 I 0.0052 I 0.005 I not ar*;lilablc 

Screening Action Lc\*cls (SALS) arc dcfincd for only two ot' :hc 5vc VOCs 
dctcctcd in thc 67 foot corc sample from borchok 3-1003. X SAL is a 
concentration of the rcspcctivc comFound at t\*hich risk to human health 
from the compound is present if exposure 0cc.m. The SALS for 
dibromomcthmc and dichloro5cnzcnc (i2) [O-] arc approsirn=itc.ly five orders 
of magnitude grcatcr tt;m :lye dt.:cctc.d conccntxtions (Table 3). Tkcfore,  
these two VOCs wcrc i.lim;S,a:cd as compounds of po?cn:itll conccrn (COPCs) 
by the screening asxssrncnt 5 the MD.4 L PtFl Phase 1 Report (in p:ogcss). 
Thc remaining VOCs \\pith no SALS (bromobcrzcnc, dichloropropne [13-], 
and isop:opyltolucr~e [;-I) were a!so c1irnhatt.d as CQPCs bemuse they were 
dcttctcd a t  concentrations onlv slightlv Sreatc: than detection lirnits (Table 3) 
and at 3 depth tvhcre csposu~~  is notglikdy to occur (Ewiromcnnl 
Rcstora tion Project, h progress. "Fa Report for Potential Rc1ex.e Site 3-006, 
MDA L (located *h former Operable t'nit 114S), Fkld Unit 5," Los A1m.o~ 
National Jjbontory rc,-ort W-uT1-9i-x.~, Los AJamos, Sctv Mcsico. 
(Environrnentd Rcstora5on Project, in prosrcrss, project nuznbcr)). 



. . .  , 
. , '  

The L35oratar)' is located on the Pajarit0 Platmu \\*hi& forms an zpron on 
:he eas:crn 5m.k of the Jentlz Mourrtaks in north ccntrd Ncw Mexico. This 
pIatc;~~ is eight to 16 nilcs widc and 50 to 40 milcs long and gmt1y sIopcs 
from t!+e Siem de 10s VaIIcs on thc west to thc Xi0 Grmde rift on thc cast. 
The plateau is dissected by cast- southeast-trendhg canyons and mesas. The 
Laboratory's faciiitics are distributed across this terrain on Dcpartrrrcnt of 
Enerbgy (DOE) Imd. 

TA-54 and MDA L are 10ca:cb on AMesita dcl Gucy L.n the southeastern portion 
of the DOE !and. At *!vfD.4 L, the surface of Mcsita &I Buey is rclativcly flat 
and approxirnatcly 500 feet wide. The average altitude at MDA L is 
a ~ p x i ~ ~ ~ : c I y  6,900 fcct above mean sca Icvcl. In the vicinity of TA-54, 
Mesitrr del Bucy is 100 ft to I40 ft higher than Pajarit0 Canyon on the 
southwest a d  s tribu:sry to Cz%ids OcI Bucy on fie northeast 
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The st rat ipphic  rock -&Tits studied a t  MD.4 L during thc Phasc 1 consist 
of, fro= oldcst to youngest, :hc Ccrros de1 Ra Bzzdt, thc Puyvc Foxstion, the 
0:ow.i Ncmbcr of tlbc Bxx!cljcr Tuff, thc Ccrro To?cJo intcxal, and the 
Tshircgc Member of thc Bandclicr Tuff (Figure 2-2). Dctailcd 6cscr;p:ions of 
thc s::a:igxphic nits  studied during :hc hlD.4 i S I  drilling can be found as 

borcholcs J:C in At:achmcnt 2 2nd graphic Frofiles of each 54-1000 series 
borehole showing RCK4 sanplc locations zrc in Attachment 3 
[En\*jronmczx;ll Restoration Projcct, in progxss. "RFI Rcport for Potentia1 
IhJcasc Site 54-006, .MDA L (Jocatcd in fo,mer Opcrnblc Unit 114S), Field Unit 
5,'' los  Alanos National Laboratory rcport L.+UR-97-sx?c~, Los A m o s ,  Scw 
Mexico. (Environmental Restoration Project, in progrcss)). 

.mchmcn t  i oi the MDA L rtEl ~cpo,-t; bo:tlhoit. logs of 5.;-iooo scn'm 

Thc stratigraphic rock wits hosting vapor ? ? m e  VOCs bcnctrth MDA L, 2nd 
in the ~ c a  of influcncc of the PVET, arc* lirnitcd to cooling units in the 
Tshircgc Mcmbcr of thc Bandc1it.r Tuff. Tfic Tshircgc Mcmbcr is ;I multipk- 
f low ash-flow shcct, and a compound coolhg unit, consisting of (from oldcst 
to youngest) thc basal Tsankawi Pumice Bcd and a scqucncc of cooling units 
dcsignatcd as units lg, I\*, and 2 (Broston and Rcncau, 1995). Phvsicsl 
propcrtics of thc scpclratc cooIing units varv both \*.ch'cally and faterally and 
result in zonal pattcms of wclding (cornp&ion), induration (h;lr&.ncss), and 
c~ystzllliztltion (devitrification). 

Tn outcrop, thc more h d u m c d  portions of 3 c  cooling units arts cliff-foming 
horizons. f?lcsc rocks typjcaIly contair, stccply dipping fncturcs and cooling 
joints that ~ 2 . 7 "  In site m d  abur,b;lnce. P u r ~ m m  and Kcnncdp (197l) and 
Rcncm 2nd Vanirnm (in p:eprStion) suzxm:izc cooling joints in the Los 
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Figure 2-2 Cross section oi Mcsita del Bucy at MDA L snd location of MDA L 
on M e s i n  de! Bucy. 

Semmeer 1997 24 



. .  c 

. . .  

1. , 

1 . .  
: . 
- .  

. .  . .. 
. .  . .  

I. . 

.. . . .  
' I .  . ,  ._ . 
b .  ' ... . 
. .  
I .  . .  
I .  

/ .  _ -  
. .  

.. . 
. .  

. ,  . . .  . ._ . 
., 

731.1.1s 

'The Guaje RxsGce Bed is the b s a I  pumice faU &posit of the OtDwi Member 
of the BxdeEer Tuff. 



Lithies arc dark g a l *  to black, partially oxidized, 0.05 to 05 inch b m l t  pebbles 
and f:sSmcnts up to 15 pcrccnt and zvcrsging t'itve percent. L h i c  frjgmmS 
are also incorpstcd into thc cemcntcd pumice ag);rcg;1te. 

2.2.1.1.1.1.2 Distribution and Thickness 

Both borcholcs 54-1015 and 54-1016 drilled thrwgh the Gutljc Pumice Bed 
bcncath MDA L, In boreholc 5.1-1015, the G u j e  Pumice Bed is 10.9 
feet thick 2nd ovcrlics moist finc-grsincd ash arbitrarily assigcd to the Puye 
Formation. In borcholc 54-1016, the Guajc Pumice is 7.9 vertical fwt *ic! 
and overlies 3 1.5 A thick clay soil horizon atop bas& 

2.21.1 .I 2 2  Li thoIogy 

tt'ith tihe escc@on of thc basal Guajt Paznice Bed, the Otowi Mem'kr of &e 
bndclicr Tuff is a massive, nontucl2cd, PLTICC rich vitric ash flow tu?. The 
?urnice 5p21i are ,iUlly idh tcd  and kbt.  s t f u m x s  arc i.nnt3e Pumice 
make zp 20 ixrccnt by volume of *e t ~ i f  and r x g e  i? size from 0 2  to 3.0 
in&=. Their color is Iight gray to light yclloru or olive brown. The p m k e  
glass is um1:trcd. The pumice Iapilli arc s u ~ p r t c d  by J pale rcd ash mzt5ix at 
the top of thc rnmber :o light grayish pink ash bdow. me ash coxi3ts of 
minute $ss shards, phenocrysts, pcr!itc c h %  and Srokm ptznice fr;lgnw.ts 
(Cqiozsio, F. A, Dtm-ption of rod;. w i t s  LY drill core at TA-54, Los ru3rria~ 
XatiomI Lab, 1994). 
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1015). This difference in thickness benwcn 54-1015 3nd 54-1016, ovcr a lateral 
distance of app:oximatcIy 3EO f:, suggcsts the thiming of the Otowi Member 
caused by the presence of a b m l t  high to thc cast of MDA L (Broxton and 
Reneu, 1996). 

2.21.1.2 Ccno Toledo intend 

Broxton, et at., (1993) dcscribe thc Ccxo ToIcdo h t c n d  3s the foIIowinF 
"This intend indubed epidztic tdfaccous sadstones, siitstoncs, and ash 
axxi p m k e  f&. In addition, the Cerro ToIcdo h t e n t d  contains intercdntcd 
pvc1, cobbles, and bouIber deposits m3be up of x a t c i d  derived from 
errosion of C3citic Iav3s from :he T'coma Fornation." 

brownish red dt,  sand, p v e l  and from 10 to 50 Fcrient subrounded daate 
pebbIes 3nd c o b b k  The fmer gnked  matrix consists prcdominantly of 
:ework& ash ard  up to 40 percent sand to ,mvd sized quaA* and smiline 
:cworkcd phenocrysts The pSbIcs and cobbles arc predominantly 
ifitemcdis te composition Iavzs witit accessory sxnite, xkose, fcIdspar-rich 
okidizt, and flow b~7deb  rhyolites (Caponsio, F. A, Description of rock 



2.2.1.1.3.1 Tsnn:hr*i Pumice Bcd 

The 'Tsankawi Purnicc Bcd b :he b a s 1  pumice 011 deposit of LIC Tshircge 
Mcmbcr of the Bandclicr Ftff. It ovcriics the \*okanjcIas!jc deFosits of the 
Ccrro Toledo Intcwal. 

2.2.1.13.1.1 Lithology 
The Tsankatvi Pumice Bcd conskscr; oi 70 to 90 percent, 0.3 to 4.0 inch 
diamctcr, tuhitc, vitric, phcnocTst poor pumice hpilli in one to thrcc discrete 
0 5  to 2.0 foot thick bcds. llhcrc more than onc purnicc bcd exists, they are 
typically scpantcd by ir,tw.ds of Jsh no\\* tuff ovur a vcrtical thickncrss of 2 0  
to 6.0 feet. Thc uppcr contact of the Tsanktlwi Pumice Bcd is arbitrarily 
cstablishcd at  thc bo:!om of ;I thick pumice-rich ash flow tuff. 

2.2.1.1.3.1.2 Distribution and ThicknLsSs 

The Tsankawi Pumicc Bed is not csposcd in thc vici?iy of MDA L but docs 
crop in the bottom of CaAada dcl Bucy nc3r MD.4 G J?prosirnatcIy 0.S miIe 
east-southeast of L4DA L. Oi thc 1s borcholcs in rhc XDA L Phase 1 riFI 
drilling p r o p m ,  nine borcholcs pcncz2tt.d the Tsankslui Pumice Bed. The 
Tsmktlavi Pumjcc Bed rangcs in vcrtjrd thickness from ;I minimum of 05 ft 
in borchole 54-IC04 to ;I maximum of 6.5 f t  in borcholc 54-1005. Thc avcr,gc 
thichcss of thc Ts,mkawi Pumice Bed bcrtcath MDA L is 2.4 ft. 

2.2.1.2.1 Lithology 
Unit lg is massivc, non\a~ldcd, m0s:ly nonjndur;l:cd, vitric (glassy) ash 
flow tuff. Thc unit is prcdominantly grayish pink to pinkish white. On 
average, thc upper nine f w t  oi  thc unit is palc orange rcd m d  is the only 
indurated tuff in the unit. Fractures occur in thc indunttd tdf but arc 
probably absent in thc nonindurated majority of the unit. Pumice lapilli are 
pay to white in ;r pinkish \afhitc ash matrix in 60 percent of thc unit and olive 
gray in the iron-rich upper part. The lapilli exhibit ;I silky vitrcous 1 &US ter and 
the tube smcturcs x c  M-cII prcscncd and fully infhttcd. On a\*crage, t l e  
lapilli makc up 20 prccnt  by volurnc of thc tuff and rmgc in size from 03 to 
1.5 hc! in diarnctcr. Pumice S ~ \ ~ ; L ~ S  occur !ocdy. Pumice lapilli range in 
volume from 20 to 40 percent u-ith an avcragc Fcmicc size of 15 inchcs i? 
diamctcr. ?he Iapiili t r t  also p h c n o q s t  rich, containing up to 35 percent 
phenocrysts locally. Phenocrysts arc p:cdominxitly quartz (up to 0.1 hch) 
and sanidhc (up to 0.05 hch) which cTica!ly do not cxhfiit ,filler 
iridescence. Acccssoy mincrds consist of rare minute fernornapmian 
minerals that arc probably amphiboles. In the tuff matrix, phenocrysts m3ke 
up 20 percent 5y volunc of the tuff and arc idtmtical to phenocrysts in the 
pumice lapilli. Dacite lithjcs f ro3  0.1 to 2.0 inch= is size are from zero to 

September 79!77 2-8 

. .. . 



