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Los Alamos National Laboratory 
UNIVERSITY OF CALIFORNIA 

I) 1, 
R " , l . m r r . l  

MS M992 
Los Alnmos. Now Moxieo 87545 
SOS=667-0808JFAX 505.6654747 

Onto: September 16, 1998 
Rotor lo: EMIEFC98-352 

Mr. Ted Taylor 
US Department of Energy 
Los Alamos Area Offica, MS A31 6 
Los Alamos, NM 87545 

SUBJECT: INTERIM W E l t  COMPLETION REPORT FOR REGIONAL WELL 
R-12 TO FULFILL PM FOR FUNCTIONAL AREA A.4 

Dear Ted: 

Enclosed are two copies of the Interim Well Cornplotion Report for Regional Well R-12. 
The interim report is completo and submittod to Department of Energy Los Alamos 
Area Off ico (DOE-LAAO) in satisfaction of Appendix F Performance Measures 
approved by DOE-LAAO on April 3, 1998, and revised May 14, 1998. 

This repon partially fulfills requiraments for Functional Area A.4, Canyons Work 
Performed in FY98 (Enclosure l), which requiros submittal of tho document to 
DOE-LAAO for review and acceptance. This document contributes towards meeting 
the "outstanding" level of performance for FY98. 

Please note that credit for completion of the deap wells wilt be given when the wells 
are completed and a woll completion report (or intorim well completion report) has 
been submitted to and accepted by DOE-IAAO, Approval to submit an interim well 
completion report was obtained verbally during a Groundwator fntegration Team 
meeting with DOE personnel. This Environmental Restoration (ER) Project Well 
Complotion Report is in accordance with all ER procedures and report outline 
guidance (EM/ER:98-269). 
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Mr. Ted Taylor 
EMIERz98-352 

September 16, 1998 -2- 

Pleaso documont DOE’S approval of tho intorim wall completion report approach 
along with your acceptance and approval of tho deliverable within ten working days of 
receipt of document, as required by the performance maasures. If you have any 
questions or comments, please contact Allyn Pratt 667-4308, 

Sincerely, 

t i l  

Julie A. Canepa, Program Manager 
Environmental Restoration Project 

JCIDBlso 
Enclosure(s): (1) A.4 Canyons Work Performed in FY98 

(2) Two copies of the Interim Well Completion Report for Regional 
Well R-12 

Cy: (w/enc,): 
J. Newlin, CST-7, MS M992 
A. Pratt, EES-13, MS M992 
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V. George, EM/ER, MS M992 
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H. Orr, EMIER, MS M992 
EMlER CT #C284 File, MS M992 
EM/ER File, MS M992 
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Functional Arca A.4, Canyons work performed in FY98. Weight 1S% 

Unsatisfactory Potlorm less than tho roqulrornonts Idontifled to achiovo a rating of “marginal.” 

Marginal Conduct sampling In 7 fGaChQS of canyons, complore installation of 3 alluvial aquifer wolls, 
cornpleto drilling on dQOp woll R-9, and start drilling of doop woli R-12 In N98. 

Good Conduct sampling and submit report to DOE-LAAO on 9 roaches of canyons by 
-, completo installation of 5 alluvial aquifor wulls, submit tho Pajarito 
Canyon work plan to DOE=LAAO by Soptomber 16, 1998, and complete the drllllng of 
deep wells R-9 and R.12 in W98. 

Excollent Conduct sampling and submlt a roport 10 DOE-LAAO on 9 roachos of canyons, begin the 
first phmo of sampllng on 3 addltional roaches, cornplot0 the installatlon of 8 alluvial 
aquifor wolls, submit the Pajarito Canyon work plan to DOE-LAAO by August 17, 1998, 
and complete tho drllllng deop wolls R-9 and R-12 In Ff98, 

Outstanding Conduct sampling and submlt 3 roport to DOE-LAAO on 9 roaches 01 canyons, begin the 
llrst phase of sampllng on 5 add1t:onel roachos, comploto tho installatlon of 10 alluvial 
aquiior wolls, submit tho Pajarlto Canyon work plan to DOE-LAAO by July 17, 1998, 
comploto the drllllng of docp wells R-9 and R.12, and Start (as dolined by broaking 
ground) drilling doop woll R-7 or anothor woll 8s rucommendod by the Croundwator 
Intogration Toam and approvod by UC and LAAO In FY98. 

1, The fatmat for the roports submlRod in FY98 for will follow the RFI Flopoft Fromawork or CthQl 
guidnnco as mutually agrcod upon and documontod by UC and DOE-LJUO. 

2, Crodlt for completlon of the canyons sampling will be obtainod when the llnal Reaches ropon(s) Is 
(aro) submlttad !o and accoptod by DOE-LAAO. Crodlt for the first phaso of sampling wil! bo 
consldcrea when :he sampling is 3 w m  
DnF-1 a, Crodlt for Installation of tho alluvlal aquifor wolls will bo consldorod whon the wells nro 
completed and a woll completion ropon has been submltted to and accepted by DOE-WO. Credit 
for completlon of the Pajnrito Canyon work plan will be upon submittal of the work plm to DOE-LAAO. 
Crodlt for cornplotion of tho doep walk will bQ whsn tho walls are COmplotOd and a well completion 
report (or Interim well complotion roport I f  the woll Is not to be Complotod, upon approval by DOE) has 
been submlttod to and acccptod by (following Gonoral Assurnptlon 5)  DOE-LAAO, 



Interim Cumpletiun Repon 

TABLE OF CONTENTS 

ABSTRACT ....... W.HI. .. .m.M.............................M......n-..-.--.....--- . 1 

1 . O INTR O D UCTI ON .UH .................................... n........M...--..*-.-....-..-- . 2 

2 0  SUMMARY OF DRILLING ACTlVlTIES .... n.......-......-..-..-........*.---- m- A 

2.1 Equipment ....................................................................................................................................... 4 
2.2 Schedule .......................................................................................................................................... 4 
2.3 Productlon ...................................................................................................................................... 4 

2.3.1 Opun Borohole Drllllng .................................................................................................... 6 
2.3.2 Core Drllllng ...................................................................................................................... 6 
2.3.3 Caslng Advancumont ...................................................................................................... 6 
2.3.4 Othot Drilling A.JvitlQB.. ................................................................................................... 8 

3.0 STRkTIGRAPNYATTHOLOGY ........................................... ... -rn.**w 8 

3.1 Alluvlum ........................................................................................................................................... 0 
3.2 Tophms and Volcanlclastlc SOdimQntS of the Ccrro Toledo Interval.....,,.. ................................. 8 
3.3 Otowl Mambar of tho Sandollor Tuff .............................................................................................. 8 
3. 4 h t o  Pllocono Soli ........................................................................................................................... 8 
3. 5 Basaltlc Rocks of the Corros dol Rlo Volcmlc Flold ................................................................... 10 
3. 6 Old Alluvium .................................................................................................................................. 11 
3.7 Puye Fo;matlon (Fanglomornto Facies) ..................................................................................... 11 
3.8 Puyo Formation (Axial Faclss) .................................................................................................... 12 
3.Q Snnta Fe Group Basalt ................................................................................................................. 12 

OCCURRENCES OF GROUNDWATER. .......,........-.H.U.U.......U.-..U--.-...m... 12 

4.1 Porchad Zonu(s) ........................................................................................................................... 13 
4.2 Regional Aquifer.,,,.,., ................................................................................................................... 15 

SAMPLING AND ANALYSIS.- ......... ....*.................-.......m...*......n....-.--Il--- . 15 

4.0 

5.0 
5.1 

5 2  

5.3 

5.4 

5.5 

Contaminant Charactoritatlon of Cora and Cuttings ................................................................... 16 
5.1.1 Mothods ................................................................................................................... ........ 16 
5.1.2 Rosults ............................................................................................................................. 17 
Wator Quality Dotormlnntions .......................................................................... ..... ..... ....."...... ...... 17 
L2.1 Mathods ............. .. ............................................. cI ................................ " ... ........................ 17 
5.2.2 Rosults ............................................................................................................................ 20 

5.2,2,7 

52.2.2 
5.2.2. 3 
52.2.4 
5.22.5 

Quallty of Groundwater wlthin Corros dol Rlo Basalt and Scrnto Fa Group 

Qualhy of Groundwotor wlthln tho Santa Fo Group B05fdt .......................... 28 
Radlonuclldo Dlstributlons In Groundwnter ................................................... 28 

8Qsalt ................................................................................................ .. ............ 20 

Nitrogen Isotopes in Groundwater ...................... .............. ............................. 32 
Summary of Groundwntor Chomlstry. ........................................................... 33 

Moisture Contant of Core and Cuttings ...................................................... ................................ 34 
5.3.1 Mothods ........................................................................................................................... 34 
5.3,2 Rosul tS ............................................................................................................................ 34 
Matrlc Potantlnl ............................................................................................................................. 34 
5.4.1 Muthods ......................................................................................... ...................... 34 
54.2 . Rosults .......................................................................................................... .. ................. 36 
Hydraulic Proportlos ............................................................................ ........... ............................... 36 

R- 72 Cham clerkation Wall I Saptembsr 1998 



I . .  . I  

' . ,  
, .  ., .. I, 

I '  

., . 

53 11.0 ACKNOWLEDGEMENTS ....-..--"- -- 7 . b *  
. I ,  

. 

I .  . b' , 

I. " 



Interim Cornplcriorr Reporr 

ABSTRACT 

Characterization woll R-12, locntod in Sandla Canyon noar the oastem boundary of Los Alamos Notlonol 
Laboratory (?he Laboratory'), is the socond of approximately 32 wells being installod in tho rogional 
aquifer as pan of tho Laboratory's Hydrogeologic Workplan (LANL 1996,5%30), R-12 WRB funded by the 
Laboratory's Environmantal Rostorotlon (ER) Projoct and is primarily designed to provide water quallv 
and water-lovol data tor potential intormodiato-dopth porched zones and tor tho reglonal aquifor. R-12 is 
downgradlent of multipla contaminant source areas that potentially Include roloasa sites In the upper 
Sandla Canyon, Los Alnmos Canyon, and Monandad Canyon watorsheds. R-12 is also sited to provido 
oarly wnrnlng tor contamtnonts approaching water supply well PM-l and to provido hydrologic and 
geologic data that contributo to tho undorstanding of :he voaose zone and reglenal aquifer in tnis pan ot 
the Laboratory. 

R.12 was drillod to a total depth of. 847 tl uslng air-rotary techniques. Drilling methods Included downhole 
percussion hammers and Uual=wall casing to drill opon nolo, a continuous corlng system to core opon 
hole, and Holts/Stratex casing cldvanco systems that operated on dual=wall caslng and downhole 
percussion hammQrS. In descending order, geologic uni:s ponotratod in R-12 Included alluvium, tophras 
and volcaniclastlc sediments of tho Cerro Toledo Intorval, Otowi Membor of tho Bandolior Tuff, basaltic 
rocks of the Cerros del Rio volcanic field, old alluvium, Puyo Formation, and basaltic rocks of tno Santa 
Fo Group. 

A perched groundwater systom was encountored from dopths of 443 to 519 tt In the lower pan of tho 
Cerros del Rlo basalt and in undorlying old alluvium. Groundwater in this tono was Confinod and tho 
water lcval stabilkad at 8 depth of 424 tl afior tho top of the zona was ponotratod, The confining layer at 
tho top of this zona apparently is massiw basalt, and the lower perching layor Is D clay4ch lacustrine 
doposlt. The saturated thickness of this groundwater body Is opproxlmatoly 75 It, making It one of the 
thickest Intormediate-depth porched groundwater bodios iaontlllod yot on tho Pajarito Plateau, 

The rogional water table was oncountored at B depth of 005 tt in fractured basalt of the Snnta Fo Croup, 
The wator is unconfined and occurs at the Same olevatlon as at R-9, IQCPtOd approxlmarcly 1 km to the 
north, The, elevation of the watur table In R-12 Is approximatoly 62 f! lower than tho static wamr laval in 
neamy supply well PM-1 undor nonpumping conditions, 

Groundwntsr samples wure collectad from the perched Zono at dQpfhS of 443,464, and 495 ft. Theso 
sarnplos woro cnomicnlty charactorited wi:h rospecf to major Ions, tram elomonts, dissolved organic 
carbon (DOC), stable isotopes, tritium, and other radionuclides. Analytical methods rocommendod by 
both the Envlronmontiif Pro:octlon Agency (EPA) and tho Laboratory wore followod for groundwotor 
(flltared and nonflltorod) and cor0 samples. Groundwaior compositions aro similar for the samples 
collected at depths of 443 and 495 tt, but tne groundwator samplod at 464 ft has a distlnctlvo chumistry. 

Groundwater from the perched zone is domlnontly EI calclum=sodium~Sicarbonate~chlorido type ns 
represented by the Samples collected at dbpths of 443 ond 495 ft. Thore is also a sodium-calcium- 
chloride.sulfato=bicGrbonnto groundwator a1 a dopth of 46a fl. Groundwntor from tho dopths of 443 and 
495 ft was found 10 contain 249,3 to 2547 pClrL tritlum (analysis by low-levo1 o!ectrolytic enrichment), 
31.5 to 33,4 parts per mlllion (ppm) chloride, ~0.02 to 0.26 ppm ammonium, 4.9 10 5,5 ppm nitrato, ond 
2.46 to 2.51 paRs per billion (ppb) uranium. Groundwofar from tho dopth of 464 tt was found to contain 
208.1 p C L  tri:ium, 200 ppm chlorlde, 13S ppm ammonium, 0.21 ppm nitrate, and 2.04 ppb uranium, 

1 



I . .  ., " 
> I  I .  '. ' .  

I 

Interim Complerion Reporr .. ' 

I ,  I 

Groundwater at tho top of the regional saturated i n ,  Is a.cnlclum=sodium=bicarn~t~ type with a total 
dlssolvod solids (TDS) content of 386 ppm, Tho major mt lmand anlon chomls?ry of this water is similar 
to groundwntor In supply wells PM-1 and PM-3. Meowfable tdtiurn aetlvity in the reglonal saturated rono 
(46.9 pCk)  suggests that a component of the groundwoter Is less than 50 yean old. 

1.0 INTRODUCTION 
. .  

This Interim report doscribos the drilling, constructlon, temporary completlon, and tasting activities for 
charocterizotlon woll R-12. R-12 Is lowtod in Sandla CanyonW tho ea310m Lnbntory boundary 
(Figure 1-1) west of state rood NM 4 and nonh of Etlst Jamer Road. This well wasinstollod by penonnol 
from tnc Canyons Focus Areu ot tho ER Project. It Is the second chancterllatioi woll Mlud to the 
ragional aqulfer as part of tho Hydrogeologic Workplan (LANL 1996,55430) In support of the Laboratory's 
Groundwater Pmrecfion Management Pmgmrn Plon (MNL 1995,501 24). 

R.12 is primarily doslgned 10 provido water quallty and waterclevol data tor potentla) Intonodlata-dopth 
parched tonas and for the raglonol oquifor downgradlant of contominant rolooso'sltes In the upper Snndla 
Canyon, Los Alomos Canyon, and Momndad Conyon watersheds. R-12 is also sItod to pmvldo aarly 
wamlng of contaminants approachlng supply woll PM-1 (Figura 1-1) and to provide hydrologic and 
geologic data tbat contributo to tho understanding of tho vndaso zono and regional oquitar in thls port ot 
the kbomtory. Data collocted from R.12 will bo used In conjunction wlth data tmm other plannod 
characterization boreholos as well os from other data souress to ovnlusto and update the site-wide 
hydrologic conceptunl model. 

Preliminary Intorprotations or0 presonted for some of the datacollocted, but dlscuwion of other data IS 
doferrod until they can be evoluatod in the context ofsltct.wldo lnformatlon colleded from othor ER 
ProJect and Hydrogeologic Workplun wolls. A future repar: will provlde an intagrated human health and 
ecological rlsk assessment and will Include groundwater data tmm othor nearby ER Pmjoct wells, The 
risk nssessmC'nt In the futuro rapof7 will consider dxposuro to potontlat contorninonts both in conyon floor 
sediments (as definod by reach Investlgotlons) and in groundwater. 

R-12 Is located 149 tt wost of drill hole SCOI.3. SCOl-3 was complotod to o depth 01 132.5 tt boforo 
aperatlons woro tampomnly suspondod because of a lack of funds :o complete the hole, SCOI-3 was 
spociflod in tho TaswSlte Work Pian for Opombio Unit 7049:'Lvs Alomos Cnnyonbnd ?ueblo Csnyon 
("the work plan"; LANL 1995, 50290) as an intotmodlalo-dopth well, and its orlginat Infant was to sample 
perched groundwntor IdentlRod at G dopth of 450 tt durlng lnmllatlon of water supply woll PM-1 in 19W 
(Cooper et 01,1965,8582). The purpose 0 1  SCOI-3 was reevafuatod durlng devekpment of the 
Laboratory's Hydrogoologrc Workplan (LAN1 1996,55430), and It was decided that u single woll 
daslgnod to charactorlze perthod 2onos nnd tho reglonol aquuHor was neoded tit this location. th is  new 
well was named R-72 to be canslstent wlth tho nomenclaturuussd to daslgnate q lon t t l  aqullor wolls in 
tno Hydrogeologic Workplan and tha Core Oocumenr for Crrnyons Investigations @e cor0 document": 
JANL 1997,55622). lnstood of doepenlng SCOI-3, R42 was started os II new well so that ltrrgor casing 
slzos could be usdd to ensuro that a woll ot adequate dinmetor could bo Installed In the rogional aquitor, 

Although R-12 is primarlly P charactoriration woll, Its deslgn also moots the roqulramonts of n monltotlng 
wet1 as doflned In the H~znrdous and Solid Wasto Amendments (HSWA) pormlt. lncorporatlon of :his woll 
Into n &abOmtOry-wido groundwater monitoring program will bwevaluated at a lntor dnto whan tho rosults 
of this charactorlzation activlty are intograted wlth other groundwator Investlgarlons in tho Hycfmgeaiogic 
Workplan (LANL 1996,55430). I 
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Figure 1-7. Locatlorl of R-12, oxlstlng water supply wclls nnd test wells, and genorullzcd wateF 
lovot contours for the reglonal water tablc. 
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2.0 SUMMARY OF DRILLING ACTIVITIES : , .'':'; 0 .  

, . 7 . :  , '  . -  .: ' ' . , !  . , . . ' .  

R-12 drllllng was halted at a depth of 847 It, and atempor&khamcterlration well was Instelled. 
Completion of a pormanont woll will tako placo when'ongokrgi'evaluntions of combined data for R-9 and 
R-72 are completod by the Gonyons Focus Aroa'technlcal:team and the Groundwater Intogdon Tom 
and after a final comptotion strategy Is approved b$tha reiulrbtors. Therefore, thi8'sectlon summarlzos 
'drilling activltlos that have occuttod to date, and It wilLbe revksd when the'pembent well is Installed. 

. , I , .  i .I '1.1 .- . .' 

~~ ~~~~ ~ . - Conceptual Deslgn Report ::: 
Nurnkf of chlb 40 , .  

. . , .  
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A M  inplernrrntatlon Plan : ' Acturl 

63 (*,, , 
. I.',:; 78 

' . .  ' < a , '  

R-72 was drilled by Tonto Envlronmontal Drlillng pany.'Vonto) uslng'an Ingeholl-Rand T-4 drill rig 
with a T.5 rotating hood. Tonto provldod throo-man~brllllng,~ws,.crow vehltles, dn'lllng hammet3 and 
bits, the Longyoar 1Wmm cor0 systcm and duat.wall .. , . .  rod systems, o 14on flatbed truck, and n Ston 
boom truck for handling casing, drlll pipe, and heavylsuppwtapparatus * I  I such as c d n g  , ' .. jacks. 

The ER Projoct's Rold Suppofl Facility (FSF) provlbd drlll:c&lngs, drltllnp~blb. a:small front-end loador, 
the dust suppression systom, fiald support trallors includlng,fogging and sampllng,'jwater contolnrnont 
tanks, drums for cuttlngs monagoment, Hermlt data'la'ggor;:depth=to-w~tsr metor:.wator sampling ballom, 
pressuro transducers, and P dlosel=powerod olsctriigeneraior; The Laboratory's~Envlronmentnl Sclonce 
and Wasto Tochnology group (CS-?) provldod'on-site wat&!&rnplo tastlng and:filterlng apparatus, me 
Geology and Geochemistry group (EES-1) and. the FSF p 

2.2 Schedule 

The T 4  drlll rig WQS mobilized to R-12 on Morch .10,-.1998, &:it was demobllked~on June 8,1998. 
Drilling oporotlons raqulrod 63 dritllng shitts, The followlng?abk comparos the octuet numbar of shifts wl:h 
tho number of shlfts pro)octod for R-12 In planning docurnen&: 

;;;, (d,. . .. . , ,. . .  . , , . .  .,.. . . , ,: '. ;... 

dk i  corn logging mkroscopea , ,  . 
. I  

. \ '  .. 
. I .:  ( '  

' . . '  , ; , , a .  
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12 aresummarfrodin Appendix A. 
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23 Productlon 

Drilling techniques used in R-12 conststod of open:boiehole.drlillng, , ~ , .. dr=mtory coring; alr-tutory plocomdnt 
of EI suhce mslng, Qnd d m t a r y  under-roomer advance of$& dlfferont casing sii?ngs. In addltlon, other 
arllllng opontions involvod borehole/corohoio/casing drill out;:reamlng,.auabn'ng, nlllln$, and cleanlng. 
Changing drllllng systoms typlwlly involvcd tdpplngsut one systom, modifying the drilllng haad mdor 
circulatlon plumbing, ond tdppIng4n another drilling system from the gnund surf& to the depth of 
apamtlons, Production statistics am summarized, In Table 2.34. 

I . .  *,,:*,. ,; 
~ , 1 '  

.. , 
. I  . 

./.I ' " '. 
I .  . I  

. I >  
, , a  6 

' . :. ;;, ' , ; * + . . , a *  

From the ground surface to 847 tt, the total footage drilled by& dltl orent drll:lng t kn iqueu  and eoslng 
sizes was1 050.6 tt. The total footogo drillod doosmot include' the footage of one drlll'systom or casing 
ske tripped in or out ot anothor drill system orc;lslngsks.Thdtohl tripein fwtag&m 17,!S%S tt, and 
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2.3.1 Open Borehole Drllllng ' ,  
I >  . .  

Opon boroholo drllllng wns usod to axploro doaper section8:al bodrock before corlng or casing 
odvnncoment, Tonto drlllod 175 ft of opon borchole in bomltlerocks ar an:woroge,ratc, of 16.3 t: per hour 
using an RC 4.4 4-?/8=in.-diamofer percussion hammer or a,;b-l~=ln..dlamoterttlcone I ollerblt Opon 
borohole drilling In aodlmontary strata was not htlempted bemuse of cuncems about boroholo stabllty. 

