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Chndcfization well R-75 is loca?cd in MomCaU Ckrryon immedia!ety southeast of me sediment mgs 
whhin Technical Area P A )  5. Las Alamos NatioWl Lab0on:ory @I@ Labontory).This C h a r a Z ~ Z i O n  wen 
is the toum of approximarely 32 ;vork king inSa:leb in me re?@3m1 aquifers part of me LaborzCw 
'Hydragcologgic Workplan' ( L N L  1998,55599). R-15 wasfuncM by 3%? Wraroryts  Environmengl 
Rostoration (EA) Project and k ptrmarily dmignod to PraviCe 5eol~+c. hyUrOlasiC, gefxhernical, and 
water-level mta for potential intermcdiate-depth ~ r c h c d  anes  and for tho rq$onal samratec zone. Welt 
R-15 is downgradient of mutiple contaminant source areas that include release s i r s  in the hlafranuad 
Canyon and posSiS& upper Sandia Canyon and Los Ahmols Canyon watersheds zhrou@ paleacmyw 
flow at depth 

R-15 was er i t ld in two phase% mB first phase consised ot using a MflWstem ouget mezhod to drilf to a 
depth of 420 tt wiahin me Crowi Member of the Bmdclier Tutf. Phase I was conducted craing Scptembs 
1998. The second phase Ot Critling commenced in J m  7999 using air-mnry memodsauisrod 5ym 
use of drilling mud beween the casing and borehole wall. The tom1 depa  ot the R-15 botchale is 7 1 W t  
The morehole was backfilied to a depm of 1030 tt and amplerw with ;L Singb*&m wet1 in the Arye 
Formation, 

In dcrsccnding order, gceloSic units pencmted in R-15 included allwium. Ihe Tshirege Member of Me 
Bandelier Tut!. tophns and vobnkl3Stic sediments of the Cerro Toledo interval, the Cltobvi llfcmbef d 
the Bnndclier Tuft, the fangtomonte facies of me Pup formation. basaltic rocks of me Cems del Rlo 
volcanic field. mor0 Puye langiomerate, and me axial Aio GmCe fades at me Puy% Fcmaticin flatmi 
Len til). 

No porched water was encountered in h e  Cem Talcdo interval or Gwje Pumice Bed. However. a 
parched zone at saturation was found to occur bctwean the depths of opproximtaly 6% and740 R in the 
Conos del Rio basatt, A dayrich tone a: me base of me b a d !  trppears to be the perchins layer. A slug 
test of this interval yieldod a vatua for hydnulic conducthrky Of 254E-07 r m l s g  With &at the lower end 
of the range tyeical of silt. The top of the regional zone of saturation lies at a depth ot 964 ft In me Puye 
Formation. 

A 46-hr aquifer-pumping test was conducted at well R-15 (regional aquifer) on February 19-M.XKKI. 
Water lcvels wore recorded while warerwas pumped at a canstant mte of 11.7 g p n  The samn8d 
intcrval is located betwcen 958.6 and lQ20.3 tt below ground surface within tt.le Puye Formtion, 
Drawdown and rocovcry data were ana@& to determine chamcteristicvalucsfar rnnsmissivtty anC 
storage cooffiden% Test rosutts suggest that tho regbnal aquifer at well R-15 behaves like a leaky 
confined aquifer. Overall, an avcnge transmissivity of about 123.4 e/&y and a stange coetfidm a? 
about 0.0025 wore determinod for the Puye Formation from this pumping :est The carresponding 
avofago hydraulic conductivity over the R-15 scroened interval is about 206 Wday. or about 
0,001 17 cmlsec. 

Twenty-four core samples wCrO antrlyzcd for radionuclides, metals, nonmetals, and percent o r p i c  
carbon collmod during Phase I, Tritium Is the only anthropogonk radionuclide present in the corn 
snmplcs annlyXd during Phase I Invcstig~rians. One core mmpla was collected during Phase I I  
investigations and wits annly=cd for ndionuclidos, metals, and nonrne&ls. Distributions of nitrate and 
perchlorate obtained from core leaching tesrs SuggSt that these two anions are anthropogenic in origin, 

Groundwater samples wore collectod from a perched zone at a depth of 646 tt and In the regional zone of. 
satuntlon at dopfhs ot 1007 (scrcenlng analyxos only) and 11 00 f t  respectively. A sample of drilling mud 
was collected from a tone of possible saturazjon at 482 tt in tho upper section of the Puye Farmation and 



analpod for tritium, Tho groundwater samples collectad from depths of 6.16 and 1100 ft were chemically 
charaeteritcd for high oxplosivc compounds, major ions, trace elements, dissolved organic carbon, stable 
isotopos, tritium, and othor radionuclides. Analytical methods recommended by both the US 
Environmental Protection Agency and the Labon:ory ware followed for groundvintar (filtered and 
nonfikrod) and cor0 samples. 

Strontium-90, cesium-1 37, plutonium-238. ptutonium-239,240. and nep:UniUm-237 Were not detected in 
tho groundwaror samples collccod from A-15. Americium-241. however, was detected (0.123 x 0.052 
and 0207 z 0.078 pCX) in rcpliwle nonfiRercd groundwater samples calloccd from the penhcd zone. 
Addi!ional groundwater sampling and analyses ore required to v c r i  the preliminary activiies of this 
rndicnuclide obscwcd ar R-75. Adivitics af uranium-234. uranium-235, and umiurn-238 were detected 
slightly above Sackground in the groundwmr samples. Higher actbitics of ?he uranium isotopes were 
measured in the nonfiltorcd groundwater s3mplos bcuusf3 najtunlly occurring uranium OCCUfs within 
bantonito drilling mud and aquifor materials. Ccnccmntions of tot31 (nonisotopk) disxrhred uranium are 
1.1 0 and 7 29 p y L  within :he pcrchcd zone forL9o two rCplic;lle groundwarcr samples Activities of gross 
alpha, gross bora. and gross gtmma in nonfiltered groundwater s3mplcs exceed those acthities 
mcasurcd in filtered samplos. Gross alpha and gross Wmma aeivit ia ore zuso€kXcd wim h o p e s  Withm 
!he uranium-238, unnium-235, and thorium-232 d m y  chains. wbercas gross beta activities prosably are 
associated with po*mssium40 present in the bentonite drilling mu& 

Groundwater from the perched zone in R-tS is dominantly a sodiumdcium-b‘mmonate tvpe as 
rcprcscnrec! by scrconing and f w d  hbcntory samplcs cellec33d at a depth at a 6  hThis pcithed 
grounefvta:or vas found to contain 3770 = 850 p C L  tritium, 72 Nrts Per billlon (mb) clssotv8U 
pcrchlonte, 7 7 5  parts por million (ppm) disotvvcd chloride, 63.9 ppm ~ ~ l v c d  sodium. 1.15 ppm 
disolvcd fluoride, 35.4 ppm dissolved suhte, d.02 pprn dissabed ammonium. and 4.01 pprn nibste 
(as nitrate). 7% goundwatcr sample a n 3 i n c d  bentonite drilling mud, whim biaxd the majar ion and 
rnce clcmcnt chemistry. Concentrations of nomorning solu?cs such as suffate, nitme. perchlorate. 
chloride, fluoride, and tritium of This perched zone are similar to t3cm of the TA-50 trcafed bj*WWge 
water and alluvial goundwatar in Mortsnbd Canyon. 

Grounctwa?er near me top ot the rcgiorwl satuntcd zone (t Go7 3) is a sacliurn-bicaf5onare type with a 
total dissolved solids content uf 243 ppm. The major at ion and mion chemistry of m& water should &e 
similar to Srounmarer in tea well 8 (alcium-sodum-bicarbanatc type) 7 km upstream a! R-rS. Huwewr. 
the bcntanh mud use0 during drilling has bi3xd the mjor bn ckrnistfy resubg h an incr- in 
sodium concentn:ions Ac!ivics of tritium were measured in the reSianal aquifer, using mrce ctirerent 
anatyriwlcounting me:hods. Activities of tritium. wing a liquid ScirZJhtion mcaoc!, in %e regional 
stura?cd zone are 220 2 620 pCiP! with minimum dcrmable activiv of 440 p c i l L  The at3vlry af tritium k 
3.1 9 I 9.58 pCih using direct coun??ng, o more sensitive method (&?a pr0viCed by New hlaXic0 
Environment Dcwmonrs  D e p m e n t  of b e r m  OvorsiSht Bureau: andyses p&ormed LyU7et 
University of fblQmi). Adviries of tritium are I e s  tnan do:mion in gounM*er m p l e s  using liquid 
scintillation counting and direc? counting memoc!s. taw actiVi*jes of tritium (1.12 PCJr) w e  deteUed in 
:he regional aquifer at R-15 at 1100-tt depth using the elcctrc!y?ic tnnchmant memod at- Universily af 
Miami. which is the most sensitive 0: the thrce me3mc!s USCCI. The concen+mlion of n i m e  (as njsOpn) is 
153 ppm (6.2 pprn n’mte as nitrate), which is c l m t e d  above mckpund for me rcgba! gcuncWarer 
in ?he Pajarito Plateau area 
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1.0 INTRODUCTION 

This rcpon dcscribcs the drilling, wcll completion, and tcsing aakitiesfor charactofiation woll R-75. 
R-15 is lowtcd in middle Mortanb;rd m y o n .  in Technical Area F A )  5, within LOs A b o s  XaTkmd 
hboratory (thc Laboratory) (Fi5ure 1.0-7). This we11 was ins??lled by the Canyons FQCUS Area a? the 
Environmental Rcstora:ion (ER) Projm as par: of gounCwa!er invtS.&&ns requiroa by the Momctacl 
Canyon Work Plan (IANL 1997,56835). I: also stisfis requirements to install awell in the regional 
aquifer irs pan of the “Hydrogcolo~k L’dorkpbn’ ( W L  1398.59599) in suppor: of the Laboratory‘s 
’Groundwater Protection ?.bnsg!rnent Program Plan” (LANL 1995,50124). 

R-15 primarily is dcsignd :o provide water qUilli?y, gcsolq’k, hydrolo$c. and geochemical Qra fer 
potontiat intermedhte-dcpth wcrchcc! z o n a  and for the rcglond aquifer bowngadimt of po?m%al release 
sites in r,lor!n&e Canyon bK3tcfShc8 and p%iIaly in Sanbia Canycn and L a s  Alamos Canyon 
wmrsheds. R-15 is also sited :o provide s o o l e k  SratigaphiC, hydrologic, and geochemical Cats that 
contribute io the undcrsunding of a e  vadose zone and rcgianal sqdor in this parr of the Labafatory. Daa 
colleced from R-15 will be uscd in conjuncbn win &a from Other Fhnned ctwnceri=arion bcrehclesas 
well as from other ala sourtcs ?a ev3lu.ate and upcble tho &?wide hydrologic cofmpntal model. 

Preliminary in!crprcta?ions are prcScrWd for 5onW of mo &ita ccllloced. but discussion of O W  &ita is 
Coferrcd until *cy can be evaluated in a c  con?cxl of site-wiCe infomtion COtlcUed from ather ER 
ProjM and hydrogcclogic work plan wells OncQ all deep grounCwater’meS&athS in r.!ofWtC!ad 
Canyon are cornpletcd. the MOPmd3d Canyon deep poundwater aggG3te report will upbre  mS 
geologic and hydrologic conceptual modcl tor the wrrte-, cva!uate mentiat  contaminamtransmff 
pathways, and provide on integated humamheal3 Jnd WlcgiGd risk JSsessment for gYOun&datt?r US. 

Ahhough R-15 is prinarity a characreriza:ion well. its design meets me requirements of a mmitormg 
wall as Uefinod in Module VIll of the b b O r i 3 T O ~ ’ S  H z z m ! d o ~ 3  K”c Facility Permit Imrponrbn of mis well 
into a Laboratoty-wide g:oundvrratter monitoring p- will be evalua!cd at a later m e  when the rcsutts of 
this c!mnderiza!ion activi am intograted w i ~  oaer groundwstef invcSipticns in 
Workplan’ ( U N L  1998,59599). 

‘HyC!rqWOg)C 

2 0  SUMMARY OF DRILLING AMlVlTlES 

Phase I drilling at R-15 u:ilkcd the hollow-Scm auger (HSA) drilling !echnique to drill a total of .cxI ft 
below ground surfaco (bgs) and install surface cjsing to a depth of 135 It bgs, The HSA borehole below 
the surface casing was back.fillcd with cuzings and me w i n g  scaled at the surfam during FYms8 I 
drilling, 

R-15 Phjce II drilling utilized an  air rotil;y with casing-advance drilling :cchnique to drill to atoral borehole 
dcpL9 0: 1 107 fL T!le casing-amance drilling method was w i S : o d  by the use of d d h g  mud beetrind the 
wsing tor lubrication. Insulbtion of a permanent well took ploco atter tho bctrchok was complered. 

21 Equipment 

21.1 Phase I Drllllng 

Phase I drilling at R-15 w a  condudcd by Stcwan Brothers Drilllng Company using a FalinG F 1 0  drill rig. 
4.25-In. inner diamcter (1.0,) fruspinTY HSAs. 124n.-I.D. HSAs, and a Moss- wireline cont inuousam 
retrieval system. 
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212 Phnsc I t  Drllllng 

Numbor oi shim 

Phase II drilling at R-15 was performed by Dynntcc Drilling Company. Inc. (formerly Tonto Drilling 
Company), using o customirod Foromosi~ dun1 rotation (OR)-24 Urlll rig (formerly Barber- drill rig). 
Dynntoc prwidccl three-man drilling crews (double shitt), il four-mn drilling crew (single shitt). crew 
vchiclcs, drilling hammers and bits, the Longyear 1Wmm core system 3nd dual-wall rod systems, a l-ton 
flatbed truck, and a 540n boom truck for handling casing. drill pipe, and heavy suppbrr apparatus such as 
hydraulic casing lacks. 