~ ? . e e  pczcent of the noninbur3:ed majority oi the unit. Howcver. dacitc 
Iithics IocaLiy conp,isc up :o 10 Fcrccnt of t".c hduratcd iron-rich uppcr 
portion of the ~ait 

Thc lower costact of unit Ig is the pumice fall bcposit(s) of the Tsmkawai 
Pumice bcd. The upper contact of unit 1s is the capor-ph3sc notch of Crowe 
et 31- (157s)- This contact is at the top of an in:cn.d of devitrification which is 
the transition from the g!ass"v (vitric) tuff in anit 18 to the overlying 
uystailizcd (dcvitified) tufih vounscr stratigraphic units (Broxton and 
Rmeau, 1995). The upper con&t of unit lg is cstablishcd at the first 
appetrnnce of glxsy pumice gokg down section. The vaFor-?hase notch iS 
I a t m l l y  exteAnsive throushout t5e Pajsrito PIcltta~ and creates a goad marker 
horizon in borchoIes. 

221.L2 Distribution and Thickness 
U.nit 1s is not c-xposcd a t  thc surface in the vicinity of MDA L bur docs crop 
out in the bottom of Cafiada Ccl Buey ncar MDA G apuroximatcly 0.S mile 
cast-southcast of ,MDA L. Of L!C 'IS borchofcs in the ,&IDA L Phase I rVI 
drilling prosram, 13 borcholcs wcrc deep enough to cxountcr unit 1s. Of 
these 13 borcholes, five boreholes ended in wit 1s. Where conpIctcly 
penctratcd, unit lg mscs in vcrtical :hick?css fr&n a minimug of li6.7 f t  in 
borehole 54-1005 to s maxLmux of 12S.S.5t in borehok 54-1006. The average 
thickness of tsu't 1s beneath MDA L is 125.5 ft. 

M'ithin unit 1g , the interval of &vitrification :~ iges in thickness from 2 
minimum of zcro to 3 maximmi of 5.6 ft in borehole 54-1016. The avenge 
tkichess of the intrzTd of devitrification beneath MDA L is 3.5 ft. 

The in tend  of devitrification is contained within the induratcd iron-rich 
upper portion or' unit ig. The thickness of the indurated iron-rich upper 
portion of cnit 1g varies SignificantIy over Iatcra! distanccs of several 
hundrcd feet, This suburiit mcges in ttlickncss from a mhimum of 4.0 in 
borehole 541004 to ;I maximtt.r. of 1S.S feet in borehole 54-1001. The average 
thickncss of the indurated ui)per portion of unit 1s at MDA L is S.9 feet. 

it iv  

2z13.1 Lithology 

Gnit Iv is a sequence of devitrified t u fh  which are nonweIdcd to slightly 
we!deb, noninbura ted to moderz tdy inc!urated, poorly sortcd, vapoi-phase 
d t c r ~ d ~  p m ~ c c r i d t  ash ,?ows. It consists of cqstal-rich brown to gray pumice 
lapilli set in a dull white, g3yish pink, or light pale red matrix of minutely 
qrtallized ash sh:& and larger subhedrd pheaoqsts. Pu.m-ce 1;lpilli range 
2om eight to 15 perccnt of t3c rdi! by volme with an average a t  12 percmt  
The pcmice lapilli .mge $on 0.2 to 25 iichcs in dianeter an6 arc equant to 





Subunit 3v(u) Ioms thc s I o p  above the beach where subunit Iv(c) is 
e x p s c d  throush the sllluvic:m zqd extends to thc base of t\c surface caprock 
of thc mcsa (Fig- 2-1). Of the IS boreholes in thc MD44 L Phase I R E  d,illi?g 
?:ogm, 11 boreho!cs penetrated subunit Iv(u). Subunit Iv(u) ranges in 
thichcss fro= 3 rnLnhun of 65.0 ft ;,rl boreholes 54-1017 and 54-102S to a 
aa.yi?lm of Z.0 ft in barchok 54-1009. Thc average thichcss of subunit 
Iv(u) at MDA L is i0.6 fc, 

2-2’1.4.1 Lithology 
Unit 2 is a massivc, slightly indurs:cb to strongI>* indurated, moderatciy 
wclded, vapor phased altered ash-flow tiiff. .511 gumice Iapilli or bombs in 
this unit show slight but discemiblc flattening. Unit 2 consists of 5 to 10 
pcrcent dark gray to light brown crystal-rich ?urnice IspilIi set in j, pale red 
ash matrix co%iinhg 35 to 40 percent phenocrysts. Pumice IapilIi rangc h 
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size from 0.4 to 5.0 inches, averaging 1.0 inch :hrouShou: t5c unit. Pumicc 
s~\*arms o c c x  IoctrIIv, Juith pumicc bombs up to 6.0 inchcs in 1t.ngtI-t and 15 
20 pcrccnt by \*olumc. 117th increasing depth, thc purnicc hpilli cbnge  in 
color to mobcratc dark brown \\pith gray corm. Thc. elongated pumice lapill 
typically cx.?.?ibit ;I I i x x  5ugiry tcstcrc similar to that displaycd i? the 
dcvitrificd tuffs of mi: Iv .  The cornpaction (w.c.lc!ing) oi unit  2 has mostly 

to 

1 

dia ina tcd  thc w r g q  matrix of m i ;  !\*(u), hoi\*t.v&, !cs.s indurated portions 
of unit 2 dso contain 1"t'ry minute vapor phase trid>-xi:e in fie tuif matrix 



'In most areas of the plateau, t5e mount  of mnoff and s p h g  water is 
irsufficicnt to maintain surface florv before it is CepIctcd by cva?oration, 
trmspix~tion, and inf iht ion.  Only ;I few* h r p r  streams fed by rnulti?Ie 
spri3p or surface n'ntcr disckarp? flow continuously. 
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sampIinS t t u  unbucccssiul in ba:h dwp moni!o:Lqg :\~lls; Lnsuificicnt \\*;ltCr 
*:olumc had acmmulatcd a: thc tuatter monitoring ports. Thus these wet 
zones arc not  considcrcd to be prchcd aquifers. 

Reccn: Iso:o?ic study of pcrchcd i\*atcr collt.ctcd 2t thc S;IEor;ltory suggest that 
tlic pcrchcd watcr is relath*cly old and likely not dcrivcd from surface 
infiltration (Brent N c ~ m a n ,  L A X  TA-51, pcrsonal commuru'cation, 1997). It 
has bccn spcu!atcd that  bodics of pcrc!wd watcr may bc isolatcd remnants of 
e7 higher main aquifer bcncath :he Ptljarito Phtcau during J lcss arid climate 
(Gllkcson, pcr,~omI communication, 1597.  Tlic unsaturattd zone beneath 
the Pajarit0 P1a:csu is in citlcct "dTing out" (ci, :hc diffcrcnce bctwccn 
annual  prccipi:a!ion at 14 ixhes ?cr ycar and suri3:c cvaporation at  i 4  inches 
pcr ycar dcscribcd in Section 2.1). n i s  theory is su?portcd by the presence of 
an iron-oxide (limonite) water n a r k  on basdt c o x  at ;I depth of 3S1.5 h 
borehole 3-iO15, This x\x:cr mark is a: an clcva5on of 6373 ftct which is 
approsirntlttrly 550 fcct highcr than the cstirmtcd currcnt clc\*';ltion of the _ -  

main aquifer. 

2.2.2.2.3 >bin  Aquifer 
Depths to the main squiic: beneath thc Lslborato,?t hJvc bccn compiled by 
Purymm (I?!%, 0196). At Mcsita del Bucy, the Ctsth n n p  from about 1040 
I w t  in t \ ~ i l  Fht-2 in :he xVicL.niy of hlDA H appr&imately 0.S mile west- 
northwest of >IDA L to 900 feet bencath the castcm portion of MDA G, 
approximztcly onc mile cast-southcast of 14iDA L. \Vdl PM-2 is the main 
aquifcr \\water Icvcl measurement point ncxmt MDA L. Bascd on the 
surrounding data, the main aquifc: benwth  3qDA L is estimatcd to be a t  an 
clevrrtion of 5,SZO above sca Icvc.1 and at  a depth oi 970 fcct bclow the mtea 
(Fig. 2-2). To l3tc,  thcrc has bccn no drilling to the main aquifcr in thc 
vicinip oi MDA L. Hotuewr, 3 borc5olc  vas pro?oscb in the OU-114s I?? 
\Yo& F1m to bc drilled t o  the  mzin aquifer lxnuccn MDA L and MDA G. 
Thc drilling of this borchok is suspended a: present. Host rocks for the 
aquifer bencafh MDA L x e  probably sedimentary fanglomcratcs, 
conglon~rates, and smdstoncs oi the Smtz Fc Group bencath and 
intcrlavcred wj+h thick basalt flOW5. 

22.3 Geohydrologic Chanctcn'stics of Bmdclicr Tuff Subunits at MDA L 
The PVET is coxcmed v.*ith cxtxcting air m d  conbincd vapor phase VOCS 
through vtlrj0.2~ cooling xnits and subunits of the Tshirege Member of the 
Band&r Tuff. The fo re ,  L.1 r c p r d  to the pcr!onrrance of the PV", specific 
h v d r d i c  fr:oprtics and g e o h ~ c ? r o l o ~ c ~  characteristiics of these rocks are 
ikportant to c:r,lers:;lnd the "environmental mediun" through \\*hi& &e 
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f71e MDA G PerfoLmmcc Asscssmmt (in progxss), compi!ed P s m m a r y  of 
hydraulic propertics o i  Bandclicr Tuff mitits from borcholcs a t  TA-54, 
including borc5olt.s 34-1001 through 54-1006 locatcd adjaccnt to MDA L. 
Hydraulic propertics sumaarized include bulk density, volumetric moisture 
content, porosity, saturation, saturated hydraulic conductivity, and matrix 
tension. In clddi:jon to these quantitative analytical rncasuremcnts, 
qualitative obscxations of geohydrologic propertics cornpilcd from geologic 
loggin& such as induration (hardncss), the presence or prcscrvation of 
fmctxrcs, and matrix propcrtics (grain sizc and prcsencc of dtcntion clay and 
m i x r e  silica), are discussed in thc foilowing sections. 

B d k  density mcaurcments ranged from ;I minimum of 1.05 g 1 m 3  in thc 
combined Tsankawi Pumicc Bcd ana  Ccrro ToIcdo Interval to ;1 maximum of 
1.46 g/cm’ in Gnit 2. Avcrsgc valucs for isolatcd stratigraphic units are 
compiled in T~ble  2.1. Average buIk density vaIues bcrnonstratc a gradual 
but consistent dcclhe going dotnscction (Table 2.1). 
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Table 2-1. Summary of GcohydroIogic PropCrt*d' 

U? poy@Gip! 

Porosity measurements rangcd from 2 minimum of 393 pcrccnt in unit lg to 
a maximum of 73.6 pcrccnt in Unit 2. Porosity rnc;Isuremmts within 
individual stratigraphic units, or subunits, 1 . q  si@ficantly (Fig. 2-5). This is 
a function of either Iatcral and vertical hetcrogcny within each Unit, 
mcasurcmcnt location at sccondszy fcrrtures such as fractures, or Iabomtorqr 
analytical error. 

i 
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Average t d u s  for 3oIatcd stratigr~phk units arc compilcd in TaSIe 2-1. 
Avenge porosiy values show a slight maximurr: in unit IV(C). 