2.3.2 Core Drllllng 

Coro w m  cotlectod In R-12 to provlde undlstu~ed'samplos.~or goological;'contnriilnant, and hydrologkal 
choractorlzatlon. In addltlon, coro was used to ldentlty porchiriQ layors beneath perched groundwator and 
to provide information lor placlng casing saols. Core was norcolloacd from the land'surfoce to D dopth of 
132.5 tt bocauso this Intorvai was continuously co,&,durlng~ddiling ot sco1ab  he SCOIG COM is 
nrchivod ot the FSF. In R-12, Tonto cored a tot31 of 91.6 ft, or$0,8% of tho 847tt'depth. Thc following 
tablo compares tho actual cor0 production 01 th1s:locatlon (includes SCOI-3 core):wit!! the projoctad coro 
production in planning documens. 
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In R-12, ovomgo core recovory was 72.6% irom all &red intawals. Of the 97.6 ft&drod, 21.3 ft wore 
producod from bosoltlc rocks at on avorage roto'of 1:5 tt perhour and avcJrago m v o r y  of 72%: 129.8 tt 
war0 producod from sodlrnentaty rocks at nn nvomgernto d b . 3  tt por hour and average . .  rocovary of 
82%. 

Corlng opomtlons In R.12 war0 perfonnod with a l o n g y o a r k m m  coring system, A 101mm coring 
syatom was usod during drilling of R-9 but was found4o lack.the dmngth and st&t&lly lor coring through 
lerge-diarnotor caslng slzos, Unfottunatoly, tho new:134=mm'systom u s d  In R-72'provided poor 
patformanco bocause of ropoatod failure In the latehin$systbm, Tho poor perlorm~ca of thls coring 
systom roducod thu amount of core collected In R-lZ. The corlng systom was mtumed to the 
manufocturor for modlflcotlons to tho latching system;ond performance > I  . of this systom \ .  should Improve In 

I .  :; futuro boreholes. 

23.3 Caslng Advancement 

Aftor tho 16-.ln..dlomater surfaco coslnD was installed* multiple :eloscoped w i n g  itrings wore instollod to 
advance the borehole and to provont parchod wnterdrdm' cclmrnunlcnting downhoh 8s the bonhola 
advanced (seo Flguro 2.3-1). As D casing strlng was:usod to'soal off 8 porchad water zone (e& 
1rl.ln.dInmoter caslng), the caslng shoo WPS milled bownhole hllowing . .  the nex:&aller cosing sko to 
advance pus; the shoe and continua boroholo produ&n,Table 23-1 lists #e casings and casing 
advance system6 used. 
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fJ Geologic Caslng Casing strings Casing Prlnclpal saturntad 

unit diameter and seals depth zones encountered 
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figure 2.3-1. Configuration of R-'12 as of June I O ,  1698. 
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23.4 Other Orllllng Actlvltles 

Other drilling actlvltfes includod mllllng the casing shws and reaming the borehoieJhese octlvllios also 
lncludod operations to clean clay cake from drill blts,caslng: bnd alr=clrculatlon equipment during drilllng 
of clay-rlch rock units. 
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Geologic units oncounterod In R-12 conslstad of, In descendlig order, ~l lwlum, tdphras and' 
volcnniclasttc sodlmcnb of the Corro Tolodo lnkval; Otowl'Membsr of the Bandelisr Tuff, late Pliocone 
soll, basaltlc rocks of the Cerros dol Rlo volconlc fleM;. old,alluvlum, the Puye formation, and basaltic 
rocks of tho Santa Fa Group. A brfef summary of unltchancterlstics Is given In the followlng soctlons, md 
a lithQlOglC Icg ia provldod in Appendix B. An InterpreUvemonh-south cross sactlon &sed on R-9 and' 
R-12 Is glvon In Figuro 3-1. Doscrlptlons of geologkunits antibased on examlnatbn . ,, of core and cuttings, 
geophysical logs, drilllng Information, and labc 
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rahole materials. ;. 
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Quoremory alluvlum was ponotrnted from tho surface to , adopth , ,  of opproximatclyi25 ft (Appendix B), 
The alluvium Is pumlcaous, and ccntolns abundant l$to,2 ' cfystnls of quae and chatoymt sanldine 

.. I 
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dorlved from oxposuros of tho Bondcller Tuff upcanyon:, . .  . .  . .  ' . I  
I .  . .  ',.,.',. , ,, , 

3.2 

Roworkod tuti a! the Plolstocono Corro Toledo Intahal untorod from dapihs,of 125to 31.3 tt 
(Appendlx e), Thls unit Is massivo and bown, and,Itkritninr amdl, whlts,~vlttic pwnicoc. A basal 2 4  
zone contalns abundant clasts of dark, intOtTIQdi~te&mpoSltkn IPVq whlch wore probably derived from 
the Tschlcoma Formation. A l=tt=thlck, purnlco-rlch'za& ovehles thls clas!=dch zone: 

Tephras and Volcanicloatle Sedlrnenbd t+.CsrroToIedo InteNaI.' ;::, , 
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Tuffs of the Plolstocone Otowi Momber, lncludlng thebeselGu& Pumice Bed, worn ancountorod 
betwoen the depths of 31.3 and 131 tt, The maln:bbbyot the' Otowi Momberconsl8b of poorly 
consolidated, vltdc, nonwolded ash-flow tuft The &h;flow tuff Is masslve bh probably Includes multiple 
ash4low deposits based on racognlrnble daposlt~onal'bren~~,~thln thls unlt'ln n a h y  sudoce oxposures. 
The Guajo Pumice Bod occurs from 1:2 to 131 ftond'lncludrsa vltrlc, flnesdepletod pumice fall from 
112to 1 V t t  
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3.4 Late Pllocene Sol1 

Thin Late Pliocona sol1 overlies bosaltlc rocks of the &rroa.del Rlo volcnnlc field fkm a dopth of 131 to 
1325 tt. The sol1 conslsts of oxldlxod, fine=gmlned sand that contalns rock fragments derlvcd from the 
underlying Cams del Ria basalt (Appondlx B),.ThIs sol1 Is probably cornlotbe withhe thin soll that 
ovorlles the Cems del Rlo bnsalr In the rood cut'along$tate'robd NM 502, near the; junction of Los 
Alomos Canyon and Pueblo Canyon, 1.8 km northeast of R-12.;. 
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Flgure 3-1. North-south cross section showing correlation of geologk units and occurrences of groundwatw In R-9 and 8-12- 
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3.5 Baseltlc Rocks of tho Cerros del Rlo Volcrklc Flrtdf 

Lata Pllocona basaltlc rocks of tho Corros dol Rlo volconlcflald occur from a depthof 1325 10 491.6 tt 
(Appendlx 6). Thoso rocks consist of vosicular to massive basalt flows, :hin roneRof basaltic b m i a ,  
paleosols, and a thln basal layer of bnsaltlc rophm.nFour Cow units am dlstlngulshed by thuirtoxtuml 
charnetoristics or by the recognltlon of voslcutarzones thatovertie or underile massbe flow tntdriors, 
Theso flow units are tantatlvoly eorroloted wlth fourflow units in R.9 and constst of,'in desmndlng odor, 
nn uppor tholeiltlc flow, a lower tholelltlc flow, on upper alkallc-flow, and o kwer alkallc flow (Table 3.5-1: 
Figure 3-1). In R-12, tho upper tholeiitic flow unit consists of two taxtumlly distinct flows. Additional work is 
undorwoy to confirm these corrolations by chnmcterttlng thk'ptrogrophy'and ' I . ,  chemistry , .  of the R-72 
basalts. '7 " 
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PRELIMINARY CORRELATION OF BASALT F ~ O W  UNITS BEIWEEN'R-IP AND RW 

' 3  . . _ I  .. . I .  

Lowerolkollctephra 488,9 4Ql.B GO12 6009:. I_ . 2 7 ' q ;  282 280.8 :W02 I 6094 7.75 
Mlocone flow 784 sa47 5717 , ';. j 686.4. S l O  ; 5 6 O f  I >M.6 

In R-12, ilow untt baundarlas ora chamctarizad by the',presen& ol abundent clayhkse cloys, whWl 
give rlse to sharply higher noisturo contonts (so6:Seitlon 5$. occupy vesicles qdfneturos'at the tops 
and bottoms o! basalt units. The upporalkcrllc flow and the,lbwer olhllc flow.in R92nm separutod by a 
paloosol that occurs between tho depths of 41 l ' r l n d ' 4 7 9 2 2 l n  contm.3, flow unithoundarios in R.9 wore 
generally dlff lcult to rocognizo bocouso clay or othersecandae mlnornls were nothssoclated with some 

The age of tho Carros del Rlo bnsalts In R.12 has not baen'detarmined;:Howevd;,: in R.9 the upper 
tholetltic flow unlr has an agu of 2.15 Ma, and the low& alkelkhow has an'rrge of 245 Mu (so& Tablo 
32-1 in Broxton et at. 1998,59158). 

Basaltic lophra occurs betwoen thc dapths of 488:3;&d 491L6k (Appendlx B).fh'; tephra Is a 
hydrevolconlc unlt chnractorlzod by well sttotllledjtlne~-gnln~'to conrso-gkined deposits mads up of 
basaltlc glass. Thoso tephrns were consldorad part of the old i l lwium by Grlggs (7964,8795) but are 
Included wlth basalt of the Corros dol Rlo volcank fleib'ln this %port. A tophm at th6:wrne stratlgrnphlc 
positlon In R.9 Is chomlcally rotated to the overlying lower alklk flow unltThe tephra in R-9 and R 4 2  
am probably Correlative, although the tophra in 
encountered In R-12 (2.7 it), 
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3.6 Old Alluvlurn 

Pllocone old alluvium occurs from depths of 491.6 to 545 tt (Appondlx a). Tho term 'old olluvlum* was 
used by Grlggs (1964, 8795) to doscribo dlstlndlvo alluvium consisting of unconsolldotod sands and 
gravols dopositod on P podlmont surfaco cut on tho Puya Formation during tho Lato PIIocom boforo 
cmplacoment of the Bandolior Tuff. Old altuvlum at R-12 Is subdlvlddd Into throo dlstina subunlts: nn 
uppor conglomorato, a middle clnystono, and D basal sandstono. 

The conglomorots subunit occurs botwoon tho depths of 491,6 and 519.1 tt, Thls unit 1s dominatod by a 
distinctive conglomoroto deposit betwoon tho dopths of 495 to 509 ft that is sandwlchod b e t w m  
unconsolidated silt and sand at tho top (491.6 to 495 ft) and at tho base (509 to 519.1 ft). The 
conglomorate contalns roundod gravel up to 37 mm diomoter in a sandy motrlx. Cobbles in tho upper part 
of ths conglomeralo am mostly of volcanlc orlgln, but In Its lawor part tho cobblos are dominatod by 
gnoiss and quartzlto. Tho prcsonco of largo roundod clasts of nonvolcanlc orlgin ustabllshes h o t  the 
conglomorato subunit is an axial doposit of tho lato Pllocono Rlo Grando, Thoso ancastrnl Rio Grand0 
doposlts nro much youngor than thoso usunlly osslgnod to tho Totavl lantll of the Puyo Formation but are 
simllar In orlgln. 

The mlddlo clnystono subunlt occurs botwoon tho dopths of 519.1 and 535.5 f l  and consists of mnsslvo 
yellow brown claystono, with fino sandy to sllty clnystono In its upper part, These doposlts 810 intorproted 
as lake bods and SONO 0s tho porchlng layor for porchod groundwntet in tho Corros dol Rlo basalt and 
tho conglomorato subunit of tho old alluvium (so0 Soctlon 4.1). 

Tho lowor sandstono oubunlt occurs botwoon tho dopths of 535.5 nnd 545 tt and conslsts of gravolly 
sandstono. It Is llthologlcatly similar to tho undcrlylng fanglornorate faclas of tho Puyo Formation oxcopt 
that basalt clasts nro prominent wlthln thQ lowor sandstono subunit. Basalt clasts nro vlnunlly absent 
within tho fanglomorato faclos 01 tho Puye Formation, particularly within tho uppor pm. Old alluvium 
deposits ot R-9 am similar to tho lowor sandstone unit of R-12, 

3.7 Puyc Formatlon (Fonglomorata Fnclcs) 

Tho Pllocono fanglornorate faclos of the Puyo Formatlon oxtonds from tho dopths of 545 to 784 ft 
(Appondlx B) and consists of COPTPJO, pumicoous, volcanlclnstlc sodlmonts as doscrlbud by Wnrosbock 
(1986,58715). Pumlco clasts in tho upper half of tho unlt aro vitrlc (glassy), whereas pumlcos in tho lower 
half nro gonerally altorod to clay (argillirod). This 1s simllar to the altoration pottorn far the Puyo Fomotlon 
in R-9 (Flguro 3.1). 

From dopths of 545 to 666 f t ,  tho Puye Formatlon consltts of poorly-consolldatad sand, pabbly sand, and 
grnvol (Appendlx 6) derlvod from volcanic rocks of tho Tschicomn Formation. Many volcanic clnsts within 
thls intorval Oro vltrlc. Most of tho clasts in this uppor pan of tho fanglornorate wore dorlvod from n 
distlndlve rhyodncito within tho Tschicoma Formation cxposod In the uppor port of Rondlja Canyon. 

From dopths of 666 to 784 ft, tho Puyo Forma:lon consists of consolldafod sandstone, pebbly sandstono, 
and conglomorato charnctoritod by abundant pumice clasts. Pumlco clasts In this intorval arc gonerally 
altorod to clay (Appcndlx a), although vltrlc pumlcos aro occasionally prcsont. Clasts of devitrlflod dacltlc 
rocks within these lower fanglomcrato doposils ware dorlvod from Tschlcoma sources other than uppor 
Rondija Canyon. Two beds of orgillic volcanic ash occur at dopths of ?26,2 and 746.1 tt Slmllor argilllc 
ash bods woro oncountcrt? in tho lowor part of the Puyo Formation in R-9 (Tablo 3.7-1; Flguro 3-1). 

R-72 Choroctorhlion Well 11 Soptombor 7998 



. .  
Interim Comderion Report 

R42 R-9 

Depth Elevation . _ I  Dsplh ' Elcvatlon 
I .  

PuyeFornaUon Top Bare lop B i t e  Thlcknru Top E~JW Top BJM 

Upper 545 666 5956 5835 121 ' 329 539 '605s 5845 

Lower 666 784 5 W  571? I 118 ' 536 Ma4 ,5845 5697 

Upput tophra 726.2 726.4 5n4.6 5774.4 0,2 595.1 , 59525 5 i . Q  S89 
Lowor tophra 746.1 746,4 5754.7 5753.4 . 0.3 G O 6 2  1 6072 5?78 5;79 

fanglomorato *I I 

fanglomorato 

Thu uppor part of the Puyo Formation (abovo 686 tt) gonorally contains thickor and coarser gmvol 
doposlts than thoso o! the  lowor part of tho formotion. The upper Puye Formation Is also much loss 
pumlcoous and Is gonorally unconsolldatod bocnuse of Its lackot argllllc altontlon. % .  8 

Thlcknert 
210 

'147.4 

0.15 
1.0 

. .  
I ,  

.. . I 
L .  

Tho Puyo Formatlon Is signlficontly thinnor in R-12 (239 ft thic);) than In R.9 (3Sftthick). Contacts withln 
the Puyo Formation dlffor In olovmion by 10 to 23 tt betwoan tho two wolls Fable 3.7-1), and the 
apparont southarly dip of thoso contacts is loss than 0.5. (Agurv 3-1). The correlations ast&bllsshod 
bOhHOQn tho uppor and lower Puyo Formation In bath wolls demonstrntos that hose subunlts can 
probably be moppod reClonally. 

3.8 Puye Formatlon (Axlol Focics) 

Axlal doposits of tho ancostral Rio Gmndo (Totavi Lontll of Grlggs 1964, 8795) worn prodlcted to occur at 
tho baso of tho Puyo Formatlon basad on flthologlc logs tram nearby wator supply walls, but these 
doposlts wQro not prosent. 

3.9 Santa Fe Group Basalt 

Miocono Santa Fo Group basalt occurs from dopths ot f84 ft to groator than 847 ft (total dopth). This 
basalt Is slightly voslculnr, wlth clay fllllng somo vosicles bolow 830 ft. mls basalteorrwlntos with a 
thololltlc bnsalt at the same stratlgnphlc posltlon in R.9 (Tabla 3.5-1) that has D minimum mptlon ago of 
8,45 to 8.63 Ma (soe Table 3,24 In eroxton et ol.1998,59158). 'PIIS basalt is tho ~llrno as that 
ancountorod at a dopth ef 836 !t In wator supply woll PM-1 (Coopor at aI.t965,8582). 

6 

4.0 OCCURRENCES OF GROUNDWATER I .  * I 

Two sotumtod zones ware oncountarod during R42'ddlllng opontions. The tops of thoso two wll- 
dofinod saturated zones occurrod at depths of 443 and 805 ft. The uppar of those two zones Is G perched 
groundwotor zono, ond the lower is associotod with the rogional nquHor, Flguro 23-1 summorlzes the 
Occurrences of theso saturated zones. ', * 
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4.1 Perched Zona(s! 

A tfilck perchod tono was oncountored from a dopth of 443 to St9 f t  in tho lowor port of tha basaltic rocks 
of the Corros del Rio volcanic flold and In tho undorlylng old alluvlum (Figure 4.1-1). This porched tone 
was first recognlzod in 1964 during tho Installation of wator supply woll PM-1 (Cooper ot al. 1965, 8582), 
although its vortlctll oxtont was not spoclflod. Bosod on this Invostigatlon, tho saturated thickness of this 
groundwater body is approximatoly 75 tr, rnoklng it one of the thlckost intermodlato=dopth percha 
groundwater bodlos Identlflod yot on the Pajorlto Plateau. Wator was first oncountored at a dopth of 443 
tt, and tho water lovol qulckly roso to 424 f l  aftot tho top of the wator=boarlng zone was penetrated. These 
condltlons lndlcoto that the porched zono is rolatlvoly pormonblo and confined. Tho confinlng layor at the 
top of tho porchod zono Is probobly massivo basalt with few fmcturos. The cloystono subunit of tho old 
alluvium forms tho porching layor. 

Tho basalt flows making up the uppor part (443 10 408.9 tt) of the porched r0n0 nro typlcnlly fractured 
and ykldod wator ropldly to tho borohole, Intorsparsod within tha saturated zono, thin zones of massive 
unfracturod basalt typically yioldod dry cor0 or cualngs, but tho boroholo always producod slgnificnnt 
water whon doopar, fraeturod basalts woro ponotratod. Bontonlto soals woro placod sr?voml times In dry, 
unlracturad, massive basalts In the bollof that tho bottom of tho parchod zone had beon rcochod. 
Howovor, wator quickly fillod tho boroholo to a stotlc water love1 of 424 tt ctrch tlme new fracturod bavolts 
woro oncountorod. noso  rotations suggest that all the groundwator In those basalts Is part of n single 
porchod zone in which tho watormproducing matorlols aro COnnOCtOd by fmcturos (Flgurs 4.7-1). 77-10 dry, 
untracturod, mnsslvo basalts within tho wotor-produclng Z O ~ O S  probably roprosont roglons of low 
pormoablllty that aro crossod by fractures outsldo the volurno of tho borohoie. The basaltlc tephra (488.9 
to 491.6 tt), which acts as n porchlng layor for groundwater In R-9, Is snturntod In R-12. 

Tho lowor par: of tho porehod 2ono (491.6 to 519 tt) occurs withln tho sand and sllt doposits and the axial 
Rlo Grando gravols of tho uppor subunit of tho old alluvium. Porchod water In theso sodlmentary doposlts 
haw a s:at;t wator lovol of 424 tt, lndlcatlng that thoy aro hydraulically connected wlth groundwator In tho 
ovorlying basnlts. 

A son1 to lsolato tho perched zono from tho lost of tho boroholo was croatad by drlvlng tho 10=3/6in.- 
dlamotor casing Into the top of tho lacustrlne doposlts n: a depth of 519 ft. This natural clay sod 
provontod downward migratlon of wator to potontlal docpor porchod wotor zonos and tho ragional aqullcr 
and ollowod roprosontotlvo wator samplos to be colloctod from dQQpor zonos. 

Core with a hlgh molsturo contont was oncountorod In clay-rich, tuff~coous, sodlrnantary rocks in the 
lower part ol tha Puye Formation. The molst coro was roturnod from dopths of 736 to 741 tt, but at tho 
end of tho drllling day no monsurabie water was prosont at a dopth of 741 tt. liowovor, I downhole 
molsture probe lndicatod tho prosonco of moloturo at a dop!h of 733.80 ft ottor tho boronok rosted 
overnight, Colloctfon 01 a water sample was not attomptod In tho boliof that tho roglonal aqulfor hod been 
reached basod on projoctlons from supply woll PM-1 (projoctod dopth to tho roglonal wator tablo was 740 
ft) and that further opportunltlos for sampling would bo available as tho boreholo was doepuned to . 
accommodate n baller, However, tho boroholo fdlod to yiold wotor as drilling progrossod, and no woter 
sample was obtolnod. Basod on lnformatlon currontly avtrllable, it cannot be dotormlnod whothor 
soturatod condltlons are prosonl In the cloy-rich matorlols In the lowor Puye Formation or if nn erroneous 
Indication of saturatlon occurrod when tho tip of the rnolsturo probo bocame ombedded In formational 
units and 1ndlca:od tho prosonco of molst clays. Furfhormore, nbsonce of saturation at a dopth of 741 tt Is 
suggostod by the lack of wator clrculsthg out of tho halo When the nlr clrculatlon systom was startod and 
os drilllng oporotlons procoodcd boyond 741 tt. 

R.72 Churnctorlrntlon Well 13 September 1998 
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4 5  Rcgtonol Aqulfot 

Tho roglonal wator tablo was oncountorod at a dopth of 805 tt (clavation 5696 It) in fractured basalt of the 
Santn Fo Group. Groundwator at tho top of tho rcglonal saturntod zone Is unconflnod, and thu statlc 
wator lavol occurs at tho samo olovatlon as that cncountorod In woll R-9 (olovatlon 5696 It). This 
saturatod zone is boliovod to roprosont tho roglonal oquifor bocauso Its wator quality Is slmllar?o that 
found In noarPy supply wolls PM-1 and PM-3, and In tost wotl W.3. In addltlon, :he elevotlon at tho top of 
thls zone Is lowor than statlc wator fovols (undor nonpumphg condllions) in walls PM-1 (5758 ft) and 
Otowl-1 (5724 tt), and It Is lowor than tho olovotion prodlctod basod on the roglonal wntor tnbltr map 
(5795 f t )  (Figure 1-1). 