Flcld lmplementatlon Plan Achral 
13 12bhr shltts I 16 11-hr shim 

T ~ Q  ER Projoct's ficld suppon fnclllty (FSF) providcd drill casings, drilling blts. a small front-cnd loader, 
tho dust suppression systom. ficld support trdlcts including logging and sampling, water containment 
tanks, drums for cuttings management, depth-tc-wator meter, water sampling bailers, and diesel-powered 
electric gcnomtors. The Laboratory's Environmental Technology Group (E-ET) provided onsite water 
samplo testing and filtcring apparatus. The Geology and Geochemistry Group (EES-1) provided a core 
logging microscope. The Watar Quality and Hydralogy Grou2 (ESH-18) provided a downhole pressure 
transducor and olectronic data logger. 

Science and Enginocring Associatcr; (SEA) of a n t a  Fe, Now Mexico, provided real-time measurements 
of moisruro and rclntlvo humidity of drilling air during air-rotary drilling, and a packer test apparatus for 
use In satumtod intervals. 

22 Schedule 

2 2 1  Phase I Drllling 

During Phrrso I drilling, the Failing F-10 drill rig was mobilirad to A-15 on Sepromber 10, 1998, and itwas 
domobilkod on October 1.1998. Dritling operations rcquirod 16 drilling shitts, Table 22-1 compares me 
octuol numbar of shitts with tho numbor of shifts projoctod for R.15 Phnse I in planning documents. 

Drilling shks avcngod 11 hr oach, dcponding on production needs. 

2.22 Phase I I  Drilllng 

During Phaso 11, the DR-24 drill rig w3s mobili;rod to R-15 on June 8, 1999, and itwas demobilized on 
Scptcmbor 7,1999. Drilling operations, including well ccmplctlon, roquirod 72 drilling shifts. Table 22-2 
compares tho actual number of shihs with the number of shifts projected for A-15 Phase I1 drilling in 
planning dOCUm6nts. 



Table 22-2 

Drifting shitrs avenged 12 ht c3&. CoPending on p W d O n  ne&. 

23 Productlon 

23.7 Phase 1 Drllllng 

During Phase I brilling, R-15 w s  continuously cored from ne surtae to re- at a tf using a- 
1.0. Truspinw HSAS wim a Mossm wirclino con’jnuouscore rcliev31 system Using the -h-plaCe 42Sh 
HSA sring as a guide, me borchola was remod by t2-in.4.D. HSAs fram the surf= to 125 tt As tb8 
4.254. auger gring was wihdrawn, the borchole was backfdled wit3 CuTfhgs from 390 to 7 5 0  t Using a 
centor bit and bentonite sluny, the 12-in. HSAs were advanced from 125 to 135tm adC?3cd 
augcring w,?? the 12-in. W S A S  brought the bentonite sluw up the borehole annulus and stabil l2 the 
barahole wan. 

The t24h WSAS wore rcrnovcd and seven l&in.-diameter steel  cash^ were welded top3herasIhey 
were installed from a depth of 1% f t  to a Sickup of 5 tt above the ground surfam. A cement sluny was 
tremied to 130 ft and rose approxima:ely 10 tt inside and om-de the G3Sing.The Casiog was repearedly 
raised and lowered to nchime 8 homogcncous cement seal. After the lower Cement plug cured m m i a  
the borehale annubr space wound the w i n g  wns cemontcd to approximately 10 tt bgs 

The total footage drillod in Phase I by the HSA drilling technique HM 5!S ?% phnse 1 production Statisb;cr 
are sumrnarizod in Table 23-1. 

23.2 Phase 11 Drllllng 

Drilling techniquos used in Phase I I  of R-15 consisted of open-borehole drilling, air-rotary caring, and air- 
rotary under-roamer advance of two diffcrent w i n g  strings Changing drilling systams t y p i d y  invotved 
rripping-out one system, modifying the drilling haad mdor circulation plumbing. and tripping-in a.nomer 
drilling system tmm tho ground surface to the depth of operations. The tonl Phase II  footage drilled by 
the differom drilling techniques and casing sues was 11 818 tt f h 8  totd footaga drilled does not include 
tripping footage for the various Qrlll systems or casings. The total V b i n  foamgo for Phase t and Phase 11 
drilling was 12576.4 f?, and tho rota1 tripout fcatage was 15,051.7k Phase I I  p e r f o m  statisiics are 
SUmmarkQd In Table 23-1. 

TORKoasoB potymar and EZ-MUDa bcntonite slurries, mixed with community water obtained frarn 
Laboratory fire-proloction hydrant number 64 located at TA-52, were utllkcd for 69% of the total borehole 
depth to lubrlwto the back sida of the w i n g  sys!cm during drilling and to prevent binding a casing m’ng 
to tho borehole wall or another casing string. Footage intervals for Which lubflutlng Sluny was used are 
indlatod In Table 23.2 
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Table 23-1 
Prcllminary Perlonance Statlstlcs 

I Pfiarr A I I 

233 Opcn-8orehola Drllllng 

PnaM I operations LEifacd the HSA drilling method. During Ptwso 11 drilling, opat-barehole drininCwas 
sed to explore deeper sc!Cions of bedrock before coring or Cjsing ad\nnccmerh Dynarec Criltec r2S.O it 
of open borehole in basattie rocks at an avenge rate of 209 tuhr using a reverse cirnrlation (Rc> 44 
(4 7/8-in.-I.D.) percussion hammer. Open-borehole drilling in the poorly wnxrlioated sedmmtjry strata 
ot the Puye Fomtion was not ancmpted because of concern -ut borehole stability. 

5 



Chanctorkatian Wall R- 15 Cornplotion Rapon 

f 

Drilling Dry Footage lntcrvalr Footage intervals wlth Lubrlcjtlon Sluny 

23.4 Core brllllng 

TcchnlquejToolJ 
HSA14.25.ln.-i.D. 

Core was colloctod in R-15 to provido undisturbed somplos for gcologiwl, gcochamlcal, contaminant, and 
hydrologlai characterization, In addition, Cor0 was used to idcndty porchlng ioyars beneath perched 
groundwator and to provide information for placing casing seals. 

During Phase I drilling, continuous HSA cor0 was Colloctad from tho surlaco to nugor refusal at 420 tt 
Avorage core rocovory was 95%. During Phase II drilling, 175 I7 of air-rotary core was collected from 420 
!o 1107 ft. Tho total amount of core collodod during Phase I ana Phase I I  drllllng was 43125 tt of tore. or 
39% of total borehole depth. 

(fi) 0 
0-420 I 

In R115, avorage core rocovary was 93.4% from 437.5 tot41 lt m o d  in all intervals. 01 %e 4315 tf cared, 
420 ft wcro produced from tho BnndolierTuff at an avenge rate of 18 ttlhr and an average recovery of 
95%: 5 3  f? wore produccd from basaltic rocks at an avonge rate of 1 .O ttlhr and avernge recovery of 
47.2%; 6 2  fl woro producod from sodimantafy rocks at an avonge rate of 4.6 ttlhrand average rocovery 
of 226.h. 

The HSA drilling mothod was sot up for core retrieval during Phase I drilting. During Phese I I  drilling, a 
Longyeor 134-mm coring systcm was usod by canvcning tho top head drive and clrculntlon system of the 
Forcmastm DR.24 drill rig to opante the coring to0k 

HSN12*ln.=1.0. I b125 
H S M  P-in.-l.D. 
Alr rotoryll3 5/8.in. CPSing 
Air rotary lr3 38-in. cn~lno 42b-452 

23.5 Casing Advancement 

kftor the 16-in.dhmctar surface wsing was inslXilled in Phase I drilling, multiple t e l ~ p e c l  casing 
strlngs ware installed during Phase I I  to advance the borehole and to prevent borehole ml@s8, rndntain 
circulation of drilling fluids, and prevent perched water from communicating dcwnhole as the barehob 
advanced (figure 23-11. The multjple telescoped casings usad during Phase I1  ate remctabk.Tabk 
23-1 lists the casings and rates of advmcoment In diffcront lithobgic marerids in R-15. 

125-13s 
135420 

December2000 

.. 
Air rotary /l t 314-in. cnslnp 492-538 I 
Alt rotary /13 984% casing w 1 0  

Air rotary IOpan-holo RC 44 hammer 610-74Q I 
Air rotary A34 mm core 7401751.5 1 
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-1000 
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0 
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flgutc 2.3-1, R-15 borehole configuratlon at  total depth 
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23.6 Other Drlllfng Actlvltles 

bthor drilling acthitics Included conditioning and reaming t!=m tmrehole with various casing strings to 
provont locking up with other casings 0rI-e borehole wall. A W J o s  such as cleaning day cake from drill 
bb, u s i n g ,  and air.cifculatlon equipment durlng drilling af day-rich rock units ware minimized by 
water, TORKease, ElZ-fJVD, and bentonite slu~%es during drilling to lubrjwte the &ng system. Well 
completion involved installing a W&cd core rod string as a tremie line to deliver annular materials to 
the bottom of tho borehole. 

3.0 GEOLOGY 

Geologic studies at R-15 can be viewed in the context of nearby drill-hale studies as sftown in Figure 
3.1-1. &sed on the informmlon !rom these 
prodictcd geology at R-75, camparod with the pslogy a m n y  encomered is shamr in Fwre 3.7-2 
This comparison i l t m t e s  the impact of new d;w trom R-15 on arrent undmknding of site gmlogy in 
this area 

holes and then-arrrem gwlogk i n ? e f p ~ ~ ~ 7 h e  

3.7 Stratigraphy and Lithology 

The principal seologk u n k  encouflcred in R-tS, In descending arder. camkt of all- unit Qbt lg d 
me Tshircgo Member of the Bandolier Tuff. including ;he Tsankawi P m b  Bed: tephras and 
volmicbstic sediments of the Cerro Toledo intenrsl; the Orowi Member ot rhe EmdelmrluK including 
tho Gwje Pumico Bod; sodimcnts af the Puye Formation; a thin lamPliocene soil; basal?$ of 3wt Gems 
dol Rio volcanic ficld; 0 sequence of Puye F o m h  Cdimcnts nnmg trom cuarst? tan@anenre m 
sandstones with pumice beds; and axial Ria Gnn& deposits (TOW Lentil of Griggs 1964,8r'9S).These 
units and subunits within mem are desaiSod in the fiWk@c log of A- A Samples ot 
rcprcsentaW lilhologies were Coneaed for furmar an;llysls; a listing and description of each of W 
m p l e s  is given in ne geologic mple  dmcrip'hns of AppcnGix R wf of zhe samples r i  in 
Appendix 8 include dcsaiptiorrs obtained either by binocuhr m-pe or by petqmphic micox;o6e 
s i n g  thin sections A subset of these samplCS m analyzed by qw&M x-ray djtfraaion (m); 
results of these axips are fmed in Tables 3.1-1 and 3.7-2 and are discuscd thrwgmm%s 4edioh 
Samples of repmenative vokanic jnQ sedimentary Rhologies were analyzed by x-ray fkprcscenee 
(XRF) for major and trace elemem with m u t t s  lied in Tables 3 . 7 4  and 3.74, 'hs XRF data am 
refened to in relevant sussCcti4ns of 2'm text below. 

Before R-75 was drilled, Ihe ~ ~ o l o & S  prediaod to oCcur 3t mo s%e included intemee!late=corn~n 
(latitic) h a  (re) and a lower Ccm del Rio basalt (TM) wlthi the Puye Formaticafhese laM",were 
not encounter& in R-15 (Rgure 3.1-2).fhe jbxnce of these laxis indicates a Simp& 6epoSitkWtd 

the cccurtenm of 
history for the P y a  Fomition in this wars of me L;ibora!ory- This new iofafntaIion wiR help h amsfmn * ing 

intorwlatod within the h y 8  FCtmatiOn. 

3.7.Y Alluvium (&to 76.54 depth) 

The alluvium at R-15 is pumiceous and camins &unCant 1 -to 2-mm aystals of 
sanidina derhred from exposures of 
from the BandolierTutl. No samples of the alluvium wore collt?Ced for detailed CharacterWkn. 

and cfaoyant 
Bandclier Tuff. The alluvium consisrS predminarrcty of denilus 

Docomberzoo0 
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A E8.c 

Flgure 3.1-3. Wcst-to-cast geologic cross sectlon through wellsTW-& R-15, and R-t2  
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R-15 actual geology R-15 predkted geology 
from 3-D geologic model 

-165 - 
- 6 6 -  
I 1 2 0  - 

6820 tt surface elevation 
Alluvium 

Tshirege Member. 