Voltmetric zoisture contcnt measurcnents rangcd from a rninLnum of 0.7 
ptzccnt in Unit 2 to 3 maximum of 2r" paccnt in U& 1s. By ~ t r s t i p p h k  
unit mits  2 and Iv(u) average !css than three pcrccnt, units lv(c) md,Ig 
avenge 10.9 w..G S.9 percent, rcspcctiv'ely, and the combincd Tsankathi 
prsc?ice Bed and Cerro Toledo Intend average 14 pcrccnt (Table 2-1) MDA L 
snd MDA G r3. boreholc logging tpicaily noted moisture in core or cuttin@ 
c o k t c d  from the voIc~odastic Cerro Toledo LqtcrvoL 

me MDA G Performance Assessment stntcs "Around disturbed settings 
cased by disposal activities, ncar surface moisture content dramatically 
hccascs above the m t u d  background state because of 3 Ioss of plmt 
evapotranspiration and suppas ion  of stnosphcric vcnting by installation of 
asphaIt surfaces. There is evidcnce t h t  the incrcscd moisture content may 
o c m  to d e p b  of 50 ft bacath disturbed arcas." Because of the location of 
the WET cast of MDA L and removed from the asphalt-covercd former 

2-17 



Gravirie:ric mois:u:c con:cnt m c ; l s u r c z c n ~  from thmc borcholcs, averagcd 
by str3tigr~phic unit, or subunit, mir;.,ic :he voIumetric moisture content 
cornpilcd :',-om the much larger borcholc da!hssc utilized in the MDA G 
Perfommcc Assessme2t (TJSI~ 2-1). 



by dongatc ?=-ice Iapilli and boztbs. In pumicerich wdded tuff, a dist ixt  
Ihncar fabric IS fomcb 5y t+c r c p h r  s l i p c n t  of the ellipsoidal purnicc 
Ispili suggesting post-depositional compaction. 
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Little is ;Llo\\n about fracture p r ~ c n c e ,  :'rcquexy, qxmre ,  con5nuity, a d  
coatings or fillings bdotu ttnit 21. Dcfinitiive chractcrization of fr3cture 
fillings ,and coatings is missing for a11 mi%. The anilablc information is 
imuificicnt to dctcrmim xchcthcr i r a ~ ~ ~ r c s  rz3y bc ;I critical ROW path in t!e 
s~stern. Chxactcrizariorr of this site wouId bcncfit frorn study of h m r c  
cbatings and fills and their ~natcria1 ixoi~cr5cs to a u p , e n t  misting &a on 
?opuht.;on, apcrturc, and oric~ts tion. Ris information is most accessible 
fro= cistins 2nd fumrc disposd p i t  wdls (LSUR-S5-2696). 



33J Extraction' System 

BorehoIe 54-1017 zvas cornpkted 3s the cxttaction r v d  for the F i I O t  test. Stcd 
scrface c3sL7g (S in. bi3rnctrlr) cstendcd to a tot31 depth of 75 ft, anc! the opcn 
hoIc (9 in, d ixxtct)  c.u~cr.Ccr2 downward to ;I tot31 depth of 150 ft. 

The \-a?or cxtr,ction system consists of a rcgcncrative blower, air filter, 
VXIX:TTI breaker va!vc, and z-ttrnud flow control vahc  to adjust the vacuum 
flow rate if ncctss~ry. The rt.generz,tive bIowcr is 3 Gzst 5 hp, 20s volt unit 
cq tb l e  of tq to 203 cubic fcet pcr Z h u t e  (5740 l/m) and a maximum 
vacuum of SS inches of water coIu,m (21.9 L*a). TIC extraction system 
schematic is depicted in Figure 3-1. 

Figurc 5-1. PVET vacuum cxtrxtion system schematic 
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Table 3-1- SoiI sss sampling and pressure mcasuremcnt poa locations 

I 

I20 
160 
200 

Borenolc 
(Vert. Dcph) 

140 
200 

s-~LJ)~..;. s w m r  57.5 
43.9 
70.3 
50.3 

s 2G.3 
179.5 
222.3 
253.7 
513.0 
33.0 

54- 1 uu5 S&LMlS'T 120.2 
165.0 
2s4.0 

79.3 
9s.4 
1243 
145.0 
159.0 
i ss.2 
205.0 
249.8 
253.8 



scanned pressures cvcry 15 minutcs in ordcr to acquire the initial tcmsicmt 
rcsponse of thc !est, aftcr iuhich thc r;ampling internal was chmsed to 45 
rrinutcs for the duration of thc tcst. The tcmpcrature of the prcssurc 
t:ansducc: MYIS controlled to +/-2 C to nhimizc  tcmpraturt '  effects on the 
presswe trmsduccr xsponse. Thew scxming units IW:C houscd in ix.ula:cd 
cnclosurcs or trailcrs and powwed by photovoltaic pmcl/bsficr). u n i k  

Csnpbcll ScicntEk 
CA-7 Da:alqger ....................................... 

i femporarurc Controlfcd Enclosuro I 
I I 

~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o ~ ~ ~ o o ~ ~ o " ~ *  , t 7 

Scnsor 
Solcnold 

................................ ... . . . .  

l t i i t  I i I  

A A l A +  J I 1 J  total A A A l  1 1 1 1  

:~cssutcrncn! lhes to subsurf~ce soil gas sample 

Figurc 3-3. Automated prccision soil :as pres;sure monitoring systcrn. 

Soil sas composition was mcasured by zn automated ldport sampling a d  
analysis s y s t c s  (Fipre 34). In this systcn a solenoid \*ah*c manifold 
comccted L!C downholc sampling a b c s  to a sanpIe pump, t\hkh tzcnsfsfcrrcd 
L!C soil gas to an intamcdiate Tedlar sample bag- A B n c l  and Kj3cr Model 
1302 photoacoustic ma!>zcr sarnpIcd from the Tedhr 3ag and reported the 
composition oi five compomds in the soil ps. The systen automstiwUy 
;?urged t5e sxnpir l L m ~  2nd the T c d ! ~  holding b 3 ~  to minimize cros 
contarnhation of the smplcs. Atztospf..cric sslmp?cs were 3lso ~ x ~ I > z ? d .  
7 5 s  system gaihccd and maI>zcd soil gas samples wcry 3 hours for the 
duration oi thc test. 



Vcnt 
A 
I 

I 

~arn?~e lines :o subsurface SQif sas sample ports 

Figure 34. Automated soiI ::as sampling and analysis system. 



Systcm 
I .  Exmction 

Systcm Monitor 
(&n collccrcd 
on Campbell 
Scientific 21X 
&mloggcr) 

prcssurc I monitors (daa 

system 
(conuollcd and 
recorded by 3 
pombIc PC) 

Mcawrcd Procas 
Flow orificc plate 
difmcnrid 
pressure 

Estnaion air 
tcm~rarurc  

Armosphcric 
?rcssurc 

Soil gas prcssurc 

YOl l  gas 
contrtminm t 
conccn tntion 

Scnsor 
Scm rim 
prcrssurc 
tmsduca * 

Type K 
thcrmocouplc 

Innotiex diff. 
prcssurc 
msduccr 

Sctn #270 
absolute 
prcssurc 
rran scluccr 

Se tn  it270 
absolute 
prcssurc 
rmsduccr 

b ? S C  

0-5” ‘ X . C  
(0-1246 P3) 

60.000-1 IO.000 k 

+/- lo c 

+/- 0.05 psi 
(+/- 344.7 Pa) 

4- 50 Pa 

Photoxoukic Andjzcr 
Glibnted for. 

Tnchlorofluoromcthak (Freon I 1) 
Tn’chlorotrifluorocthanc (Frcon I 13) 
Cubon dioxide 
Watcr  vmar 
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32 

The preparatiors for the piIot ext:action test required~ cxtwsive evaluation of 
soil gas pressaxe and conposi5on data from 3lI of the dowxihoie sample 
ports. Pressure rcsponsc iron the downhofe ports was comparcd to 
barornctric pressure to iEenti$ and repair Icaks in the mcasurmenr tubing, 
which in some cases cutended over 100 ft. from the monitoring mi ts  to the 
wcllhcads. The data from tkc soil gas anaIysis systcm was coapared to 
samplcs gathered mmudIy at the weUhc~0 to ensurc samplc integrity; The 
ecmction system was operated (withottt drawing air from the cueaction w d )  
to ensure its rmdincss. 

The soil gas s3mpIing an0 mdysis system started co!Iecting background &tit 
eigh: days prior to operation of the cxtmction b!owet. Soil gas prcssurc data 
tms xquircd for 24 hcurs Fn'or to starting. the extraction test, The vacuum 
b1owe.r was Snqizcd pJst before noon on September 19,1995 (Julian day 262). 
After 24 hours the sampIing ,Fcqccncy of the prcssure neasuring systems. was 
srowed from Ek-minute to 45-minute intemds- The cxtrmion system 
opemtcd for 34 days, &?til the bIowet was t u m d  off on October Z, 2995, 
(Jchn day 296). The test tv'ts tcminated after evaluation of the soil gas 
contx-iimnt data detcrmincd t !at  rhc process had xhicvcc! steady state and 
htther changes ii the measu:rd parmwters tvcrc cxpectcd to be minimat 

3 3  PVETRESULTS 

The ncasurcrncnts discussed in this section are the cxtrxtion system proccss 
rncasurcmcnts (flow, tcm?cramre, twuum), btlromctric pressure, 2nd the 
response of the soil gas prcsswc a t  the dowrbole iocations. h d y s i s  of the 
prejsure data is discussed in Stwtton 5.1 of this rcporr. The gas composition 
r w l s  are discussed in Section 4. 

Extraction system proccss nesurezncnts are shown for the total test in Figure 
S-5* and expanded for thc fist four days of operatian in Fiprc 3-6. As 
indicated in F i p r c  3-6t the well vatxurn and flow reached steady conditions 
within two days. At this flow rate the orifice phte flowmeter is accumte to 
within +/- 5% of the indicated fiow (nomindly 25 standard cxbic h e t  per 
minute, or 0.S5 kg/rnin). The weU vacuum achievcd a steady value of 
approximately 3S.6 kPa (72 inch water cdtrmn). Perturbations tc the flow and 
vacuum data in the first cay are duc to the vacuum brcakcr valve in the 
cxtrxtion system opcnhg and allowing additional air into thc flowing 
stream to the vmmm blower (a protective feature to protect thc blower from 
cverheating). The nature of the vdve hystcrcsis caused it to open and relieve 
the wen vxuum, then dose in m unsteady osciI!a:ory nature. After 
discussions with the blower ntllufacturer the setting on 'Lhe breaker wive 
was adjusted to prevent opethg under thsc conditions and t!!c balance of 
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Figure 3-5. Extnco'on sptcm process mcasuremcnts. 
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Figure 3.7, Soil prcssure rcrponsc for monitoring ports in borchok 54-XOlS 
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4.0 IWT ~mcr os v m x  PHASE COWOUSDS 

LY‘eL1 iJort I’ort Strat. 
ID ID DeFth Unit/ Fxuln Frcon 

The PVET w;ls cspcctcd to h a * c  a radius of ix lwnce  of approximtltcly 120 
fcct surrounding ;!IC pilot cstrxtion \\*ell (5.1-3017’) (Find Rcpon: Pilot Sczlt. 
Vapor Estrxtion Sys:cm Dcsign for 0U-ll .IS !SEc~-~~-gr3-035,/rc~.iscd) 14 
March 1995 (scc Appendix B). Monitoring \\*c115 3~-7003,5~-1004,54-1006,54- 
103S, 5.1-2024 and 54-2023’ arc locatcd \+*i:hin this rzdius (Fig. 4-1). Of thcse 
1%-clls, 54-7003,54-1004, Sd-IOlS, and 54-2024 i\“c:c iFstnrncntcd to detect 
changcs in targc: VOC and othcr inorgmic compo~x!  concentrations at 
sclcacd moni torir,g port depths (Table 4-11, Concc~x:ions of l,l,l- 
trich1oroe:h;lnc (TCA), trjchlorocthcnc (TCE), t:ic~loroflourorncth~nc (Freon 
1 I), tricl?loro-tri:”luroc~h~~c (Freon 1 I;), water vapor (H:O), carbon dioxide  
(CO,), and osygcn (0:) were measured an ;I thrcc-hotz schedule by a I3rucl and 
Kjacr (B6;);) nondispersi\*c infarcd analyzer Stx‘orc, luring, and after the 
opcrrrtion of thc cxtrsction blower from the ~clt.ctcd monitoring ports. 

(feet)"' IcSubunit)’:’ TCA”’ TCE” 11”’ 

T~blc 4-1. Summary of PVET monitorins ~c*c.IIs, ports, m d  compounds 

113’”’ H,O CO: 0, 
54-lOU3 c b2.4 Qbt lv(u:) 

G 124.0 Qbt lv(c) 
H 136.0 Qbt l d u )  

x x  
x x  
x x  

x X x 
X X X 
X k % X X 

7 173.S -@bt jk -  I X x x X X x x  

G 140.0 Obtle 
54-1U15 C 50.6 Qbt lv(u:) 

E 11‘1.2 Qbt Iv(c) 
I 23.5 @btlg 
K 263.3 Oct 

54-2u24 B 40.0 Q b t  2 
L> SO.0 Qbt lv(u,) 
F 120.0 @bt 1v(c) 
H 160.0 @btlg 
1 200.0 @bt 1c 

X X x X X x x  
x x X X X x x  
~r: X X x X x X 

X x S x x  X x 
x X x x x x x  
X )r x X X x x  
x X X X X x x  
x x X X X x x  
X X X x X x x  
X X X X x x x 



fisurc 4:. Lcw:kns C! FVEi ncnitoring wells c ~ s t  a! EDA L anc! :he interpa1a:cd "nd iu5  of 
in!luencc' 3ken trcm sutsutace prcssurc rncmmmcnts. 