Tho highor static wator lovols In nonrby wotor supply wolls nro probnbly due to tholr long Screun longths, 
allowing multlplo tonos to contrlbuto to 0 composito hydraulic hood. For oxamplo, PM-1 Is scraanod over 
a 1554-ft lntorval (Cooper ot nl. 1965,8582) that starts ot a olovatlon 86 h bolow tne total dopth of R-12. 
The highor statlc wator lovols for tho supply walls suggost that hlghor hoad zonas occur In the roglonal 
aqulfar at dopths groator than thoso ponotratod by R-12 and R.9. Tho rogional aqulfor may havo upward 
hydraulic gradionts In this port of tho Pnjarlto Platocu. 

Tho potontlnl for upward hydraulic grtldionts in tho rogional nqulfor Is an Important losuo frr!ho flnal 
doslgn and cornplotlon of R.12 and R-9. Both charactorlzation wolls wora doslgnod to dotermino the 
Impact of Laboratory oparatlons on the quality of roglonal groundwotor downgradlont from multlple 
potontlal rclcaso sltos. Bocauso those wolls are locatod at ;ha oastorn Laboratory boundary, thay should 
bo completed In a mannor that would allow thoir use as cornpononts of n potontlal monltoring systom 
deslgnod to dotcrmlne tho quoltty of roglonal groundwator loavlng tho Laboratory. In addition, ono ai tho 
goals of R-12 was to provido oorly warnlng of contamlnants appronchlng wator supply wall PM-1. 

In tho cas0 ot R-9, tho goal of monltorlng groundwator loaving the Lnboratory could bo satlsflod by a woll 
wlth a singlo scroon locatod In tho uppormost part of tho roglonrrl saturotod zono where contaminants aro 
probably most concontrsltod. For A-12, tho ponslblo cornplotlon doslgn Is more complox boc~use of tho 
objoctlvos of monltoring contaminants loavlng the Laboratory and providing aarly warning for PM-1. To 
provide onrly warning, woll scroon(s) should bo plaeod within one or morc transmlsslvo zones 
conlrlbutlng to wator productlon, Howovw, In w arc8 of upward gmdlonts, scroon lntorvnls balow the 
water table may not dotoct contaminants ImpaetInQ the top of tho roglonal snturatod zone, Discussions 
aro currontly undoway among tho Canyons Focus Aron tochnlcnl tonm, the Groundwater Intogration 
Toam, and regulators to toassass tho complatlon details for R.12 and R-9 based on now findings from 
this invcstlgatlon. 

5.0 SAMPLING AND ANALYSIS 

Dlschargos within Sandin Canyon and Monandad Canyon may hovo Impacted water quality at R-12, 
Contaminants of concom In Sondla Canyon Include tritium and nltrato (Envlronmontnl Survcillnnce and 
Compliance Programs 1997,56684). For sovoral docados troatod scwago has beon dlschargscl from rho 
Tochnlcal Aroa VA) -3 sanitary systom into uppor Sandla Canyon. Surface wotar samples colloctod in 
uppot Sandia Canyon suggost that thls dischorgo may havo contolnod trltlurn until tho aarly '19805 
(Rogors 1998,59169). Tritium aa1vl:les up to 18,000 pCVL hnvo boon obsorved at surface water 
sampllng station SCS.2 (Rogors 1998,591 69). 

R-72 Choroctorlzarlon Well 15 Septbmbdr 7998 
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Known groundwator contaminants within Mottandad'Cnnyon wost of R-12 lnclude~mericium-247: 
coafum-137; plutonlum-138; plutonium-239,240; strontlum-g0;:trltlum; urtinlum-232 urcmIumG38; and 
othor inorganic solutos (Environmental Sunroltlance and Compllanco Programs 7997,56684: Roger, 
1998,59169; U N L  7997,56694). Tritium activities up to 1,000,000 pCvL have k e n  obsorvod in alluvlal 
gtoundwator within Mortandad Canyon In tho past ., . 

Known groundwritor contaminants In uppor Los A m o s  Cnnyo'n include amorlcium447: casium-137: 
plutonium=230; plutonlum-239,240; strontium~90; tritium: umnium-235; and uranium438 ( U N L  1995, 
50290). 

5.1 

, ; a .  ;, 
7'' 

I t  . .  . I  ., .. 

. ' 1  .,. 
I . ,  ' 

Contamlnant Chnroctcrhtlon of Core and'Cuttlng8.i 
' ,  , I  : 

,.I 

t .  

Samples of cor0 and cuttings woro collocted from R.32 ond analpad lor metals and radlonuclldes as 
roqulred by the Rasourco Consarvatlon ond Recovery Act (RCRA). Rosults of chamtcal and 
mdlochomkai analysos om usad to dotormlne both'naturnlly-dccudng elsmonts and contaminant 
dlstributlons within R-12 Organic compounds wore not ldontllled 09 contomlnmnts.ii concom at R-12, 
based on sodlmant and wator sompllng conductod by the Laboratory in uppor Sandla Canyon 
(Environmantal Suwalllance and Compllanco Programs log?, . .  56684). 

5,l.l Mothods ..I 

Fourtoon samplos of core and cuttings wore collocttrb lor geochomical and conmminonr chamctorirarion. 
Ton somplos of cuttings war0 collocted from nine dopth Intoruals: 25 to 25.5 tt, 313 to 32.5 ft, 122 to 125 

814.6 ft (duplicato). Four samples of core woro collocted Irom.kur Intervals:'431 to438 tt, 520 lo 521.9 tt, 
555 to 559 tt (duplicato), and 567 to 589 tt, Approxlmatoty 500 to 1,000 g of cor0 or cuttings somplos 
woro placod In appropriate samplo jars in protoctlvo:'pla!~!lc baas before thg, wom:,shipped to anolytlcal 
laboratories, . , ,  

Samplos of cor0 and cunlngs war0 nnillytod using anulytlcal methods speclfiod by €PA (1987,57589). 
Solld samplas wwo portlally dlgostod using hot "0; (EPK mothod 3050) bofon metal onolysec. 
Samplos of core and cuttings wore shippod to Pmgon Anolytics, Inc, In Fort Colllna, Colorado, for metal 
and radionuclide analyses. Analysos of nlumlnum,~anllmony, akonlc. barium, boryiiium. codmiurn, 
calcium, chromium, cobalt, coppar, Iron, lead, magneslum,. miuiganose, molybdenum, nickel, potassium, 
solonlum, sllvor, sodium, thallium, vanadium, and rlnc<wttre determinod by Inducthrsly couplod plasma 
omission spoctroscopy (ICPES), Concantmtions of unnium.ln core samples woroldetormlnod by using 
tasordnducod klnotlc phosphorlmottlc analysis (LIKPA). Morcury was nnnlyzod by cold vapor atomic 
absorptlan (CVAA), Coro samples woro washed w1th;doionlzud wtltor lor 16 hours.baforo anion unolyses. 
Bromide, chlorlde, fluoride, nitrato, and sulfnto contonts ware deferminod by ion chromatognphy (IC). 
Total eyanldo contont was dotormlnod by colorlmotry.'tho precision llmits for rnojor anicns and tmco 

.). ' 

. ,  
. .  
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tt, 135 to 136 tt, 455 to 456.5 tt, 555 to 559 ft, 791: tO.792.5 tt, 800 to 805 812 t0814.6 tt, and 812 tO 

,., , 
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~ 8 L .  

, .  
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I ,  

. .  . alomonts wero generally* 10%. : '  I .I  ' 
... 

~ . . a ,  , ,  . .  . .  . .  
Radionuclide actlvitios in coru sarnplos woro dotormined by aipho spoctromatry (arnarlclum-241; 
piutonium~238: plutonlurn=239,240; unnium=234; umnlum-235;'and uranium=238):gmrno spoctromotry 
(coslum-137 and gammn-emittlng Isotopos); and gas.proportlbnal countlng (strontlun-90) at Pongon 
Anillytlcs, Inc. Samplo duplicotos war0 coilactod and ann1yred.h accordance wlth'EPA procodures. 

Flald scroonlng for volotilo organic compounds wus conducted using o photoionization dotoctor (PIP) 
Instrumont. No volntile orgonlc compounds woro dotocted with the floid instrument, , .  ': 

.I ' . .  
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. , , I .  , ,  .. ,.. ~ 

' ,  ,. 
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5.1.2 Rcsults 

Tablo 5.1-1 provldos radlonuclldo adlvities In corc and cuttlngs from R.12. lsotopos of urrtnlum (urnnlum- 
234, uranium=235, and uranium-238); gross alpha; Gross bota; and gross gamma gonorally are dotocted 
at acllvltles groator than their mlnimum dotoctablo octlvitlos (MDAs) in most cor0 samplos. Actlvitlos of 
gross alpha, gross bota, nnd gross gamma in samplos of cor0 and cuttlngs aro groatar than 1 pCUg, 
whora mcasurabla, and vary wlth depth (Tablo 5.1-1). 

Actlvltlos of isotoplc uranlum aro groatost In samplos colloctod from tho Bandoller Tufl, rallectlng tho high 
total uranlum In this unit (Rytl Ot ol. 1998, 58093), Lowor actlvltlos of urunlum-234, urunlum-235, and 
uranlum-238 woro found in samplos colloctod from Corros dol Rlo basalt, Puyo Formation, and Smta Fe 
Group basalt. This suggests that llttlo I f  any Laboratory contaminants am prosont In thoso samplos. 

Actlvltlos of amoriclum-241 ; cesium-I 37; plutonium-238; plutonium-239,240; and strontlum-90 gonarntly 
are loss than dotoctlon In the aamploo of core and cuttings, lndlcatlng that no Laboratory-dorlvod 
contamination from thoso lsotopos Is dctoctablo in most of thcso core samplos, Posslble excoptlons 
includo dctoctablo pJutonIum-239,240 within cuttings colloclod in tho 31 $5- to 32,5=tt intatvol and In the 
431- to 4384 Interval (Tablo 5,l-1). Tho 31,5- to 32.54 intorval is withln tho uppernost part of the Otowl 
Momber, The 431- to 4384t intorval Is lust above tho snturatod zone oncountorod at P dopth of 443 tt, 
Furthor cornparlsons with background data will bo rnado whon ongoing background studlcs for Saselts 
nro complotod. 

Samples of cor0 and cutrings worc analyzod for motals includlng olumlnum, antimony, nrsunlc, bnrlum, 
berylllum, cadmium, calcium, cobalt, copper, Iron, load, manganose, molybdonum, nlckol, potasslum, 
solonium, sliver, sodium, thallium, uranlum, vanadlum, and zinc; howovor, thoy aro not con!am;nants cf 
concorn In Sandla Canyon. Tmnsltlon matnls, lncludlng cobalt, coppar, manganoso, nlckol, ond iron, 
occur naturally wlthln tho basalt flows (concontratod within oxldo nnd slllcoto mlnarnls) ot ConcontrEitIons 
abovo thoso for tho Bandollor Tuff. Background dlstrlbutlons of motals within basalt are boing assussod 
and will be addod to tho Laboratory background data sot. 

5.2 Wator Quatlty Dctcrmlnatlonu 

Four groundwator samplos wore cotloctod from two saturated Zonas oncountorod in R-12. ihrcfu of those 
samplos Woro colloctod from the pOrChQd zono wlthln the Corros dol Rlo basalt (at 443 and 464 I t )  and 
old idluvlum (at 495 f t ) ,  and ono sarnplo was collectod from the rcgional aqulfor in Sunta Fo Group basalt 
(at 805 tt), SamplOS WOfQ nnalyzod for inorganic and organic chamlcals and radlonuclidos to dotormine 
natural soluto and contaminant distributions wIthln the difforant sclturatod zonos, 

5.2.7 Mothods 

Groundwator sarnploo for inorganlc and orgclnlc chomlcals and radlonuclidos woro colloctod uslng a 
stolnioss-stool bailor. Tompcrature, dissoivcd oxygon (DO), turbidity, pH, and speclfic conduaanco wore 
dctormlnod on sl!o from an aliquot collocted during flold sampllng. Both flltorad and nonflltorod samples 
woro colloctod for ehomical and radlochomlcal analysos. Groundwator samplos woro callectod for 
onolysos of DOC: stablo lsotopoo of hydrogon, oxygon, and nltrogon; major cations and onions; motals; 
organic compounds: and radlonuclldos, Allquots of tho aamploo ware prossuro4ltorod (nltrogen gas) 
through a 0.45-prn Golman fllter nnd acidiflod wlth nnnlyticcil-grad3 HNO,, to a pH of 2.0 or loss for motnl 
and ndlonuclido andysos, DOC samplos woro Iiltarod with a spocial0,45ym silver liltor to climinate 
blodogradation of organic solutos, which may bios analytical rosults. All groundwator samples collectod in 
the llotd Wore stored at 4°C until !hoy woro analyzed. Alkallnlty was dotormlnod In tho laboratory uslng 
standard titration tochnlquos. 
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RADIONUCLIDE ACTIVITIES IN SAMPLES O f  CORE AN0 CUlTlNGS FROM 80REHOLE R-121.b 

I 

i t r r n h W 4  10.01 f 0.44 1 -022 f 0.46 
:trhrml37 I -0.053 f 0.057 I 0.043f 0.067 
)kRmhlmm I 0.0146 f O.(j080 
Y DA' 10.026 

- 
%AodwIt239~M 0.01 67 f 0.0379 0.092 f 0.0 1 8 
LI DA 0.020 0.- 
hHkkJm-211 0.0026 f 0.0GW 0.036 f 0.0 13 

- 
Y DA t0.m to.025 
Jranb1k234 1 1.63 f 0.24 I 1.69 i 024 
YDA I 0.01 8 Io.oza 

I 0-oa3 f 0.032 . I 0.060 f 0.028 

Uradw-238 . I 1.73 f 0.24 I 1.80 f 0.24 
UD4.  . IO.WI 

Y W  1O.M 10.49 
Gross AWa 12-51 f0.68 1.73 f 0.57 
Gross Beta I l . ! 3 O i O . ~  I 1.W f 0.57 
GrorrGvMu , 1 14.46f 1.03 1 13.72f 1.01 
L13A 10.69 t 0.58 

- 
122-125 1135136 1431638 1455-456.5 I 5 S 5 2  1.9 -I 
t3mdeher Tufl 1 CR basaT 1 CR basaR I CR baWl I Od aTniurn 
-OM f 0.46 I 0.06 f 0.44 I -0.12 f 0.49 1 O . O s f O . l l  I 0.m f 0-1 1 * - 

0.006f0.079 -0.013f0.037 -0.014f0.032 0.001f0.035 -0.033 f 0.077 
40086f0.0050 0 . 0 1 0 4 f O . ~  0.0092f0.0138 4.024k0.020 0.021f0.028 
0.034 0.025 0.028 0.088 0.056 
0.0131 fOC1072 0.0214f0.0089 0.108f0.033 0.001f0.020 00113&00194 

0.0159fO.W 0.0f8f0.011 0.062 f 0.046 0.0063 f 0 0194 1 0.024 f 0.030 
0.016 om2 0.w 9 0.048 10.057 - 
0.024 0.022 0.022 0.09 10.032 

3.97 f 0.50 10.337fO.050 10.462iO.086 (0.498f0.108 ~1.069f0.190 
0.026 I 0.025 lo021 10.026 i 0.041 

4.19 f 0.54 10.415f0.082 ~ O s d l f 0 . 0 9 8  I0.446fO.fW I l.G82*0.18J 
0.02 - -- .._. . .  -10,027-- -.I.. 10.024. : .  . - I 0.026 . .: - . T . -. I 0.039 . ..<. . . . 

1.73 f 0.57 1.7f 1B 4.1 f 2 1  1 Q 2 W D A )  8.0 f 25 
24.76 f 1.74 . 3-01 f 0.36 4.02 f 035 1 3.87 f0.36 3.86 10.33 
0.82 0.44 0.34 l o 3  - 0.30 
+.13 f 0.49 1 0.06 3 0.37 1 0.30 f 0.54 4.06 f 035 0.c13k.036 
0.323 0.mt . . 1 0.061t 0.w 
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RADIONUCLIDE ACTIVITIES IN SAMPLES OF CORE AND CUTTlNGS FROM BOREHOLE R-12Lb 

7 x 1  2 - . -  

D'?'h in) s 5 5 9  555-559 (dup? 1 567-569 791-7925 
Gedogk Unit Puye F ~ r ~ d i d  h i e  Fo;mtii I P q e  fomulian SFG basat' 

P i ~ o n ; ~ 2 3 n  0.017f0.026 0.007f0.022 0.0021 *0.0194 0.0147fO.OtM 
UDA' 0.050 0.056 0.WO 0 . 0 3  
i I ~ ~ 2 3 9 , Z ~  0.0037f0.0190 -0.0024f0.0194 0.C018f0.0200 -0.003630.0106 
MOA 0.037 0.05 t 0.01w 0.039 
LT;ericiumN 1 0.08Jf0.050 0.11220.065 0.02730.@26 4.0031 f 0 . W  
Y DA 0.053 0.060 0.W 0.027 
Ur~nium231 0.746fO.f40 0-905*0.t60 1.162f0.190 0.34620.0X 

6CO-EO1.5 8 1 2-8 14.6 812414.6 (dup) 
SFG basalt SFG basall SFG basart 

0.0017f0.0110 0.0132i 0.0146 0.0036f0.0156 
0.033 0.024 0.w0 
O.OOU20.0122 0.027f0.020 -0.0007f0.0112 
0.019 0.028 0.029 
0.067fO.oIO 0.037f0.032 0.037*0.0-% 
0.031 0.04 5 0.01 1 
0.25230.072 0.232fO.M 0.173t0.058 

UOA 0.025 0.035 0.032 0.039 ' 0.029 
0.048 f 0.028 0.055 f 0.032 O . S t  f 0.032 0.037 f 0.026 0.033 f 0.028 U r a h 2 3 S  

UDA 0.025 0.032 0.026 0.014 0.035 
Uranirm-22U 0.742f0.140 0.9C6f0.160 1.1SSfO.t~ 0.26310.078 0.322f0482 
MDA 0.033 0.02 1 0.030 0.027 0.029 

-- 

Urarh(UKPA+) (nq1.3) 1.50 f 0.20 226 f 0.31 2.26 t 0.31 0.05' 0.97' 
UCd Q05 0.50 0.05 
Pcss NpFa 1-44 f 0.61 201 f 0.68 1.58 f 0.59 1.4 f 12 2.31 1.1 
Gross Etla 1.20 f 0 . S  1.23 f 0.53 0.93 f 0.51 0.3 f 0.96 1 .Gil f 0.74 
Gross Gamm 6.75f 1.12 8.83 f 1.50 7-93 f 1.35 2.t7 f0.41 215 f 0.41 

0.023 0.013 
0.0188 f 0.0190 
0.028 0.013 
0.269 f0.074 0.190f0.060 
0.013 0.013 

0.047 f 0.028 

0.81' 0.57' 

1.57 f 0.32 1.61 f0.32 
DN R9 DNR 
ut; R DNR 

YDA 0.20 0.35 0.26 0.29 0.23 1 
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Groundwater samples WOM anulyzad using techniques sped!icd in EPA SW=846(EPA 1987.57589) 
including IC for bromide, chloride, fluoride, nltrata, nltrlto, phosphato, and sulfate: graphite fumoco otomle 
sbsorptlon (GFAA) for traco oloments (oluminum, antimony, arsonic, barium, bwylllum, boron, codmlum, 
calcium, coslum, chromium, cobalt, copper, iron, lead, lithium, mugnoslum, manganoso, rnolybdonum, 
nickal, potasslum, rubidium, sotonium, silicon. $her, scdlum; strontium, thalllum,tln, titanium, vanadlum, 
and zinc): colorlmatry for total cyanide; CVAA for m~ury; and ICPES forolumlnurn, antimony, arsonic, 
barlum, borylllum, boron, wdmium, wlclum, chromium, cobalt coppor, iron, lead, mognosium, 
mnngilnoso, molybdonum, nickel, potasslum, selonlum, sodium, thalllum, vonudlum, and zinc This work 
was porformod by a contract laboratory, Paragon Anety!lw,:lnc, and EES-1. 

Rndlonucllde oalviry in groundwator was dotormlned'by Hquid scintlllotlon counting (LSC) !or tritium; 
olectroiytic onrichmont for lowlovol tritlurn: UKPA foiurnnlum: alpha spocrornatry for amorklurn, 
plutonium, and urnnium isotopas; gamma spectrometry forces1um-13ir and other isotoges; and gas 
proportlonot counting for strontlum-90, This. work was'portobed by contract laboratories including 
Paragon Annlytlcs, Inc,, Tolodyne, and the Unlvenlty of Miami. 

Stable isotopas of oxygon (oxygon-18 and oxygfml6)~ hydrogon (hydrosen nnd boutorium), and nitrogen 
(nitrogon-15 and nitrogon-14) WerO onnlytod by Gaochmn Laboratories (Cambridge, Mosmchusotts) ond 
Coastal Sclonco Laborntorlos, Inc. (Austin, Toxns),,rospocthroly, using isotope mtlo mass spoctromotry 
(IRMS). ? .  

Lnborotory blanks and flald blanks wore colloctad m d a n a l ~ r k  in nccordancq wlth EPA and Laboratory 
procaduros, Tho proclsion llmlts for major Ions and mco olsrnenb ware genoraIiy~T0"h. 

Groundwator samplas collected at 443 tt within tho uppermost'portlon of the porched rono in tho basalt, 
and at 805 !t within tho rogional aqullor, woro analyzed for semlvolatlle organic cdmpounds 
(polychlorlnatod biphonyis [PCBs) and postlcldes) using gas ihromatogmphymass spoctmmotry by 
RECRA Woston. Somlvofotlio orgonlc compounds worn not dotoctod in the groundwater samplos !rom 
olthor of thaso xonos. Groundwstor sarnpias colleCod Irom tho two othor parched zonos were nor 

I 

I 

1 
analpod for organic compounds. . ,  

The followlng soctions focus primarily on tho dlstrlbutions ot lnorganlc chemicals (malor co:lons and 
anions, nitnto, and ammonium) nnd rndlonuclidea in groundwhter cncountorod In R-12 

5 2 2  Results 
. .  . .  

5.2.21 

Fleld=measurod pnromotors for tho borahoio groundwntor s&nplos, including pH, tcmponture, spociiic 
conductance, and turbidity, a m  provided In Table 59-7 Thoso: paramators were measurbd ot thb t h o  of 
samplo cotlaction whon groundwater was in contact wlth theatmosphore.. 9C wasalso monsurod; 
howovor, DO values are not raponod bocsusa of potantfnl atmbsphoric contQm:i luibn with the oloctrode 
and interforcnces from suspondod portlclos contrlbutfng to very,hlgh turbidity values,'.' 