102 - 
135 - 

- 420 - 
-472 - 
-492- 

-746.7- 

964 

-1166 - 
10 1107 

Otowi Mumbetr, I I 
Bandolier TUtt 

p ~ o  Fa 

Corns del Rlo I 
I fm - 

74-8 I 
758 - I 

A m -  
Puye Fomtion &- 876 - 

Toravi Lontll 

a n t a  Fe Group 

NCJ~~S;  1. AD dopths In feo', 
2 TO = total dopth, 

Fa.141 R15 Wm. touREncw RPTl oo2yx1/m 
ITdLB * 

Flgure 3.1-2 Comporlson 01 actual and prodlctod gMloglt contacts In R-15 
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Table 3.1-1 
Ouentilallva X-Ray OHlraction Analyses of Ssmples from Orlll Hole R-15 



Tabfe 3.1.2 
Ouantitatlve X-Ray DlffracUon Analyses of Puyr Slze Separates from Drill Hole R-IS 

722.4  mm 
78?, >2 mm 
787, c2 mm 
879. >2 IWI 

3 3  I- 1__- 1- 10.5 -10.1 16.6 113.4 
I .a - - 0.6 0.5 8.7 102 

- - 

Feldspar Glass HematEs Magnet3e Total 

155.0 

156.9 17.0 

koo3 15.8 0.6 

PUrnkbOuJ SlndlfMr; 
979, >2mm 1.8 - I 1.1 1.6 10.0 9 2  53 3 21.3 0.8 1.5 .-- 
970,<2mm 11.6 - - 0.7 3.7 7.9 8.6 48.6 26.4 0.5 1.8 _-- 

101.1 

104.2 

100.7 

103.1 

99.8 I 
- fhrrGrrlnd Scjimtnlg 

0.3 1.1 93.0 

0.6 93.0 

2.6 98.8 

P-~ 

--. irl: y.2: 0.3 
0.7 1.4 4.5 

2.8 3.1 
1.2 10.9 5.0 48.4 22.9 1.2 

0.8 9.3 3.9 39.5 33.4 0.5 0.3 99.1 : 

rpIn4 I 

lt03,>2rrrn 8 0  - - 3.0 6 6  5 0  3.0 58 8 12 8 0.6 J.3 993 - 
1103,a G' 6 0 - 05  1 -7 19.0 4.3 2.5 51.8 13 6 0.4 1.5 100.1 
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Table 3.1-4 
Chemlcsl Analyses of Puye Formallon Slre Fractlons from Drill Hole R-16 

R15-772 I A15787 I R15879 Sample 

She 

fl15979 
purnkms 
sandslono 

I ccarse I warso warse 
fangbrr 
.2 mm 

rate fanglorr 

c2mm > 2 M  
65.2 66.8 

0.52 0.51 
14.3 14.8 
3.95 3.99 
0.07 0.06 
1.75 1.73 
4.45 322 
3.76 3.88 
3.11 321 
0.22 0.22 

-.- 

~ 

-.- 

I__~ ~- 
-.- 

-. .- 
-.- 

-- - 
-..-_I 

-.,- 

-. .- 

97.35 98.30 
_II- 

1.21 0.44 
58 53 

36 38 
20 21 
50 41 
66 66 
470 473 
12 25 
l6a 166 
25 20 
11% 1146 

-. - 
-.- 

~. - 
-. -- 
-.- 

- . ~  

-- 

6 f.0 

0.33 
14.9 
3.93 
0.06 
1.71 
3.51 
4.05 

0.06 10.07 006 0.05 
1.52 1.43 
2.46 2.46 
3.87 3.74 
383 363 

_I_. -I 

- .- 
-.- 
~. - 

-- 
--- 
3.12 2.33 2.30 
4.06 3.92 

325 388 

--- 
-- 

0.14 0.13 

-- 
0.95 1.45 

-- ~ 

MgO 76 
CaO Sb 

3.10 3.89 422 385 

0.13 0.12 0.17 
96.78 9593 05.70 
2.07 2.64 1.81 

-.-,- 

-.-.- 

~ -- ___ 

0.23 

93.00 

0.52 ,-I%-- 43 

_I_- 

16 20 

55 

33 
32 
49 
54 

4 95 
19 
171 
20 
1 I65 

-- 
--- 
*lo l 3  I:: 1I:o 

43 35 

107 93 
309 337 
18 22 
157 111 
36 31 

__I I_- 

- .-- 
-.- 
-- 
-- .- 

326 1321 308 t220 

854 1924 



3.13 Qb! lg ,  Tshircgc Member of the fl;lndeltcr Tuff (165-!0 65-ft dcpth) and Tsonkawi Pumice 
Bed (65- to 6 6 4  depth) 

Tho vitric lower ponlon (Qat 1 g; Broxton and Rcncau 1996,55429) of the Tshirege Member of me 
Bandclicr Tuff is tho bedrock unit immodiatcly underlying alluvium at R-15. The dcvitrlfied upper part of 
Qbt 1 has boon crodcd away. A sample from tho lowor  pa^ of this ash flow. at 6dStt depth, is tyglcal of 
the Tshlrcge MomSer in high fcldspar plus qua= phonocryst abundance (40 wt%) wim tnce amounts 
of amphibole in vitfjc nonwcldcd pumice. X-ray diflnction annfysis Fable 3.1-1) indicates a minoramount 
of alteration to kaolinite (-3%) in the principally vitric matrix Chemical data (Tablo 3.1-3) show a major- 
clcmcnt composition similnr to t!!o ovcrlying vapor-phase attcrod Qbt 2 of the Tshitoge Formation 
(Broxtan et at. 1995.50121), with the cxccgtion ai somc tram clcments,Tho concentrations of f o u r m a  
clcmonts ilro significantly clcvtited in Qbt 19 (data from R-15) relative to Obt 2 (data trom Pajanto M e s a :  
Brogon et at. 1995,50121). Those tnco oloments are zinc (112 ppm in Obt lg vs. 60-80 ppm in Qbt2), 
rubidium (218 ppm vs. 122-141 ppm), yXrium (54 ppm vs. 36-56 ppm), and nicbium (Ild ppm LS. 

65-72 ppm). 

The losson-ignition value (wa!cr) for the Obt lg s~mple at W5tt  depth is 240% (TaSb 3.7-3).This 
value, in a sample with 55% glass and minimal clay, indicates a $ a s  water content of -5 wt%. Such 
high wator contents show that the glass within Qbt l g  is perlitic The perlitic m a r e  of this nonrrclded vitric 
sample may be related to the high gravimetric moisture content at ais depth (23?& Appendix C of this 
document) comparcd with :he uppor portions of Obt 7g at R-15 (5% to 17% grrrvimctric moisture). 

3.1.3 

Tho Corm Tolcdo interval at A-15 consists of dry, pumiceous, mafc-rich sand and gravel from =to 95R 
depth. Below 95 f t  the Con0 Tolado in!cml consists of moist to tully saWated sands and gmveb ( S t 0  
IOS-fi depth), of mo& red-brown cl3y-rich sill (105-10 710-tt depth), and of moisrfine to m&um-grjined, 
wctl-sonod. dean sand. (110- to f20-R clepth). Two mmpksfrom me Cmo Toledo it%:ermI at R - f S m  
c m i n e d  in mail* one from a pumiceous sandstone (at 695.3 depth) and one from a pumic8 tall (a2 
74.54 depth). These two samples carrcspmd with a tnnsition in mcasurcd smime3ic m c h r e  content 
from 28 wt % (at 695 fi) to 38 wt X (at 745 tt: Appendix C of this decumen!). 

Votwnlclastlc Scdimcnts and Tcphras of the Certo Tolcdo Interval (=Yo 12O-ft depth) 

The pumiccous sandstone at 695R dcp'h is a vcfy trkbb, IiMt brown mdsrone win white aghyric and 
vitric pumice up to 5 mm in size md &irk brcwnish-SLt\ck, ifreptar 7 S  mm patches of iron- or manpnes+ 
oxide Caining in a fine-gdncd mdsrone m3trix Clay 3ftcration occurs in the pumice as welt as in me 
saneone matrix., Sand grains 3re m o w  0.1 to 0 2  mm in diamc:er, in abuxlan:clay mmk The sand 
gnim consist of quam volcanic @ass. fcldspars (both miCine and pbgiocl;ise) and rarer mafic gains 
(including pyroxene, biotite. amphibole. and olivine). X-ray diff maim analysis Fable 3.1-7) shcrws matmb 
sample is 50 wc K 5rasS, -30 wt X crystalline sand dctrihrs (subequal mounts of and feldspar), 
and -18 wt x pooriy aystafline clays (smcctite with possisle kaolinite, illite, andor chbri!e). Chmjcal 
arwtysl (Task 3.1-3) shows modcntety hish contents of iron (repand as Fe10,23S ~ 3 6 ) .  
vanadium (20 pprn), and chromium (15 ppm), reflcm'ng the rehtkcfy abur,dmt mafic mineral detritus 

The pumico foll a! 74S-R dep8 consists of pinkkh-py vi* aphyrk pumice t to 2 an in size. pale 
yellow-brown clay Anm or fills many vesicles in fie pumice rims but not in Be pumice interiets. 7 w z  
pumice cormins some clusrers of shancrcd fcidspar, up to 2 mrn in sire, wia iflapmetrate twinning,The 
x-ray diffraction arwtysiis of this sample (Table 3.1-1) shgws it to be >90 wt % ~kss, indicatifig very limited 
attention. The clay that does occur (65 wt % of a poortyqsdline smeairc wim pussible bol i ie .  ini, 
andlor chlorite. as in the overtying sample at 695 tt) is scdirnented within vuids or on purrrZoe rims and 
dous not apponr to be a direa anomion of the host pumice. The textural and x n y  CMracion evidence 
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suggest that the clay was transponed into the pumice fall, perhaps from the overtying pumkeous 
sandstone. 

3.1.4 Otowl Mcmbcr of Bandcller Tuff (ash flow from 720- tO  4 2 0 4  depth; Guaje Pumlce Bed 
from 42oC to 4724  dcpth) 

Ai  R-15 the Otowi Mombor of the Bandclier Tuti consists of iron-or mangancsesxide stained, slightly 
indurated vitric ash-flow tuff in the upper 29 tt (120- to 149-ft depth). This upper porrion of the QtaWi 
Idembar contains rclativcly coarse pumice (up to 8 cm) and abunc!ant lithic fngmants of intermediate- 
composition Tschicomn lavos (up to 5 vol % of tho ash flow). Below 149 f& the main body of the OTowi 
ash flow (271 It thick) is massive, vitric, and nonwcldod with pumice sites typiwlly loss than S en and 
containing -1 vol % of xenoliths from the Tschicoma Formation, Tho underlying Gunje Pumice Red is 
52 tt thick tit R-15 (420- to 4M-ll dcpth). No samplcs 01 thcse units were solectod for more dctdled 
characterlzntlon, 

3.1.5 

The total thickness of tho P u p  Formation, includlng intcrwlated Ccrros del Rio basal& and axial gravels 
of the Totavl. is ovcr 635 tt at R-15 (from 4M-tt depth to total depth FO] at 1107 R). A thin sequonce of 
Puye Formation fanglomeratcs (20 ?t) lies at thQ top of tho scctlon nbovc a Pliocene soil and basal& of 
the Carros dol Rio volcanic fioid Tho rhin uppor Puye Formation is a fanglomento made up of Tschicoma 
Formation volcanic clasts. No samples of this thin uppar Puye sadimcnt wcro selected for more detailed 
characterization, 

Upper Puyc Formatlon (472- to 492=tt dcpth) 

3.1.6 

A clay-rich late Plioccno soll ovcrlios tho Cenos c'ol Rlo baSaltS in R-15. From 492 lo 494 ttthe soil 
consists of a c!ny and silt-rich matrix with clasts of wotrthared Cerros del Rio basalt From a94 to 497tt 
this interval consists of clays mixcd with oxidkod basalt. The lowor three foot of clay plus basalt may 
roprcsont flow-top wcatharing before tho stabil'mtion of the ovadying soil. No samplos of those doposits 
were sclactod for more dotallod charnctoriration. 

Lcrtc Plloccno Sol1 (492-to 49;r.n depth) 

3.1.7 

Late Plioccne basaltic rocks a? tho Ccnos del Rio volcanic field in R-15 consist of vcsicuhrto massive 
basalt flows scprrntcd by zones of basaltic breccla X-ray diffnctian analysos of seven samples of the 
Corros dol Rio basalt from R-15 are listed in Tablo 3.1-1. and chcmlcal analyses of seven samples are 
listed in Tablo 3.1-3. In prcvious studies of samplos from chonctcriration wclls R-9 and R-72 (Eroxton et 
al. 2000,66599; 66601). the Carros dcl Rio basalt$ ware subdivided into a four-port Stntignphy of upper 
tholaiite, lower tholeiite, uppor afktrljc basan, and lowcr alklie b w k  Sampling of the Corns del Ria 
basalt at R-t5 suggosts a similar transition from tholciitic to alkallc b m i t  with depth, butthe 
compositional trends with depth are not 3s regular as those rccognked in R-9 and R - I 2  

Examination of crnlngs ob:,?incd at R-15 sug5csts aphmltic transitions botweon more massive o p h k  
flow interiors, The principal tcxturas cncountercd include an aphanitic sequence from 497- to 537-tt 
dcpth, an ophitic olivina-pyroxcne porphyritic scquenee from 537- to S O - t t  depth. another aphanitic 
scquonce from 90- to 580.R depth, and another ophitic olhrine-pyroxene porphyritic scquenco from 580- 
to 643.tt dopth. These oscilhtions bctwwaan fino and c a r s 8  crysrallkation tcXrUrO suggest two prlndpal 
upper flow units with a contact botwcan the two in the intarval boweon 570- to 580-R depth, The ophkk 
scqucnce from 580- to Wtt depth is undorhin by a tbick zone of clayeoatec! and tubrounded bask 
fragments (possiblo older alluvium) from 643 to b 7  tL Although likely rmvorked, this in?ennl is tanmtively 

Bosaltlc Rocks of the Corros dcl Rlo Volcanfc Ficld (497- to irrt6.7-tt depth) 
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corrchted wkh the ugpcr alklic basalt at R-9 and R-12 This 3pprortly rcworkcd internl cone&:w with 
a high natunl gamma 55mt in the core as Iqged mrawh using (see Figre 3 3 . 7 ) .  Below mis irnenat 
of claycootrtd and rounded basaft !raven% is anotner aphi’k sequence frcm 677- TO Mo-t: Cepm 
overlying o basal optankit sccpence from 700- to 745f-t dc;r’Sr and 7.7 R of a Sifty sand (?e to ?W-ft 
bcpt!9). Thcsc fmturcs suggest a provisional stratiwhy of avo uppcr flaws (497-10 5 Z - R  ccpn and 
-95 to 643-2 depth), a Cornplox tnnaion sequence wim &uncur: attention trom €4- to 677-t depth, 
and a lower flow sequence !rom 67- to 745R depth, s!we  a s i b  sand mat contains baskc fmpems. 
X m y  diffnctian data (Tale 3.1-1) and chemical ata (Tale 3.1-3) help in inus?mtmgme simila&iesanc! 
ditfcrences bcrwWn *em u n b  as wcll as providing a basis for ccmpri#n with data from cmerall 
holes. In this section, me c3zi from the Cem del Rio basin at R-12 =e wed as a basis for cornpmsm. 

Esure 3.1-3a ilfuCntcs four panmeters of hasan composition 313t aid in defining me Ceros del Ria 
b w h  srn:ignphy in R-15. The pameters sham indude silica conrcm, $OIp,O, ratio. h:g# 
[reprcscnting thQ cation mi0 :J@(tAg+Fe)J. and Sr content, Cljy-sRcrcd b w i t  samples at R-75 are 
b c s i p t c d  by distinctive SymSols (*) to s c p s n : ~  them from ?9me samplesthat c o r n  no day (e). 
Increasing 30, COntCnt and dcacasing Mlg# are inckes of m 3 p a  evolution through  line tncti~natjm 
Highur &O/P,O, values reflcCT inacasing b;ls3tt cent3mirw?ion by assimilation of hi9h-K. low-P cwsa,! 
rocks. Highcr Sr Con:Cnts arO clx~nctcrisric of mare alkalic basatt compsitjons. 