3.1.1 Downgradicn t from the cstrxtion we11 
Monitoring \\*.ell 54-101s is IocJtcd 20 fcct  SOUL!^^^: of L?C cstmctjo3 well (Fig. 
4-1). TCA concc3tratio.v 3s ;1 function of time at N*CE %-IDIS arc shown 
graphically in Fig. 4 - 2  Thc data x e  smoothed 2nd zcroed uskg a rolling 4% 
hour avcragc to subtrxt false TC3r cor,ccntr;ltio3s apparen:iy dctectcd at the 
ground surface that arc probably B&K instrummt noisc (Fig. 2-2). Prior to 
PVET stxrtcp CJD 260.3, TCA subsurface conccnzations mgcd from a 
minimum of 30.4 ppm a t  p r t  K to a maximum of 91.5 ppm a t  port E. During 
the opcram'on of thc cxmct;'on blo~vcr, TCA conccst~ations at  ports C md E 
ei!?bit significant reduction in TCA concentrations while ports I and K 
sho.rucd ljttlc rch tivc rmponsc (Fig. 4-2). Follot\*i.ng the cstraction blo\\-..cr 
shutdo\\n on JD 296.5, TCA conccntratiors at ports C and E demonstrated a 
steady inacasc (Fig. 4-2). During both thc cstraction Slower operation and 
following shutdown, port E at 111.2 ft sharved a ge3:er r c l ~ i v c  change in 
TCA concmtrstio~~ than port C at 50.6 it [Fig. 4-2). This is cspcctcd as 2ort E 
is locatcd \\+thin the opcn intend of thc cxtrxtion wcll (75 ft to 150 ft) (Fig. 4- 
3)- 

Monitoring well 54-2024 is located 51 fcct southcast of thc cstraction well (FI~. 
4-1). TCA conccn:rations mcssurcd as ;I function of time at well 5.212024 are 
sho\\n gnphical!y in Fig. 4-3. TCA concentrations in port F in wcll5.1-2024 
behaved similar to TCA concc'ntrations in port E in w~ll54-101S (Figs. 4-2 and 
4-3). Port F in \\*dl 54-2024 is also locatcd at ;I depth w*ithh the apcn intend 
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4 2 2  Uppdicnt  from the cxtsjction well 

Monitoring w d i  54-1004 is Iocxcc! 30 feet northtc-est of thc extraction well 
torrT3rds the VOC sourct bmcath 5 c  southeastern portion of .MDA L (Fig. 4 
1)- TCA conccrtmtio.?s as a tit?ction of time at well 54-1004 arc shown 
p p h i c d y  in Fig. 4-5. Dce to the location of wc.1154-1004 bctwcen the 
cxtrxtion wcll and the VOC rou:cc, TCA conccntratias kt well 54-1004 arc 
mut! hi$cr than in wells dormsradicnt from thc extraction wel. Note that 
the vertical scale LT Fig. 4-5 is condcrmd to accornmodatc the tclatit7cly 
higher TCA conccntra tiors closer to :he VOC source. 

During thc opcztion of t.!e extraction blowcr, TCA concentrations mcasurcd 
in PO+* E and G in well 54-100.: de~onstrate 2n inctcase in TCA 
conccntra tions h contrast to co,.np~able ports C and E in we11 54-101s located 
on thc downgradient side of the extrxtion well (c.f.r Fip .  4-2 and 4-5). This 
indicrttcs that the negative p:cssurc applicd at \\*ell 54-1017 during the 
oxration of the extraction b!owt.r xtwIIy pulled air containi?g higher TCA 
c&eentra tions from cIoser to the VOC source towards the cxtnction welL 

4.2 TCA BEJ3AVIOR AND STI’~TIGRAPI3Y 

The rcspo,lsc and recovery of L7por phase TCA concatr;ltioc?s is h.ucnced 
by the geohydrologic characteristics of the various stratigraphic sf;bmitS of 
the Banddicr Tuff through which t5cy moved. Table 4-1 lists the 
stratipphic unit or subunit in which cach monitoring port is 1ocs:ed (e€., 
Tabk 4-1, Figs. 4 3  and 4-4). 
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43.1 Cxbcn Dioxide 

F@:cs 4-6 and 5-7 show thc concentrations of carboa diosidc ss ncaszxrcd 
over *imc in wcll 101s 3nd 2024 at four l i f h e n t  dt$s  and surface. L.n Che 
shallower dcpths a slight incease in urban &oxide concmtrrttion occurrd 
during the time period of thc tcst, ~ * h i l c  Eg. 4-2 2nd 4-3 indim:= a mxkd 
decrcsse in contaminant at thmc dcpths. This msy k d i u t e  that czrbon 
dioxide is prcscnt due to narurd ~roccsses in tite shtllower depths. 

figure 4-21 shows car5on dioxide concclr~mtions as $ozcd over t h e  in well 
iOO3. Little rcs?ome in the carbon dioxide conccntdon is noted at 
radial distance for thc timc period of the tcst. Fiprcs 4-5 3nd 4-9 show h o s t  
an exact corrdation in the respmsc of carbor, dicxidc and TCA d u h g  ihe 
PVET. This indicates that the higher concentrations of TCA toward the 
Source provide a suitablc su5stratc for rnicrobi31 respiration, 

332 oxygen 

The oxygen data collcctcd and prcscntcd in Figs. 4-10 - 4-13 show little 
response and rcmain static tFlroughout the PVET. 

43.3 \Vatcr Vapor 

The water vapor data collcctcd and pramtcd in Figs. 4-14 - 4-17 show a noisy 
fluctuation over time and littlc can be inScrrcd from the resulting fips 
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In si& soil vapor c~tr3cti0~ has bccomc 2 widdy uscd method for the 
rcrncdiation of voi~tire compounds from pemcablc so&. In practice, vapor 
estracticn systcm dcsi,~ are baed on ;L pmmetcr known as the "radius of 
LnfIumce" Rr (m), whick is asscmcd to be some ficasure of the voIumc of soil 
wpectcd to be rcmcdiatcd by a sinqk well CJohnson, et d, 1992). The approach 
uscd i? t ! !  i~stancc was to bctc,mc RI from the steady-statc vapor-phase 
prcssurtldistributioa data. SKtion 5.1 describes the prehnin- numerical 
modding and briefly cornparcs thcsc rcsuls to the ~ m d v t i c d  modeling and the 
a c t i d  rcsdts of the tcst prcsentcd in Section 5.2  

The opm intend of the esfxiction WCII (54-1017) extcndcd 75 ft to 150 ft below 
g o m d  surface (bgs). Irk gmcn1, the pcrmc;lbillty is somewhat i q e r  in Unit lv- 
c (co1omadc) of the BmbcIicr Tuff, t\*hich Is Aso the region of maximum VOC 
concentration. Consequently, thhc open intcrvsl of t l c  sctivts extraction borehole 
wzs ccntcrcd on this depth. 

5J SUMERIGU;. MODETJNE OF ACTIVE PILOT VAPOR EXTRACTION 
TEsr 

hitid design calcuiation~ tvcrc perfozncd to Cctcrminc the monitoring well 
Iayout rt?d cxmcrion system requirements. Thrcc dimensional simulations were 
conducted with the AIFSD codc (Joss, ctd. ) ,  which rnodds air ff o w  but not 
contaminant transport through gcoIogic,mcdia. The permeability distribution 
M ~ S  baed on cxEer mczsurcments in borchoIes 54-1003 and 52-1004. This 
&at, and the M73D cock, is disct;ssed in detail iz Appendix B. 

Aftcr the extraction tcst, the modd dcveIoped for test design was modified and 
uscd for tcst mdysis, The arignd pc,mc;lbifity values wcre replaced with the 
meawed permeability distribution in boreholes 5X017 and 54-1015, which 
were driicc! and chamctcr-ked with stmddIe padccr mcsurmcnts after the 
initid .UIGD modcling was compictcd. The proccdues and rcsults of the 
snCUc packer mcasurmcnb in borchoIcs S-IOl7 and 54-1018 arc disccssed in 

in a sqmzrate report $EA-E'5). The RCW mcasurcmcnts indkatcd lower 
permcabilir)t in thcregion of thc mtraction zone than was used in thc ori@jl 
rnodc2.h~ whcrc a b d k  media3 pcrmcability of 1.5 Daracs was appficd The 
rw5d sirndations kcorpontcd pcAmcabilitics of 0.2 and 0.6 Darcics in the 
extraction zoae. Tne in-situ rncsuremcnts from wcif 54-1018 and valucs used in 
the ncw modd are de?ictcd in Figwe 5-1. Tne permeability varied as kdicated 
bv d q ~ h ,  5ut was modclcd 3s u r i i o ~ z  in thc horizontal direction (within ;L 
h&or.taI Iayer the pmncabilit)r was ass-med to be homogeneous and 

., -" 

. .. 



Table SI. Comparison of mndclcd and mcazurcd cstracrion flow conditions. 

f h c  prcdictcd nodel soil gas vdocitt- at a dc@ of 25.1 ZI (115 it) was p1ottt.d as 
a function of radial distance from thc cstrxtion wcll in F iprc  5.3. Thc so2 gas 
\ * e l o c i ~  t\*as cdmlatcd using noddcd flows and Equation 5.1. 

v - soil ga5 velocity 
k - model layer permeability at a dcpth of35.3: m (115 f t )  - 0.13 d a r e  (0.6 x 10.1: m3 
c1 - viscosity of air at 10 drpcvs C (2Y3,35 
4 - assumcd rnodcl soil porosity - 0.3 
CfP - change in prcssurc ovcr thc d h n c c  dx 
dx - radial distance 

- 1.76c-5 Pa's 

At ;I radial distance of 15 m (49 ft) thc soil gas vclociv tt'as calculated to be 0.5 
m/day (5.79 x lo4 m/s). In Section 5.2.4 thc velocity of the soil gas bchucen 
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incrcmcnrs, Ground surfacc is at 6785 ft 

5.21 Dctcrmination of Sicad? State 

Thc assumptions in thc a n ~ l y t i t d  csprcssion for omx5mcnsionaI comprsG3lc 
radial flow rcquirc thc system to rcclch stcab>* S W : ~ .  Thc vapor-ph~c p r m a e  
distribution can thcn bc cscd to apprnsirn;t:c RI. 
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(Eq. 5-1) 

Q, - s o n d ~ r d  air flow ratc at w.cllhc;ld (26.2 scfm) 
R - P,m( absolutc atmospheric prcssurc (62C91 Pa)) 
P, =- standard atmospheric Frcssurc (101325 Pa) 
Tt - avcrascstcady shtc downhole tcmpcraturc ( 2 S . 6  K )  
T, - standard tcmpcraturc (293 K) 
Q - find average stczdy S U ~ C  dohvnholc flow ratc (4i.S cfm) 

The final steady state bo~*.nhoIc f l o ~  ratc was c d ~ u h t u d  to be 0.01.96 d / s  (41.5 
&El)- 

5.22 Estimation of the R J ~ ~ U S  of Jnflucncc (Rt) and Scx Ficld Pcnncability 

In order to cstirnstc Ri, a stmiIog plot of the steady state subsurface vacuum 
prcssurc data ;IS a h x t i o n  of distance from the cstraction wcl1 within the 
coIonnrrdc WJS P:C'FXC'C! and 3 bcst-fit Iinc was drzwn through the p in t s  (Figure 
5-6). l?~ xixi thcn idcnti!icd as the distancc kom thc cxtacfion wclI whcre the 
vaaurn prcssurc rcxhcs zero (Johnson et. d., 1992:. Using this approach Rr was 
Jeterrnhcd to be approximatdy 1.10 f& 

The onc-dimcrsiond s:cad>*-st;ltc rabid flow cxprcssion rclclting the dowvnholc 
now rate (Q and the rx?iaI distance born the cxtractiort w l l  (E) to the 
pmcability (k) of the k f f  is prcscntcd in Equation (5-2). 

where 
k- prmcabiIity of tuff to air !low (m3 
@= d o ~ n ! a I e  vapor mtraction flowrate (m'/s) 
p- \&asit). of air Q Il.S< (Pa S) 

H= tkcb~.ss of vapor flow tcst interval (m) 
PA= prcssurc at inner ndius (Pa) 
RA- Lmcr Radius (m) 
Pn- prtrsurezttoutcr radius (Pa) 
Ra- &tcr Radius (m} 
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52.3 Cjlcu1;ltion of Vapor Velocity 