Quality of Groundwater within Corrod del' Rlo Bablt and Sonta Fe Group Baaalt 
* .  . .  h 
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FIELD-MEASURED PARAMETERS FOR GROUNDWATER SAMPLES COLLECTED AT R-12 

Table 5.2-2 provldos analytical rosults for major ions and traco olomonts in flltorod and nonflltorod 
samples collcctod from tho two snturatod zonos in R-12. Oar plots for dlssolvod major Ions and slllcn lor 
tho porchod groundwntor 81 R-12, R-9, POl4, and Spring 38 are shown In Flguro 5.2-1. 

Tho uppormost samplo colloctod from tho porchod tone, In Corros dol Rlo basalt nt a dopth of 443 tt, Is 
charecterltod by D. mlxod calclum-sodlum=blcarbonatochlaride Ionic composition with n fldd pH value of 
7.65 and a TDS of 51 1 ppm (flltorcd) (Flguro 5.2-1; Tnblos 5.2-1 and 5.2-2). A groundwatct samplo 
collectod from II depth of 464 ft In Corros dol Rlo basalt Is charactorlzod by a sodlum.ccrlclumchlorido. 
sulfate-blccrrbonato IOnk composltion wlth a flold pH value of 7.65 and a TDS of 959 ppm (flltorod) (Figuro 
5.2-1; Tablos 5.2-1 and 5.2.2). Dlosolvad sodium, sulfata, and chlorido concontratlons in thls snmplo nre 
186, 197, 197 pprn, rospoctlvoly. Tho groundwator samplo colloctod In tho old olluvlum at o dopth of 495 
ft Is characiorlzod by a colclum=sodlum=bicarbonnto-chlorldo ionic composltion wlth n flold pH value of 
8.25 (Flguro 52-1; Tablos 5,2-1 and 5,2-2) and n TDS oi 476 ppm (Illtorod), Tho chomlstry ot this wator 
samplo Is similar to that of tho smplo collectod at a dopth of 443 ft. 

Tho static wntor Is tho samo for all pans of tho porchod zone in R-12, suggosting that all satumtod parts 
of thls zono aro hydr~ullcnlly connoctod (so0 Soctlon 41), Howovor, wotot chomlstrles of samplos 
colloctod at dopths of 443 and 495 tt aro dlotlnct from thoso of tho sample colloctod at 464 tt. Thoso 
obsorvatlons oro dlfllcult to roconcllo for c7 hydraulically connoctod porchod water zone, The samplo at a 
dopth of 464 ft may roproscnt groundwater wlth D rolotlvoly long rasidonco time compnrod wlth that of 
samples colloctod at dopths of 443 and 495 f t  Though hydraullctllly connomd, thaao groundwators may 
acquire dlfiorant chemical charoctorlstico 0s they pass through tho porchod zone tit dittorant ratos. 

Stablo lsotopo dnta for hydrogon and oxygon woro colloctod to ovoluatc tho sourcos(s) of water 
oncountorod In R42. Tho lsotoplc valuos lor deutorlumhydrogon ond oxygon-1 B/oxygen-l6 In R-12 
groundwa!ot samples colloctad from dopths of 443,495, and 805 tt aro =76 and -70.6 per mil, -77 and 
-1 1 .O per mll, and -72 and 010~8 por mil, rospoctlvoly. Thoso values plot close to tho Jemoz Mountoln 
matoorlc and global motoorlc wator llnos provldod by Blako ot nl, (1095,49931), suggostlrlg that these 
groundwators war0 derlvod from a motooric or atmospheric sourco, and that ovaporntion has not ctfocted 
thcir Isotopic composltlon. 

R= 12 Churaderfxoflon Well 21 September 1998 



TABbE5.P-2 
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON' 

remp 'C 14 2 14 2 15.5 16 116 18.9 f0 9 18.9 
&I @pm) 4.001 -3.00 1 4-001 4.m 1 I0.042 4.00 I; CO.001 cO.001 
s1d. ocv. (4) I0.m 
U W )  4.02 6W I0.10 0.1 1 I 59.0 0 21 0.10 1.29 
86 Dcv. (+I-) 0 01 [0.01 0.01 1 0.7 0.01 0.01 0.03 
Uk(bb)IpprPCaC03) t i 8  119 142 107 I121 116 119 121 

3W) . 0.M9 0.079 . 0.16 0.W 10.19 0.04 006 0.66 

I r [ p p m ) - - - -  0.015 ' 0.057 - -  0.633 0014 - lo58 l0.079 ' t 0.w ~ lo.094 . 

- 

0.00 13 o m 1  O.o(jo5 O.OOO5 10.015 O.ooo8 0.m19 0.O020 

ow. (+I 0001 0.002 0.01 - 0.003 . - Iq.01 0.01 0.01 , 0.01 . s i  . I 

d.&l 
023 0.23 0.17 0.19 0.05 
48.6 23.5 36.8 68.4 27.9 
0.2 0.1 0.1 0 2  0.2 
(0.00 1 4.m I 4.001 0.m 4.00 1 

0.08 0.W 
28.2 1 28.3 
0.2 0.1 

i 4.001 4.001 



TABLES-2 fc -a 
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON' 

kpul cw 443 443 464 495 495 810 805 805 
Gedcgk Urn1 CR Basax CR Basal! CFI basall Old abwiurn OkJ aCwiurn SF G b a d f  SFG basa! SFG b a a !  
bnp'c Traa+ml FG-Lmd tJwJ:r,aed Fb?erd FDmd W & r  ed merf33 Faered Nodulered 
Dale Sampled 04113'98 041 1393 w ~ w a  w m 8  ~ 3 ~ x 3  axm5a o m m a  S-98 

0 l o  l o  lo  t o  0 i o  
133 I1381 1434 I453 I277 232 I 283 

c r o  I c0.w 0.0 I7 I <o .m I 4.002 I o.oG1 I4.m 0.006 1 0.028 
0.00 1 I I I 0.902 I 0.m2 

Sld. OW. (4) I 10.002 

0.006 0.007 
0.002 0.002 
0.43 0.4 3 

(0.0 I l-c6 
0.0 t 

9J. 1 91.5 
145 148 
c o . m 5  0.00003 
4.0 1 d.01 
4.33 4.36 
0.02 0.02 

0.04 0.04 
0.01 0.01 
5.76 5.80 
0.0 1 0.02 

- 0.m 1o.m I0.m 10.01 Io.001 
0.53 1o.Ss 10.28 10.29 f 0.47 F-1 10.52 

Fc MI 10.03 9.34 1 co.01 10.12 195.8 I 0.12 
0.0 1 f I O.Of 10.7 1 Q.01 S!d. Oev. (GI 10.01 

f 95 185.4 I135 1317 196.1 
145 I173 I131 I148 I142 

Hydncss (CaCO3 ppn) 164 

H C 4  rn) 144 

HgW) 4.00005 
4.01 

KW) 3.12 
93. Dw. (M-) 0.01 
U r n )  0.09 
Sld ptv. (tf-1 0.01 

4.01 t 4.01 I co.01 I 4 .01  
~ 

3.71 165.7 I5.53 11x4 13.93 

6.42 &l @pm) 124  
Sfd. Ocr. (4) 0.2 - 
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WATER QUALITY OF GROUNDWATER SAMPLES COLLECTEO AT BOREHOLE R-12, SANDIA CANYON' 

so, (ppm cdc) 

so, @pml 
%O,rn@Pm) 
SnIPpm) 

Sld ocv. (4.) 
WPP) 

42.8 6s. 5 7.3 36.8 1 70 60.8 63.8 68.1 
24.7 25.5 191 30.0 28.3 8.0 1 10.1 9.93 
(0.05 4.05 4.01 d.05 4 - 0 5  4.01 4.0 1 4.0 1 
4.005 -3.005 4.005 c 0 . a  d.005 4.m (0.005 d.005 
0.18 0.24 0.44 0.19 0.55 0.1 5 0.16 0.17 
0.0 1 0.01 0.01 0.01 0.01 0.0 1 0.0 1 O.Of 

. - ~ . .  

n@p.ni co.002 
S1d rev. (4) 
n[6pm) 4.Ocn 

v IPPm) 0.003 
Srd Dcv. (4) 0.001 
an0 0.06 
S!d DeV.(d-] 0.01 

TDs @pn) 510.8 
cation sum 4.249 
LnJansrim 4.154 
Bafancc E%) 2.2700 

0.53 4.002 c0.m 1.67 0.005 4.002 0.015 
0.01 0.0 1 0.002 0.001 
4-02 ( o m 2  c0.m 4.002 c0.m d.002 c0.m 
0.013 4.4% 4.002 0.095 0.035 0.0 I2 0.0 12 
0.60 1 0.m 1 0.001 0.m 1 0.m 
0.60 4.01  4.01 0.65 4 . 0  1 0.01 0.02 
0.01 0.0 I 0.01 0.0 1 
595.2 959.3 476.0 10292 379.8 3 S . O  395.8 
6.208 12-466 4.225 19.976 2907 2.952 3.145 
4.aX 1 2 4  72 4.129 4.343 26-52 2.935 2.973 
?W 0.1100 23100 NA 1 .5m 0.2400 NA 
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Interim Conrnlrtiun Report 

Wator quality data for Spring 9B In Whlto Rock Canyon Is providod in Figuro 5.2-1 as R polnt of roforonca 
!or cvaluating tho wntor quality data colloctod from porchod groundwator in R-12. Spring 98, which has ci 

calclum=sodium~bica~bon~to tonlc composltlon, 1s the only known spring on tho Pnjarito Plateau 
discharglng from basalt that doos not contain otovatod concontratlons or activltlos of anthropogonlc 
chomlcals lncludlng chlorido, nltrato, sulfato, tritium, and uranium. Porchad groundwator In R-12 and 
Spring 98 do not havo slmllar major ion composltions (Figuro 5.201). In addition, concontratlons of 
chlorlde, nitrato, and sulfato aro highor In the R-12 parchod groundwctor In cornparlson with SprinQ 9B. 
Concentration of nitrato (as nltrogon) Is typically 0.5 ppm In Spring 9B, whoroas concantrations o! this 
soluta In the uppor, middlo, and lowor ponlon of tho porchod zono In R.12 aro 4.9, 0.21,S.S ppm, 
rospoctivaly (Tablo 5.2.2). 

Tho major Ion chomlstrlos of tho throe snmplos colloctod from tho porchod zone In R-12 dlffor slgnlficnntly 
from tho chomlstrios of tho two porched zones oncountorcd in the C o r m  del Rlo basalt In R.9 (Figuro 
5.24). This suggosts that groundwator wlthln tho basalt boncclth Los Alamos Canyon ot R.9 is not the 
samo as that at R-12, This assumos that mineral proclpltatlon/dissolufion Is not taking place along this 
Inforrod flow pa!h, which could aff oct tho major Ion chomlstry. Addltional data Intorprotation, includlng 
goochomicol modeling, will bo podormod In the futuro to ossoss wator/rock Inioractlons dong 
groundwator flow paths wlthln Sandla Canyon and possibly Mortnndad Canyon. 

Tho porchod groundwater zono wlthln tho Cerros del Rlo basalt and old alluvium at R-12 may contain a 
component of surfnco wntor and altuvlal groundwctor dorlvod from uppor Sandlo Canyon to the wost. 
Historic Information suggests that dlschargo of troatod sowago offluont from TA.3 In upper Sandla 
Canyon contninod tritium (Rogort 1998,591 69). Curront roloasos of traatod off luent contnln dotcctnble 
conconfrations of ammonium, nitrate, and organic nltrogon (Envlronmontal Protoctlon Group unpubllshod 
data). Surfoco wator samplot colloctod oasr of the TA-3 outfall show that thls troalod offluont 1s 
charactorltod by il sodium=b~carbon~to=chlorido ionic composltlon with an alkallno pH (Envlronmontal 
Survolllance and Complianco Programs 1997,56684). Howovor, tho mn)or ion chomistry of troatad 
off luont from TA-3 (soc'lum~blcarbonato-chlorlde) dlflon from thirt of tho porchod zone (colclum-sodium= 
bicarbonnto) at R-12, basod on rocont antltyllcol data (Envlronmontal Survolllance and Compliance 
Programs 199fI56C84). Thus, tho roliltlonshlp botwoon TA.3 off luont and porchad wcltor at R.12, it my,  
Is poorly undorstood. 

Anothor potontinl sourco of graundwator contrlburlng to tho chomlcal composltlon of parchod groundwater 
obaorvod a! R-12 may bo Monandad Canyon. Alluvial groundwator In Monilndad Canyon contains 
activltios of tritlum, flsslon products, and actlnldos and concontratlons of nltrato, sodlum, aiclum, 
bicarbonate, nnd other major ions abovo background voluos (LANL 1997,56835). If psrchod groundwator 
orlglnatlng In Manandad Canyon flows oastward toward Sandla Canyon, it is posslbla that this 
groundwator mlxos with perchod groundwator banoath Sandlo Canyon. This mlXQd groundwater could 
influonca tho water chemistry obsorvod at R.12. 

Tho porchcd groundwatar in tho Corros dcl Rlo basalt and old alluvium oncountorod in R-12 aro 
chamlcally similar to thoso found In D slmllnr goologlc sottlng in woil PO14 locatod opproxlmoteiy 1.2 km 
to the nonh In lowor Puoblo Canyon (Figuro 5.2-1). This suggosts that the occurronco of porchod 
groundwator in basalts found in Puoblo Canyon and Sandlu Canyon may haw boon affoctod by similar 
contomlnont sourco chomlstrios of rochargu water (troalod sowaga offluont from tha TA-3 In Sandla 
Canyon and tho sowago troatmont plants In Puoblo Canyon). Howovor, thoso two canyons aro probably 
not hydraullcaily connoctod botwoon PO14 and R-12. Porchud Intormodlate groundwator benoath Pueblo 
Canyon probably flows to tho oast-southttn~t and paElally dlschargos at Bosa,t Spring, wheraas porchod 

R- 12 Choraclorkatlon Well 27 Soptomber 1998 



Interim Compktion Report . .  

8 . .  

. ,  

groundwator boneath Sandla Canyon probably flows to tho &&=southeast, posslbly.dlschnrglng ut 
Sondln Sprlng wost of the Rlo Gnnde. 

5.2.22 

Tho roglonal snturatod zona at R-12 occurs In Santa'Fo Group basalt at a depth of805 ft and is 
charactorlrod by a calclum=sodlum=bl~~onate ionic compodtlon wlth P TDS content of 386 ppm (Flgum 
5.2.2; Tablo 52.2). Tho major cotlon and anlon chomlstry of,this wator Is slmllur twthat of roglonal aquller 
water In R-9 and In supply wolls PM-1 and PM.3 (Rgure 5.2.2jl~Also the major cotbn and anlon chomlstry 
of tho roglonal oqullor in R-12 Is similar to that of the upporand lowor portlons of the perched zone (443 
and 495 ft), but lower concantratlons of calcium, chlodde, andisulfoto ate prosent in tho roglonal aqullor, 
Concentratlons of chlorido and sullnto at tho top of the rogionsl aqulfor In R-12 ore;lO.l ppm and 10.1 
ppm, rospoctlvoty, Concontmtions of those two solutes am slightly greator than thow found In PM-1 
(chloride R 6,6 mg/L, sulfoto P 6.1 mgL) and PM-3 (chloridtk7 mgcL, sulfato = 6.3 mg/L) (Envlronmenbl 
Survolllanco and Compliance Programs 199?, 56684).' Concentratlons o! nltnta (& nitrogen) loss than 1 
ppm or mO/L are simllar In R-12, PM-1, and PM-3.'. ' *  ' 

522.3 Radlonuclldo Olstrlbutlons In Groundwater .. .I . 

Actlvltlos of total and dlssolved radlonuclldos (amor~clum=28l~'ccslum.l37; plutonium-238; p1u:onlum- 
239,240; strontlum-90: and trltlum): gross alpha: grojs bota;'and gross gamma In groundwater samptos 
collocted at R-12 aro summorkod In Tablos 5,2-3 and 5.24, ~spectlvoly..AdIvlt~es of gross alpha, gross 
bota, and gross gamma or0 grooter than 1 pCVL for both fll!dred and nonflltomd mmplos. Actlvltlos of 
most radlonuclidos (oxcludlng plutonlurn-239,240; trltlum; ond umnlum) am loss thhn dotecttlbla lovols In 
both snturatod zonos. 

The actlvitles of trltlum for tho groundwator samples collcctod.& depths of 443,464,'ond 495 tt In R-72 
are 2S.72 16.6 (two standard devlatlons), 208.1 37.0, ond,249.3 2 8.3 p C L  mpectlvoly Fable 5.24). 
The tritlum activity for tho regional oqulfor fit R-12 is 46.9 2 ll.6 pCVL Groundwater in both saturated 
tonus contalns o componont of surface wntor andor.hlluvlal:wtor that Is less than 50 yoars old (Blako ot 
al. 7995,49931; Adoma at al. 1995,4392) basod 06 them elovatod tritium octlvltiea 

Tho combined lsotopos plutonium-239,240 are detectsd (0.648 t 0,028 pCVg, MDA rn 0,024 pCVg) in o. 
mixture of water and sodlment sopomtod from the sample wlth h hlgh suspended &lids content collecfod 
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Flgure 5.2-2. Comparison of maJor Ion and nuwent chembtry of Sanla Fe Group groundwater in R-12 with reglonal aquiftr groundwater 
in marby supply wells PM-1 and PM-3. Values In parentheses am sample depths In feet 
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Depth (fly Id43 464 

Geaioglc Unlt ] CA basan" CR boonlt 

IX!Ks.a 
RADIONUCLIDE ACTIVITIES IN SAMPLES OF FILTEREO GR0lr"NDWATER 

FROM BOREHOLE R-12&" 

495 I805 
CR basatl 1 SFG bnscllr 

Cesium137 =OS1 6 2 2.14 0,l 220 I 0.2 L 20 I 0-42 2.7 
Plulonlum238 4,007 2 0,030 0,010 t 0,030 1 0,001 3 0,011 1 0,0008 f 0,0196 
MDAQ 0.078 Q.075 10.059 10.054 

I 

..._. . 

Plutonlum239,240 
M DA 

- - .-. .- - 
0.011 2 0.026 0.016 f 0.030 -0.0004 2 0.0086 0.082 i 0.01 (f 
0.059 0,058 0.032 0,028 

Amsflcium~241 I 4.52 i 0.82 

I 

1 0.052 x 0.032 1 0.734 f: 0,058 1 0,039 2 0.032 I 0.143 f 0.058 

0,032 f 0,034 0.000 f 0,022 0,034 t 0.036 

b. Error of 2 elnndard dovlallons Is ropofled. 

e. tones a3 tt, 464 tt, 405 R, and 005 tt war0 samplod on W13/88,04QRZKDB, oS13Om8, and 06/OW1B, fOSpocttvOJy. 

d, CR basell Cerros 801 Rlo bnmlt 
e. SFG basalt a Sanh Fo Group bnsall 
1, Trllurn a~Ne4 by Unlverslty of MIaml; otnor radlonuctldes onu paramoten analyzed by Parapon Analytks, Inc. 
g, MOA I mlnlmum dolmablo attlvlty (PCM) 
h, LlKPA I laeor-lnduced klnoUc phosphorlmolrlc nnalyfls 
1. MDC I mlnlmal 8oloetablo concontrallon (J.I@) 

MDA 0.053 
UranlumCl4 1.53 k 0.24 

Undor oxlcllrlng conditions, uranium Is predlctod to occur as UO,(CO,):' and U02(C03),* wlthln the upper 
and lowor portlon of the porchod tone bosod on modo1 slmulotlons uslng the computer code MINTEQA2 
(Allfson ot nl, 1991,49930). Thoso uranyl carbonate comploxos do not complotoly adsorb onto forric 
oxyhydroxido sudocos nt pH valuos groator than 7.5 In tho prosanco of carbon dloxlde gas nt 10' 
atmosphoro (Langmuir 1997,56037). This dosorption procoss probably accounts for elevated 
concontratlons of uranium In the porchod zone. 

1 
0,000 0.050 0.062 
2,93 T 0.42 2.1 7 2 0.34 2.08 f 0,32 

Total (dlssolvcd and susponded) uranium cancontrotlons In the uppor, mlddlo, and lower ponlons of the 
perchod zono are 2.56,7.5, and 10.2 pg/L, rospdctlvoly, Turbldlty valuos for the middle and lowor portion 

MDA 0.048 10,053 0.055 

31 September 1998 
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Re0 (579 ft) 2 4  0.07 2 ' 3,O c2) 4 rogbt'ial 
7.8 (2) I offluent 

Troatmont Plant in Puoblo Canyon 
W.lk  4 0 2  029 , 24.6 (2) I * 1 porchod 

Bo30lt Sprlng 4.5 7 a '  o m '  34d(2) 1 '  porchod 

TA.50 67.3 4.73 zt(a " 0 Mu 0 nt 
TA-3 1.5 0,1r 324 0 otfluont 
"0, SldP 5,7 4 0 2  1 .o (4) , acid 

Stroam bdow Boy0 Sowogo 
* I  

lW.1 I 5.3 - 0,w: ~ 1 17.22) .w', regbnal 

LA Sprlng 2 0  I 1 8.02 2 8  (2) porchod 

7 

" I .  ' 
. ,, 

' .  ~ 

. .  . .  . .  
' . *  , I  

of tho porched zono excabdad the maximum raadabla value for the instrument, suggesting that high 
partleulato contonts account for D slgnlflmnt portion of the;uranlurn In tfio,nonlliiored samples. 

5 2 2 4  Nltrogcn Isotopes In Groundwater . . . .  '' 

Tho main sourcos of nltmto found In groundwater dnb & f i e  wator at the Laborstory Include (1) natural 
organic nitrogen In soils, (2) dlssolvod nltrlc acid dl&arges;.(3) fortlllzors, ond (4) trooted saptidcttluent 
dischurgos. Of those posslblo sourcos, oquoous dlsharges:of both dlssodatod nltric odd and troated 
sup:ldoff luont probably axcood naturally. and fenllbor-darhrad nltmto. 