In Figure 3.1-3b the same panmeters are uscd to compare me Ccnos del Rio b w R  samples in R-t5 
With those from drill hole R-12 To compare the b w l t s  from nose two drill hclcs, Uie &ita are ovcrlajd 
rclotive to ?heir clcvation SSOVO scn tcvel. Thc -&ion of Ccrros del Rio basatts at R-12 is thicker than 
that at R-15,5uf the same gcneraJ lrcnds aro sccn in both drill holes. Howcvor, me trends atvyiarion 
with depth arc not as regular in R-15 as in A-12 and the more alkalic compositions at R-12 (speciiiclfly in 
tho lower nlkslic basalt) are not present at R-15. Some of this mriaiion is likely smibmble ta sautcet~- 
toe zonation in flows, as wcll as to cffccs of clay altcration in soma of tho R-15 basaft simples.  

3.7.7.1 

Tho inrerval from 497- To -!35-ft depth in Rat5  consists of tJmlciitic basalt with variable clay jnenrion, A 
sample analyzed from 532-t: dcpth contains -? 6 wt % clay (prcdcminantfy srnedite with a -mall mourn 
of koollnite: Table 3.1-1). fhis Smplo can be COmFarod with another at 5 6 2 4  depth that has no day 
ahontion in the basalt matrix (oRhough binocular microscope emination of unclomed W n g s  shows 
rare grayish-pink clay lining Some vcsiclos; Appendix 8). Tho Wo samplcs differ prindpa.lly in the lower 
olivino and feldspar conlont of the clay-altercd basalt (Table 3.1-l}, suggesting that olivine and teldspar 
aro tho primary phases most affectod by clay atteration. 

Chemical difforonccs (Table 3.193) are not as prominent, but tho clay altcntion does result in modest 
difforencos. This effect is seen in Figure 3.1-3a, where the clay-attcred sample is higher In K,OIP,O, m‘o, 
highor in Mg#, and lower in Sr COntcnL Howovcr, comparison of the chcmical data h w o e n  unafiored and 
altorcd bnsak shows !hot the diff arences are minor. 

Upper Tholclltc (497-to -575-tt depth) 

3.1.7.2 Lowcr Tholclfto (-575 to  643-tf doptft) 

Two samptcs of the lower tholeiite wore cxnrnincd in dotail, an altered mmplo from 577-tt depth and an 
unaltcrcd samclc from 6104 depth. As in tho upper rholciite. the shallowor $amplo is altarod to -16 w i %  
day (smocrifo wlth minor kaolinjto) and dffcrs from the unaltcrcd basalt principally by having a lower 
olivine and fcldspar contont (Toblo 3,1-1), suggesting Pgain that t!m abundances of these huo phases 
diminish through clay alteration. The chemical diffcrcnccs hChvOCn the altered and unaltered tholeiites 
are similar to thoso botwoen the altorod and unnltored samples from the uppcr tholeiite (Figure 3.1433). 
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Flgure 3,1-3b, Varlatlonr In S102, H ~ O I P ~ O s ,  Sr, and Mgl (callon ratio of Mgl(MgtFa)) In lhs Ccrros del Rlo basalls ot drill holes A 4 5  
and R-12, Different rymbola are used for the R-15 data from clay-altered (+)and unaltered (*) basalts.Ths data from 
R-15 are overlaln on comparable data from the Cerroi de1 Rlo b s a h  at R-12, norma!lzed to alevatton above rea level 
( o p n  ryrnbob rnd dashed h e r  illurtrrto the data from R-12). 



A thin sccion ot the umRcreC mrnplo at 610-tt depth shaws -5 wt % olivine pheKmysts up to 2 mm in 
sire and plngio~chs~ laths and Slocks tu 1 mm, gnding downward into the groundmass size tan*- 
Maximum symmc3iml extinction angles on 3lSitc Wins in me pbgiockie grains ind'me core 
compositions of apprcximatcly anorthite-55. Some fragments from this sample of drill w i n s  have a l i i  
phonOCrystS that 3ra narkcdty aRorod to iddingst& 

3.1.7.3 Fragmented Alkallc Basalt (643- to 677-f't dcpth) 

Binoculot microscam crJmination of wrnplcs tmm this h t C m l  shows relo?ivoly unjfotm. 1-2 a 
subroundcd basalt fragments wi:h clay coatings approximatcty 1 mm thick Al3tough bentonite mud was 
uscd in drilling R-15. it is not bclioved that me clay co3:ingr; on these b;ls;tk fngments represent days 
introduccd during drilling. h i n - s c i o n  cxaminadon of a S m p h  from 66047 dcptb shows that Ma clasrs 
are coatod by o highly obhosbo laycr of at Icazttw6 gancrations of clay-rich sik ineluding dotrihls of 
basalt powder and eolian mica. No similar clay coatings occur in oTher intervals drilled in the same 
manncr. Thc supplicd bcntonito in all othor intcrvals was atso rcnbily dizpcrscd in washing of cucings. 
For thcoo rcnsons il is considcrcd unlikcty !ha? the clays so tigh:/y bonded to the b a ~ l t t n g ~ ~ e n r s  in this 
intcrval could hava been introeuccd during drilling, Evidcnce of fragment roundness anc~ clay ccmtng 
support an assignment of 'oldor alluvium'to this interval. but the uniformky of clast comp&tion is 
inconsisont with such on assignmcnt. The chemical Composition of the basalt sirnp!e ?rum 660 f& 
cleaned of suflnco silt. is consistent with a hvo similar to the uppur part of rhc 31kaIk trond in R-12 (e.g, 
Sr data In Figuru 3.1-3b). 

3.1.7.4 Alkjltc Basott (6 i7-  to f4Stt  dcpth) and Basal Silty S n d  (74Sro746.7-n dcpm) 

Tho otkalic bnsnlt at 677 to 745 tt is rcprosontod by smplos from ?OS. 7400, and 743.44 depth. Cuttings 
at 7054  dcpth consist of dark gray to brownish block medium- To vary coarso-gnined basalt Wirn 
phcnocryss of abundant light grcon olivine to 2 mm and swrco to common plogioclase to 1 mm. Onnge- 
pink clay coats a law fragments and occurs os mnsslvo vesicle filllngs up to 5 mm thick, but was c l e m d  
from tho trogmcnls analyxd by x-ray diffraction (Tablo 3.1-1). A thin soction of tho sample at 705 ft 
shows -3% olivine phonocrysts up to 2 mrn in rito, but most chine is intergranular and m r s  in the 
snmplo groundmass. Mwirnum symmetrical cxtinctian angles on plagiOclnso al!a!to twins indicate core 
compasi!ions of npproximotcly anorthite-50. X-ray diffraction data from tho sample at 7054 depth (Table 
3.1-1) show highor divino contcn? (8.9%) than in the overlying thclciiric b3saltS (624.6% in me unaltered 
sarnplos). Tho chomlcal analysis of the simpla at 7054 depth (Table 3.1-3) shows :he higher q0 plus 
N3,O ond highcr Sr contont indlcathro of alkallc b a s k  Tho poramcters plcnod in Flgure 3.1-3b suggest 
that the samplo at 705ft dcpth may be corrcla!ed with the nlklic basalt Scrics at R-12 but H 50 It has 
lowor SI02, higher KaO/P,OI. lowor Mg#, and lowor Sr con!ont AI1 of thcso ditferoncos are foatures that 
tond to mnko the sample at 7054 dcpth transitional bctwcon tha VIaleiitic and alk3lic smplos tmm R-12. 

The R-15 Corros del Rio basalt amplcs at 7404  and f43,44t depth have mineralogical compositions 
noble 3.1-1) and tho XRF-analyzed samplo has a chomlml compcsitlon (Table 3.1-3) more maficthan 
the samples at 705 tt and nbove. Tho two samples from 740 to743.4 tt have 123 wt% to 128 wt% 
olfvinc In contrast 10 tho 8.9 wf % ollvlno contont of rho mmplo from 705 ft Higher olivine content 
corrolarot with highor ?Ag# and, in tho Cerros del Rlo basntts nnalytod from this region, a more alkalic 
chnraaor. Chomical snolysls of thc oamFlc from 740 ft vcrifics this, but the samplo has rclatlvoly high 
Mg# (0.59) but lawor Sr contont than tho lowest atkalic bamlt In R-12 Dosplta :ha difference In maximum 
Sr conlcnt, the overall trends and pctrographlc chnnctor in the bawlts at R-15 mc! R-12are vory similar 
and justlty corrclntlon at the Corros dol Rlo bostllt units botween those drill holes. 



The thin, silt,, sand below :he 5axtlt a: 645- to 746.7-tt dcpth contains millimctor-ro-centimeter baz& 
fragmcnts. Thcso fragments include lxm!t. visible in tho ssnd fnrjon and dctmm in OXRD Fable 
3.1-1). The abundant qua= however. indicates a mixed pmvcnance, 

Sample Dcpth I >4 rnm 

3.1.8 Lowcr Puye Formatlon (746.7-to 1107-tt dcpth;TD) 

2to4mm I Qm 

The Puye Formation Scncath the Cerros eel Ria b a a s  consists of coarse fanglomerate to a depm of 
973 tt, a scqucnco of pumiceous sandstones from 9t3 !o -1 005 tf fincrpnined miimcnts  md pumice 
bcds from -1 005 to 11 00 and axial river gavels (ToOvi Lentil of Griggs 1964.8795) trom 1 100 R to TD 
(1 l07tt). 

7 

I 767-772 n I 51 I 33 I 10 
782-78? il I 53 I 39 I 8 

i 877-879~ 1 33 I 41 I 2s 
963-965 R I 49 I 39 I 7 2  
9n-o te  n 1 24 I 43 I 23 - 
1035-tO37ff 1 0 7 2  I 79 
i 097-7 099 n ? I 15 I 7-0 
1 t Ot-11 w n I 23 [ 18 I 59 

The s3atignphic subdivision Of the lower Puye Formation at R-15 into uppercoarse tangtomeraxt, 
pumiceous sandstone. and 2 lovm fine-pineci so&$ wim pumice be& is doscly similarto *e Pyre 
Formation stratigraphy o b w c d  in R.9 and R-12Thi s  sirnbrity inckxtcs that these suXivisiins of Puye 
Formation Srxigraphy wn be CHcndCd bcrwc~n me three drill holcs, aver a d- of more man mo 
milos. Howcver. mere are Wo prominent diffcrcnccs bcwcen Puye Formation aSwofls R-9 and R-t2 
and the Puye Fomticn at A-IS. Em. all of me volcanic $$iss in me lower Puye Foma$on az R-9 and 
R-12 has bCCn comple:cly akcred to smeetite. In R-75 the volcanic glass 3mu@outte  Puye Fomtim 
remains vink Second. axial river ~nvcls were not oncoun:ercd in eiaher R-9 or R-72. wnerc= rher 
gmvels containing fragmcnts of quamite md plutonic mks wcre onc0un:cred in R-15 

Because clay aI?cmion b cxtremcty li7lecd in the Puye FormaSon at R-15. it is possible to & w e  me 
contriWTions of ditlcrent size fmdions to me Puye Fornation at a is  site. To oat;iln m m  &a several 
roprcscRta:ivo Puye Formation samples frcm R-15 wcre sicvcd into s m m - ,  2- :D m m - .  and Qmm- 
skcd fractions and wcishcd. Tho rcsurS ot this analysis are providcd in Tabla 3.7-5 and summarized in 
Figure 3.1 4. De?crminations of finor-skcct &itxi were not memptcd because of %e tikety loss e? clay and 
some silt during drilling, coa.=r-sizod h b i o n  determinations would appmch ~e q e  m e r e  unlling 
effects rosuR in extensive size reduction. 

For chemical and minenlogical m31ysiS. tho S m m -  and 2- to 4-mm-sized fraams ob-ed from 
Puye scdimcnts were combined but analyzed separately from 3w Q-mm-sked fnctians.These data am 
compilod in TaSles 3.1-2 nnd 3.14. Rcprcscntattive chemical parameters (SO3, Fe,b, Cr. and So m 
plotted for the >2-mm- and -2-mm-sized frazions in Figm 3.14. Chemical data were also obtained for 
cl;lsrs 01 a unique pyroxenerich rodmd41lack flow-banded lava trom 7874 depth. and fortwo slismty 
roworkod pumice un’hs at 1009.tt and 10674t depth. These data are included in Table 3.1-3. 
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3.1.8.1 

Caats~ fanglomcrotos, wim c lam of Tschicoma Formation lams, occurfrom 746.7to 973 ha: R-15, 
Lithic clam nngo in si20 to at IcaSt 4-5 cm: larger CILS are likely :a m r  Sut are f q m n t c d  by drilling. 
The A mm clast constituent typically forms -50 wt X of the sedirncnt and De finerfraction, -2 mm, 
seldom forms more man -10 wt9L In adiition to the ch~md~r i~t IcT~ehieama Formation dacitictu 
myodacitic lavas, clasts of a distinctive rcc!/biack daclte with strong flow-banding m r  at 732-to 7874 
and at 877- fo 879-h dcplh. This lithology is a crystal-rich lava with phenocrysts of plagioclase. 
onhcpyroxene, dinopyroxene. and possible relict amphibole. Multiple genontions of dinopyroxene 
indica:o disequilibrium that may be rc1a:cd to admixture of more than one lava in the generation a: !he red 
and black bonding. Tho sand compancnt in the sediments at 782- to 787-tt and 8n- to  879-h dopm is 
rafativoly minor in contrast to gnvels and coSblcs. Sands (Q rnm) a: 8n- to 8794 depth and 963- to 
965-ft depth ore rclativcly quam-rich. Below 919-tt depth, the s3nb component is less abunCant and me 
variability among Tschicoma 1i:hologios roproscnted diminishes. It is in this lower section that quam- 
biotitotlinopyroxcno dacitcs prcdominate. Howovor. tho chemical data s u ! p s t  that & distinctive rise in 
silica content of tho volcanic clasts occurs berwcon f82- to 7874 and 877- to 8794t dcpm (Figure 3.1-5). 