Prcsurc drat\. down in a hornogt.ncous mcdium is cspcctcd to i0IIow s smooth 
cxponcntid decay i\*ith thc l q c s t  gradicnt \ \ p i t h i n  thc fitst i w ~  meters from the 
cstraction u9cU. At the clowst mocitorins \\*clI in this test (RB= 6.1 m) the 
maximum vacuum prcssux in thc colomsdc was 703 Pa, clbout3S of the 
induccd VJCUST. This is a much h g c r  gradicnt than cxpcctcd for a 
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ivdI compared fmorably with the iicld rnctlsurcd values. The snslytical 
madding rcsuks supaortcd thc pxkcr  test pcmcability mcasurcmcnts and 
numerical modcling, m d  J ~ S O  dcmonmatcd thst as~umptiorrs of unrctarded 
porous medium D a r n  ilow c m  bc ~ u c c c ~ s h l I v  applicd to ~ i r   low within the 
Bsndelicr tuff at MDA L. 
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6.0 COSCLUSIOSS AYD RECO>.IhIEXDATlOSS 

fic active extraction \\*as succcssfd in ~ d h g  1:OcS :ov.*ard the C x t r 3 ~ m  

\s=cll through the host units and subunis oi thc B ~ d c l i c r  Tuff; 

based on izduced subsurface v a m m  I):CSSUTC at steady sate, the n&cs of 
iT?”ucncc of thc PVET was approximately 140 A; 

air \*docities of the phmc lvithi? :he coIo~r13dc rrvcrzgcd around 0 5  

m/d;ty; 

downgradient from and \%*ithin :?IC radius of influence of thc extraction 

wcll, thc acti\*c extraction caussd ;I reduction in T U  concentrations; 

upgrsdicnt from and within thc radius of influence of the cxmction well, 
thc activc cxtrrrction caused an inncasc 21 TCA conccntrations; 

the PVET effect on TCA conccnmrions m d  ncgative prmsurc propagation 
wcre diffcrcnt in ~ ~ r i o u s  subunis of the BclndeIicr Tuff; 

thc grcatcst change in TCA concentratio-, and air flow causcd by the 
PVET, occurrcd in subunit lv(c) (colonnadt.) of the Tshircge Member of 
thc Bmdclier Tuff; 

subunit l\*(c) demoristra tcs g~.ohyd:olos-ic chsractcristics which arc 

conducivc to cnhanccd air flow, L ~ l u d b g ,  induration suppo*g 

f ra t rum,  f i i c  p i n  size enhancing porosiq, and ovcrall higher 
pcrmctlbility :o air flow than the wits above and bciow it. 
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A?PENDIX A 

.O I N T i i O D U C f O N  

Tho uurgcso cf tho cifc: s:udy is ro inves:icxa: 

a) 

5 )  

c! 

rcoaczicn cf :ho horizcn:31 bcunesrv o? rka Eiumo t o  :ho vicini?+ of :ha sect-iry 
fonco tit MOA L: 
rotraciofi of :ho oozcm E? :t;e C I U ~ C  t o  :he c e m  Cf :kE! IXSZl: !aver (if indoed 
:he $umo has sDro8a 5 ,  jwer ceprns:: 3nc 
a means ?or pravon:ing any rcgrowrn O f  :hs Glume away from ths 
subsurface saurcos, 

This plan doscrihs darn :ha: 3ro roquirod ccncorning: 

a) narurjl mochanisms rcsscnsibla !or :!xi goncratien c? "70 ~ l u i ~ * .  in ordar 70 
oveluato tho  unginocrcd applicaxkn of natural nochmisms :o . vunr future 
regrowth of rho plume: 
chnr8ccris:ics of :5e plumo tha r  zra ncccssaly t o  dcsign rhn ccrrcL',Ye nm'on: 
and 
ch8rec:cris:ics of :ho suksurrace 600togy that 2 f O  necessary tu dcsigr: tho 
corrcr;ivo a c i c n .  

5 )  

c )  

f h o  field invesrigations fer this stuefy &re in:ogratcd with $old investigz:ions fcr :ho FiFI to tha  
exren: pracdcebte. For oxample, drill holos will .grher da:a for :his smdy and the FiFL 318 
Same drill holes wd bo used a s  vapor oxtrscdon wells. vapor monitor wells, or air injacdon 
wells during pilor omameon of tho  plume. Some of tho drill holes might he used in rhe f m w  
as part of an enginoerod smrorn rhar uses ~ 3 s s k e  mechanisms t o  provent. fuzure regrowdl of 
:ho plumo akor it has boon rorraczed by forced venn'ng. 

fhis elan idcnrifios data and outlims cilo: ~ C S M  thar are rceuired for design of 3 full scale 
vapor oxuam'on sysTum, 11 the investieatlcns and ~ Q S U  are successful, a full r o l e  vapw 
oxtramion syrrem will bo designod and irnFlornentod. ( I f  tho invesu'garions and tests are not w 
successful. 3 new rcvisad olan wiil bo submrrrcd t o  f?AJ The  ebjonive of this syston will 
be t o  ro:racz :he vapor clumo t o  tho viciniry cf rho  disDosJl shsfis t!mt aro *.?e evident souce 

rhe plume. Evan if :he t m a c i c n  voccss removed 311 available volatile ma:erials from me 
disposal shaf-zs, a buried ccn:ainer mi$X in pn'ncirxl rupture at  Same time in the fuarrs, 
;filereby Secc,.ning a new source of volotile CCnTaminants, Therefore, after excnca'an, 
subsecuenr regrowth of tho Plume from any pressnr cr f u w e  sources in %!e shafrs WiSI be 
Orevenred by ins:a!iariOn of physical barriors or by cenrinued venting of the  region noarths 
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7.2 Environmonto! Sorting 

The cpncral anvironnan:al socing ar 7.4-54 inctuding MDX L is prcsonzcd in Chaptor 3 of the 
wcrk pljn, Specific 3cTih~m:cs of tho envircnmcn:sf seeing e.3: zrc inpocantto tho migrszion 
of :kg OVP 3re d i s s s s a c  hare. :do& Lis focatcd an f k l a c a  en :CD of D narrow finger mesa 
(Mesin del Eucy) at: an cievaucn of appro~mataly.6600 fr. Tho mesa is approximately 4-00 
fr wido at tho KDA anC is Sounded on the noch by &nxa dcl Eucy and' on tho south by 
Ptjari:o Unyan, The canyon bcmms are apprcrximatclY 1 20 feet  tolow the top of rhe mesa. 

. .C 
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.e 

0 

0 

VJeter nntmdFivaries i r c n  -i bar Rear tkc  surface t o  3s ICW as -1 5 brs CCIOW CO foot 
&pa- The measurea variadcn is crra5c. gcstiblv a rcsuk of s:a3iIky problcms wkh 
*e psychromercts th3r were usee. 

t * A p t  rrmenf (gavimouic masuremend is usua11y in :he ranee of 2%4% (by 
vclune), cxccoz at scme frscmes. cr  within the more highly welded gercien af Unit 
TS, cr a t  scmc c c n t a ~  surfaces, wnere m e  ccn:cnr n a y  reach f 0% or 20%. 

I e n r ~ e m  is in the ranqa S-iUOC. 2nd is nearly indcpcndrnr cf dep:h. belaw 50 h 
des*, The d a a  indica:es a (ceak-tc-ceak) zempcrature variation of approximarely Z0C 
JZ ai! SanscrS tolow 20 fee t  duric5 :ha month of d3ra ace.v.iti:ien ccmored an 
November 7 TSES, I-!cwever, cne annc r t f l l  if :his is a diurnal swing. a rnonotonk 
soarena1 drik cr variaticn ccno1a:cc with some-a'uclor phanornonon. 
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'.Vel1 fccaziors ate shown cn Kgurc A 4  

Croup 1 walls are ccnsmccd wirh waldad samalo uccs cn a COnrinuOUS qdvanizod steel pipe. 
Iarn~le ribes run inside m e  uipa frcm each samolc OOK ro  :hc surface, T h o  annulus space for each 
sample internal is ?iIIad wi:h a 5 f t  3 i c k  c;radod sand sack wirh kcn:oni:c scds above and below the 
sand gjck, Tho onndus s;3cc baween sample intervals is filled wirh a bcntoni:e&raml mkntre. 
Group 3 wails are *e cnly walls ccnsmczed with L!IO conrinuaus pigo in tho barchole. 

Groun 2-3. and L wells k3ve individual sampling tubes rcnning from sample zones ro The surface, 

and lowar tenrcnke soak t33t are 1-2 fr :hick, Tho bcrahale is filtod with crushed tuff 
barween sample inzervals- 

- fn G:cuo 2 weits individual samcte tunes ccnsist of 5 f t  :hick smdod sand cac& with upper 

- fn Gram 2 wells, individual samste intcrvafs 3re 2C f: :hick and are filfcd with crushed tuff.. 
Th;h ct f3 tcnzccire soals semrare each in:arval. 
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2-2 

FJor SxrrJcricn Study Plan 

~ ~ j i v s i s  c: Cc:e Ssmples for  Organic Ccn:sninnnts 
. ,  

c~.e ss3cc resrricJ'or,s in;rcsec by ;hc s i d s  posizion along :he crcsf of a narrow 

naxm] forces (Sarornezric pressure, each-rides, wind, and :emperamre 
Ggci5;'ansj :hz: zay induce air $!ow within ;he mess: 3nd 
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Acrolein 
Ac+Ionitrile 
Benzene 
Bramoform 
O r b  o n tetra cn I o r id c 
Chlorobcntcne 
Chloroa i bro momc:hsn e 
Chloroethane 
2-Chloroc'thylvinyl eTht?r 
Ch Joroio rm 
D~chlorobromonecnanc 
7,7-Dichloroerhane 
1 ,Z-Dlchloroerhane 

1,2-DichIorapro~ane 
7,3-Dichloropro~ylcne 
E:hylbenzcne 
Methylbromide 
Met h y lch lo rid e 
:derhylene chloride 
1 ,? ,2,2-7errachlorocrr,jne 
Terrachloroerhcne 
To I uc ne 
1,2.trans-Dichloroethcne 
1 ,I ,l-Trichloroerhane 
7.1 ,Z-Trichloroorhane 
Trichlo ro c't hene 
Vinyl chloride 

1 ,f -Dichloroorhenc 

A ccto ne 
f +Dioxane 
Accrc ni:riie 
Tetranydrofuran 
2-8~ttano ne 

Dime~hoxymerhane 
Ehanol 

7ropanol 
ne: hy l-2- ?r o p3 fio 1 

4 4 e t  h y I-2-Pe nM n o n e 

i 00 
100 

5 
5 
5 
5 
5 
70 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
70 
5 
5 
5 
5 
5 
5 
5 
70 

(1) 0s:a from IT Corpcmion 1987, 0327. 
(a Analysis by Gas Ckronatographyit.!a;ass Soecrromcuy 

FtFl Worr Ran for OU 1 1 4 8  A927 

Propanol 
7 - E m  n o I 
Terrame;hyIpcnTanone 
Chlo r o c if1 u o ro methane 
Eisoxymcthane 
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I 

prossuror, low solubilities in wator, ana rclnrivelv high Henrv's Law coaftisientSs, indimring 
strong gankioning irx rho vaoor phase. All have saciiic gravicios in excess of 1 in The Dufe 
licujd gnaso. and ' auvelv low visccsi;ios. In aadition. a Satura:eU m k u r c  ot air and any of 
:he conssizuontr 3 ~ 0 r  ~ n 3 f e  ' =onsidera&lv more denso tnan air alone. Sry eir s 3 ~ f a z u d  
with TCA, !ar r Jmclo. is apg: .Imxolv 1.5 times more dense than CN air with no T U  
(Schwiile 1988. 37501. Duo f c  thoir fow viscosiw an0 hign sr2ocific sraviw. :?e primary 
constiruenz migram readily in thu licuic pnase rnrougn b o a  wazar-filled anc air-filled ftacrcm 
sysrems. f h o  dansiw of rho vmor evmoratou from a liouio encourages downwiirc nigmdan 
of the  vapor plume Through in:erconneCreo framros.. 7 h e  tact :h3t rho cantaminantj have 
miuratoc exronsivelv in the  vanor phase tndiw:st mar zno earre&ve ecdan mw. 50 Gamble 
I 

of rcmoving vapor phase c0nsituenr.s. 

The oorsistanco of c k  m a t e d  consri:uonS in z3c *--osuTiatc for long poriods of 5me indicarw 
:m: an active me:noc vill bo reouirea :o rctrac:  . vaoc zlume. In acCitian. 398 inae=ivs gi: 
and disoosal shafts will continuo t o  be a SOurcO of vaDor DWR chlorinarea hvcrearborrs in 
:!le iu:ute. which will rouuire an ongineereo sys;orn t o  preven: r e g r o w  of rhe plume. 

3.4 

Tho following informarion was u s  . :c s c i a c  :?e r c c n n e ~ o ~  for temccis5an of cslo o-ic 
V803f piurns at  MDA 1: 

Technologies roauiring oxczv~ion of :he connminatod soil an6 rock zre nar: fe~&fe 

Summary of Cgr:e&ve Act;ron Crkeria 

duo t o  the daom of con:aminancn, v w m e  a? ccl7rJrnim:eu mmriaf, and 
crperarions being porfarmed ar t30As L ana G. 