Water somplos wero colladod from R-12 and fmm'sevonfothor walls, springs, and trotitad oudalls within 
Los Alamos Canyon, Puoblo Conyon, and Snndla Canyonhd at TA.50 and wore:annlyzed for 
ammonium, nltrate, and nltrogon-l5/nltrogon-la. Anatytlcal 'msults of nitregon spbcios and lsotopos are 
prasented In Toblo 52-5, 
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b. Nltrogen lsotoplc analyaoa pnriormod by Coaalnl Sclsnce ~hbornlorlos~ Inc, Austln, Texas, thm number of laaloplc 
, .  ' I  .., . .  anotyws for oach sample am glvon In parsnttwsea, ., : , ~ I . .  
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Tho lsotoplc standard for nltrogon-1 S//nitrogon-l4'ls!~ltrogen In air, which has a'nkrogen-13nltrogon-14 
valuo of zuro (Clark and Fritz 1997,59768). Nltnte,detfvad'fkrn trooiod soptic affluent Is onrfchod In 
nltrogen.15 and doplotod in nitrogon=la and Is chamctertzed :by posltlvo nlhagcr;-l5/nltrogon.14 mtlos (7 
to S O  por mil: Clark and Fritz 1997,59168). Durlng:donltriflcation, . .  which is the reduction of nitmto to 
nitrogen gas in tho prownco of organic arbon, resldual nknrte bucomes onrlched In nitrogen-15, 
Subsequently, nltro0on=lti/nltrogon-l4 ratios become Increasingly mom posltivo'wlth incrossing 
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Groundwator snmplos colloctod from R-12 (at 443,464,495, and 805 ft), Bosolt Spring, tho TA-3 outfall, 
TW-lA, and TW.1 have nltrogon-l5/nitrogen=l4 valuos ranglng from 11,3 to 34.2 per mil (Table 5.245). 
Posslbla sourcas o! nitrate in thcso watow, basod on tholr nltrogon isotopic anolysos, 1s saptidotfluent 
derlvod from sowage trQotmont plants. Thls Is consistont wlth known Sourcos of trootod offlucnt discharge 
from tho sawago trontmont plant(s) In Pueblo Canyon and the TA-3 dlschargo In upper Sandlo Canyon. 

Nltrlc acid Is producad by roacthg ammonlo gas wlth oxygen gas, Ammonia is oxidized to nltrata through 
a sorlos of reactions Involving nitrous oxide, nltric oxldo, and nitric dioxlde, whlch ovontunlly produces 
nitric acid. Ammonia is lnltlally producod by roacting nltrogon gas, having a nitrogen-1 Slnltrogen-14 ratlo 
of tor0 por mll, wlth hydrogon gas. Consoquontly, tho nItrogen~l5/nitrog~n-14 voluo for nitric odd is close 
to tor0 or Is sllOhtly onrichod wlth nltrogon-15. A nitrlc ocld standard proparod by EES.1 personnol has an 
avorago nitrogen-15/flitrogen-14 vnluo of 7.0 por mll (Tablo 5.2.5), The troatod offluont somplod at TA-50 
contalns olovatod nitrato concontrotlons ond low nltrogon-1 5/nltrogon-l4 (Table 52=5) dominantly dorlvod 
from nitric acid associotod wllh tho TA-55 wasto stroam, 

Organic nltrogon dorlvod from 5011s Is onrlchod in nitrogen-1 5 and doplctod In nltrogon=14. Accordingly, 
solls containing organic n1:rogon aro charxtorlzed by posltlvo nitrogon4 5lnltrogon-14 ratios that lypicalty 
range from 3 to 7 per mil (Clark and Fritz 1997,59168). Samplos colloctod from R.9 (at 5’19 tt), R-12 ( at 
805 ft) and L4 Spring hnvo nitrogon-lS/nltrogon-l4 ratios conslstont wlth those of nitric ocid and perhnps 
sol! organic nltrogen (Table 5.2-5). 

Ammonlum was dotoctod In R-12 groundwator at a depth of 464 tt. Ammonium Is tho thormodynnmlcolly 
stablo form of nltrogon undor roduclng condltlons. The nltrogon-15/nltrogon-14 ratio for ammonium In this 
groundwater snmplo is 1.3 por mil, whlch lmplics o dlfforont sourco (ablologlcal) of ammonium thon that 
found In the samplos at dopths 01443 and 495 tl. Tho ommonlum may be naturally dorlvod from clay 
minorals through cntlon oxchango or possibly from an lndustrlal sourco such as laboratory cloflnors 
contalnjng ammonlum, More work Is foqulrod to undorstand tho sourco(s) of ammonium at the dopth of 
464 tt In R-12. 

5.2.25 Summary of Groundwater Chcmlstry 

Solute chf3mlCal data show tho prosonce of possiblo elevatod concontrotions of some anions (chloride, 
nitrate, and sulfate) within tho four groundwntot somplos colloctcd during tho drilllng of R-12. Those 
soluto~ aro probably dorlvod from alfuvlol groundwator In uppor Sandla Canyon. Nltrnto ccncentrntlons 
observod In R-12 grounawator nt dopths of 443 ond 495 ft nro nbove background vnlues, which are 
fypically loss than 0.5 ppm nltrato as nltrogon, in addltlon, nltrogon Isotoplc data for thoso two samptos Is 
consistont wlth dorivatlon of nitrato from a sowogo sourco, possibly tho TA-3 outfall. 

Moaiurablo octlvltios of trltlum withln the two saturated tonos at R.12 suggest that a componlrnt of 
groundwatur In thoso zonos Is less than 50 yomi old, which Is darivod from atmosphorlc fallout (Adams et 
at. 1995,47192) andlor from Laboratory dlschargoo (Blnko ot R I ,  1995,49931). Actlvltles of codurn-137; 
strontlum.90; plutonlum-238; plutonlumD239,240; and amorlcium-241 nre ganorclly loss than dotoctlon In 
groundwator samplos coltoctod from R-12. 

Dissolvod uranium concontraticns of 4.08 p3/L have boon moosurod wlthln tho basalt of tho Santa Fe 
Group of R-12. Thls value Is possibly a statlstlcal outllor with respoct to uranlum concontmtlons for 65 
groundwater and spring samplos (moan valuo a! 7.86 pgk) collocted on the Pojnrlto Plntaau and 
surrounding arms. 
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5.3 Molsturo Contont of Care and Cuttlngs . I .  . 8 .  ' 4 '  

. .  . . . a  

. I  . I  . .  . .  
53.1 Mothods 

Molsturo contont was dotormlned on sclmplos of both core,and cuttlngs. Cor0 was colloctod from only 
10,896 of the borohole, including 011 tho saturated in!ervals.s7haroforo, collecting R vofllcal profile of 
molsturo contont for the ontlre borohole roqulros thatanuty&for moisturo contmt be parformed on drill 
cunings. The drill cuttings wow collcctod !rom D port that'waa lnstallod In the cuttings return lino at a 
location boforo tho cuttings onterod the cyclone.',Thli was done to provunt tho molsturo loss that occurs 
whon cuttings aro in the cyclone, Atfor core or cuttlngs ware kreonod for mdloacthrlty, somplos worn 
lmmodlotoly placod In prowolghod and prohbolod jars wlth tlghtly finlng Ilds. Tho molsturo contont was 
dotormlned gravlmatrically by drying tho samplos h o n  oven,ln occordanco with the Amarlcan Socioty for 
Tastlng and Matorials (ASTM) mothod 02276-90. Samples collectod !or molsturo contont am listod wlth 
tho unalytiml results In Appondlx C. * I  

. a  

' I  .. . 

. .  5.3.2 Result8 
. .  . I  . .  

Moisture contonts systumatlcally lncroclso downsection from 2to 6% withln allwlum'and Corn Tolodo 
doposlts to 12 to 20% near the bas0 of the ash4ow tufts In tho Otowl Momkr  (Figuro 5.3-1). Moisturo 
contonts range from 72 to 28% within the Cuaje Pumlcc Bed'and unrlarlylng soll. A slmilar paeam of 
downward lncronslng molsturo was roportod for cors'snmples collactod from tho Otowl Momber and 
Gunjo Pumlco Bed In LADPO, opproxlmotoly 4 km west-northwest of R-12 (Broxton at 01.1995,50119). 
Molsturo contonts for tho Otowl Mornbor In MOPS range from .10 to 35% and am ganorally hlghor than 
thoso for R-12, posslbly rofloctlng the wotter conditiona beneath Loa Alamos Canyon, 

Moisture contants or0 gonorally low, typlenlly 1 to 3%,.wlthln'bkltlc rocks of tho Corns dol Rlo volcanic 
flold. Molstura splkos at depths 01 262 and 343 ft camlato with cloy-rich, voslcularronos ossoclntod with 
basalt flow unit boundarlos (Appondlx 8; Figuro 5.3-1). H1gh:molstum contents (39'to 59%) ware 
ossociatod wkh tho poloosoi soparatlng tho uppar alkallc flo& from tho lowar atkalk flow. 

, Moisturo contonts lncroaso downsoctlon through tho Puyo Fo&atlon. Moisture curitants for cuttlngs from 
tho vltric, uppor portlon of tho Puyo Formation OM typlcalty 3 to 6%. Molsturo contents for cuttings from 
tho argllllc, lowor part of the Puyo Formation range from 0 to 13%, but corns from nenr tho base of tho 
lormatton yloldod morkodly hlghar moasurornonto,:ranglng from 20 to 42% Thoso'patlomo am simllar to 
R-9 crnd mlght rofloct incroasod nltaratlon of tho P u p  Formation downsoctlon. 

8.4 Matrlc Potcntlal 

5.4.1 Methods 

Matrlc potontlal was munsurcd using il chllladmirror.wutor oetlvity m a w  ns doscrlbed by Goo et nl, 
(1992,587l7). Snmplos woro soalod In rosoelablo'plnstic bcgs:ond wmppod in pckking Bpo Immedlatoty 
atfer tho cor0 or cuttings woro scroonod for radlooetivlty. Stomge tlme mngod betwaen 2 and 49 days, 
Spllts o! sampfos war0 transforrod to plastic vlals.wlth~rlghtly~i~nlng Ilds. Tho sample vhls worn loadod into 
the water actlvlty motor within 10 minutes, and moasuromonk woro mado In triplicate. Cam wos c~shod 
into mm=slzod fmgmonts, and sample splits woro placed In the plastic vials as pulckty os passibla attor 
brooking the soal on tho plastic bags. Ropoat mcasuremenk demonstratod that samples producod tho 
same rosults ovon If tho mOPSuroments wore made more than two hours after filling thQ vials and 
securing the lids, Ail irnnlytlcal runs wom brackotod by monsuhmonts of standards. which demonstrate a 
two.slgmo roproduclblllty boner than 0.003 actlvlty unh. Samples colloctd for mnHc potontlol nnalysos 
are tistod In Appondlx C, 
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Figure 53-1. Moisture content of core and cuttings In R-12. 
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Matrlc potontiol rosults am currontly boing ovaluatd,and arwnot includod In this:repoh Data quollty Issues 
.for this data set oro being ovalunted, and matrlc potentlal'msults will be summartzed in P future repon 
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A total of 25 core and cuttings ssrmplcs wore collectad . . .  and preserved for pdtontlel hydrnuilc proporfy 
tostlng and are stored at the FSE Sarnplos aro.cumntly being solected for testlnp' based on-datn neods 
Idontifled for numorlcal flow and tmnspor: rnodeiing;'Potentbt hydraulic property testlng may Include, but 
Is nor llrnltod to, pomslty, panlcle donslty, bulk denslty,,sntu&d hydraullc'cond&lvlty, and 
datorminatlon of wotor rotontlon CUWOS. A listing ofmpl&:colloctod nnd preservdd for future tostlng is 
given In Appendix C. 

5.5.1 Method8 

Samples for hydrnullc proportlos woro collocted as'sdon as'pdssible otter core oxtractlon and wero 
protected from moisture loss by the following molhddi 
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0 Samplas for hydroullc ptoporty tostlng wer&%llacted In 6-ln.diamo!er L plasttc'or statniess 
. .  .I , I  .. I 

stool llnors loaded Into the core tube. ' ,:: :: I *. - 1 :  I .  

If n core collected wlthout a llner w t hydrnuilc :estlng, it was quickly lnsoned 
,:'. ' 
,., , 

I .  .I '. * 
into a liner, Intact it possible. 

capped with tlght=fIttlng ptastlc cnps a Ion nonstickseatsd ... tape. 
0 The ends of tho Loxan plastlc or stalnlc ontalnlng core to &reserved wero 

.:.. ,. 

' * Tho coppod onds of the llnor wow w eking tape. . ::, , .? : 
.I. , .  

. .  

Tho footnge lntorvai of the geotochn s tho tlme and date of mmplo colloctlon 
I '  ,. 

. :. .,.>* , .  
, .  

woro racordod on tho llner wlth lndellble ' i.;:,, , .. 
!i:< ,/.'-I '"! , .,,.'. 

0 The capped and laboled llner was insodeb Into a Co&pratoe alumhired leavos labeled with the 
same sampling Informotton. , . .  ..I 

The onds of the Coroprotec sloeve we &er with M alectric heat soalercroatlnp an 
.,. . ,..I,:." >,. .!: air-tight seal. ((.,.. ' 

The protactad corm woro documonlod as samples.io{ hydrologic iestfng,storod to prevent 
froozlng, nnd trnnsponad to tha FSF as,soon.as posslble after they:were collected 
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Custody of the samples was transferred' from-the &ons Focus Area fieldsupport tern  to the 
FSF using a PGbasod Access dotobase and.o!ectr&k chajnsfcustodyiarrn. 
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A listing of samples colloc?od and prosarvvod for hydgullc propartias testing Is gh&,In Appendlx C. ' 
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5.59 Re3Ult8 

Somplos pro currently boing ovaluatod for tostlng bythe &yons Focus A& tedhnlcal toamthe 
Groundwater Integration Toam, and rnornbers of tha:gmundwator modollng tcam.Samples will be 
submlttod for testing by Novornber 1998, , I . !  ' ' . cl;', 
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5.G Borcholo Goophyslcs 

5.6.1 Mothods 

The borohole goophyslcal mothodt that wore usod for moasuromonto durlng the drilling of borehole R-12 
include n color video camom, natural gamma rodlation (NGR) moasuramonts, and callpor measurements. 
All monsuromonts wero mndo Inside the drill caslng. 

The NGR moasuromonts provido a boroholo rocord of tho total gamma radiation. Tho most significant 
naturally-occurring gamma=omlttlng rildlolsotopes are potasslum-40 and dnughter products of the 
uranlurn and thorium docoy scrlos, NCR mcrasuromonts in boroholos aro usod for stratigrophlc eorrolntlon 
and for Idsnt1fic;rtion of rocks and sodlments that have P hloh obundanco of clay. Unnlum and thorlum 
are concentratod In clay by the procoss of adsorption and Ion oxchange. 

Callper moasuromonts are a rocord ot tho diamotor of tho borohole. Tho callpor rocord ldontlfles fohturos 
such os tracturos, joints, collapse fonos, and rubbly ronos. The callper rocord Is Important to the 
lntorprctatlon of other boroholo monsuromonts. In R.12, crtllpor moasuromonts wore made within the 
casing string to dotoct buildup of clap on tho lnsldo walls of tho casing, 

5.63 Results 

A color vldoo camera was usod to asslst in tho rocovory of D lorgo stool bushing, which was accldentally 
dropped Into tho boroholo to a dapth of 182 tt, Tho cnmora was doployod to vlow tho IOcatlon and 
allgnmont of the stool bushing that guldod tho doslgn of n tool to rotrlovo tho bushing from the borehole. 
Tho camom was ulso doployod Into the borohold wlth the tool to guldo tho rotrlovol of the stool bushlng. 

Moasuromonts with tho NGR probo In R-12 woro tokon Wico durlng tho drllllng of tho borohole. Tho flmt 
NGR moasuromonts (Flguro 5.6-1) woro porformod from tho surface to a dopth of 405 ft lnsldb the 14.h.- 
diamoter drlll cnslng, The socond NGR measuromonts (Flguro 5.6.2) wore lokon from the surfaco to a 
dopth of 640 tt Inslde tho 10.75h-dlamotor drill casing. Tho 10.75-ln,=dlamotor drlll cnslng was 
tolascopod lnsldo tho 14=ln.-dIomotor drill cilsfng with tho 144n.-dlnrnotor drill casing proscnt to a dopth of 
449 tt In the borohole. 

Comparison of tho two flguros shows a roduction In moaaured natural gnmma radlntlon, which occurs 
bocauso of tho drlll casings. In flguro 5.6-1 thQ NGR rosponso for tho Otowl Momber mQP5UrUd through 
tho 14=ln.-dlarnotor drill caslng Is approxlmatoly 90 counts per second (cps). Figure 5.6.2 shows that the 
NGR rosponso for tho Otowl Mombor moasurod through both the lrl-in,-dlamotor and the 10,75-in6- 
dlamotor drill cnslngs Is approxlmatoly 40 cps. Tho NGR maasuramonta In Flguro 5.6-1 for R-12 show 
that tho hlghost counts of natural radlatlon occur In tho Guojo Pumlco Bed, 

Tho Corros dol Ria basalt In R.12 has o slgnlllcantly lowor natural gamma radiation than tho Otowl 
hlomber. For NGR moasuromonts In the lCIn,-dlarnoter drlll caslng, tho natural gamma mdlotlon levo1 in 
the basalt alons tho dopth interval of 136 to 280 fi was uniform wlth a value of 15 cps. The levo1 of natural 
gamma radlntlon romalns low and unlfon through tho total thlcknoss of tho basalt. Below tho basalt, the 
NGR count rate gradually incroosos from 15 cps In tho old alluvlum (at a dopth of 492 tt) to vrrluoa of 75 
cps at depths of 600 to 670 ft In the Puyo Formatlsn. 
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Figure 5.6.1. Borehole natural gamma maasursmonts th&gh 14-ln..hlamet&:dee1 ' I  caring In R-72 
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Caliper moosuremants In R-12 (Flgura 5,6-3) wore made &de the 10.75-kdlamdter drill caslng to 
lnspoct lor the prosonce of cloyrich cuttlngs on the inside wal140f the drill mlng, The prosonco of cloy. 
rlch cuttlngs could muse anomnlous measuromanis of'na1ural;grrmma radhtlQn, The 1 0,75=In,4lsmoter 
drill casing was tho passage for ddll cuttlngs from opeition of&e rods lnsldo rhe~~O.75-in.dlametor drill 
aslng, The collpor roeord shows thnt tho accurnulatbn of drill:cu'uttingti lnslda tho 10.7S-In..dlamotor drill 
cnsing occurrod only at n dopth grantor than 645 R. The ,off &of ciay.rlch'ma!oriJ&thot cbllodod on the 
insido of tho drill casing on tho NGR moasuromantsiwas Ilrnl~kl to tho dopth.intatvd,of 645 to 660 tt. 
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6.0 WASTE MANAGEMENT 

Monngomant of wnsto stroams gonorotod durlng fl-12 driltlng,!&mpllng, a i d  woli:iristatlation octlvitlos 
was conductod In accordonca wlth tho sito-spaciflc Waste Chamcturlzntlon.StmtegyFon (WCSF). 
Wostos conslstod of boroholo matodds (drlll c tor, dlsposabio sampling oqulpment 
porsonnl protoctive aqulpment (PPE), plastic s rids, and docontahnntlon water. 

m the d u s k m m l o n  system 

. ' 1 .  
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". 4 .  
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Drlil cuttings wore colluctod in 55-gul. d 
dlschnrge, and tmnsforrod to 2O=cubi~yn~~r~l i-off  b h s  for containmont; tvro4'0ll4ff bins worn 
roquirod. Tho dlsposal of tho bins Is pe 

Groundwator genomtod as n rdsult of 
oporntlons boforo grounrhvator sampling ~vvas:'colloctrjd and tmnsferrod d i d t y  to S000gal. 
storage tanks. %tor from dltforont sslturated.zones:was sagrogateb lnto&pnmte tunks;. 3025 
gal. of groundwater was gonomled. Ail grobndwator was dlschnrged dn she through a sprlnkler 
systtom at a rate of 500 gal. por day In acdardanco with tho WCSF and R Notice of Intent to 
Olschargo (NOI), which was approvad bythe .New Mexlco Environmont &penment, 

a1 detehdnatlon. ' T ,t3: 

.,. , .. ' 

' r  ,. I? ,I, ' 

ugh kturntod zonbs and.from purglno 

' !'.$ : .* \ ' .  ,. * : ~ , ' . , . ' . , j ;  
; .:. . . L.., . . 

Dlsposable sampling oqulpmont and PPE were placed in drum liners,. sealob, and storod on sko 
In accordance with the WCSF, A totaiaffcur'bogs +re genornted, A wasto proflle form was 
propnred and approvod lor disposnl of the begs at ths:los Alamos County:landflll. .! * 

Plnstic sheothg and sorbent pads placid beneeth.thsidtill rig and hoavy'e&lpmon: to contoln 
looking hydraulic fluld, lubricants, 
monngod ond dlsposod of os Now 

..;.I . . ,  # . , : , - i .  
+ . , , I ? ! ;  , ,. , , ~. 

. . , , \ I  . .  
* 

tnlnod In four 55=gal, drums and were 

omtad andrjrocebsed in nccordonco with 

. .  
. ,  

In addltlon, tho foliowlng unantlclpcltod wilst 
gonoral wmte managomont guldance. 

0 Docontaminatlon wator gonomtod fro 

*A  
I: .' I"  

. , I  , .  ., . . 
augor fllghts, whkh were sprayed by 

hydraulic fluld when a hydrnullc llno 
chnnctarlratlon, and storod on silo pending analytl&l results. A totat,of two Crums were 

One drum of grout mixor rlnoato was gone&& from rlnslng bentonlto reeldue out of !he grout 
mlxer. The rinsate is pending flnal disposition." ,:~.'~:'~- 

in drumti sampled for constituont 

ganomted and mnnogod as nonrogulatd waste. '": :!( . .  
' I ! ,  . &:;: , ,.+ , . I  ' 

I,, , 

, dlsposed of ns New Mexlco speclol waste.';,:"" , .  , :':.:: 
. !. .I:.'. , . .  , . I .  
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Flgura 5.6-3. Caliper mcasuremonts through steel casing In R-12 for the dopth 
interval of 0 to 670 tL 
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7.0 SURVEY ACTIVITIES 

7.1 Geodetlc Survey 

The location of R-12 w6s survoyod on August 2 
of the protective box lnstnlled on the woll hoad; 8nsed.m :hltsurvoy, the coordlnatea for R-12 are X I 
164742733, Y rn t 767907.05, and 2 = 6500.78. The X,  Y , ' d Z  doslgnatlons reprbsont oastlng, northing, 
and olovatlon, rospoc:lvsiy, The olovation ( r )  represents !heground sudace.ot:SCClb and a n  be 
assumed to be accumte for R-12 to wlthln H low t&t'rsof afoot, bitsod on the projt)mlty of the woll and 
the flat topography of the aroa. Tho Faclllfy fcr lnforrkion Mkagemont, Anotysls,;and Olsplny (FIMAD) 
Locotlon ID for R-12 Is SA-0006, The location of SCOl-3 wasshoyod on May 1311996, by Suw-Tek, 
Inc. ma coordlnutos racordod for SCO1-3 are XI* lW?442.l+'Y I 176790299f$nd Z - 6500.f80. 
Location cootdlnstss are basod on New Moxlco State:Phne'Gdd Coordlnatos, Centrd Zone (North 
Amarican Dodum [NAD] 83) and aro oxprossod In fe&Elov&n is rocorded'in feetabow maan sori 
level (ft MSL). Horlzontal and vortlcnl data are basod'on the'hbontory global posltlonlng system (GPS) 
monumant BOOOl, whlch ha5 Now Moxko State, Plank Grid'Coordlnatos,.Centml Zone (NAD 83) X R 

1645399.1 17, Y m 1773039,6?6,3nd 2 = GM1.68,,as:'provldod'by the Laborntory central point (comblned 
scafo factor [CSF] .L 0.999580833). Attar tho permanent wolt,l8:~rnplotod, the oxxa'locotion of R-72 and 
the clovotlon of the north sjdo topsfasing and 
pormnnont record. 