The regional watcr lave1 at R-15 is at 9644t depth, which is 9 tt into tho lowor part of the coarse 
fanglomorates. Tho Puye Formation from this depth down is thus fully sturatcd yet cssen*klty unaltered. 
This is unlike tho Puye Formation occurrcnccs at R-9 and R-12  which are unsatuntod yot contain no 
original glass DS n rosuR of clay attaratlon. 

3.1.8.2 

Coarso Fanglorncratcs (746.7-to 97'3-tt depth) 

Pumlccous Sandstones (973- to -1005.f't depth) 

From 9 7 3 4  dcpth !o the bottom of thu Puye Formation, the 9 rnm clast constituents farm 430 wt % of 
tho scdlments, the 9 mm cOnstituOntS fncrcmso in abundance, and glass abundance increases (Table 
3.1-2) rclative to the uppor Puye Formation. Howovor, in tho pumiceous sandstonos from 973- to -1005-fr 
depth the c2-mm-sizod fraction docs not prodominate to tho extent observed below -1005-ft depm. The 
pumicoous snnbstonos includs SOmO roundod and frostod quark grains, indicating significant transparti 
Rhyolitic and basaltic clasts occur along with thQ more common clasts of intormedlat~omposfon 
Tschicoma Formation lavas. A thin scction of the sample from 9TI- to 9794 depth contains vitric aphyric 
pumicc and a dcvltriflod quahz=sanidinowpl~gioclaso porphyritic pumice as woll as Intarmudinre l a m  and 
minor basalt. 

3.1.82 

The Puyo Formation sedimer,ts below 1005 tt at R-15 are sand-dominatod, with rclatkrely few clasts of 
>2 mm (Figuro 3.1-4). lncludcd in tho lowor Puyo Formation are two thin bods Of slightly roworked 
pumice, ono at I O O f -  to 1009-ft depth and another at 1065 to 1067 tt; chemical analyses of these tephra 
doposits are listed in Tablo 3.1-3. Cornparod to the Tshircge Mombor sample in thls bblo the tephra 
deposits In tho Puye are notably lowor in Fo, Na. Rb, Zr, and Nb but onrichod in K and Ba. 

Flncr-Grained Scdlments and Pumlcc B c d s  (-3005- to 1 7 O M t  depth) 

Clasts in tho sudimonts othor than tho pumice bods includo myelitic lithologies, intormodinto Iavns, and 
rare basalt. lncludcd wlth those clasts is one occurrcnco of fuscd sandstone, possibly contact- 
mctnmorphoscd, at 1045- to 10474 dcpth. 'Iho baso of t ! c  subunit, at 1099- to 11 004 depth, includes 
lragmonts of comanted sandstone. Clay alteration is hlghest of all Puye samples a?thmis depth, but still 
40% (Tablo 3.1-2). Thin sodions of tho finor-grained sodiments InCludQ a vclricty of intermediate lnvas 
with variable amounts of nphyric pumice. Clasts in thin section consist of a altered and unaltered volcanic 
lithologies with Icsor amounts of welltcmentod sandstone (Appendix e). 
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flgure 3.7-5. Varlotlons In SlO, Fe (rcportcd as Fc20,), Sr, and Cr In two she traCloru (>2 mm 
and -2 mm) of the Puye Formation sodlmcnts at  R-15. Depths listed arethe 
bottoms of the cuttings run for each sample. Data used to gcnmte this figure are 
provided In Table 3.14. 

, 



Chemical difforonccs bctwoon the >2-mrn- and c2mn4zcd fractions are more pronounced in the finer- 
grainod scdlmonts than in the coarse fanglomeratcs. The 4 mm fnction of the finer-gnined sediment 
fraction.is more silicoous and lowor In iron and strontlum (Figure 3.1-5). 

3.2 Axlal Rlvor Gravels (totsvl Lcntll of Grlggs 1964,8795) (1100-to 1 1 O f - t t  depth) 

Tho lowormost samples in R-15 Consist of wcll-rounded gravels in a sand m a r k  The well-rounded tom 
of the gravcls and the OCCuncnCO of up to 10% quacite plus fngments of plutonic rocks indicate mat 
thoso riverine deposits represent sodimonts dcposited by the ancestral Ria Grande (Totavi Lentil of 
Grlggs 1964,8795). Thcso scdimonts includo silkiflad or chioritied volcanic detritus, as well as 
intormcdlsta volcanic dctritus from tho Tschicoma Formation. Gnvcls and cobSlcs to 5 cm provide mum 
of this source-lithology information, yet the 4-mm.skcd fraction still predominates (Figure 3.14). Thw 
doposits ara principally sands, although tho sands include indiators of distinctivo provenance such as 
grains of rose quam that are not found in the overlying Pup Formation scdiments. The sand-sized 
(Q mm) fraction contains -19% quae  by wcight (Table 3.1-2). The quartr-rich nature of the sands is 
rcverrlod in tho highat silica and lowor iron and chromium con:cnt of the Q-mm fraction (Figure 3.1-5). 

33 8orchote Gcophyslcs 

33.1 MCthOds 

The Sorchole geophysical methods that were uscd during :he drilling of boreholo R-15 indude nahrral 
gamma radiation (NGR or Gamma) measurements, and electrical resistivity (and thcreforo conductivrty) 
rncnsurcmonts Resistivity and gamma mcssuremcnts were nwde from surface to 360 t: in open hob 
(uncasod), and Uecpcr gamma measurements woro made inside the drill casing. 

Gamma measurements record Wal gamma radiation in tho borehole. For rocks not contaminated by 
rabionuclidcs. potassium40 and daughter products of the uranium and thorium decay series are the main 
naturally occurring girnmrrwnittlng ndioisotopcs. Gamma measurements in boreholes are used fw 
stratigraphic conch!ion and for idcntifmtion of rocks and scdrncnts mt have a high clay antent 
Uranium and thorium 318 concentrated in clay by the pmess of adsomtion and ian exchange. Basatt 
generally has much lower m t u d  nc!ioa&i?y than rhyolite [Brookins 1984.1263)). 

Borohole rcsiSivky measurcmonts are a record of the ccmpxiite clemicat resistiViry (or its inversa, 
conducthi) of the rocks and their pore fluids thpT surround the borehole. Moa mimnls are poor 
conductors of electricity. so the mdueivity ot rocks is chiefly due to the p r a m  of continuous fluids in 
the pore spaces Rocks with pores filled with h&,h ionic-Sren$b m?er are beEw wndwors than rodcs 
wkh pores filled with low ionic-strength water. 

Electrical rcsidiviry is mcssurcd using M indua'on tool. A mgnctic field prod- by the tool induces 
clectriwl currents in the surrounding formsion The current strcnc$h is proportroml to the electrical 
can&xztvky of the surrounding rocks. Mcasuremcnt of rcsi9hi?j works well in brcholos thar are filled 
wm a nonconducting substance like air or trmh water. The indudon tool used in R-75 hasa ndw of 
investigation of from 70 to 28 cm and a verka.l resolVJon of 65 an. The measurement palm k 97 an 
(36 in.) from the top of *e probe. 



33.2 Rcsultj 

Mcacuromcnts with tho gamma probe in R-15 wore taken throe times during drilling of the borehole.The 
gamma logs along with stratigraphic contacts and drill wsing depths ore shown in Figure 3.3-1. In this 
display tho original log rcadings were rmoothod scvcral times with 7- and 21-paint moving avenge filters. 
Tho first gamma log was run from rho surface to a depth of 360 tt inside the open hrehole.The second 
gamma log was run from the surfaco to 8 dcprh of 740 tt insido tho 7641. surface casing and the 
13.63-in.-diamctcr drill casing. Tho third run was mado through the surfocc casing and the 13.6341. and 
11,8847. drill wsings. 

Tho gamma logs run through wrings show a dccreasc in Gamma Counts duo to absorption bythe 
casings. Strong changes in gamma rcadings occur at rho cnd of w i n g  strings. Comparison of the 360 tt 
and 740-tt log at tho base of the 164n. surfaco casing shows that the small zone of higher gamma counts 
in the upper 15 ff of !hc Otowl Mombcr is obscured in tho deeper log by the base of %e surface wing.  
lnspoctlon of tho 1085-ft log at tho baso of the 13.63-in. casing at 740 ft shows a sharp increase In 
gamma counts. The incrcasc may be duo to n roduclion in Gamma absorption below 740 ?t because 
measurcmcnt occurs through only one casing string, in addition !a change in lithology from lower 
radioactivity basalt to higher radioactivity Puye Formation. 

Eloctricol rcsistivity was moasurcd in tho opcn halo abovo P dopth of 360 tt and is shown along with the 
gamma log run to this dcpth in Rgure 3.302 In this display *e original log rcadings were smoothed 
scvoral timcs with 7- and 21-point moving svcrago flhcrs. The conductivity log shows six maxima 
bChrrOQn tho surfaco and 1204 depth. In gancral tho shallowest lour maxima correspond to peaks 
obsorvod in tho gravlmctric moisturo contont (Flguro 3.3-3). However, tho conductivity maxima am 
dccpcr than tho corrosponding molsuro contont maxima by about 3 # or more. "his may be due to me 
fact that the mcosuring point on the rcsistivily tool is 3 it bolow the top of the probe so that there Is a 
datum shltt botwccn tho log and moisture content data The conductivity maxima at 100 and 110 tt 
corraspond to tho lawor portion of a broad moinure contcn: maximum in the lower Cero Toledo interval. 
and to P smollcr moisture mmimum ncar ?!-to bnso of that unit. f h o  gradual increase of conductivity wrth 
dcpth in the Otowi Mombor corresponds to a gndual incrcase in molaurc contont in %e same Interval. 

Most major lithologic contacts can be disccmcd from me gamma log. At the lop of Qbt l g  gamma counts 
rise cornparod to tho ovarlying alluvium. Gamma readings :ail within tho Ccrro Toledo interval and risa 
again within tho Otowl Member. Sovoral zones on the gamma log within the Otowi Member might 
corrospond to llt!ologic zonas such CIS flow boundaries in that unit gamma valuos fall otl bolow 140 tt, 
riso again at 180 tl, rcach a low at 240 tt, and show a significant incrcasa below 284 f t  

While the top of the Guajo Pumico Bcd is pickod at 420 ft, the gamma log shows no corresponding 
change. Instoad, the gamma counts risa at 4 d O  ft. In R-12 (Broxton et at. 2000.66601) the Cuaje Pumice 
Bod shows a strong lncraaso in gamma rcadings comparod to the ovcrlylng Otowl Member m d  uncerfyhg 
basalt. This gamma hlsh in the GunJa Pumice Bod in R-72 has a blocky appoannce with a sharp ransition 
at tho top and babe of the unit. In R-15, the gamma log is nggcd: gamma counts fall wi'hln the b a s e  of the 
Guaje Pumice Bed at 460 tt and rise at tho tcp of tho Puye Formation at 47'2 IL The zone from 464 ttto 
s?2 tt corrcsponds 10 a lithic-rich pumiceous lithology :hat is uncommon in the Guaje Pumice Bed. 

Below about 490 R, gamma counts fall off strongly, corresponding ta h e  Corros dol Rio basalt A nsa in 
gamma at about 643 :o 677 tt corresponds to a tone of vcsicular basalt ond possible old athiurn. which 
may be a Basalt infchcd or rubblclzcd flow (GOO Soclion 3.1.7.3). Below the base of the basatrat 
approxirna!cly 745 tt the gamma radioactivity rises within me Puye uppor fanglomerate. A decrease in 
gamma at 865 tt followcd by a riso susgcsts the presence af a separate unit within the uuwr 
fanglornorate. Tho Puyo lowor fanglomenta bolow 973 ?t is marked by a decrease in gamma c o u n f t  A 
strong decrease in gamma at 1030 R may indiato another limolagy within this unit 
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Chomcurkurbn Well R-15 cbmmion Ram 

4.0 HYDROLOGY 
I 
I 4.1 Unsaturated Zom 

I This m i o n  d ~ c w o s  the occurrence and movement of water in me unsarUmtM =ne at R-IS. 

4.7.1 Soil-Water Occurrence 

For he upper420 ft, moisture content v a s  &temined from wre samples  recovered by HSA Anercote 
was screened for radioactivity. somplcs wcre immcdhtely phced in prweighcd and p r e W e M  jars with 
tightly fkting lids The molsture content was determinod gnvimecrically by drying the samples in an oven 
in accordance with American S o c i q  forTcstlng and Materials (ksrrtt) method Dm6-90. Smplss 
collonod for moisruro canfm are listed with fie mlytjc;rl r c s u b  in Appndix C, Moisture content is 
gtvcn fls the ratio of the wcight of waterto tho wolght of me dry sample, 

4.1.72 Moisture Content 

Moisture content in me alluvlum is about7 w t %  gravimetric (Figure 3.34). In Cbt lsjlst below the 
alluvlum at D depth of 24 It, the moisturu content has o maximum value of 15.8 wtX Belowthis 
maximum, moisture in Obt lg rcachos 8 minimum of 6 3  wr X at 39 tt, then rises Through Qbt lg to a 
second maximum within tho Cerro Toledo interval. Moisture content reaches 3&Swt% at 743 rt UKI 
dcpth of a pumice fall in the Corn Toledo interval, This moisture value may correspond to avolurnetrk 
moisure corrtont of about 46 wt % to 50 wt %, wuming bulk donsitles of 1 2  to 1.3 g/m3 (Rogers and 
Gallaher 1995,49824). The rock may be satunted or nearly at saturation at this depth because mese 
estimated volumetric molsture contcnts ora in the range of the rock porosity. Poroslty for Obt lg,the 
Tsankawl Pumico Bed, and Carro Toledo interval m g a s  from 35 wt % to 65 wt% wRh medlan velues of 
about 47 w % to 50 wt YO (Rogers and Gallaher 1995,49824). 