The technology mus: 50 able :c remove ana treaz vapor ohsse c e n m i 2 n 3  frcm g m  
space and fracrures a: d a p - 3 ~  exceeeing 200 fc, 

9 Riorarnedhbon rechnclogies are cot feasible b e a m  of the high ~ors i s tencb  of the 
chlorinated solvents and zhe oa:ential oroduttion of vinyl chloride. - The technology should serve as w uf %!e long Zarm stabilization cf Z ~ R  MDA t a  
Dimem raqrowch of :he ulume in :ha fmm- 

4.7  Pilot &mmian S:u&: asign 

Rn war* Pan tor ou f fas A-31 J J ~  1993 





Acgenoix A ?ihr Ex:n,--jon d:ur/ Ran 

EgurQ ~ - 1 6  D:oson:s a s c n o r n m c  ciagram of s typical s w o r n .  E?A guiaanco ( F A  1991. 
6307) inoic3;et tnar vaoor c n r a c i o n  i t  a feasiole c3rroc:ive acrion for  a size with intrinsic 
gorrncaoiliry greater man I 0 " O  cm; witn ccxamrnants  naving vaoor orassure grearerrmn 05 
torr. Sot9 oi :?OSC conai:ions aro mor for :no plume ar  hr,D.̂ . L. In audition, vaoor e x u a c t b  
m o o u  tno crmria C:SCUSSOO in t n0  previous section t v  reawnq only n:*limal exczvauon am 
space so that 1: wlii nor inrariore w m  ongoing oDor:*ions a: ?dDAS L anc C ana bv boing able 
:o remove vaeo: 3mse contaminants from dop:ns groater t m n  200 f t ,  

enhanco t h e  evaooration of c o n s x u o n t s  from tho pure liouid or aqueous ohase. if 

* con:ro\ :he Tmncr migration a: vauars within tnc? suo,curff3cc. 

prescn:. anc subscauontly remove them as a vanor cnase: and  

4.2 Additional Data Garhoring 

42.1 New aoronoios and Samoling 

Additional 2 x 5  cn :!m ruff matrix and :ho vapor plume are noedcd ?or Cezign e! B vapcr 
extrac:ion svs:om. aoronolas rh3f wiil orovido samplos for t h e  REI VJork Plan will also prm*ds 
rno informatrun needed TO aosign ana imulomonr tho CorroCEivc m i o n ,  Six anglo borahdu 
t o  rha tufi of the oasalt and zhrae ~ O O D  verricat boroholos into rho basalt wiil bo installed indm 
plume :o funher c3aracrcrizc tho Glume and :hc site gcarogic 3roPeKies. 

T h o  six ansle borenoles will be 8 incnes in diameter ?o nrovide good efficiency as c f l r a c h  
wolls. Steel casing with &inch inside cismarc: will be insrallad in the  uopcr 20 fear of tha 
Sorencle and will be grourod 10 provenr 3 o x  ckcui:hg OT ain'low from rne surface neart!ls 
borenole. The angie boreholes will intercoot t he  near-venlwl framres. and will be drilled t o  
:no to3 of the Chino Mosa Sasalt (ostimarcd 20 ba a t  a dW:h of 2 0  f ae t  t o  300 faetl. fhs 
anE;-. borenole locations are shown on figurc A-7 7. Yhe porencles ark located t'rovids 
on the plume ana zhe subsurface ttnvir-nmant. Tha angle boraholes will reveal the lithology 
of a cross-smkm of rhe mesa, a n d  \ 50 COmdOted so thaK they c a n  monitor the -par 
efirac:ion p r o c e s  or sorve as aaivcj cxcrocrion wells or injection wells in the ftntrs. 
Information TO be Sazhered from The six angle borenoles includcs ?he fcllowinq 

- Geotecnnical t e r n  Ccrforrned on Core wm3lcs incluEe 

. SetL .d hydraulic tZnOUCtkiX - Mois. - Y conrant. Sulk donsiry, and oorowry; - Moisture cfiaracrcriscic c w e  with data in the d f v  range exrending TO 
approximarely 2% moisture DY w e i g k  3r drier if possible: - SDecrfic gmviw (parride der*) 

A 9 3  fJy 1953 
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- Spccitic sudaca i6ET methoOl: znc .. Air uormeaDiliw. 

J- c 

* A borahdo deviarion log will be por-formea cn :he 030n sofenales :o determine the 

Air flow profiles wiii bo garnarea in at lcasr cnc oeen os:enolo TO icenrifY zones of 

trajemory of :bo anglc hales. 

relaziveiy highcr and lower air ccrmaabiliw. 

Packer rests will be gerformea in a: Icas  one W e n  'screnola ?C cetemine zha air 
perrneaaility in seleccd zones. 



;mcncix .4 Pilot fitracrion Studv Plan 

tnfcmajon to ta 5aml0re~ !:on rhe :nree SOU-foot-doeo vertjczl hclos includes the following: 

0 Geotechnid tesr ;erfcrmeC on ccre samples rncludo 

- kbarahde deviaticn 10s Wi:I be serfornod on *e osan borehclas fo determine the path 

+ Air ffaw csfiles will 3e ~xhcrec  in an cpen kcreholo to identify zones of relatively 

of zha veiticJl holes. 

higher and Icwer air @?meabiJk% 

RnworkP!~fcrou ::a 44-37 el* 1993 



0 AS of :ho RFI, gas sarnDlcs will Se ccllacrca from cacn 20 foot cccttn inrorval 
during arilling. Tho samoies wiil bo Cct locTCO en caroon resin ana matvtoa fcr :he 
com3ounds listoo in Table k-3. Attacnmcnt 2 :o :nts a ~ g e n c i x  t r e s e n r  :no scnoaulla 
for c~rlcct ion ot gas s a m m s  at  c a m  borenola. 

L.2.2 Subsuriaco Air Flow Studies 

tnvpqinntifn of baramt?Trir p i fP r -T .  I: is now known :hat an osciilatorv flow of air (as 
conrrssted with a steady flow, or no flow) in a uorous meoium can c r m a t i a l l v  increase the 
offactive rare of diffusion of a contarninanr vmor. The oaromerric mssure ar Los klamas 
disolavs cvcles with 12-hour. 24hour. Z-dav, 2nd 5*dW l3oriods. Those cycles may prOdUC0 
osciljatorv ai: flow (so-called '5arorncrric gurnoing*l within :KO :urf, which may in f ~ t m  

accelerate tno SDreau of the o r g m c  vauor clumo. I C  cs:imattnS anv fucurs discomion of the 
glume, jr is rnorefore irnpozanr ro  know rho  magnituoe. 2nd m e  influonce. of t t l e  natural 
sarioaic sugsurjacc ilow. Also. vaoor oxtracton '10 rcmeay tno uiumo snauid be c o n d u m d  
so as t o  worK with. ratnor tnan ag3tnst. natural disacrsion. 

The subsuriaco c r o s u r e  will bo moasuroo as n func ion  of :in0 a t  sora in soveral of the 
existing monitor wells. and in a t  loast one O f  t h o  now anglo borenoles. 5v cornParison of *h 
Fouriar comoonents of the surface urassuros wirh 370 Fourier c c m g e n e n s  cf tho  suSrurfaw 
Saromotric sressura. ono can detarmina tho logaritnmtc docroase of otcillatow preurrtr 
amolitudo with dep:h. which is tnt3OfOtiC~lly a functlon of frecuoncv, permaability, and 
porosiry, lrrogular bonavior of :ha uonotra:Ion COD:h may ravoal whatEor f racures  in menrtf 
provida barometric ventilation. 3nc  thoreioro wnotnar tno  fractures wiit also influanco applied 
vauor exrracion. Eacause many of :he fracuros aro fillec with clsy, ic, is not obvious whether 
:ne i r acu rcs  have greator or loss cormoaDilitv tn3n tne tuff matrrx. 

Concurrent with the  subsurfacc orcssure measuremants. 3 con:inuous-reaaing insxmenrwi i l  
be used t o  monitor c m n g o s  in rnc ccnccn:ranon of One or more of ::e volatile ccn:jrninam 
in t > O  porn gas as a iuncrion oT :ima, The exis:ing montfor wells have men Samolea cuaKsrly 
for several years. As shown in Fisure k-5 :hrougn k-9 .  measurea cenccnzratjons of VOCs 
Show a large sattor.  It is possible mar tne  tmmr is euc KO barometric Sumping- Conzinuortr 
measurornent of pressure and VOC conCCntta30n may reveal the extent to  which baramaVk 
pumging WLLSBS short-term variations in VOC cancontrarion. T h o  tachnioues developed fm 
subsurface gressure and VOC monitoring will De aopliod during vaocr axtracrion DiIoStoSSto 
maas3re t he  distribution of vacuum and shon-term cfiangcs in pcre 93s ccncenmbon. Theso 
:ochniquas will ais0 &o used as ciagnostics if fcrccd 0scilla:cry flow is deliberarely applied t o  
circumvent diffusion limization during pilot or full-sule excraeLion. 

RFI \*~ort Ran for OU f fL8 



Aopenaix C Pilot 5:mc:ian Study ptcrn 

snafcr. Such n sys:om wc~uld Grovent fu:uro togrowrh of :ha plumo wirhour o1oc:ric power. 
ronnng machinew, cr exronsive mainrenance. 

4.3.1 Extraction Wolls 

AIr well hczds of a final VES vdl include :ko following acccsscrics: 

- Row rate inaic3roc 
* presure sauce; 

a sample go= 3nd 
e a valve zo admk anosphen'c air. 

Gracing and s w n ~ j  wilf ccllec ccndensed mcisturo. A knockour dovice and pxiculate f i b r  
will be insnlfed c.? t h  suction side of :he vacucm ~urnu.  ';his will ccrnave enmined liquid 
and rcrnove parjcics that niGht dmagc tho ~ u m p .  



:ne exr rxml  air. 

., -.- ?iio: Tests t o  Evaluate A c h e  Er;ncricn 

anc mc:c can:aminancs are oresent, 

- prrformancc of a stog3ea e m a m o n  : e n  from a single cxtmmsn well: and if 
diffusion lirnitarion occurs 

patiermancc of a test using w o  or more wells wnich wiif asrillato ncnveen cxcncrian, 
p ~ s i v e  venring, and injamion. 

Tho data gained from t h e  pilot :era wiil be used To assess flow, radius of influsnca, and 
conraminam rarnoval ram from anrac5on inrewals of various d a p : k  ff  data from the initirl 
Dilot Tests on contaminant romoval raws are inconcl&ve, additional tom will be ccndrxesd 
closer t o  the sourcos of vapor. 

Sasea an rhc additional data dcscritcd in S e a i a n  4.2, :he location of rhc initial ci1o;restGll 
be ac:ermined, This well wiIi be 1oca:oa ir: the middle of the masa in the Derimatsrares w b m  
VOc conccnrrauons are low (Egure A-i 7). The cilot extramion well wiil be aggroximarely 25 
feet ir3m one of tho instrumented angie borenoles. 