7.2 Surface Radlologlcal Survey 

A surfaco radlologlcol sunroy was conducted by a: ~ d ~ ~ l a g l ~ ' c o n t r 1  tochnldan'bdjow drllllng actlvltles 
bogan ot SCOI.3, whlch was lnltlally lnstallod boforo '%lZ fh'e.proddlllng t11dlt1tlOn!6UWOy wos'conducted 
on May 6, 1996, and consistod of collbctlng alpha, b&;ohd:.gkmma background mecaummants ond 
conducting stntlstlcnl analysls to calculatd actlon levels:. Established action lavola t d u s o d  as P basis to 
dotormlne If boroholo materlals scroonod dutlng dhllhg oxhlbkmdloactlvlty above Surhce bockground 

: values, Tho survoy conslstod of 15 points on 0 Qrid'piojected:'&rtho w o r k ~ o a  &ch point was 
survoyad uslng dlmct roadlng alpha, ba:dgammk.a6d d0oo:'iatk metars. Alpha was measured using o 
Ludlum Model 739 wlth air proportional probe: botdgmmma wka'moasured using i iudlum Model 12 wlth 
44-9 probe; dove m:e wns rnoosured uslng a tudlum Modol:19 LWhr meter. Calcuktod bockground 
values iorthe drill slto are 0.4 cpm for alpha, 7 5 4  cpn'lforbetdgarnma, nnd 14.0 pR/hr .. . for doso mte, 

8 . ,  e . .  
3 - 0 .  

-Tok, Ine. The survey point Is tho conter 

mont will be resurvayod I .  lor tho 
1 ,  

' . . . ,  

.p. ', 

.,.I 

. .  
, . , I .  

, :1 '. 
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8.0 WELL DESIGN, CONStRUCTlON, AND DEVELOP I .. t ' , ; . - $ , . I '  : > : 
. .  . I  ,. , , . ' 9  :!, 

The pormanont woll doslgn, constructton, and dovolopmont will, be Included in the f l k l  roport for R.12 
Tho tampomry well complotlon for R-12 Is shown4n flgure ,&?.'The I. , tomporary well kt R-12 was 

,:; : ,L * .I' .. ., . . , 
.:' ;I 

,. .. 
,. I :- '. . constructod In the followlng manner. , , f :. 

: *  i,',, . 
. . , * .  . ?  

D Approximntoly 100 gal. of water was alrcllttsd!out of'kd :borehole and cuslnb , in proparntlon lor 
wall Installatlon. 

The polyvlnyl chlorldo (PVC) woll casing 
assombled In 204 soctions; cil'jolnts were memurod and lnspocted 

I ;, .'\(,.: 

A 1-In. tremle line wus trlppod Into the cnslng;to800 k t ~  emplaco bentonlte'and filtoppack 
materlals. The batlam of tho boraholo was beddllled wit? sand, and a bentonlta ,- . bottom sou1 was 
emploced abavo the fill. 

,\,' ~ 

I 

.I.,. , 
I . 'I' . , I  

9 A, '? ,  , . .. , .  

m 

4 .  .<', , 'I 
I * '  ; 

' I  
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14 In,- 

NOT TO SCALE 

Figure 8-1. Conflguratton of the temporary well for R-12 
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A 4-in, lnsido dlamotor, schodulo 40, PVQ:monlto&-woIl casing was ttlppod .L. , in and londod at G 
.,, . I .  

" . 9 , ' ,;I!.,;! I, , 
l. ' 

' & I ;  b, I 

s ' 1 .  . . .  
depth of 829 ft. , .. 

.( rli . . . .  ; . , *. , . 1 ' .  , 

0 Tho woll was constructod as the 8=5@fn..dlemeter 2 .  dhll I cotlng was ratraaed, 

that extends from dopths of 800 to 820 !I, and . . . . . .  a filterpack consisting of 30-70 grnde sand. 

Tho constructed well was dovoloped by . . . . .  bdllng 450igal. of wator from the-scroanod . . .  Intorvol. 

A prossuro trnnsducor was installed to:mothtorwaterbble fluctrratlons &use of atmosphoric 

. . . . . .  
, I  .,>;, :.I- . ,/. ', ' 

. .  
, I  

" , . 

* 

0 

, .  I .' . , , , ! , , , . .  ' i . l ) l '  
1 

x * '  
. , ,  i ,  ( s ,  

a k s ,  stlasonot offocts, earth tldes, ah pumplngo(noarby . .  water supply woll PM-1. 
. . .  . .  ,r, ' \ , ,  I. ,. . 
c . .  . 1.'. , . .  

8'. 
' .  :.,,',, ' , . I ,  

9.0 MODIFICATIONS TO WORK PLANS '1 . 

Table 9-1 camparas tho planned charncterlrutl for Opcnble Un/t 
1049: Los Alemos Conyon and Pueblo Canyon' (tANL~l995,$0290), the Hydmgsologk Workpluan (IANL 
Y 996,55430), the core docurnon! ( U N L  1997, "S622),.and.\the Eold lmplemontktion Plan for the Orilllng 
and Tesrhg of UNL Regional Chumc?erlraf/#n Well'R-12 (%e fiald implemonto'tlon plan"; U N L  1990, 
591 62) with chamctarlzntlon actlvltios perlorm~d'inR-12:~~charnctorira!ion oaivittos In the 
Hydrogoologic Workplon and tho core document are :tho same; thereforo,:planned * .  charoctedrrrtlon 
activities for these two documonts aro shown togetherin 

The most slgnlficant modiflcotlon of plannod vorsus.dctual~~c(kities was the mplacemont of Intomodtote- 
dopth wall SCIO.3 by tho rogional aqulfer woll R4d Inthelwork plm, SCO1-3 wasoriginally dodgnod to 
charactorlzo the Intormodlato-dopth porchod groundwatorrdne oncountored nt a:dspth of 450 R by water 
'supply well PM-1 in 1964 (Cooper at at. Y 9 6 ! 5 , 8 5 8 2 ) . i I ~ ' t h ~ ' N y d r o g o ~ / ~ ~ ~ W ~ ~ l ~ ~ ,  the corn document, 
ond the fleld implomontotlon plan, R-12 was rodesigned toktleractorlro all parched groundwator zones at 
this location as woll os tho roglonal nquifor. R-.l2~ls~prer1onl));ht P dopth of 847 %:It succossfully 
chnmc!oritod porchod groundwater and pcnotmted thdtopb tho rnglonol saturated 20ne. The final dopth 
and camplotion dosign of R-12 will be basod on'ongoing Bvhluntions of hydrogool6gIc data collocted from 
both R-9 and R-12, othar hydrology data from oxlstlng welld,,'and dtscusslons wlth:the . .  Groundwntor 

.. 

.1 .. I .  

lntegratlon Toam and the regulators. 

Tho amount of Cora collocted In R.12 was a signl!l&nt davlathn from the amount'spoclfled in the 
Hydrogoologic Workplan and the cor0 document Ikboth d k m e n t s  R-12 is daslgnatod as a typo 3 well 
(contlnuous coring). Howover, bocauso of the sloy corIng.hte8 dong wtth'the ossoclatod hlOh costs of 
collocting core in tho provious borehole, R-9, the amount oi'cbre planned for colledion in R-72 was 
roduced from 100% to 50% in the fiold lmplom~ntatkn pl&During netuuI.drllllng~operatlons,'coro was 
not collaaod from !he uppor 1325 ft of R-12 beaube'thls IntirvaI was'pmviousty'mred during drllllng of 
SCOI.3. In R-12, poor porformanco of the 134-mmkorlng &tern, particubrly In basalt, lod to only 10.8% 
of tho hole baing corud. Togothor, R-12 and SCOI-3.providedkoro for 26,5% of the R. rock unlts to o dopth 
of 847 tt In this ami, . .  

. I  
m . ' .  , " , J + ,  . 
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:;: .,: 



? 
'*,b 
rc 

Inrcrim Completion Report h 

l m  

e 
g 



. I  , '  ' , . 5.. . , I  ' 

. . .  , , ,  :: 
. , I . .  

, :  I.. 
, '  ! 

'i ., ,. , I ;  

. ,  
, .  . I  Interim Cumplerion Report 

0 
Lu 
I 
K z 
5 
P 
Y 
P 

z 

i 
F . .  . .  

. .  . 

,I ., ! , 

a 1 

Sepiombor 1998 



LE 9-1 fcontfnued) 
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Steps are being takon to tmprova tho portormance ofthe 134-mm coring systom, b& It is unllkaty tho: 
collactlon 01 100% cor0 In any roglonnl wdll will be o&evobJa~wl!hin the Iinancial wnstroints o! tho woll 
lnstallatlon program. Tho nood for cor0 should be'consldored.in llght of hydroQoologk choractorlrotion 
rsqulromonta on a holo*by=holo basis, and only enough corelo'satlsty sample nndckaractorlratlon n o d s  
should be colloetod. Based on oxpodonco from R42and R4;:goals forcore collection should be cloarly 
estobllshod In tho field implemcntotion plans for oach:well. Nowovor, the tachnicol.team ovomeolng 
drllllng operations should hovo the optlon to modlfy ebrlng plans bnsod on drilling perlornonce, goalogle 
ond hydrologic conditions oncountorod during drllllng. and ov6rrrll cas& of tho borehole. 

Otner modifications to R - I ~  pinnnod actlvitios wire  rit'tntivol&inor. in somi cwe<~ammoniurn, 
molybdonum, uranium.236, and nltrogon=lYnItroge&l4 VJtmaddQd to the onulyticai sulte forwattor 
samptos bocnuso of groundwotor lSSU0S that wer6, identlfiad'dhg tho drilling program. 

I. . I  , 1 . .  
I . . . '  . , ' I . .  ('.'." 

'.., 0 ' .  . ! '  

' I  . f.. ' 
. I. 

10.0 SUMMARY OF SIGNIFICANT RESULTS, ,: ;' ; :' ,,. I , :  'L' >.' 
., ,.i'.. .,./.:,. 8 ,  

In dosconding ardor, goologlc unlts ponotmtod in R-li~lncludud alluvium, tophm &d volconiclastlc 
sadlmonts o! the Corm Tolodo lntowal, Otowi Mornbdr ot the Bandollor Tuff (Includlng the Guajo Pumlco 
Bod), basattic rocks of the Corros dol Rio volcanic iield, old alluvlum, the Puyo Fokatlon, and basaltic 
rocks of the Snnta Fo Group. Tho followlng goologlc candhlona,wam oncountore&:: : 

Basaltic rocks of tho Corm dol Rlo volcanlcfleld irk . . . I  25% . . , thlckor'in R-12ihan In R.9. Also, tho 
basalt scquonco In R-12 contalns four flow unlts that'ars sapamtod by well-doflncd contncts. 
moso IIOW units or0 cotrolotod with fourflow units In' R-9. 

As in R.9, tho lowor part of tho Puyo Fotkatlon~ls composod of a thick saquoncs of dlagenotlcnlty 
altorod, reworkod tuffacoous sondstona and konglomumte. Parvaslvci dlagenosls of the 
tutfncoous sodlrnontnry doposlts Is oxprosed by the'slteration of volcanicglass to clay mlnads. 
Similar "tuffs" woro assignad to tho top of th6,Sunta FeGmup In water supp$ woll PM-1, but tho 
dacltlc naturo of thQ50 deposits Indicate they!aro pwt/Ol tho Puye. Formntlon. 

The oxiol laclos of tho Puyo Formatlon (TotnviLc!nrl$~s oxpected to occu(at tho baso 01 tho 
Puya Formatlon In R-12 btisod an t!!o llthologk log lo<noor8y supply well PM-1. Howevor, those 

.I, . . . *  . .  
.!I. 

. , :  ,,* ' " L . : : .  
I fi ,I 

,I.', 
'I ,  : 

h '  I 

, I .+.I: . .  a i , '  I .  

. >  .,,. 

I 
I 

- 1 ,  ,!., . I  I 

.. ,:, 
% , '  . I  

* 

, . '  axial deposits wore not present. I '  . 

",," . , n.,+: 
I ,  

* Santa Fe Group sodlmantnry doposlts ware expected on top of Miocene basalt In R-12 bnsod on 
the ilthologic log for PM.7. Gowuvor, sodimdnmry dsposltrr above the bwdtbre bellovod to be 

Like R-9, the top of tho Santa Fo Group In' R-12 consists of basnlt . S m p l k  irom R-9 indlcnte 
that this bnsolt has a minimum oruption ogeot8.45 toI8.63 M a  This badt'cormlatea with 
Smolts in tho upper pat7 of tho SantP Fo,Group in:PM-l (Coopor etai.'l9651'8582), , 

Two satumtod groundwater ronos woro oncount 
saturated zones occurtod at depths of 443 and 805 3 h o  up+rzono contalns perched groundwater, 
and the lowor is bollevod to bo ossocintod with the regional aquifer. 

The satumtod zone at a dapth of 443 ft occurs in the iower&bf bwhltlcrockr, of 
volcanic field and In the undorlylng old allwlum, Water'rose'in the borohote bafore'jstablllzlng at ~i dopth 
of 424 R ottor a confining layer of masslvo basalt was:flrst ponetntod. Saturated . , . pomslty , , . .  Is provldod by 

".I, 
. ,  . .  , .  . 

~ ' ' I :  .: 
I ~ .  

. ... ' I . .  pan of the Puyo Formation. . I  ' ' 1 . : .  ;, !,), 
' ,  . , ' : . I }  

t 

,: 4 

I .  . 
2 drilling operdor&.',T% tops of tho 
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fracturos in basalt In the uppor pnrl of the porchod zono and by unconsolldatcd sands and gravols In tho 
lowor part. Tho porching layor consists o! clayrich lake bods, 

Groundwator cornposltlons in tho porchod zono aro dominantly a calclum-sodlum.blcorbonoto-chlorlde 
typo. Howcver, a sodlum.colclum~chlorido~sutfoto=blc~r~onato typo groundwstor also occurs wlthln tho 
porchod zono. Trltlum actlvltlos rango from 208.1 f 7.0 to 254.f i 16.6 pCVL, suggostlng tho prosence of 
a componont of Laboratory-dorlvcd contnmlnatlon In the groundwator. Concontra!lons of dissolved 
uranium range from 2.04 f 028 to 251 A 0.34 ppb. Concontratlons of nitrate (as nltrogon) rango from 
0.12 to 5,5 ppm, and concontrntions of ammonlum (as nitrogen) rango ?ram < 0,02 to 1245 ppm. Rosults 
of nitrogen-lS/nitrogon-l4 isotopic analysos (valuos ranglng from +11.3 to +15,2 per mil) a m  corrsistont 
with the darlvatlon of nlrrato from E! sewago sourco(s), possibly Including tho TA-3 dlschargo in upper 
Sandia Canyon. Howovor, nltrogon-lS/nitrogon=l4 Isotopic vnluos of +1,3 por mil for ammonlum aro not 
consiston: with a sowago saurco(s). 

The saturatod zone at a depth of 805 tt occurs in basalt within tho Snnta FQ Group, Croundwa:er in thls 
zono Is unconfinod, and It Is almost csnalnly assoclntod with tho raglonal aqulfor. Tho olovation of the 
roglonrrl wntor tabla Is tho snmo for R-12 nnd R-0. Tho olovotion of tho regional wotor table in R-12 nnd 
R-9 Is 28 to 99 tt lowor than that prodlctod based on wator lovols in noarby wator supply wolls and on 
existing wotor lovol maps for tho rogionnl nquifor, Tho highor static water lovols In nonrby wator supply 
walls aro probably duo to thalr long scroon Iongths, whlch croato n composlto hydraulic hood for aach 
wall. Tho hlghor statlc watur lovols for tho supply wolls Suggost thnt a hlghor hydraullc hood occurs at 
doopor lovols of tho roglonal aqulfor than thoso pcnotrotcd by R-12 and R.9 and that upward grodionts 
nay oxlst In tho rogional aquifor in this part of the Pajorito Plateau. 

Tho groundwator composltlon at the top of tho roglonal saturatod rono is dominantly c1 calclum-sodium= 
bicarbonate type, Trltlum actlvlty was monsurod at 46.9 5 1.6 pCVl, suggcstlng tho prosonco of 8 

eomponont of groundwater that Is loss than 50 ycars old, Tho cancontration 01 dlssolvcd urnnium, 4,08 2 
0.56 ppb, Is sllghtfy olovatod rolatlvo to most groundwntor In tho rogionol nqulfor. The concon:rtrtions of 
nltrato (as nitrogan) lo 0,46 ppm, which Is typlcnl of rogianal groundwator in tho Pajarlto Plntoau arm. 
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tonm loader who provldod ovorsight of tho s k i  goologlst, sltc safety oflicor, sampllng, waste mnnagomont 
actlvltlos, and hoalth aafaty; ho provldod tho doscrlptlon of survoy OCtlvltloS in this roport. Evorott and 
Marln woro tho woll-site goologlsts who proporod prollmlnary llthologlc logs; colloctod and prosorvd 
samplos for goologlc, molsturo, and hydrologic charnetorlzatlon: and compllod drllllng statistics. Warren 
was the goology prlncipal lnvostlgator who colloctod potrographlc, chcmlcol, and minoraloglc data to 
dstormlno tho goologlc charoctorlstlcs of rock unlts, and ho coordinotod molsturo and matrlc potonticl 
analyses, 
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In addltlon to tho authors of this roport, numomus i6divldualscontribi.itod I '  . to this Invastigation. 
'i & 

. Tonto Envlronmontnl Drllllng Company providod drilling sonricos under the diroaion of John Eddy, tho 
drllllng suporvisor. The drllllng crow conslstod of Larry Thoran; Cosy Howe, ond Gmy Rlch, 

Darrli Stafford and Roy Wright woro tho 3/10 safety okcorsand the radiological controt tochnlcians for 
drllllng octlvitios. Trung Nguyon provldod labomtory ovurslght . I  lor hoolth and safety; Maw Polfor 

Stcvo Bollvar, JOO Skalskl, and Willanno Winchest& provided'contract ovorsighr,for drilling actkrltios, field 
support, sample monagernont and curatlon, and onalytlcalsipport, Fcllcla Agullar,Xandl Chronlngor, and 
Robort Trujillo provided data mnnagomont support, Jonny,Harris and Andy Adams supponod wator 

. I .  

I 6 ,  *' I 

I. . 

provldod Laboratory ovorsight for rndiologlcnl controls, I:' ,' . 1  

'. .I 1 .  .. . .  

. . I .  

Dalo Councu was the analyst for watar chamistry anetysosiutkd lor scroclning of:groundwotew collected 
from saturntod zones. Emlly Kluk wns the analyst forx=rayduorosconeo of rock &plos, and Emlly Kluk 
and Margnrat Snow wore anatysts for moletun, and'matrk,pOtontinl dotomlnntiona Steve Chlpom was 
tho analyst tor x m y  dlffractlon of cor0 and cuttings. : 

The Groundwntor Intogration Toum, lad by Chnrlie Nylandsr. purticlpatod in tho planning and evaluation 
of dnto collcctod during thls Invostlgotlon. Stow Mclln prwldod equlpmant and flsld support for water- 
level mcasurornents. 

8onnio Koch provldod DOE ovorsight durlnQ tho'lnvastlgatlon. She WBS asslstod by Bob E m  

John Young of tho Now Moxlco Environment Dop&nenr pmhded regulatory oversight during drllllng 
oporntlons. Michaol Onlo and Chris Hanlon-Moyor from the DOE Ovarsight Bureau colloctod sample 
opllts !rem groundwotor zonos and actad os Ilalsons.with L9e'mgulators. 

Mauraon Ookos sorvod as editor for thls roport, Christy Fldmlng . .  was tho illustntor, and Pam Maostas 

David Rogors and 8111 Stono provldod roviaw comments on'ihls report, 

Allyn Prntt supported all phascs of this Invostlgat1on:as leader o! tho Canyons Focus A r m  
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LOS ALAMOS NATIONAL LABORATORY 
UGIONAL 1-IJ'DROG EOLOGIC CI-WdCTEWATI ON PROJECT 
EXVIROSMENTN, RESTORATION, CLVYONS FOCUS AREA 

B01EI.IOLE LOG 
BOREHOLE ID: R-12 TNOU: TA=7210U-1049 Page 1 of? 

DRILLING COMPANY: Tonto Drilling Co. START DATE: b'brch 101 1998 END DATE: Juno 4,1998 

LOCATION: x 1,647,427.33 y = 1,76?,9O7,05 GROUND ELEVATION: 6500.73' (based on SCOl-3) 
I (NADO3, NM Stak Pkna Cooidinate System) TOTAL DEPTH = 847' I DRILLER: Larry Thoron 
I I 

0 ~ 6 5 0 0  
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i i  
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I I  

B I 1  
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Lithology 

ALLUVIUM: (0.12.5 ft) Sondy, dry nlluvium, 
prodomlnnntly quartz and foldspar Qrdnn, 

CERKO-TOLEDO INTERVAL' (12,541.3 fi) VltnC 
raworkod l i ~ f f  with common tiny pumlco Io 1 mm wnd 
scarce llthics 10 1.5 mm. A pumlca.nch zona occurs 
b e w a n  27-28' nnd a CIPSI-IIC~ zona O C C U ~  botwwn 
28.31 3. 

OTOWI MEMBER OF BANOELIERTUFF (31.3402 n) 
Vltric nonwcldsd luff wkh common purniw 10 7 mm nnd 
loss common llthlca of infermadints composltlon, 

OTOWI MEMBER OF UANDELIER TUFF: (102.112 tt) 
Varlebly pumlmrich nonwolded osh flow tuff. Vary 
pumlca tlch nt 104,9 I o  104'. 