In sedlmonts of the Carro Toledo intcrval, moisture content shows minima of about 10 wtX ab4vs and 
balow a third mwimum of 48 wt % at 87 tL This maisture value also probably indicates saturation, 
corrospondlng to n vclurnetric moisture con!ant in the range 57 wt %to 62 wt */4 assuming bulk densltias 
of 1.2 lo 1.3 gCm5. The location of those mwlma may conaspond to variattens In grain sire withfn 
sodlrnants of the Ccrro Toledo interval. No free water was obsorved in the borehole or In core retrieved 
from tho Carro Tolodo intorvat during drilling bythe HSA method 

In tho Otowl Momber, molsture contont gonorally tncraasus with dopth although there Is moderate 
iluctuatlon in this pattorn. At the top of tho Otowl Momber, from 124 to 144 tt, moisture content is batween 
I? wt % and 19 wt %, At 159 tt, moisture content Is 16 wt % and gcnonlly rises to 20 wt X at41 9 t 

Two othor Monandad Canyon wclls show shallow malsturo content profiles slmilorlo mat found in R-15. 
VJoll MCM 5.1 is l m t c d  about 2800 ft upstroom from R-15. MCM 5,9A is l m r a d  600 tt downstroam trom 
MChl 5.1 and about 2200 ft upstroam from R-tS. 7hu strallgnphy of those walls wo5 rointcrprotod forme 
Mortondad Conyon work pian (LANL 1997,56833, changing tho roportod thlcknessos of thc Cem 
Tolodo In!orval and Obt 1 g from oarller work (Purrymun 1995,45244). Tho contacts for the base of *e 
nlluvium and Obt 1 g in Flguro 4.1-1 aro from MCM 5.1. The contact for tho b w  of the Cerro Toledo 
lntarval Is from MCM 5.9& The basal Corro Tolodo intorval conuct In MCM 5.9A Is probably high 
compared fo Its dapth In MCM 5.1. The canyon floor falls faster In olevatlon betwcen me wells than does 
the basc of tho Corro Toledo intorval, occordlns to cross sections in the Momndad Canyon work plan 
(LANL 1997,56835). 
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Cbarrrcrorimtlon Woll R-75 Cornplotion Rcporr 

Lika R-15. MClJl5.1 hns scvcrcll gravimetric moisturo content rnrutimn (wlculatcd from volumetric 
moistura contont and bulk donsity da9 in Rogcrs and Gallahor [1995,49824]) in the shallowest 100 ft ot 
the wall. Tho moisruro rnmima apporcn:ty are associatcd with slmilar strrrtlgraphic horizons in the two 
wclls. Although the shallowor mwimum in R-15 lics in the upper pan of Qbt 19, in MCM 5.1 the maximum 
is at tho base of tho olluvlum (depth of 30 tt) and cxtcnds into Cbt 19. A sccond maximum in R-15 begins 
at tho base of Qbt 1g and cxtcnds into scdimcnts of tho Cor0 Tolcdo inrohral, with a third maximum in 
tho Cerro Tolcdo intcrval , about 20 ft below the top of the Tsankawi pumice. The second moisture 
contcnt maximum in MCM 5.r iics cntircly within tho Ccrro Toledo interval, at about 50 tt below the top of 
tho comblnod Ccrro Tolcdo htCWal and Tsankawi unlts (depth of 1 M tt). 

MCM 5,9A also shows a significant moisture maximum (ccrlculatod from volumctric moisrure Content and 
bulk donsity data in Rogcrs and Galliihcr [1995,49824J) within the lower portion of the Cero Toledo 
intcrvcl (Figure 4.1 -1). Otowi McmScr gravimetric moisturo contcnts in MCM 5.9A are similar to those 
found in R.15. Moisture contents in MCM 5.9A ncar the fop of the Otowl Member at 120 ft are 21 wt%, 
falling to 16 wt % at 125 tt As depth Incrcnscs to 165 R moisturo content fluc'tuotcs between 17 w? % and 
19Wr%. 

A pottom of downward incrcasing moisturc similar to that found in R-15 tor tho &owi Mcmber was 
ropoRod for coro samples colloacd in LADP-3 in Los klnmos Canyon (Eroxton et a). 1995,50119), and 
R-12 in Sandia Canyon (Broxton et al. 2000, 66601). In R-12, gnvimctdc moisture contants in the Orowi 
Mcmber ash-flow tuffs ,ys:cmatically incrcasa with depth from 6 wt % near tho top to 20 wt% nearthe 
basa of the unit, In UDP-3, gravimetric moisture contcntS for tho Otowi Member range from 10 wt% to 
23 w! %, otthough in the uppor pan moisture fim dccronsos with depth. 

4-12 Soll-Water Movement 

4.121 Mcthods 

Whon the pores in a rock are not fillcd with water, the hydrostatic pressure (or m a t k  potential in 
unwturatod rock) is less than atmasphcnc pressure. The pressure potential is negative, meaning that 
work is required to ramove water from the rock, The energy mcking up matric potential arises trom 
capillary forces holding wator in the poros. and adsorption that holds water to particle surfaces. figure 
3.3-3 shows the absolute value of me matric potential. 

Watcr potcntial was measured using a chilled-mirror water activity meter as described by Gee et al. 
(1992,58717). Samples wcre doubly scnlcd in ziplock bags and wnppeu in pcking tape immec!iately 
following scrccning of care or euffings for ndidactiviry. W i ~  some exceptions. stomage time ranged ttom 
8 to 72 days; sorage rime form0 samples (R15389.5 and -3942) vas 18 days: stonge tine forfiue 
samples (R:S-399.6 through 4192)  was 17 bays. tAcrrsuremcnS wcre modo in duplicate within 10 min 
ater water was added 10 plasticvhls with tight-fiing lids: the vials wcre dir#?ly insenad into the water 
activity mc:or. Core was crushed into millimc!cr-sizcd f n p c n t s  as quickly as possible afrer me seal was 
brokon in order to load the vials. 

Rcpcat mcsaurcments dcmonstntcd t h t  samples produccrf the m e  results as long as tlw 
mcasuremens wcre made loss than arce hours attar loading the vials and stmring the lids, All mnalykal 
runs were bmckctcd by rneosurcmcnts of rnnbards, which demonstnto a 2a reproducibility of 0.0026for 
114 analyses of the matric p0:cnti.d of distilled vn!er, Thls is close to me instrumental precision stated m 
Geo et al. (1992 58717) o! 0.003 water ackity units (4.4 millipascals [hlpa] or 4080 a H20), Data  
liScU in Appendix C for ma?& po?ental ana!yZes represent the avenge of two masurcments made on a 
sample. 
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The chillcd minor psychromc:er (or water adbity mcterf measures marric potential in very dry sails or 
rocks. Tho mctor measures waler adiv'w, which can be convcrted to matric potential, The units of matric 
potcntia! may be ShrCn as prcssuro in pasmls (Pa), or as .the hcisht of an equivalont column of water. in 
centimetcrs (1 0,200 cm HSO = 1 MPa). The limit for the mcter is in sails drier than 0.003 water activny 
units (-0.4 MPa or -4080 crn H,O) (Gca ct al. 1992,58?77).This value is shown on the ommpmying 
plats as :he limit of the chilled mirror psychrometer. As a rcsuk of mcasurament unccf!dnty, some 
mcasurcmcnts ncar a wntcr activity of 1 (that Is, near Wuration and outside the instrument's working 
range) produce water activity mcasurcmonts greater than unity. 

Despite the llmimtion Of t h c  watcr adklty metcr for mc2suring ma3ic potcntial in the driest rocks. the 
method has nctvantag3s. Whcro tho water activity meter works it is incxpcnshe. and shrcs mare dcailed 
venial information than would laboratory mcasurcmcnts on tho available core samples, In dry rock such 
as that encountcrcd at chnnctcriition wcll R * Z ,  the profilc from the watcr activity mcter provides a 
pictura of vcnlcal matric potential ftuctuJtionS over a 3504t dcpth that would not otheiwise be apparem In 
sclcctcd casos in each woll, loboratory monsuremcnts will be made over a wider range of moisturo 
contcnt using core samplcs prescrvad for that purpose. 

4.122 fdlatrlc Potential 

A profilo of mntric patcntiol vcrsus dupth nppoats ncwt to tho mois:urQ conront c!am in figure 3.24, The 
axis of thc mmric potcntial plot is rovcmcd so that drior valucs appear to the latt on the plot, 
corrcsponding to tho cliroctlon of dricr valuos of moisturo contcnt data. In g$ncnl, the dryvaluas of mabk 
potcntial correspond to thc dry moisturo-contont moasurcmcnts. The cxact correspondence of ma* 
potential and moisturo contont dopcnds on rock texture and reflects fnctors like porosity and pore she 
distribution. Thc only cor0 samples that showcd matric potcn:ial mcasurcmcnts within the working range 
ct the water activity metor wcro six samples of Qbt 1 g. Thoso samplcs gcnentfy nave gnvimotric 
moisture contonts below 1PA. 

A second mcthod of displaying the mntric potential data is shown in Figuro 4.1-2, This display represents 
the drior portion ot 8 moisturo-rotontion curve. 730 moisture-rotcntion CUNO rclatos me soil moisture 
conton! of unsnfurafcd solls and rocks !o tho cncrm stat0 of the soil water. The water conrcnt (0: 
gravimettlc moistura contont) rcponod hero equals tho mass of water dividcd by the dry mas3 of solids in 
a sample; to convort to volumctric moisture contont, water contcnt is multipllod by the dry bulk density of 
the sample. 

Two avornge rnoisuro-rotontion curvos dotormincd from corcs by Rogors and Gallaher (1995,49824) are 
shown in Figure 4.1-2 The curvos ilra for Obt 1g and 0 unit in Mortmdad Canyon doscrIbed by Purrymun 
(1 995,45344) ns wcathercd Qbt lg. The moisturo.contont curvos wore convcnud from volumotric 
moisture contont to wator contcnt using tho mcdion dry bulk donsity for tho cniw l.lf g/m3 for Obt 1g 
and 1.19 g/cms for wcathcrcd Obt 19. Hall the 06scrved data from R-15 are in agreement with the drier 
rcgion of those curvcs, whilo tho othor thrco villuos fall at highor matric potcntial than suggested fortheir 
moisture contents. 

4 2  Soturatod Zones 

Up to fivo saturated zoncs wcro projected to occur at R-15: four perchcd water bodies and the rcsional 
zone of saturation. Porchod saturation was CxpcctGd in tho Ceno Toledo intoml, the Guaje Pumice Bed, 
the Corros del Rio basalt and tho uppcr port of the Puyo Formation, in dcscending order. Regional 
saturation was prodlctod to bo cncountcred in the lower part of the Puyo Formation and continua into me 
underlying Sants Fe Group. 
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4 2 7  Groundwater Occurrence 

No perched saturntion was found in the Cerro Tolcdo intcrval orthet Guaje Pumice E&. f l m w a t u r  
cncountcrcd was that found to be perched in the Cerms del R o  basah Regional saturation was in the 
Puye Formation. 

The firstwatcr cnwuntcred at R-15 was that in a perched =one of saturation in the ecmrS dol Rio basah 
The first indication of saturation was the appearance of water in the open barehole after one shift of 
drilling with the RC 44 (4 7B-!n.-I.D,) air hammer from 680 to 740 it, The borehole was dry at 680 R atme 
beginning of tho drilling s h i t  Tho water was first detcaed at a dcpth of 655.6 it by eleebic probe 2 s  hr 
after the air-hammer drill system %';is tn'pped out from a dcpth of 740 h There were 730 f t d  open 
borehole below the W n .  casing at the time the air hammer was tripped out No xlbrafion was apparent 
to the driller or in the drill Cuxings during drilnng ?or the 680- to 740-R interval. After 14.75 hr. the watar- 
lcvol depth was measured to be 646.4 R (ngure 2 3 - 7 ) .  with 730 it of open hole at the time of this 
measuromnt 

Following sampling of water in the open borehole, the 13-in. drill casing was advanced ?ram 670 to 740 R 
using TORKoase and U-MUD mixtures to lubricate the casing. Atthouah the attulatlan materiak 
generally obscured whore groundwaterwas k i n g  produccd. the driller identified a zone a t 7 0 7  to 71711 
which soomcd to yield mare water than Z o n e s  above or below. If the top of the perched satwation WBS 

indeed a? a depth of 70fto 717 f t  a water-leva1 rise of 61 to 71 R is 1ndiuted.This apparentwater-level 
rise does not necessarily signify confined conditions. It is more fikdy due to the lag time for groundwater 
to fill the hole, because of low production through the walls of the 4 ?/&-In, open hole. Additionally, water 
is assumed to reside within fneturcs In tho b a s a t  Those fractures m y  be saturated to the static water 
level of 646.4 but possibfy were not intersected by the R-15 borehole until greater deprhs. 
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Aftor tho 4 7/8-in. pilot boroholo w3s rcdrillcd to a dcpth of 740 ft with tho 13-in. casing-advance system 
and dnlllng cquipmcnt w3s rcmaved, wntcr-lcvcl depth m s  repeatedly measured by electric probe to be 
723 ft. At a depth of 751.5 ft, with no open borchole, a water-lcvol reeding of 729 R was obtained. IThls 
6-R lowor watcr lcvol is probabty duo at least in part to the oreator borehole dcptfi. 

This groundwater is intcrprctod to bo perched far throo masons.. Fitst, it lies wcll above the projcded 
dcpth for the rcgional zone of saturation (964 ft). Second, pcrching could rcndity be provided by the 
interval of cloy-rich flowbase rubble and underlying clay-rich sib s a n d  (lying at  3 depth of approximately 
740 to 746.7 fi) that occurs at the b3se of the Corros del Rio basatt (see Table 3.1-1). Third, when the 
underlying Puye Formation w3s drillcd with air. the hole MIS noted to be dry. 

4.2.1.2 Deep Saturation 

Groundwater believed to be associatod with tho regional zone of saturation m s  cnmuntered in the lower 
part of tho Puyo Formation whilo drilling mud was uscd a s  a lubricant bchind the casing. Observations by 
the drillcr suggcst deep groundwater was encountcred by a depth of 1007 it, bLZ possibly as shallowas 
965 h Tho initial mcasurcmcnt of water-lcvcl dcpth associated with the top of the deep saturation at R-IS 
was 970 tt, taken whcn total dcpth was 1087 3, with no o p n  borehole, more than 13 hr aner any drining 
activity. This is very close to the projected depth for the rqional m!er level of 960 it Saturation 
continued to total dcpth of 11 07 h Data from a transducer IcR in t!w hole for rrpproximately 7 days 
(August 31,1999, to Scptcmbcr 6,1999) nftcrthe drill casing was pulled back to 10274 depth and the 
borcholo w3s backfilled with sand capped by bentonite to a depth of 1039 ft indicate the m t e r  level 
rcmaincd fairty comtmt  at  a dcpth of 964 f t  or an clevatIon of 5856 R (Figure 42-1). 