The Ini:ij1 pilot zests will provide ini0rma:ion On rhc vacuum fRquirf!d i o  amievs a soeu'fic 
flow rare, radius of influonce. wheTner diffcsion lirnka~on OCCUM. and conraminam: 
conccn:rarions in excraacted air, The infermarion will be used :o design a seccnd Di1or:em 
emplcving w o  or more wells and timc+arying flows. 
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';ME A-7 

I fnsrall iW3Umented angle and vertrcal 
bcteholes for geologic c!mscrerizauon. 
plumo dwracari=azion, and air flow 
measurcmem 

Measure naxral airitow in insrrurnonrao 
borenotes 
Design ana insail srnglo well oxraman 
:est in 3mer area of glume 

Perform singfe weft amamon r e s  in ouzer 
area of d u n e  

h'ovemmr 30.7993 

1 
I 
i 

Ssp:amaer t 9% 

Seoremoar 1 !?,a;; 

Uecemmr t 994 

I 
I 
I 

1 

* Cohngen: w o n  funding 

L%y ??,a5 Dosign ana instcall multi&t well excmmon 

A 4 2  

I test in outer area of Dlurne 
June 1995 - I Perform rnwble well exsratiun r e s  and 

analvze d s d  

J* 1393 

I 
I 

:darcn f996 

Fasntjry t997 

watch 199f 

Maren I997 

SecKember 7947 

Oecember 1998 

I 
I 
I 
I 
I 
I 

besign vola3le e m a n c n  s w o r n  for omer 
area of ofcma 

Complete IrsztUaaon of volaala ~ m c s f a n  
system in ctyer arm of ~ I u m t  

sysem in curer a t e ~  of cIumrs 

Design and gericrm emlsdon t es ts )  near 
volatile SCLZCW and analvre data 

Design volade m & o n  SYSzern for 
volarite sacrcu area 
;mli  vola5Ie extraction -em for 
voladIe s w c f  area 

' sart opemion of volatile exacrian 
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:=:-.:;;LE OF i 3 R E  s,;:.:pLES fi70:.? A S G Z  S O i i % O E s  

I :,a21 :cs[ I x  1 I I t 1 I i I I I I 
I t941 t501 Ix I I I 1  I 1  I I I I I 
I1951 1551 I X I 1 1 1 1 I I l I I I  

I 2001 1 8 0 1 X I X l I I I I I I I  I l l  
120: 1 1951 I %  I I I t  1 ;  I I I I I 
I2021 7901 l x I l l I I l l l l I 1  

12051 2701 1 %  I 1 I 1 I I I I I 1 I 

12351 Z O I X  Ix I I 1  I I I I I 1  I 1  
12091 2251 I X I I I I I I I I I I I  
I 2 l O t  2201 Ix 1 I I I I I I 1  I I I 
1211: 2251 Ix I I I I I I I I 1  I I 
12721 2;otx I X  I I I I I I I I I I I 

I 2 fS ! rn t rhUC Ir I I I 1 I 1 I I I I 1 I 
12:51ficld Ix I I I t I I 1 I I I 1 I 

12ts1 2501 Ix 1 I I I I I I I I I I 

5&:235 12211 Sf  I X I I t I f t I I I I I  
12221 101 I * 1 I 1 I I 1 I l 1 I I  
I2231 151 I x i I I I 1 l I I I I I  
I 2241 201% Ix I I I I I I I I I I I 
I u s 1  251 Ix 1 1  I I I I I I 1  I I 
I2261 331 I X I I I I I I I I I I I  

I2281 Lolx 1% I I I I I I I I I I I 
I u 9 I  8.51 I X I I I I I I I I I I I  
I2301 501 I x I I I I I I I I I 1 1  
I 2 3 7 1  551 I x l l l l l l l l l l i  

I2341 701 I x I I I I I I l I I 1 1  
I2251 7Sl I X I I I I I I I I I I I  
It361 801% lx I I I I I I I I 1  I I 
I 2371 851 I X I I I I I I I I I I I  
I2331 so1 I X I I I I I I I I I I I  

I 247 I ;os1 I X ! I I I I I I I I t I  
I2C21 t 1 O l  I x I I l I 1 I I I I l I  

I1951 1 6 0 1 x I x I I ! l I l I I I I I  
It971 1651 I x 1 1 I 1 I 1 ~ l I l I  
I1981 :701 I x I I I ~ ~ I I l I 1 I  
I1991 1751 I x I I I l I 1 I I I t I  

I 2031 7951 1 %  I I I I I 1  I I I 1  I 
123tl 2GOlx Ix I I I 1 I 1 I I I I I 
I2051 2051 Ix I I I I I 1  I I I I I 

12071 2751 Ix I I I I t 1 I I I I I 

I 213 !CUD Ir Ix I I 1  I 1 1  I 1  1 1  I 
(2fzltztina Ix I I I I 1 I I I 1 1 I I 

12771 24.51 1% I I I i 1 L I I I I I 

12191 2551 1% I I 1 t I I I I I I I 
12201 2601x Ix ! I I I I I 1 I I 1 1 

I2271 351 I x I I I I I I I I l I I  

I2321 601x 1 %  I I I I I I 1  I I I I 
I2331 651 I x I I I I I I 1 I I I I  

12391 051 I x I I I I I I I I I I I  
I 2201 7 0 0 1 ~  Ix I I I I I 1  1 1  I I I 
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I2931 851 lr: I t 1 t I I I I I I 1 

1 2951 951 I x I I I I I I I I I I I  
12961 :OOIx Ix I 1 I I I I I I I I I 
12971 7051 1 %  I I I I I I I I I I I 
12981 1101 I %  I I I I I I I I I I I 
12391 :1SI Ix I I I I I I I I I I I 
13001 1201x Ix I I I I I I I I I I I 
13011 7251 lx  I I I I I I I I I I I 

13031 1351 Ix I I ! I I I I I I I I 
13041 lOOlx Ix I I I I I 1 I I 1 I I 
13051 1451 1 %  I I I I I I ! I I I I 

13071 1551 Ix I I I I I I I I I I I 
13081 1601% I x  1 I I I I I I I I ; I 
13091 1SSl I X  I I 1 I I I I I I I I 
13101 1701 Ix I I I I I I I 1 I I I 
13111 1751 1 %  I I J I I ! I I I I 1 

13131 1851 Ix t 1 I I I I I I 1 I t 

I 2941 201 I x  ! I I I I I I I I I 1  

13021 1301 I X  I I I I I I I I I 1 1 

13061 159) I X  I I i I I I I I I I I 

13121 :aoix I X  I I I I I I I I I I I 

13741 7301 I X  1 I I I I 1 I I I I 1 
13151 1951 I X  ! I I I I I I I 1 1 I 
I3161 2Wlx 1% I 1 I I ! 1 I I I I I 
13171 2051 lX  I I I I I 1 I I 1 I 1 

[3791 2751 1 %  1 I I I I I I I f f I 
13781 2101 I X  I I I I I I r I I I I 

13201 2201~ 1 %  i I I I I I I I I I I 
132tl 2251 Ix I I I I I 1 t I I 1 I 
13221 2301 Ir I I 1 I I I I I I I I 
13231 3 5 1  IX I I I 1 I I I I I I I 
13241 2401% Ix I I I 1 I I I I I I 1 
13251 2451 IX I I I 1 I I I I I I I 
13261 2501 I x  I I I 1 I I I i I 1 1 

13271 2551 IX I I I I I I J I I I I 
13281 2601~ Ix I I I f I I I ! I I I 
1 3 z l e r n  IX Ir I I I I I I I 1 I I I 

I3311mmzW Ix I I I I 1 I I I I I I 1 
1 3 2 1 C i c ~  Ix I I I I I I I I I I I 
I3331 I 9813:61 01 01 01 01 01 01 01 01 01 o f  

133015Li'lO fx t I I I I I I I I I t t 
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I d f l  IOSlX I I I 1  I I I I ! 1 I I I 
1421 ZTOlX I I I I I I : I I I I I I 
1231 2 7 5 1 ~  I I I I I 1  I I 1  I I I I 

I I a1 Z O I %  1 x 1  I I I I I I I 1 1 I 1 
IC51 2251x I 1  I I I I I I I I I 1  I 

1471 2 3 5 1 ~  I I I I I I I I I I 1  I I 
i C81 2201% 1 %  Ix I I I 1 I I I I I I I 

I 

1 4 9 1  2 4 5 1 ~  I I 1  I 1  t I I I I I I I 
1 5 0 1  2 5 0 1 ~  I I I I I I I I I I I I I 
1 5 1 1  2551x I I 1  1 I I I I I 1  I I t  
1 5 2 1  2601x 1 x 1  I I 1  I 1  I I I I I /  
1 5 3 1  2651x I I I I I I I 1  I I I 1  I 

L ~ 

1 5 4 1  2 7 0 1 ~  I I I 1  I I I I I I I I I 
I S 5 1  2751x I I I I I I I t  I I I I I 
I 561 ieotx I X  I X  I I I I I 1 I I I I I 
I571 2E51x I I I I 1  I I I I I I 1  I 
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I ' 201 toot* . x  I X  I x  Ix Ix Ix tr Ix Ix I X  I X  I X  I 
I 1 x 1  7051x I  I I 1  I I I I I I I I I 
I I221 TtOlx I I I 1  I I I I I I I I  I 
t 

I 1 2 3 1  T t 5 l x  I I I 1 I I I I I I 1  I I 

1 2 5 1  7251~ I t I 1  1 I I I I I 1  I I 
t 2 5 1  7301~ 1 I 1  I I I I I I I I ;  I 
I 271 7 3 5 1 ~  I 1  I I I I I 1  I I 1  i I 

t 

1 I 2 4  720Ix IX  IX  Ix Ix Ix Ix I %  Ix Ix Ix Ir Ix 1 

IS81 2701% I I I I I I I I I 1  I I I 
1 5 9 1  2761~ I I I I I I I I I I I I 1  
I 601 2801x Ix  I x  1 I I I I  I I I I I 1 

I I 281 f i O l x  Ir Ix  fx  tx Ix Ix  Ix Ix  Ir Ix tx Ix I 
1291 TLSlX I I I I I I 1  I I I I I I 
I301 150tx I I I I I  I 1 1 - 1  I I 1  I 

I 1311 1SSIx I I I I I 1  I I I I I I I 

i 1 321 7 6 0 1 ~  Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix I 
1331 f651x I I I 1  I I I I I I I I I 
I 301 i7ntU I t I I I I I I I I I I I 

1 3 5 1  t751x I I  I I I I I I I I 1  I I 
I 361 5 8 0 1 ~  I x  I X  Ix Ix Ir Ix Ix Ix I x  Ix IY  ix I 
137t t851x  1 I I I I I  I 1  I I f I  I 

I 1 2 8 1  79Ofx I I I I I I I I I I I t I 
I 1 2 9 1  1951~ I I I I I I I I I I I I I 

I Lo1 2001x Ix Ix Ix Ix Ir Ix Ix Ix Ix Ix lx lr I 
r o t f  2051% I I I 1  I I I  I I 1  I I  I 

I a i - - - 2 ? 5 1 ~  I I I t I I I I I I I I I 
IUI 220lx 1x1 I I I I ; I  I I I I f 

~ 

1451 225tx I I I I I : I I I I I I I 
la1 230Ix I I 1  I I  I I I I  I I 1  I 
I471 235IX I 1  I  I I I  I I I I I I I 

t I50lficld I 1 1 x 1  1 I  I I I I I I I I 
1511nmoe I I I* I I  I I 1 I I I I I I 

I 1621fiefd I 1 x 1  I I I I I 1  I I I I I 
I 63lmcmod I 1% 1 I 1 1 I I I I I I I I , 
I 641bIind 1 1% 1 1 I 1 I I 1 1 1 I I  I 
1651 2851x I I I I I I I I I I I I I 
1 6 6 1  2901x I I I I 1  I I I  I 1  I I  I 
1 6 7 1  2 9 5 1 ~  I I I I I I I I I 1 I I I 
I 681 3001~ Ix I x  Ix  fx lx Ix Ix I x  I% Ix  Ix I x  I 
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I ; = I  2201x ' X I  t I I I I 1  I ' I I I 

t 1x1 I2Slx t ' t i I I I I I 1 I I I 
1 7.3 L30fx l ! l i I I I I I I I  

" I  I 75: Z3flx I I 1 : i t 1 1 r  t [  
I i E  Z a 1 r  1 x 1  I : I i I I I t 1 1  

1 1 7 7 -  ?!CSlw t I I I t I I 1  I 1 1  I I 

175:  z55.1x I t I 1 I I I I I I I I I 
f S0t 2 6 0 1 ~  !X IX I I ! I I I I I  
1 8 7 1  2 6 5 1 ~  I I I I t 1 I I I I I I ! 
1 8 2 1  3701x I I I I I I I I I I I 1 I 

..I 1 ~ 3 r  2 x 1 ~  1 I I I I I I I I I I t 

1 E 5 1  235Ix : I I I 1 1  I I I 1  I 1  I 1 
t t E 6 l  29OIx I I I 1  I I i I I : I I 1  

i 1 7 0 1  2701% + I I I t I I I I I I : I 
:?I1 ;?TSlx I : I t I I I I I i I J I 

t 

t 7 E f  SSOIX I ! I I t I I I I ' I I ; 
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1 t E Z t  2801x X I  I I I I I I I I 1  I I 

3,051x ; I I ' .  I I I I ' I 1  I 

& S I *  I I I I I I '  1 I I 1  I I 
I 901 L t d l x  I I I I I I I t ? f l l  
I 971 crsrx  I I t t I : 1 ) 1 ! t  

t s z t  GZO~X : X I  I I I I I I I I t I 
1931  .t251* I I I I I I I 1 I L 1 I I 
I S 1  aorx I I 1  I I I I I I ' I I 

G3slx I t I I i l l  I I  t 
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l l O ? l  C6SIx f I I 1 I I I I I I I I 

!?U31 47SJx I I 1 I t I I l l l l  
1:oct a01x 'X Ix I I I I I 1 1 1 1 1  

ita61 a o i x  I I I I * I I r I I I I 
I f C T  4 W x  I I I I I I I I I I I  
I T C A  sooix 1 %  I . ~  IX I X  I X  1 %  1 %  I X  IX 1% i 

1:02! t701r t I I I I I 1 1 I I I I : 

ItOSI a51x I I I I I I I I 1 I I 1 1 
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SECXIOS2 
AIR R O W  PREDfCRONS 



- increasing thc casing length bclow the mcw causes .a dmcasc in flow irom the mcw sidcs: 

!hc amount  of air cxtractcd from thc wcll dccrcsses a5 Cmng depth incrcnsa, but with the 
very low pcrmcability of thc medium. this dmcasc u negligibis. 