~ 

GUNWE PUMICC-IJED: (1 12-131 fi) Vllrlc boddad tuff, 
includlng laminoled vltrlc ash. Llthlcs Include PPIP~L 



LOS ALAMOS NATION~L:LABORATORY 
RJXIOYAL HYDROGEOLOGIC CI.IARACIEREA.ONPROJECT 

~ ~ O ~ E X ' T A L  RESTORAT"; GeWONS FOCUS AREA 

BOREHOLE ID: R-12 TNOU: TA-721OU-IOo9 O I L  I 3. Page 2 of 7 

E N D  DATE: June 4,1998 

DRILLING EQlMFTHOD: Ingcrcoll-Rand T4ODEX 
LOCATION: x = 1,647.427.33 Y 1,767,907.05 

SA~PLINGEOlMFTHOD: Wireline core barrel sompllng 
I .  , 'GROUND ELEVATION: 6500 ,W (based on SCOl-3) _ _  I (NAD83, NM State Plane Coofdlnata System) , ' TOTAlDEPf7.I~84;r"i~ 

I DRILLER: Larry Thoron 
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GEOLOGY P.I.: Rick Warren' ' ' SITE GEOLOGIST(S):iJon MaridMark Everett 



LOS ALAMOS NATIONAL LABORATORY 
REGIONAL I-lM)ROGEOLOGIC C k L m C E U T l O N  PROJECT 

EhVIRONMT3TA.L RESTORATION, CANYONS FOCUS NCEA 
BOREI-IOLE LOG 

TNO U: TA-720 U-1 C49 Page 3 of 7 

LOCATION: x = 1,647,427.33 y = 1,767,907,OS 
(NAD83, NM State Plane Coordinate System) 

DRILLER: Larry Thoren GEOLOGY P,L: Rick Warren 

~~ ~ 

DRILLING EQIMETHOD: ingersoll-Rand T4ODEX SAMPLING EQIMETHOD: Wircline core barrel 
GROUND ELEVATION: 6500,78’ 
TOTAL DEPTH = 847’ 
SITE GEOLOGIST(S): Jon MnrinlMerk Everett 
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300f 6100 
3 0 g  * 619s 

L 

3 1 O& 4. 6190 

4l. 

32g 6175 
c 

33G I 6170 

3 3 g 6 1 6 5  I 

34& 6160 
b. 

3 4 g  6155 

35@ 6150 

3 5 6  6145 
36oE 6140 
36$6 u. I35 
3 7 g  6130 
3 7 6  6125 

1: 
0. 

t 
4. 

* 

3X& 6i20 

Lithology 

IJPPER THOLEIITE OF CERROS DEL RIO VOLCANIC 
FIELD: (253.5.260,S R) RDsPIt. posslbli mOlLl, wilh ClPy 
coolln$p that ore lhln at top of Intarval, thlCkar towards 

LOWER THOLEIITE OF CERROS DEL RIO VOLCANIC 
FIELD: (260,5262 ft) Modamlely voalcular, cloy-rich 
bnselt. Clay rangas bahvoan 3.50% of chip aurtufas. 

LOWER THOLEIITE OF CERROS DCiRlO VOLCANIC 
FIELD: (2132-342.3 tt) SllDhtly vaslculnr basolt, Thin 
clay near top of intorvel, cloy Absent laward bottom. 
Rouph drllllng (IrnQureU) 280.293’ nnd 294416.5’, 

UPPER ALKALIC BASALT OF CERHOS DEL RIO 

bosalt wlth some clay, 
VOLCANIC FIELD: (32.3451 R) Mod~rataly vaslculor 

nt the BUM. 

TCb 

Tcb 
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W I R C " T A L  RESTORATION; CANYONS FOCUS MEA 
I C  BOREHOLE LOG- 

BOREHOLE ID: R-12 TAIOU:'TA-W~U-l049 ; Pagc4of7 

. : 8 .  

DRILLING EQIMETHOD: Ingersol!=Rand T41ODEX SAhPLlNG:'€Q/METHOD: Wireline core bnml  sampllng 
LOCATION: x 1,647,427.33 y 1,767,967.05 '"* ' ;* ' , ' GROUND ELEVATlON:.6500,78' (based on SCOl-3) 

, : , % 

. .  I , -.j ', ' , . , .TOTAL DEPTH 0 &Pi... ' 

, h '  . 
(NAD83, NM State Plane Coordinate System) 

DRILLER: Lorry Thoren GEOLOGY P.I.: Rick Warren": , ' ..St& GEOLOGIST(S)ij:Jbn MJfln/Mark Everett 
I n 

s 
38% 61 1s 

39& 61 10 

43& & 6070 1 
43$606S 
440$6060 

4 4 b  GO55 E 

4 6 4  60401 

tc 
4U5& 6015 

SO& - I  6000 

', . , .* 
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LOS ALAMOS NATIONAL LABORATORY h 

9 
REGIONAL I*lY DROG EOLO GIC CI*IARClTWATION PROJECT u 

ESVROSMENTN, USTOnATIO?;. CANYONS FOCUS ,AREA 
BORXHOLE LOG 

BOREHOLE ID: R-12 TNOU: TA-72/OU-1049 Page 5 of 7 

DRILLING COMPANY: fonto Drilllng Co. START DATE: March 10, 1998 END DATE: June 4,1998 I 

I 

. LOCATION: x 'I ,647,427.33 y = 1,767,90?.05 . GROUND ELEVATION: 6500,78' (based on SCOl-3) 
DRILLING EQIMETHOD: Ingcrsoll=Rond T4ODEX SAMPLING EQ/METHOD: Wircline core barrel sampllnq 

(NAD83, NM State Planc Coordlnntc System) 
DRILLER: Larry Thoren GEOLOGY P,L: Rick Warrun SITE GEOLOGIST(S): Jon MarinlMsrk Evcrot: ! 

TOTAL DEPTH = 847 1 

5 4 e  59601 

SS& 5950 

5 4 5 5  5955 

;z 
55% 5945 

57@ +a 5930 

5 7 e 5 9 2 5  

58& 5920 
.L 

sug (c 591s 

SS& 5910 

5 9 6  S905 

* 60& 5900 

60& 5895 
* 

62& 5880 

12% 5875 

63& 5870 

x 

a& 5865 

Lithology 

eo*- 

.e.. 
-0"" 

, - . .  
ddoa 

,..YO 

:::: 
E::: 
!!Sf 
*.I. oqoo 

ergllllc to unollsrod basalt. 

PUYE FORMATION: (YS5GO n) Conglomarolv wl:n 
sandy mulrlx, abundant modorotaly.well~round~ cloala 
lo 15 mm, and &malt vltrlc pumlce, Ctosla are domlnelaly 
devitrified lovn wllh lasser vltrlc lnva of Intemedlste 
composillon. .... 

0000 O O V O  

.e00 

PUYE FORMATION: (560*5&,3 f l) Pebbly sand with 
common subroundod to nngular clasts to 13 mm, and 
.small vllrlc pumlcs, ,= 

Doom 
PV0. 
OOPO 
P O P 0  .ooo 
0000 

.eo* 0.0. 

PUYE FORMATION: (584,3-628,7 f l )  SllQhlly 
pumlccous Oroval wllh sandy matrlc nbundnnt 
aubnngular cla8ta lo 14 mm, and noma vtmc pumlcs. 
Near base, clasts Io 10 mm. iiz; 

.""I 

.PO. 

P 
4 

* v 

0 Y 

O 
0 
0 

P 
0 

0 0 

0 
'1 
D " n 
0 

0 0 

0 
0 . 
0 

0 .1 

0 
0 
Y 0 

Y 

t 
-6 . 
f 

0 . . 
Y 

0 

! fp 
0 
t 
P " 
a * 
P . . * 
0 
0 0 

0 . . 
I 

.oo.o 

PUYE FORMATION: (628.7.837.3 I!) Grnvally aand wllh 

vltrlc pumicd, 

y-=: common, modoralaly woll-roundad cloats, and IesMr 



LOS ALAMOS NATIONAL ~ABORATORY 
REGIONAL HYDROGEOLOGICCMARACTERIZATION JkOJECT 

ENVIROXvlEXTAL RESTORATION; CANYONS FOCUS -I AREA 
BOREHO'JE LOG . 

BOREHOLE IO: R-12 TAIOU:,TA-72/OU-1049 Page6off 

DRILLING EQlMETHOO: Ingcrsoll-Rand T400EX 
LOCATION: x 1,647,427.33 y = 1,767,907.05 
(NAD83, NM State Plane Coordinate Systcm) . TOTAL DEPTH wr :# 

SAMPLING:EQ/METHOD: Wiretina core bard sampling 
I I ,: GROUND ELEVATION: 6500.78' (based on SCOI-3) 

DRILLER Lorry Thoran GEOLOGY PA.: Rick Worren a ,  SlTE GEOLOCIST(S):3on MarinlMark Evcrer: 

f 64e 5S60 

6 d 4  5855 

65$5845 

6 6 O r  5840 
E 665=- 5835 s 670r  5830 

67$5S3 
6S& 5820 

GS& 5nso 

X 

.* 

68& 5815 
X 

69O% 5810 

69g 5805 

70& 5800 

i O 5 -  5795 

* 

71 ; 2 5790 

71s 5785 
c 

..I. ' ' . I  ) I  

m r k a d  ganarnlly ar~iilic pumWus dawsltr; upword 
flnleg cycles, arch gnulna from nandrtom a1 the lop to 
congbmernla ut tho bnmo. Barn of Intenral~4U.l- 
746,441 Is an orglltlc purnits Irll. 



LOS ALAMOS NATIONAL LABORATORY 
WGJONAL I.IYDROGEOLOGIC CI-LARACTERIZATIOX PROJECT 

ENVIRONMESTAL WSTORATlON, CANYONS FOCUS AREA 

BOREHOLE ID: R-12 TA'OU: TA-72OU-1049 Page 7 of 7 

END DATE: Juno 4,1998 DRILLING COMPANY: Tonto Drilling Co. START DATE: fvl~rCh 701 1998 

- 
! f  

- 2  -. 
;I2 
13 
I 

DRILLING EQ/METHOD: tngersoll-Rand T40DEX 
LOCATION: x = 1,647,427,33 y = 1,767,507.05 

, (NA083, NM State Plane Coordinate System) 

SAMPLING EQIMETHOD: Wlrclino core barrel sornFllng 
GROUND ELEVATION: 6500,7* (based on SCOt-3) 
TOTAL DEPTH = 84T 

GEOLOGY P.I.: Rick Warren SITE GEOLOGIST(S): Jon MarinlMark Everett 1b. DRILLER: Larry Thoren 

n c 
U 

7 6 e  5735 

77& L 5730 
* 

7 7 s  5725 
LC r 

t 8 e  5720 

7 8 6  5715 

79& 5710 

793f 5705 

XO& 5700 

80g L 5695 
S1&5690 * 

81s 5685 

* 

- 
8 2 6  5680 

SZ& 5675 

S3& L 5670 

8 3 g  5665 

84& 5660 

84% 5655 
r: 

Lithology 

&& 
& 

804.84': unconfined, & A  

MNTA FE GROUP BASALT: (784-830 tl) Sllohlly 
nedrlacuouu, coans-grolnsd boont! m!h vav irregular 
vsuicloi to 1 mm length, Saturated tone oncountered at ij & A  & 

&& 
&L 

& * . n m  

SANTA FE GROUP BASALT (830447 R) Sllphtly nq slongnla vaslcular, veelcloi eonno Qralnsd to 6 mrn, &nnnlt soma alth cooled round wlth to whlls sllghtty cloy, 

whlch nlao o a u n  an cutllngs to I mm. 
&c!i 



Appendix C 
Sumples for Hydraulic Property Ch.aracterizaciun 



Appendix C 

Sample 
ID' 

R12-122 
R12-123 

APPENDIX C SAMPLES FOR HYDRAULIC PROPERTY CHARACTERIZATION 

Upper Depth Lcwcr Depth Average Depth Moliture In Molsture In Cora 
( f l )  ( f l )  ( f l )  Cunlngs (dry wl X) (dry wl%) 
5 5 5 2.48 

10 10 10 2 1  2 

MOISTURE SAMPLES AND RESULTS 

R12-124 
R12.125 
Rl2-126 

1s 15 15 4.98 

20 20 20 6.04 
249 25 24-95 1 .DO 

R12-127 29,O 30 29,QS 2.59 
R12*128 33.8 
R12.129 39.5 
R12.130 43.9 

I 

34 33,9 3.00 
40 39.75 2.98 
44 43,85 5.48 

R-12 lntorim Ropott c-1 Soptombor 1898 

R12-131 1 48.9 
~~ ~ 

49 48.95 6-05 
R12.132 %,a 55 I 54.9 I 629  i 
R12-133 59.8 
Rl2-I34 € 4 8  
R12-I35 68.8 
R12-t 36 74.B 
R12-137 79.8 

I 

60 59.9 628 I 
65 64.9 5.36 
70 60.9 2,65 I 
75 74.95 8.33 
80 793  9.21 



, '  I .  ' 

?' . 

Sample 
ID' 

R12.214 
R12-215 
R12-1 

812.3 
R124 
R 1 2.5 
R124 

Rl2-2 

Appendix C 

Upper Depth Lower Depth -: 1 Awmgs Doplh Molstm In 
(n) (rf) ' 8 1  ' .In1 

170 1?2 ' 731 0.43. 1 
180 182 181 O S 2 '  1 

21 8 2 2 2 ,  < 2 2 0  1.9 i 
200 202 : " - 207 1.74 I 

227.3 z a  , 227.65 0 . e  
2368 237.5 237.05 0.70 
248 250 24Q 0.85. 
256 I 258 257 10.58. 

1 ,  
1 

.I". . *- 

MOISTURE SAMPLES AND RESULTS c 

-. . 

R12.7 265 266 I 21 
A1 2-9 269 270 . i  1 ''26 

' R12.10 277.5 I 280 . , I 27 

Septornber 7998 



Apperrdx C Eydmrtlic ProPerry Chamcreri;ation 

Rt2.221 t 733 I 733.2 

R12-123 I 745A 1 745 
RI2-122 742.1 1 742.2 

I I i E i L U U o n  tlnuca 

MOISTURE SAMPLES AND RESULTS 

733.1 I 20.60 
742.1 5 30.22 
745,Q 30.70 

A12-220 750,7 1 751 .I 750.9 
R12-5201 A 755,95 I 
R 1 2-274 7657 I 766 765.85 30.41 

770.9 26.70 
77535 20.06 

R 1 2.277 779,2 n8.5 778.35 23,20 

A1 2-1 24 f 804,66 805 804.83 2.05 

' S o  Appondlx 0 

31.35 
38.04 

E-72 Inlorlm Ropofl c-3 Sffptomber 7998 

R 1 29273 760,85 1 761 760.925 I 28.16 



';. . 
.. 8 

MATRIC POTENTIAL SAMPLES 
" .*.,. '3 '. _I ! 

R12-209 
R12-210 

R12-206 Cunlnos ,133.5 a ' (  134 133.75 
R 12.207 Cunlngs '135.8 136 135.8 
R12-208 I Cunlnos la8 .* '. 137 ' a  136.8 

Cunlncs ' ,1383 I >:,, 138.5 ' ' 138.4 
Cuttlngs ' .:1~.Q I . 140 ! I  138.95 

A1 2.21 1 
Rl2-212 
R12.213 
R12-214 
R12.215 

I R12.1 I Cunlnas I ' 264' . . , ..! ' , I 202 '* I 201 I 

Cunlngs 148, ,.A 107 146.5 I ,  

cunings 1 3 ,  .::';:> 152 151 
Cuttings " .,la /.: ' .  157 . .  154.5 
cunings .In, ., , .  172 1 .  l?l 
Cuttinos '180' ',* , 182 .;' 181 

I S .  

' , R-72 lntarlm Repot7 I ' *  Soptember 1998 'EJ  * I &  

I 

. .. . 



Appcridix C IQdrurrlic Property Chorucreri:utiun 

. 
Sarnplo Mntrlx Uppar Depth Lower Depth Average Depth 

ID' Type (11) (fl) (fil 

1 2-3 Cunlngs 227,3 228 227,65 
R12-2 curtingo 21 8 222 I 220 

R124 Cunings 236,6 237.5 I 237.05 
R12.5 I Cunlngs 248 250 I 249 
R12-G 1 Cunings 256 258 I 257 
R12-7 I Cunlngs 265 266 2G5.5 

R12-10 Cunlnps 277.5 ' 280 2 7 m  

i R 12.8 Cunlngs 261S 262 261.75 
R124 Cunlngs 260 270 2GQd 

R12-11 Cunlngs 267.5 290. 288.75 
R12-12 Cunlngs 207 298.5 297.75 
R12-13 Cunlngt 2982 300 209,0 
R12-14 Cuttings 30f,8 31 0 308.8 

31 8,Q 

R- 12 Intorim Rapott C-5 Soptornber 7998 



. .  
> ,  

- ~~ ~~~ 

Sample 
ID' 

R12.54 

MalrIx UppsrDtpth :.:! Loworhpth ',' Avoraps Ocuth 
(fv .: rype : .(n) 1: .  (R) : I .  

Cuttings 589.3 ',I.' : 590 589.05 

. . . - _ -  - I 

R12-62 1 cunlngs 620.75 630 1 G3.375 
I Cunlnas I I 6 3 5 . :  I t34.375 

R 1 2-55 Cuitlngs 
R12.56 Cunlngs 
R 1 2.57 t Cuttings 
R12-58 1 Cunlngs 
A1250 1 Cunlngs 

Cuttlngs A12-60 
R1241 Cuninas 

- .  

Sapfember 7998 

591.3 -:,I. 505 .\ % 580,s 
599.05 :.' 600 599.52 

' 604.13 ' - , ; I K ~  605 I .. , 604.565 
G09.725 600.45 * ' I .  61 0 I .  

015 . 614.5 
. ~~ ~~ 

' 614; ' " 

, 618.7 ; :! 620 619.35 
624.6 . .  -624.2 ' , 1 '  625 

. .  I .  

.., M, L;. ~1.: ,. R-72 Interim Report . . .  . 
.,. . .?, 

, : .  .>.~ , 

',,: . '. . .. . , . < .  
L . ' . .  

, I  , .  " .  , 



Ia.E!wa 
SAMPLES PRESERVED FOR POTENTIAL HYDRAULIC PROPERTY TESTING 

I I 

0013 Coro 421.33 
0014 Coro I 421.6G 

I I ID I (USA-08.)' 
I . .  

421 -66 421.49 
422.0 42t.83 

Mntrlx 
TYPS 

0007 
0021 
0022 
0023 
0024 
0029 
0026 
0027 
0030 
0031 
0041 

0049 
0048 

'5 4550 456,5 455.75 
Coro 483.05 403.5 483,28 
Coro 484.15 484.6 484,38 
Coro I 480.3 490.0 490.55 

Coro 509. f 7 508,55 509.36 
Coro 500,55 51 0.2 508,8d 
Coro 51 1 ,G 51 2.4 51215 
Cor0 522,O 523,O 522.50 
Cor0 522.0 523.5 523.1 5 
Coro 718,28 71D,78 71QS3 
Coro 724,6 725.1 m . a 5  
Coro 729.55 730,O 729.78 

Coro 1 491.3 491,8 491,55 

C-7 

OM7 J Cora 744.2 
0003 Cora 747.5 
OW Coro 754 .g 
0046 Caro 765.1, 
ow2 Coro 770.1 
0039 Core n4.45 
0040 Coro 777.5 

~ 

Soptombor 1998 

744.7 744.43 
748.0 747.75 
755.4 755.15 
7655 76530 
??0,6 770.35 
774.95 774.70 
770,O m.75 

0054 I CunlnQs 
0055 (dup) Cunlncs 

01 2.0 I 814,6 I 8 13.3 
8120 814.6 813.3 



Seplomber t998 



CORRECTION 

START 



Productlon I ;  9 
I 

E 

I .  

6/66 I Shtn 

I 
I DDy 

Drllllrrp S h h  
(Cumulatlvo 

R.72 Intodm Ropon Soptarnbsr 1998 



,I 0 

,& 
"9 
f 

4.70 

-3 1 
1 5  

32.0 51.0 
51.0 
51.0 

- 
533 30.0 

1120 
1250 
1330  

1% 
1325 

75130 
756.09 

756.m 
761- 

4.70 
5.m 

45.0 
15.0 51.0 

51.0 76 1 .W 330 
3 7.0 

5.00 
5m 51.0 

51.0 
51.0 
- 

7 s  03  
771m 

T76 M) 

500 55.0 
000 

0% 

003 
Om 

51.0 77660 25 0 

520 
om 77353 

OW 
170:O 

. .  

.. . 

orjo . 

710.m 
56.0 
56.0 . '  

- 0.W 
7lO.W 
_I 

fn7m 
51 7m 

wad. - 
yi... . . 

7 I O f i 3  
7aw 

500 560 

56.0 120.0 

150.0 

1350 
.- 561) 

S7B 
5 7 6  
57.0 

- 
73 7.m 
740 0 
756.00 
753.m 
760m 

,77003 

93.0 
10 0 
40.0 

I_ 

18 00 
15.00 
900 
2a.m 

57.0 
57.0 
- 
57.0 1315 1333 

1410 t44Q 57.0 
,57.0 nom 

7a.a 157.0 
57.0 

1 57-0 
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LOS ALAVOS XATIONAL LABORATORY 
REGIONAL WYDROGEOLOGXC CI-IARACTENZATION PROJECT 

3 
3 
ti 

& 

ENVIROZU‘MENTAL ESTORATION, CJINYONS FOCUS AREA ‘4 
BOlEI*IOLE LOG b 

BOREHOLE ID: R-12 TNOU: TA-7210U-I049 Page 1 o f f  

DRILLING EQIMETHOD: Ingersoll-Rand T40DEX 
LOCATION: x = 1,647,427-33 y = 1,767,907.05 

SAMPLING €Q/METHOD: Wircline core barrel sampling 
GROUND ELEVATION: 6500,78’ (based on SCO!-3) 

I (NAD83, NM State Plane Coordinate System) TOTAL DEPTH = 847’ 
1 DRILLER: Larry Thoren 

0 5 6 5 0 0  
c 

5 5 6 4 9 5  ... 
10 6490 

15 + 6485 ... L 
20 6480 

E 25 -r G475 

30 -& 6470 
35 6465 

40 6460 

45 f 6455 

55 4 644s 

... a. 
* * 

c * 

a. L 

SO 6450 - 
r 
tn 

60 -5 6440 

65 -E- 6435 

70 + 6430 

75 + 6425 

80 + 6420 
85 % 6415 

90 t 6410 

95 G 6405 

10’” 6395 

1 l& c 6390 
1 I$& a. 6385 

E& * 6380 
1s 6375 

t - * 
(.. u. 

c a. 

I 

* 

L 

100% o. 6400 

GEOLOGY P,L: Rlck Warren SITE GEOLOCIST(S): Jon MarinlMark Everett 

H 
R 

H 
i-i 
Ti 
L‘ H 
D 
H 
11 
I I  
m1 

Lithology 

ALLUVIW (0.123 ft) Sandy, dry nl)uvlum, 
ptadominontly quark and faldapar gmlna. 