Rcgional saturation occurs at  a shallower elevation than at R-9 (5644.8 3) and R-12 (5699.5 it), located 
approxirnatcty 1.3 mi !o the northeast and 7.1 mi to the cast of R-f 5, respectively. The elevation of the 
water table in R-15 is approximtely 26 tt lower than the static water level in nearby TW-8 (depth to 
groundwater is 996 ft at an elcvation of 5682 i?). Thk satunred zone is teljeved to be associated wiUi ti10 
regional aquifer because its elcvation is consistent with that found in nearby supply wclk PM-1 anC PNA. 
and in W-3 and fws. 

The top of the rcgional zone af saturation occurs just above the contact m e n  the upper and central 
hnglomente of the P y e  Formation. Saturation extends d m r d  into axlal Rio Grande depasb of .the 
ToBvi Lcntil (see Sedion 3.1.8). Above 973 ft, the Puye Formation consists of fairty coarse gravel (up to 
cobble size) as is typical ofthe fmglomerzlto fades Below that and cxtcnding to a depth of 7700 Rthe 
Puye Formation is a coarse tUfaccoLs sand. with granules and minor pebbles of p&c%. 

4.273 Other Possible Saturation 

Near-saturated conditions arc bclioved to occur in the Cem faled0 intertat at depths of 74.3 and 8 f R  
bared on observcd moisture contcn5 and estimted rock porositics (use Section 41.72). However, no 
free groundwatcr was produced in these zones ,  which were 6riIltd dry by HSA Two other zonesof 
possible saturation wcre identified in addition to those described in Sections 41t . l  and 4 2 3 2  The 
occurrence of wtunrcd  conditions in thw tones is unccrbin because they did n o t  produce dearty 
identifiabla groundwater. 
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Flguro 4.2-1, Hydrograph based on transducer data collected from August 31,1999. to 
Septombar 7,1999, lor the reglonol aquifer prlorto well completion 

A small zone of saturation may occur in tho uppormost deposits of tho Puye Formation, based on me 
drillor's obsorvatlon of lncronscd fluldlty of the mud usod to lubricate the backside of the drill casing. 
Howavcr, saturii!od condltlons wort3 not found when use of drilllng mud was halted, A sample of the 
drilling mud colloded from a depth of 482 tI within this zone conmlns 57 pCVL of ?rttium (see Table 52.3). 
an activity that is highor than oxpoctod for drilling mud made up with regional aquifarwaterbut lowerthan 
tritium activitios commonty found in Momndad Canyon alluvial groundwater. 

4.22 Groundwater Movement 

Groundwator movcmont involvos both a direction and a rate. Although data for evaluating horizontal flow 
dlrectfon Is not provided by a single well, vertical direction a n  be determined by analysis of head 
dlstrlbutlon along tho barohole, aspacially if casing Is advnncad durlng drilllng. A goned idea of potential 
flow mte Is providod by tho hydraullc conductlvlty of a saturated material: more spedflc measores of 
potantlal flow rate (o.g, Oarcy flux and sccpoga velocity) rcqulro knowledge of that and other hydrologic 
proporties. Moosuromonts of hydraulic conductivity aro obtained by flold or hSoratoty tests. as discussed 
In Scdlon 4,222. 

42.2.1 Vcfilcal Head Dlstrlbutlon 

The sense of the vertlwl gmdient, that is, whether water mavoment is up or down, is best determined by 
oxamining water levels measured at ditletent borehole dc7ths wlm a minimum of own barehde, tf 



watcr-lmol dcp!h incrcascs ~d?h borohole de$h,the Sndicnt is dmmard. If vmtcr-level dew decreasa 
with borehole de$th, the gndicnt is upward. 

Too !cw smic water-lcvel mcasurarnents wcre made ?O determine me dirwion of the ver'kztl gaCient ar 
R-15 with any cefainty. However, Wo rcat3np sss0eU:ed with the deep saturation prosaSty rqmsmt  
Satjc conditions for the respectkc depths at which mcy wcre measured and mus 
vcrtiwl head distribtion. When me using was scrcvded into the so% day-rich material in 
Forma:ion a: the bonom of Tho Sorchcle at a depth of t 087 tT (Eittcr tho transducer had bcon removed and 
13 hr and 40 min had pclsscd since any drilling aaivi) ,  wa!ar-lcvol depth vas measured to be 970 Rfor 
a hcad value of 5850 R (using a ground-sutacc clevjrion ar R-tS of 6820 n). Transducer data caflected 
ovor a ?-day pcriod aficr the borehole was Sackfilled wim 12 f't of open hole at 8 depth of 1039 tt 5ive an 
avcngc tvatcr-lwcl dcpth of 964 trfara head of 5856 tt (Figure 42-7). As SrounCwaer 
higher to lower hcad, ?hcse rcadings tend to swport a bownwmrb veCiul p b i e n t  Howcver. the depThs 
for the two readings are closely spaced and the shatlower head iS a composite value, reprcsmtinga 72-tt 
interval. It is possible *at thore G li3e or no vertical Gradient in the re$arwl zone of saturation at this 
1ow:ion and flow is pec!omimntIy horiiontal or marly so. The occurrence of pcrched water h the basalt 
above sug~csts that the voRiQ1 gradient in that portion o? 3 e  borehole is downwarC 

some sense of 
Puye 

trwn 

42.2.2 Hydraullc Propcftle% 

Bath ficld nnd labcntory mcasur~mentS provide &ita on the hydnulic propocics of satumcd mrerials 
Field mcosuremcnts are made in conjunction with slug or pumping tests Labom!ory tests may be 
performed on co:o s3mplCS collcccd fmm the borehole. 

As slug and packor r e a  a n  bo made only whon drilling cquipmcnt is aut of the hole. optimum we is 
made of such opponunkies nus, a twc-tost stntogy was initiated at R-15 as the Smdard protocol when 
sufficient porchod watcr was cncountcrcd to pennit sampling. lmmcdiately ntter water Is colleded for 
chcmiwl onalysis (reprcscnting a slug of wator rcmovcd), watcr level is measured and atransducer is 
omplacod to monitor its recavcry. Following that, the tnnsducor is wkhdnwn and a singlepacker device 
is dcployod for an injccrlonlprcssuro tcst of me opon.borchole interval or me material immediately 
bsnea:h the bottom a: tho casing if the m3tcrial would collopse in an open borehole. Results frcm me two 
toss of hydraulic conductivity of the sstuwtcd medium then can be compared. 

The order of field testing the upper saruratod ;&no at R-15 was reverscd ?ton that desnibeO above 8s 
the tr3nsduccr was not cmplacod immediately atter bailing for water sjmplcs. An injection/prexurre test 
of tho clay-rich rOck parctling tho wator in the basalt by means of a singlu-packer device was plannod t~ 
follow the collcction of wator mmples for chomical analysis. For :his, the 13-in. casing was drilled into the 
cloyrich rocks zit 7404  dep?h. However, tho rest was canceled due to a malfuna'an of the packer 
oquipmanr. caused by an eloctrical shon in the wiring. 

Atrcr the packor dsvica was romovod from the borehole. n slug test was pcrformed Gruundwater was 
removed from tho woll by Sailing and wntor-level rccovory wtls analyzed, Watcr-level data were collMed 
using a transducor ovor a period of 1.5 days (2200 min). A VDIUO for hydraulic conductivity af 
2.547E-07 cm/soc was obmincd using tho Bouwcr-Rice unconfincd method of analysis (Bower and Rice 
1976, M056). This value falls at the lowcr end of the range of hydraulic canductklties reponed as typical 
for silt (Froeza and Chcny 1979, € d O s r ) .  The pcrching horizon includcs both chy-rkh basaltlc rubble and 
clny-rich sit& sand. The slug res! confirms that these arc lowconductivity materlals 



Tho test is bclicvod 10 have SCCn villld, but was nor IdcaI. As it twk about 35 min to bail water from me 
casing, the slug was not removed insmnmncously. Thcn it rook another 5 tot 0 min to emplace the 
transducer, so enrlytlme data Were missed, This could have bcen 3voldcd tl the transducer were already 
in LCle hole whon it was boiled. Howover. it was fcarcd, and rcasonaSly so. that the lines for the bailer mu 
transducer would bccomo entangled. Noncthclcss, n o  tcsr prwidcd n rcasonatle measure of me 
hydraulic naturo of tho perching horizon. 

A single-packor test w3s also plannod for t h e  dccp zone of saturntion at a depth of 1087 tr. However, 
eff om to rcmedy tho wiring problcrn discovcred during testing of me perching meCium were apparenay 
incff cctlve and ',clc anempt :o tcsT the deep saturalcd medium was also unsuacsstul. 

A 46-hr aquifer-pumping test was conduacd at well R-15 on Fcbrunry 14-20,2000. Water levels were 
recorded in R-15 while m e r  was pumpcd 3t a c o n m n t  nte of 11.7 gpm. Once he pump was turned off, 
water level rccevery was recorded for ail additional 26hr. R-15 is completed into the regional aquifer and 
has a 604 scrcon. This screened interval is louted 960-1020 fi bg within the Puye Formatim 
Drawdown and recovery data wcre analyzed to dctcmlne chamcterisricvalues torrransmissivity and 
storage cootficiont, fhcse results suggest That tho regional aquifer at well R-15 behaves like a leaky- 
confined aquifer. Ovenll, a n  avenge :nnsmksivity of about 123.; t?/eay and a storage coeffdm of 
about 0.0025 wore detcrmined for thQ P y c  Formation from ttiis pumping tort The camspending 
a v e n g e  hydraulic c o n d u a i v i  over the R-IS w e e n e d  interval is about206 Way. or about 
0.001 17 cm/soc 

Dcmils of tho rests dcscnbcd will be prcsemd in a scpanta document k i n g  preparcd by ESH-18, 
Volucs presented here for hydnulic propenids are prolimimty and may bc modified attor further analysis 

5.0 HYDROGEOCHEMEITIY 

The Laboratory tias colleacd and analyzed surfaw water and g o u n c w t e r  s jmplcs  within MoresnCad 
Canyon since ma e3rly 1960s. Known goundwater comsminmts within t.lort3ndad Cmym west of 
R-15 includo americium-247: C~~~Um-737;  plutonium-238: p:u?onium-239,24& strontium-90; miurn: 
uranium-235: uranium-238: nirra:e, chleride. sulfate. and other incrgmic solutcs (Envimnrnentat 
Surveillance and Compliance Progams 1997,56684; Rogers 1998,59169; Wt 1997.56835).TririUm 
adivhics up to 1 ,000,000 pCYL have been obsewad in atlwial Sroundvnrer within t.lomc!ad Canyon in 
me past 

Movement of groun-tcr wkhin rhe Gaje  Pumice Bed may !xt w m k d  by a nocbwea-somms- 
trending paleodnim~e (Brox?on &id Reneau 1996,55229) that & m y  serve as a con,Sit for conaminants 
discharged to Los Abmos Canyon and Sandla Canyon to the nom of f.lortsnc!ad Canyon. C O r n J m ' m  
of concern in %ndh Canyon include M u m  and nitrate (Environmental Survcikme anC C c m p C m  
Prcgnms 1997,56684). For stsvcnl &cades tre37cd savage % becn Oischjrgcd trcm me TA-3 
sanitary systcm into upper Sandia Carrjon. Surtacc water samples c o l l ~ o d  in uppet SmOi canywl 
suggcsr that this dischargc may have con'hned M u m  until Be early 1980s (Rqcrs 799% 59169). 
Tritium anivitics up to 18,000 p C L  have bccn obscrvcd at surface w a r  smpl ing  Staton ScS.2 
(Rogers 1998,59169). 

Known gmunchmtercontaminvlts in upper Lw Atamas Canyon include meridurn-247: cesium-132; 
plutonium-238; plutonium-239,246; strontium-90: niYum; unnium-235; and uranium-238 ("L 1995, 
50290). 



5.1 

Samples of cor0 and cuttinp were colloctod from R-15 and anatyzod for motals and radionuclides far 
choractcrkatlon purpocos. Rcsults of chcmical and ndiochcmial analyses aro usad to datcmine barn 
naturally occurring clcmcnts and contaminant distributions within R-15. Orsonic compounds were not 
idcntifiod 85 cont3minants of concom at A=75, bassod on rccan: scdimcnt and watersampling (MCO-3) 
conducted by tho Laborntory in MoRandnd Canyon (Environmcntal SWolllanCo and Compliance 
Programs 1997,56684). Organic compounds, howcvor, wore onolyzod using the Core samples and 
consistent with prcvlous sampling in Martandad Canyon. No anthropagcnic (manmade) organic 
compounds ora prasont in R-15 core samples. 

Gcochcmlsrry of Corc and Cuttlng Samplcs Collccted During Phasc I Drllllng 

5.1.1 Mcthods 

Twenty-four samples of cor0 and cutiings wcro eollectcd from tho vadose tono for gcochemid and 
contnmlnmt chorclctcrizotion conductod during Phase I drilling. One core sample wos collodcd from a 
pcrching layor within tho Corros dol Rio basalt during phase I I  drilling. Core and cutting samples were 
colloctcd from tho following dopth intervals: 0 to 17.0 tt, 17.5 to 20.0 k 25.0 to 25.3 f t  40.0 to 47.5 ft, 
63.3 to 64.3 t t  65.0 to 65.8 It, 68.3 to 69.3 tt, ?5.8 to 76.6 ft, 87.0 to 87.4 tt., 90.8 to 91.6 ft, :OO.O to 
101.3 tt, i0s.o to 105.8 tt, 112s to 114.5 tt, 115.0 to 115.8 ft, 120.0 to t2o.aft, 7483 to 1493 tt, 150.0 
to 150.8 ft, 170.0 to 170.8 ft, 230.0 to 231.3 It, 270,O to 2725 ft, 325.0 to 327.5 % 380.0 to 324.0 i t  
(duplicate), 415.0 to 41 9,0 ft, and 740.0-7515 tt. Approximatcly 500 to 7000 g of tor0 orcuunjngs 
samples wuro placod in appropriato ampla jars in protactivc plastic b3gs bafore they wore shipped to 
analytical laboratories. 