;Ind 
* 

Boundary conditions: 

* 
Iatcral boux!arics - constant pressure (11.2 psi) 
bottom boundxy - constant prnsurc (I12 psi) 
surficisl hycr *k - 10,000D (air) 

\Vcll (ccntcrcd along 1cngt.h of grid, 170' from one cdgc of rncsa): 
0523" squdrc (equivdcnt surface area to an 8' diametm WCU) 
casing depths vary from 25' to 100' in 25' increments 
mtrzction zonc lcngth constznt at 100'. starting a t  L!C bottom of thccJsing 
\YCU pressure - 9.4 psi (cquivalcnt to a 50" W.C. drawdown) 

* 
* 

i 
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0.4 z 

4.6% 

3.62 

65.8% 

W! 

O d Z  

6.8% 

29% 

SSY 

ss5!!!% 
0.6% 

0.9% 

63% 

3.77 

6.0% 

Row through 
rnm surfJcc (A) 

f low t !ough Elsa R O W  thrOU& 

side, n c x  (E) I mesa side, far (B) ., 
Flow through 
valley, far (4 

63% 

csx 

69% 

now through 
so& bonom 0 

6 



n 
C u 

I 

1 '  
! 



8. 



Net vertTcal flow thraugh soii by layer (fbhr) 
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FIOwEtrrum-surfam(A) 

Row thm mesa rideJar(B) 

Flow 2ku vdey surface, far (C; 

Flow thtu sod.sidc beIow m a .  far @) 

Row rhnr m a a  side, mar (E) 

Eow rhnr valIc). surface, near 0 
Row duu so& side be10w m a a ,  near (C) 
Row thiu sod. X/S sides. tot31 (id 
Row thru sod, bottom 0 
Row tmm well (Ibjhr) 

now from fiht25' inorrvd of the cxm&an zone 

Row fmm second 25' intcwd of thr cxmctwn zone 

FIowfmm rhkd2i'interv;rlaf Qtcxhctionzone 

now from fourth 5' i n m a 1  af the cxtnction zone 

A;PWcE (lb/k) 

&5dX 

OS% 

0.77 

05% 

6.8% 

58% 

29% 

43% 

122% 

2333 

61.3 

5633 

5 s a  

5933 

5830 
(1296 SCFM) 

50' Cuingfeng!! 
' 5O'crtr.intcrva.l 

% of vented air 
contributed by 

S u r f X f 2  

25.0% 

0.4% 

05% 

0.4% 

5.0% 

45% 

xsx 
397% 

8.7% 

126a 

634- 
63.28 

. .  
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A orwicnt analysis was pcriomcd on thc rccammcndcd case (75 k caing depth with ~Lccxtrac- 

;L riurction of h e .  Thc analysis was nul to ZwO hours as 
tion intcrval cxtcnding ham the bottom of t!!c cuinl; to ;I tow1 d v t h  of 150 ft bp) to C e t m m c  the 

rcgon of uLnucnce oi the -&action proccss 
!!!e lotv avcragc pcmcilbility of t!c medium (IS Dsrda) would h p c d c  flow. Steady state conditions 

werc reached aftm Ias than 200 h o w  of a m d o n .  with over ?9 pcrecnt of thc calculrrtrd ~ S L U C  

tmpome at  sry gvm distance from the well occmg within thc fint 30 hours of cxmciaon, Frcsswc 
contours for vanow. h t s  arc shown in Fistturc IO. Figurc 1'1 ?IC& prasurc profiles v m  dist;u\cc from 
t ! c  exmedon we1 for sm*cral moaction tima for a ;&on in thc extraction intend. Figure '2 pIoa 
prasurc historits for n m m o u  dirtllnccs hen L'C cxmction wcll at a depth of 1375 k bg (thc cenm of 
the extraction rqjon). Figure C(A)  shows v n l u a  cdcuhtd far distance * C U I  thtwcll and t!xr 

southcn = ~ a a  edge. Figure E(B) shows v d u s  d&tcd for F O ~ S  between the w 9  and  cawt tern 
Desa edge. Prclssmc historics for points N+*& a Sft radius of the we1 showed no ciffermw. c.g. the 

acsa edgc did no: ~4cc ,sic wlculatcd ~ ~ I S S U I F  .histories nc5- the well, men with t!!c well Tocatcd ady 

170 ft f r o 3  thc nor t lm mesa cdgc. A mc;lswabIe prasurc &ffacndSl (l inch w.c) was dci.3;urd to 

d i s * ~ ~ c c s  up to 125 f: horn the exsaction WCK FKssrrrc &ga Ias *kin 1 inch w.c Wg k diECC;cuIt tb 

diffcrmthtc from variatmns due to baronmcprcssurc w i b t i o n s .  
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Hyre 3. Comp~zan of the cdcuhtcd prc~scrc rnporr~c at s c v d  &e steps for 
(A) the hmopcous cue of k=eP mc! (8) t!!tnon-homogcncous wsc. 



Differential Pressure un- w.c) 
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Mass bdancc summyy 
Teasing tmgh 
3 ~ t r .  intnval 

homo. medium k - l S  

%of vrntrd air 

6.22 

ac;r 

33% 

55% 

c *c 
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"a pernit must be obtained from L!C division by m y  pcrson prior to the construction or 
modification of J. ncw sourcc which has to ld  ?orcn!id e ~ i o n s  of toxic ;lir poiIutvlt 
into L+C mbicn:  air t!!t cxcccd L!C erniqsion 1et.d in pounds pc'hour spccrfred in 
Appcndix L" 

Emissions !ram thc TA-,V cxtrxtion systcrrr will not nccd a p d t  baed on the iollorving an;rlyds. 

The most prozincnt cmt;L*lirWn: found wit9 t+c %I-41 nonitorhg wells is 1;,1 ~chlorocthsnc (TCA) 
which is found at concrznrrations a h o s t  is? order of rna@tude hisher than thcnatmos:pra&en: 
cont;mi?;urt R.lc maximum lrrvcl of TCA found dwbg I992 (at L!e monitoring w d  d o s a t  to h e  loca- 
tion h i i t  will be used for t!!c extraction wcll) was a?proxima:ely ;Po g p  (mass). TheSew .Mexico repa- 

lation docs not list L1.Z TU, but mthcr 1.12TCA I: is conscnwive ta u x  the cmission rate for the latter 

com~ound.  however. since thc rate is based on c-uposurc Limits a d  1.12TW has o much lower hit 

SpcciCcdJy, t ! c  time wcightcd average TLVs iistcd by the ACCEI for 1.U TCA and E T C A  arc 

I 

I 

A kcy phrase to note from both of t!!csc p m g e s  is 'potndsl czission,' whi& mcms t!!: dI ~Uysis 
must bc donc on a wont c25c bLqiS, not h c  expected opcnting conditions. 

swF.n.93439 33 
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Thc mass flow rncasurcmcnt i3 made with the use of di!!urcnt.;al prcssmc m a s u r m c n r  across an 

orificr pla!e. Thc ori'icc size is 5 5 5  inc'lcs +and is p k c d  LT 4-hnEh PVC p i p .  G m d  on the arificc sizc, 
straight pipe scctions ;I minimurrr of 12 pipe diamctcrs upste;ln snd 4 d i m c t t s  downstrcm ;vc 

rcqukcd for accuracy. At maximurn snticiptcd flow conditions, b c  prc.ssuc &op across the orifice is 
calculated to bc approximatcly 3 inchcs wa:cr column. T h i s  pressurc is mcssurrd tvitha d2fcrcnb.d 

prcssurc transduccr l w t c d  in thc instrmcntation box. 73c o u t p t  from the rmsduccris then input to 

the 21X datdoggcr upon which a caL%:ation curve is u5cd to conelarc transducer o u p t  to flow ratc. 

Thc borchole V ~ C L I * J ~  prmsurc is rncJsurcd with a p ~ s w c  tTmsduccr h a t  is housed inside t!\e 

ins*mmcntstion box. The vacuum zmsduccr sclrctcd covers ;I prcssurc m g e  oi -5 to 0 pig. The output 
of thc t:a.nsduccr i5 sent to thc 21X datslogscr .md d c d  to indicate k&cs of witercalunn V~NUC~. A 

1/4 -inch dimctcr tube connccts thc crrnsduccr to the vacuum prcssurc po" Iwtcd in the fitting jusr 
rrbovc the surfacc casing. h e  vacuum prcrsurc port is dsa fjrtcd with ;I rmavablc vacuum gage for 
visual indication of boreholc prcsswc. A bxomctric Frcssurc trs.nsducrlr wi!l S o  bc located i? *e 

instnz.nmwt;,arr box. 



The resczwrativc blower and the insmxzatation box will bc mounted on ;I 5mdl por:&Ic wagon 
mck zpproxirrwtcly a'' X 2;" X Ti". Tne ton1 weight of thc trailer with t!!c hrdwuc is c s w t e d  at lcss 

than 350 pounds. 

EIC powcrreqixxnat for thc rcgencradve blower is 20s-230 Volt 3-phse with full IoaG ax~pcragc 
at S I 2  rcspcctivcly. ri 30 amp service b:c;lktx is considercd sufficient In addition chc systcm also 

rcquka two separate 1s VAC i n s m c n n t i o n  powcrcircuis. 

. .  . .  



AUGD is J t ! ! z c ~ i ~ m . i a . ~ I  modd for air flow L? t ! e  uns;ltu:~cb t o n t  It uscs Lqe i q n k  

MODFLOW (XcDonald 2nd Nxbaugh 19%) code, cri&+m!$ dcsiped :o sinulate wtumcd goazvi- 

watcr flow systems, for thc mjority of t!!c computations, AEdD adapts X:ODFLOLV to simSte;ci-:low 

in thc unsafwatcd zone by dtcring t!!e vsTi;lblcs uscd m thc pound-watcr :low cquarion to rcpsent ajr 

flow. In d o i q  L%S, tFlc foUowing sirnplicyhlg asur,ptians wcrc used to arrive a:a hear* Cow 
quation: - D x q ' s  Law is \.slid for air fI ow; - EIcvation coznponmt of pncumstichrsd is neglcctd - fsotllmal conditions arc assuzcd: 

Idcd sas law is assumed as modcl for compresibitity - Nirrenbcrg effcc: i s  neglcctcd; - l\"a:cr nowmcnt and consolidation ;L'C ncgcctcd, tllcrcforc porosity is Comtmt 
with respect to t k c ;  

ihc consequcnccs of L!C above assum7tions wcre cxJnincd Pm!v ax! Hultl). It was canclcdd 
that t h y  giwc ;I good working modcl for cnvirormcntal a??l'wrions. fhc devclopmmt. .hmo~;md 

opc:;tion or rUF3D as wcU as t!!c model testing and conpxisons to ~rdyEwl  solutioxu x e  well d m -  

mmted by Joss &+d BachrZ. 

Ibchr, A. L and hl. F. Hult, "Evaluation of Unuturstcdsne .k.r Pc~~csS i \ i ty  through Pneuxiuticfcsts", 
Watcr Resourccs Rcscarch 27((lO), 265052617.1991. 

~ J O S S ,  C. J. and A. L Bachx, 'tUR3D: An Adaptation of thc Groundwater Flow Code MODFLOW to 
Simulate Airfl~\\~ rn L!c Unsaturated Zonc," US. Ccologicd Survcy Open me Rcport, Publiuhoii 
expcctcd 19%. 
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Environmental Restoration RPF Record Return Form 

Pafl I (to be completed by RPF personnet) 

The attached record (or records package) \*:as reviewed and determined to be incomplete for 
processing. 

Author's name 

0rganiza:ion 

Date returned to author 2- d d  - d/ Return to RPF by 3-24' 

ER document catalog number Zh? 3&04'-67m Symbol number 

Date of record /!J@Ak 84 

Mail stop P 

J 1. Incomplete-ER Project Document Signaturo Form (if 
pages, atrachmenrs, or enclosures are missing. 

3. Incomplete records listing for records package. Information is not properly iden:ified, 

- 2. Document qual@ is poor: docs not provide odquate image. I! thi5 is the best avaibSle 
copy," please return the document lo the RPF. 
Please initial and dale here. 

5. Other: 

L*c RPFjAI a&% * 

/ 

Please rake appropriate corrective action and return / e record and this form!o the ER Records 

Part t I  (to bo: completed by the author/originator) 

Processing Facility (RPF). MS fvi707. 

Note: This record (or records package) must be returned within 20 working days. 

Comments 
(Oprional) 

Los .4lamos 
OP4.3 , Environmental Restoration Proiec 

QP4.3, RO Attachment B P a p  33 of 17 
(ER?9990131) 
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