CERRO TOLEDO INTERVAL: (iz.wi .3 n) vitrlc 
reworked r u t  wifh common tlny pumlca lo 1 mm and 
acnrm IIlhlCB lo 1.5 mm, A pumicbrich :on4 O C C U ~  
betwoan 27-28’ rind a desbrlch tons occurs behveen 
2041.3’. 

OTOWi MEMBER OF [WNDELIER TUFF: (31.2-102 !I) 
Vitric nonwcldsd luff wlth common pumics to 7 mm end 
1013 Common lithlca of lnfarmedlola compoailion, 

OTOWl hlEMDER OF BANDELIERTUFF: (102.112 ft) 
Varinbly purnicu-rlch nonwcldad ash flow luff, Vary 
pumlca rlch at 104,O to 109’. 

GUAJE PUMICE BED: (112-131 n) Vlfrlc W d d  lutl, 
includlnp lamlnelad vltric an:. Llthles Include bosult, 



I '  I BOREHOLE ID: R-12 ,:.' Page 2 of 7 

DRILLING EQlMETHOD: IngcrsolLRand T-4OOEX SAMPLING EQIMETHOD: Wirellne core barrel sampling 
LOCATION: x = 1,647,427-33 y = ll76f,~0?.05 L GROUND ELEVATION: 6500.78' (based on SCOI-3) 
(NAD83, NM State Plsne Coordinate System) TOTAL OEPTH 84R. . 

I DRILLER: Larry Thorcn 

T 
130% 637l 

13s - 636: 

I& 626C 

1 4 6  6355 

5& L 6350 
55$6345 

6 k  G340 

6s 6335 

7$6330 - 

4l. 

&. 

E 
c 

c. 

17s 6325 

I S k  6320 

1 8 6  6315 

19& 63 10 

1 9 s  6305 

' 20& .. 6300 

2 0 6  9. 6295 

21& 6290 

E 
* 

L 

it: 
* 

c 

2 1 6  62851 

22G f l  6280 
22% 6275 

t" 23 0- 6270 f 
23% 6265 

?4& c 6260 
d. 

24% 6 X S  I 
2 5 g  6250 

f I  

I \  *. 1 

GEOLOGY PA: Rick Warrei I SITE GEOLOGIST(S): Jon MrrrinlMork Everett 

I 
1 ,  

, .. I .  

1\m.m.P) ' . 

. .  
, I .  

' :.; 
' I  

& -c.; 
'UPPER THOLEIITE OF CEKROS DEL RIO VOLCANIC / p d  
F I E 0  (13Z.$l34.5 n) Bmak wlth cloy cootlng8. 

+ xz4 . : 

UPPER THOLEIITE OF CEPROS OEL RIO VOLCANIC 
FIELD: (163184 ftl Mnadve. M)n-waLcuImc10 slightly t&, 

1W . _  . . . 

UPPER MOLEllTEOF CERROS DEL RIO VOLCANIC 
FIELD:, (202-226 n) Sllghtly wrkular bosdt  Clay on kc-,-; 

. *  r; G3 

Ed3 
UPPER THOLEIITE OF CERROS DEL RtO VOLCANIC *. d- 
FIELD! (228237 n) Massbe, sil~hUy vaslculor bawtl, &x< 
Drilllng Indicaisr relntlwly unfnctured, 

,.':' ' 

I '  . I .  

' , ,  , 



I n 
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I 
BOREHOLE ID: R-12 TAIOU: TA-7210U-1049 Page 3 of 7 , 

DRILLING COMPANY: Tonto Drilling Co, 
DRILLING EQlMETHOO: Ingcrsoll=Rand T400EX 
LOCATION: x = 1,647,427.33 y 1,767,907.05 
(NAD83, NM State Plane Coordinate System) 

DRILLER: Larry Thoron 

START DATE: March 101 1998 END DATE: June 4,1988 

SAMPLING EQ/METHOD: Wlrclina cor0 borrcl sampling 
GROUND ELEVATION: 6500.78' (based on SCOI-3) 
TOTAL DEPTH - 847' 

SITE GEOLOGIST(S): Jon MarlnlMark Everett GEOLOGY P.I.: Rlck Worran 

25S5 6245 I 
a. 

26& * 6240 

2 6 g  6235 
c 

27% 6230 ,. 
27s 6225 

28@ 6220 
c + 

c 

2 8 g  621s 
: '  

29e 6210 
E 

2 9 g 6 2 0 5  I* 

3Oe 6200 
30& * 6195 

310g 6190 

315$6185 

32& 61 80 

3 2 s 6 1 7 5  c 

330g * 6170 

33$6165 + 

34& 6160 

4. 

c 

a. 

344 c 61551 
354 6150/ 

36& 61401 
+ 

3 6 e  6135 

3 7 6  6130 
2 

37% 61251 

38& 6,201 

Lithology 

UPPER THOLEIITE OF CERROS DEL,R10 VOLCANIC 
FIELD: (255.5.260.5 n) t30aolt. pokslbly molsl. wllh clay 
wotlnQs that are thln 01 top of InlsNaI, Ihlchst 1owofde 
the bottom. 

FIELD: (260,5262 11) Modernaly w8Icular, claprlch 
busalt Clay ranges btmoon 3.30% of chlu surlacas. 

ctHy ne& lop of Intorial, &y'obsont toward bottom. 
Rough drilllnD (fractured) 288293' and 294415,S. 

LOWER'THOLEIITE OF CCRROS DEL RIO VOLCANIC 
FIELD: (202442.3 ft) Sllahtlv vaalculer briaalf, Thln 

UPPER ALKALIC UASALT OF CERROS DEL RIO 
VOLCANIC FIELD: (542,5-351 n) Modnralely veslcular 
batall wllh some clay, 

Tcb 

TCb 
UPPER ALKALIC BASALT OF CERROS DEL RIO 
VOLCANIC FIELD: (351405 ftl Sllghlly vailullai Onsalt 

a1 the base. 
PI the top of Intervol, wllh lnln cfny 



1 BOREHOLE ID: R-12 TAIOU:,TA-?Z/OU-I 049 : :  Pogc4of7 

383k 61 IS 
3 9 e 6 1 1 0 .  

395f 610s 

4 0 4  6095 

4 I 6090 

F 

400- 6100 

I 41k6085 

<END DATE: June 4,1998 DRILLING COMPANY;  onto Drilling co, 

DRILLING EQlMETHOD: Ingcrsoll-Rand T40DEX .';SAMPLING: EQIMETHOD~WIr&a core barrel snmpllng 
LOCATION: x 1,647,427.33 y p 1,767,907.05 , . .  . 
(NAD83, NM Ststa Plane Coordlnato System) 

START D A T E ' M ~ ~ C ~ ~ ~ Q ,  '. . 1998 
I. , 

, , . ; . . ,  I.,., 

' 

.GROUND ELEVATION::6500.78' (bnscd on SCOl-3) . . .  , 

. , ' . I  :::: , ,'TOTAL DEPTH f 8 4 7 . 4  I 

,'* , , .. . . ! .t , 

ecmm 

DRILLER Lorry Thoren 

* I 

4705  v 6030 

t 
485% 60151 

GEOLOGY P.I.: Rlck Warren; ' SITE GEOLOGIST(S):":;lon MsrhlMark Evorctt 

I a '  

UPPER ALKALIC R4SALTOF CERROS DEL RIO 
VOLCANIC FIELD: (40541'n) Molrt Saaalt Soma 

Tcb 

T t b  
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REGIONAL I-IYDROGEOLOGIC C l - W C T E I U ~ T I O N  PROJECT 

EWIRONblEHTAL RESTORATION, CANYONS FOCUS M E A  

2 
-7 
3 

- BOR.EI-IOLE LOG 
I 

BOREHOLE ID: R-I2 TNOU: TA-72OU-1049 Page 5 of 7 

DRILLING COMPANY: Tonto Drilling Co. START OATE: March 101 7998 END DATE: June 4,7990 1 

DRILLING EQIMETHOD: Ingersoll-Rand T40DEX SAMPLING EQIMETHOD: Wireline core barrel sampling I 

/3 Y 1,767,907.05 a GROUND ELEVATION: 6500,78' (based on SCOI-3) 
1 (NAD83, Nhl State Pline Cooidlnata System) TOTAL DEPTH = 847' 

I DRILLER: Lorry Thoren GEOLOGY PL: Rick Warren SITE GEOLOGIST(S): Jon MarinlMxk Everett 

Q1H4.m.M) 52g 5975 
P 

55s 5970 

53& 5965 
c 

h 

54& 5960 
c 

5 4 6  ". 5955' 

5 5 6 -  5950 

5 5 5 g  - 5945 

S60E 5940 

56& 5935 

57& c 5930 

58& 5920 

57G 5925 

5 9 6  c 5905 

GO& 5900 

6 2 4  5880 

62* 5875 

G3& c 5870 

63& 5865 

Litholosy 

Ta 
4 
!i 

OLD ALLUVIUM: (405409 iI 

i 

c 

1 

k 
OLD ALLUVIUM: (500.519.7 tt) Flne lo medlurn rand, 
dit* ond Cloy-rich, soturntad, Cohosluo, wltn some 
subrounded clasts of basalt to 10 mm, 

OLD ALLUVIUM: (519.1435.5 fl) Micaceous cliystone, 
dry bolow 120', Soma zones contain flne sand, 
Lomlnaa sug~ort loke doposltlon. 

sandy malrlx, obundnnt moderntely.wei~rounued clorts 

common subrounded lo ongutor closts to 13 mm, and 
small vltrlc pumlca. 000 

0"- 

000 
000 000 

00" 
000 
OOQ 

PUYE FORMATION: (584.3.028.7 n) Slightly 
pumlcoous Orwal wilh sandy mntrlx, obundanl 
sumgulnr closts to 14 rnm, and some vltnc pumlca, 
New base, closto Io 10 mm, :== 

**I OUO 

00- 
.CUI 
*0* 
.I* *I, 

0.0 1::: 
0-0 

GG+ 

PUYE FORMATION: (628,7437.3 R) C ~ w l I y  sand wlth :=:=:, 
common, modoraloty wall*roundad cloais, end lessor :::::: 
vitrlc pumlcs, --.AAA 

.a. 1.1 



i BOREHOLE ID: R-12 TNO U: .TA-XYOU-'i 949 f.' P J ~ O  6 of 7 

DRILLING EQlMETHOD: Ingersoll-Rand T410DUC 
LOCATION: x = 1,647,427.33 y 1,767,907,05 , A  b. GROUND ELEVATION:G500.78' (based on SCO1-3) 
(NAD83, NM State Plane Coordlnate System) > '  ' 

SAMPLING EQlMnHOD: Wlreline con, bawl sampling 

TOTAL DEPTH - 847''' L. I 

DRILLER: Larry Thoren GEOLOGY Pal.: Rick Warrcn; ., SiTE GEOLOGIST(S):hn MarinlMork Everett 

n 
5 
*5 er 

Q) 
0 

3 
6 4 6  5861 

64& 5S5: 
f 

65% SSSl 

6 5 6  c 584: 

c 

66& * 5 8 4  

6 6 6  a. 583: 
67& 583( E 
67% SS2! 

6 8 6  582( 
1: 

6 3 s  58 I! 

69& $81 ( 

6 9 k  580! 

a. 

f 
yo& 5YOC r 
7 0 s  5792 

L. 

7 1 6  579c 

7 1 ,s s785 z 
IC 

7 2 k  5780 

7255 5775 
E 
* 

73& 5770 
* 

73s a. 5765 

74& 5760 

7 4 s  5755 f 
75% 5750 

r 

755g 5745 

# 
'Il& 5740 

. -  

.. I 

. +  
' , '  

-*-*I 
**-Io 
O l O L C  

. '  
A .  

. I  

'. '0 

O Y I Y O  



BOREHOLE ID: R-I2 TNOU: TA-721OU-1049 Page 7 of? 

DRILLING COMPANY: Tonto Drllling Co. 

DRILLING EQIMETHOD: Ingersoll-Rand T-4/0DEX 
LOCATION: x = 1,647,42733 y = 1,767,907.05 
(NA083, NM State Plane Coordinate System) 

START DATE: March I O ,  1998 END DATE: Juna 4,1098 

SAMPLING EQIMETHOD: Wirellnc core barrel sampling 
GROUND ELEVATION: 6500.78' ( b a w d  on SCOI-3) 
TOTAL DEPTH = 847 

1 DRILLER: Larry Thoren 
n l  i 

7 6 s  5735 

77& I* 5730 
.c 

77& a. 57-25 
IL. 

7 8 e  5720 
4l. 

78+ 57151 

79& c 5710 

795% a. 5705 

YOG 5700 

80%- 5695 

81G 5690 
8 1 6  Y 5685 

8LC5675 
83& - 5670 

83.G 5665 

x 

+ 

n2& $680 

.u- 

84e 5655 

PUYE FORMATION: (764-784 It) Pumiceous sondetone :::% 
wlth common arpllilc pumice, generally IO 6 mm, rarely X::: 
to 28 mm. ClDGl5 ot daullrlficd lnva UD to 3.5 mm am :::::: 
Bcnrce near top, and up to 12 mrn arb common new 
bore. 

I.*.n*rl 
rr-rr; 
*..*a* 
.I..".. 
. V U * 9 1  

&& SANTA FE GROUP BASALT: (784430 n) Slightly 
scotlxoous, coanoqrolned bnsalt wtlh vary lrraoular 
vodclot! 10 1 mm lanoth, So!uralecl zone encountered at 
804.84'; unconfined, 

143d Tsfb 
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APPENDIX C SAMPLES FOR HYDRAULIC PROPERTY CHARACTERIZATION 

U B I  C-l. 
MOISTURE SAMPLES AND RESULTS 

Sample Upper Doplh Lowor Doplh Average Depth Molalura In Moliturs In Core 
ID' (n) ( f i )  (n) Cunlngs (dry wl 74) (dry WI %) 

R12.122 5 5 5 2,48 

R12-124 15 15 15 4.98 
R12-123 I 10 10 10 2.12 

I I R12-125 20 I 20 I 20 6.04 f 1 I t R12.126 24.9 25 24.95 1.90 
I I 1 f 

A1 2-1 27 29,O I 30 29.95 2.59 1 
R12.128 33.8 34 3.80 I 1 
R12-129 39.5 40 39.75 2.90 
R12-130 43.8 44 43.55 5.4s 
R12-131 48.9 49 48.95 6,85 
R12-132 54.8 55 54.9 L29 
R12.133 50.8 GO 59.9 6,28 
R12.13 64.8 65 644.0 5.36 
A 12.1 35 69.8 70 f3g.9 2.05 
R12-130 74.9 75 74.Q5 8.33 
R12-137 79.0 80 79.9 9.21 
RI2.138 84,8 85 84,9 11.48 
R12-139 8O.D DO 89.95 11.50 
R12*140 S4.5 95 94,75 1 1.70 
A1 2.1 41 99 100 90s 12.14 1 
R12-142 104.9 105 1 bJ.95 10.76 
R12=143 1 OD 110 1 08,5 16.61 

R12.261 119.3 120 1 19.65 12.09 
R12-202 121 122 121.5 16.55 

.. 

I 

RIP-I44 I 1148 115 114.8 20.1 1 

R12*203 129 130 129,s 1 2720 
R12-200 730,5 131 130.75 14.24 

R.72 Intorim Roport Scp tombcr 7 999 



Hydra 11 lic Propc rty Cha ra cr eri;a t  io^ ' I t  a .  Appendix C 

Sampls 
ID' 

R12-214 
R12-215 
R12.1 
R12-2 
R12-3 
R124 

Uppur Depth Lowe;)apch 1. I Awrmgv Depth MolrNn In Molrtum In Core 
(n) I (n) CuninBa (dty wt K) 1 (dry WI X) 

170 172 1 f f  0.43 
180 182 18t 0.52 
200 202 ' I 201 1.74 
21 8 222 220 1.32 
227.3 228 : 227.65 032' 
236.6 237.5 YJ7.05 0.78 

1 
1 

R12-23 I 369.2 1 370 * 

R 1 2.24 I 374.5 375.5 * I 

R 12-37 379.2 1 380 . 

' 369.6 I 1.04 1 
' 375. 1.58 

a 379.6 1 3  
R12-38 386.8 388 1.1 387A 1 . t,3B . I 
Rt2-39 3953 397 ' 3Qt3.15 0.70. * I 
R1240 400 401 I 8 .  b .  400.5 1.69 
R 72-41 406 408 * a .  407: 8.03 ' I 
R12.216 420.5 420.8 - 420.65 . a  

r 

3Q.W 
R12-217 421 2 421.33 ' a  I 421.265 . I  1 5D,42 

Septdmber 7998 

A1242 43a 442 ' ' ,  

A1243 520.4 s20,5 ' ' : 

R12-u 523.7 523.8 " 

R12.35 553.5 555 ' ' ; ' 

R12.36 559 560 " 

1 

p 4 0 . I  415% 
m.45 ' .'. , 23-46 

!' !ia75 .I "" . 20.70 
' 2x25 5,Ot 
' ' 5sa:s 3 2 F .  I 

I ,  



Appcndk C Hydruufic Properry C1tarcrcferi:urion 

Sample 
to' 

R12-50 
R12-51 

MOISTURE SAMPLES AND RESULTS 

Upper Dcplh Lowcr Dcplh Avoraga Dopth Moltturc In Molilrrre In Core 
(n) (n) (n) Cuttlngs (dry wt K) (dry w X) 

568 570 568.5 3.00 
574 575 574.5 5.15 I 

R12.53 
R l 2 - S  
R12.55 

684.3 585 584.65 3.85 I 
589,3 590 580-65 532 
5943 595 594.65 4,75 

R- 12 Intorim Ropofl G 3  Scplornber 1998 

R12-57 60413 I 605 1 €04,565 3,M 
R 1 2-58 609.45 610 609,725 535 

R12.60 61 8.7 020 610,35 331 
R12.61 624.2 625 624,6 3.03 
Rt2.62 628.75 630 629,375 674 

R12.59 614 ' 615 1 614.5 3,87 

R 1 2-63 ! 633,75 635 634.375 5,05 

A12964 I 639 640 G39S 2.72 

R12.66 648.9 650 G49,45 3.97 I 

R 1 2-67 653.75 655 I 654,375 , 3.98 
R 1 2-68 650.9 660 659,45 5.58 
R12.69 663.67 665 664.335 5,28 
R12-70 672.2 673 672.6 0,OQ 
R12-71 709,2 71 0 709.6 9.26 
R12-72 71 3,9 71 5 714,45 I 12.70 
R12-224 71 9.78 720 71 9,tlb I 42.22 
R12-223 725.45 725,65 725.55 36-52 
R12.222 730.3 730A 730,45 20.61 
R12.221 733 ?33,2 733.1 20.60 
R12-'122 742.1 742.2 742.15 30.22 
R12-123 745.8 746 745.0 30,70 
R12.220 750,7 751.1 750.9 31 -35 
R124201A 755.8 756 755.95 38.04 
R 1 2.273 760,85 761 760,925 28.16 

R12.275 77009 771 770,9 29.70 
R12.276 775.25 775.05 775.35 20.86 
R12-277 779,2 i7D.5 779,35 23.26 

R t  2-65 643.8 645 G44.45 7.05 

R12.274 765.7 766 765.85 j 30,41 

.. 

Rl2-124 804,66 805 00403 2,a5 

'Saa Appondlx f3 



Hydraulic Proper0 Cltaracreri:ation Appendix C 

Sample 
ID' 

R12-122 

.: I 
. .  

. ' ' I  
, .  

, ' I  

,,. I .  

I .~ 5 ;  

I 
" I 

MATRIC POTENTIAL SAMPLES 
I., , 

Mstrlx Uppof Depth I '  LowerDoplh ' I Amace Depth 
VPS (N PI ' (8) 

Cunlnas 5 ' I  I 5 . t  5 
R12-123 

R12-124 

A129125 
RIP-1 PC 

Cunlngo IO: 10 10 
Cunlnps I 1 5 .  15 
cunings ,n. ' ; ( !  20. : 20 
Cunlnm 249 I % a  25 24.95 

15 .I 1 

- ~~ - 
3 . 9  I I.' 30 < _ . '  1 29.95 

I 33,9 
Rl2-127 Cunlngo I 
R12-I28 Cuttlngs . 33.8 ' ' I  34. - 1 ,  I 
R12-129 I Cunlnos 40 .: I 39.75 



Appendix C Hydruulk Property Charactcri:ation . 

R 1 2 4  Cunlngs 564 I 965 564.5 
R12.50 Cunln pa 560 570 568.5 
R12-51 Cunlnas 574 575 94.5 

L 

IAElw-m 
MATRIC POTENTIAL SAMPLES 

~- 

R12.52 Cunlngs I 578,85 680 578,425 
R12.53 I Cunlngs I 584.3 I 585 t04,6b 

R-72 hfsrlm Ropofl G S  Septomber 7998 



I-. -n12.224 I Corn I 719: 

R12.221 Cora 
A12.122 I Coro 

I I c- I I ...- .- 

t 
710.80 . . .- - _ _  ;8 ,. 720 

R12.223 Coro 725.w 725.85 725,55 I 
I I 

,733 " I ma . 733.1 
7421 . ' I  I 742.2 7 a 1 S  

5.8 I 74u 1- R12.123 I Caro I 74' 7AS.Q - _  I 

R12-220 Coro 750.7 , 751.1 7500.0 
R 12,520 1 Coro 755.99 I '  75R 755.85 
R12.273 Cora 760.85 ' 761 760.e2s . - --- 
R12.274 
R 1 2-275 
R 12-276 
R 12-277 
R12-124 

I 

Coro 76&f 760 705.85 
Cora n a b 8  ' 1 1 777 nao 
coro 7 x 2 5  ' . I 775.45 " 77535 
Coro m2 * *  I m.5 2. m.35 
cuttings 8W66 t 805 804.83 



ID Matrix Stan Depth End Dcpth Avcrago Dcpth 
(CASA*Qb)’ VPQ (fi) (fll (W 

0007 Cor0 1 455.0 456,s 455.75 

0013 Coro 421.33 421 .G6 421,48 
0014 Coro 421 -66 422,O 421 .I33 

0021 cor0 483.05 483.5 483.28 
0022 Cor0 48415 4M,6 484.38 

J 

R-72 Interim Roport C-? September 1998 

0040 
0057 
0054 

c 0055(dUP) 

Coro m . 5  778,O I 777.75 
Cuttings 791 .O 702.5 791.75 
Cunln~s 812.0 014.6 813,3 
Cunlngs 812.0 814.8 813,3 

‘See Appondlx B 
i 
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Hydraulic Properry Cltaracrerkarion : : .*,: - . * ' I -  
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CORRECTION 

END 
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