Samples of core and cuttings were analyzcd using US Environmental Protection Agency (EPA)-approved 
analytical methods. Solid samplcs wcro panistlly digostod using hot HNdJ (€PA sW-846 Memod 3050) 
bafore mom1 onatyscs. Somplcs of coro and cuttings wero shipped to Paragon Analytia, Inc, in Fort 
Colllns, Colondo. lor morat and ndlanuclido snalyscs. Analyses of aluminum, antimony, arsenic, barium. 
beryllium, wdmlum, Wlcium, chromium, cobalt, copper, iron. Icod, magnesium, manganese, 
motybdonum, nickol, potassium, Solcnium, silver. sodium, thallium. vanadium, wid rinc were determined 
by inductivcly couplcd plasma omission spcetrascopy (ICPES). h:arcury was analy2Od by tald vapor 
atomic absorption (CVAA). Core samples wore washed with dcionirod wa?w for24 hr before mion 
analysos. Concontradons of bromide, chloride, fluoride, nitrate, ond sulfate were dctemined by ion 
chromatography (IC). Tom1 cyanide content vt3s determined by colorimetry. m e  pr&sion limit5 for major 
anions and tmco alomcnts were gonorally less than t1W. 

Radionuclide activities in cor0 samples were dctcrmlned by alpha spectrometry (amedchm-241: 
plutonium-238; pIutonium439,240; uranium-234: unnium-235; and unnium-238); gamma spectnmatry 
(casiurn-t37 and gnmma-cmifting isotopos): p s  propcrtional counting (strontium-90); and liquid 
scintillation (tritium) at Pangon Analytics, Inc, and direct counting at the University of Miami. Sample 
duplicates were collected L i d  analyzed in accordaxe with EPA procedurss. 

Tho following equation was used to convert L!e ac?ivity of tritium present in the pore warcrttcm p i w r i e s  
per gram to picocufies per li!ec 

PCVLI (pCilg)(l g Ha011 ml HaO)(Bn -e)(ld m a )  

where 8 t gravimotdc moisture contcnt and the density of the pore water is assumed to be equal ?B 1. 



Gmvimctric moiaurc con:cnts wore measured at EESY. 

Field screcning forvciatile organic compounds (VOCs) vns conduced using a photoionhtiw, deteczor 
( P f D )  instrumcnf No VOCs were dctceted with the Tiold instrument. 

ER Project porsonncl have performed dam qual'tyvalidarion on chcmicaf and radiochemical malybd 

with the analytical rcsuhs. Samples were pmty digt%ed and analyzed within rcquirw2 holding times. A 
complcte, dcailod data va1ida:ion was conducted on these cor0 sarnplcs in em fiscal ycar (N) 2000. 

results for cor0 and M i n g  samples collected from R-15. mere are no serious def&nciesssxKla * red 

5.12 Radlonuclldcs, Pcrccnt Organic Cart>on, and lnorganlc Analytw 

Tablo 5.1-1 providcs radionuclide activities in core ond cutrings from R-15. Isotopes of uranium (umium- 
234, uraniurn235, and umniumZ38), tritium, gross alpha, goss bcta. and gross gamma am detccted st 
actlvitics groawr * a n  rhck minimum dctcetablo 3t&4tids ( M D A s f  in the core mcles.  Activi?ies of gross 
alpha, gross beta, and gross gamma in s3mplOS of cor0 and cuttings ore greater than 1 p C V &  where 
measurable, and v3ry with dcgth (Table 5.7-1). Prcscnco of tritium in thc cote samplcs is a resukot 
aqueous-phase and/or vapor-phase tmnspoR through thc vadose zone within the BandetierTutf, 
Foumcn additional core samplcs wcrc nmlyzcd for M u m  and onalyfiul rcsuB are provided in Table 
5.1-2 Incrcming actlvitics of tritium goncrally eorrclotc with imeasing mcMure contcnts of me core and 
cming samplcs, which may roflcct tho occuffcnco ot buricd sclts and alteration zones within me 
Bandolier Tuff and Cerro Tolodo interval. 

Activltics of isotopic uranium sro highar in samples collcctcc! from tho BandcIierTuff, rcflccting me high 
total uranium in this unit (Otowl Mombor) (Ryti CY at. 1098,58093). Lowor octlvlrlcs of uranium-234, 
urrmium-235, and uranium-23 gcnanlly wore found in samples coilmed from the Cam Toledo in:crvaf. 
ACtiv/:ies of total isotopic uranium do not appear to be elovatcd above Libomtory background forme 
Bandolier 7uff. 

Actlvitles of americiurn~241; cesium-137; plutonlum-238; plutonium-239,240; and strontium-90 are less 
than dotoction in moa of the samplos of Core and cuttings, indicating that no Laboratorydarived 
contamination from thcso isotopcs is Uotcctnblc in thcse core samplcs collected from R-15 during 
Phase I drilling. kmariclum-241. however, was dctocted in tho core simplo coflectod from the basalt 
rubble in the porching loyor at an octivlty of 0.0355 f 0.01% pC'L (2a error) (MDA oqusl to 0.014 pCVg). 
This pcrching layor is clayrich (srnoctite) and amcriclum adsorbs strongly onto solids with high surface 
areas such os cloy minerals and hydrous iron oxidas (Langrnulr 1997,56037). 

Organic carbon contcnts of tho samplcs wcra tho highost within the crlluvlurn and in tho uppar portion of 
Obt 1g of tho Bandoller Tuff, ranging from 0.07 to 0.14 wt %, These values may represent recycling of 
solid organic manor within tho alluvium and Qbt 19. Organic w h o n  contcnts of the romaining samples 
wore lass than 0.05 wl %, indicating small amounts of Solid Organic carbon are present within the lower 
soction of Qbt l g  and tho Otowl Mombor of the Bandollor Tutf and Cerro Toledo lntorval. 
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Table 5.1-1 
Radlonucllde Actlvltlea In Samples ot Coro and Cuttlngs from Borehole R-15 
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Table 5.1-1 (continued) 
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MOA 0.021 10.022 

Amcrislumtll 0.0061 f 0.0136 10.0221 f 0.0155 

0.030 10.015 

UDA 

1.74 f 0.24 I 1.1!30tO.l74 10.874 i0.132 il.M*022 

0.@20 10.017 I 0.021 I0.023 

6.2 f 1.2 I tfot snabyzod 3.7 I f 0.92 I 1.71 f 0.62 14.8t 12 I 0.91 f 0.45 
2.68 f 0.70 I 1.61 f 0.58 I 3.90 t 0.85 I 1.17 t0.52 Grow Bda 

Grorr olmmr 

MOA 

15.34 i 2.00 I 10.22* 1.34 19-21 f 1.20 I 12.05i 1.56 

0.37 0.54 10.37 10.38 
4.90 & 0.65 12.5f 1.7 13.74 f 0.50 1 8.6 f 1.1 

co.05 I 4 0 5  

f 



Table 5.1-1 (conllnued) 

0.0068 

0.0182f 0.0160 
0.025 

0.891 f 0.136 
0.020 

UOh 0.026 o.ma 0.017 0.013 
0.0124 f 0 0136 
0.024 0.017 0.015 0.01 0 

1.78 f 0 24 1.96i.026 1.86 i 0 26 1.83 f 0 24 
0.02 1 0.0067 0.0071 0.013 

0.mo f 0.0082 0.0 to6 f 0 0 1 14 0.0238 f 0.0178 

. ~~- 

Amcrklurw241 

-0.0034 f 0.0018 

0.025 

0.0127 i 0.0132 
0.021 

1.73f02.1 
0.0 14 

0.W7 i 0.030 

0.0 19 
1.77 f 0 24 
0.019 

0.07 f 0.50 

1.40 i 0.57 
14.36 f 1.86 

-- 

- 
-- 

0.46 

2.65 f 0 35 
aO.05 
- 

~ 

MOA 

Gross Nphr 
Grosr B e l  

Gross Gamma 

- 

U DA 

Uranlvm235 I 0.059 i 0.026 10.135 f 0.033 lo.111 so.034 1 0.067 f 0 028 10.115 f 0.034 

0.015 

0.87 f 0.56 

1.62 f 0.61 

14.CQo* 1.00 

0.016 0.0070 0.032 0.0 I9 

3.59 f 0.95 2.73 f 0 81 0.71 f 0.43 0.98 i 0.5.1 

3.1 1 f 0.76 2.26 f 0 68 1.3tkO56 1.28 f 0.59 

9.75 f 1.26 15 36 i 200 14.73 f 1.92 15a2f2.06 

0 37 0.57 0 52 0.51 

MOA 10.027 lO .Ot7  10.010 10.024 10.013 

~~ ~ 

TriUbm 

Orgudc cubon (Id X) 

Uranlilm23S 10.872 f 0.134 I1.83*024 11.90 f 0.26 I1.92i026 11.91 k0.26 

6.59 i 0.88 7.23 f 0.96 17.0 f 2 2 14 6 t 1.9 21.2f 2.8 

co.05 t0.05 cQ 05 d .05  c0.05 

I t 

0.16 i 6.44 

-0.066a O.Oa4 

-0.001 5 f 0.01 00 

0.029 I 



14.80t0.52 1363i 1.80 . 
0.53 0.63 
4 96 f 0.66 17.1 :22 

~0.05 qO.05 

17.68 f 0 62 17.67 i 0.70 
0 05 
26 5 f 3.4 
a0 05 , a0 05 

16.71 f 0 64 

-. 20 3 * 3.7 

51iOnliUm-90b 
Cesium137 

0.06&0.38 \020%0,46 i"'l0.10:0.42 0.18 f 0.41 

-0 .M)IO f 0.0082 -0.0009 f 0.0070 -0.O008 f 0 . W  0.0075 f 0.0108 0.0033i OOOPB 1 0.067 f 0.084 -0.01 0 f 0.066 0.0 15 f 0.W -0.025t 0.074 -0.035i 0.001 -0.038: 0.07 I 
0.0025f 0.0068 

P 

0.0 15 ] 0.013 f"013 

0.0040 f 0.0082 0.0013 f 0.0070 0.0013 f 0.0068 
0.015 
0.0033 f 0.0068 
0.0 I3 

- 

UDA 0.015 

0.01 55 f 0.0164 I f 0 0092 I !!;:9 i 0 0160 I f 0.0!08 1 !!!7 t 0.0192 

1.81 f 024 1.375t 0.WO 2.85 f 0.36 2.G f 0.34 2 9 1 t 0 3 8  
- o 028 

~ 

ArntrklumZI I 
MDA 

1.088 f 0.162 
0.025 0.027 10.017 ]0.020 

0.1M i 0.034 0.061 f 0.026 0.106 f 0.034 0.132 f 0.638 0.1 1s f 0.m 
0.017 10.017 laOn 10)11 -10.019 2.91 f 038 
1.80 f 0.24 1.345t0.192 2.81 f 0.36 2.76 f 0.38 

I 0 . W  - i 0.026 
0.022 UDh 

UrrnhntM -I 1.115i O.lt3 
0.022 0.019 10.023 I 0.021 I0.016 lo.010 

Groic Alpha 1.32 f 0.63 1.38to60 
1.03 f 0.57 I- 1.35 f 0.57 

1.70 f 0.64 
1.30 f 0.67 

1.42 f 0.57 

0.47 f 0.48 
1.26 f 0.61 

1.77 & 0.62 

8.2 f 1.8 

G F - 1  Gross B e t i  

Gross G a m  
MOA 



Moisture Content Trldum Actlvky Depth 
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Concentrations of antimony, mercury, sclcnium, silver, and Thallium in the solid samples are less than 
dcrcctlon using ICPES and CVAA methods. Distributions of iron, Sariurn, bcryllium, chromium, znd lead 
within the alluvium, BandeliorTuff, and Cero Toledo intorval at R-15 are shown in Figwe 5.1-l.fheSe 
elements gencml!y are presont above ana!ytkid detccrion limits, whereas antimony, arsenic, admiurn. 
cobalt, copper. iron. lend, mercury. manganese, nickel. sclcnium, sihrar, thallium, m d  vanadium are 
cimor not prosont (U vafuc) or less than qumtltrrtlon limits (8 value). In general, c o w * h n s  of most o? 
thcso clemcnts are less -17 Lnbamtofy background u p p r  tolcranco limits (m) forthe Bandelief’l’utf. 
Concentrations of aluminum. kr ium.  chrumium, a d  iron, however, cxcoed the LabOntory‘s background 
UTI. values, for tho BslndcliorTutf in the R-I5 core samples. This probably is due to the presence of clay 
mincnls and hydrous iron oxides at the atluvium/abt 7g and Obt ff lsanbwi corrtaCs and unthin 
oxidized altoration :ones within the BandclierTutf and Ccm Toledo 1ntcnmLThes.e mfid phases were 
visually identified in the field chanberkod by clay nodules m d  iron mining. Tho X?D anatps (’Table 
3.1-1) show that thcse clay minerals are illfios and s m ~ i t e s  with minor 3mO~ncnts uf bolimit& Many 
transition me:als. Including eaSalt, chromium, zinc. coppar* msnganose, nickel, and iron, oc~tr naturalIy 
within hydrogeologic m a t e W  including tns BandolierTuR, and Boy a n  become ancentrated or 
rcdistrfbutcld on solid sur!!acos through adrofptlon pracosscs (Langmuir 199?. 5603;3. D i s r r i S d n s  of 
aluminum, arscnic, barium, calcium, chromium. iron, lead., m p c s e ,  and zinc at R-15 may be me 
result of natural processes, including chemical alteration (hydrolysis) of glass Win the E?-andelierTt.df. 
Gmunc!wa:crzones were not encountered in the SanCoIierTdI at R-IS, %+bid?. if present, can bmspoft 
contaminants through the subsurtace. 

~ 
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Figure 5.1-1, Variations In the conccntratlons of Iron, barlum, beryllium, chromium, and lead 
wlth depth ?rom core samples collected In R-15, Mortandad Canyon 
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5.13 Stablc isotopes and Distributions of Anions 

513.1 Method+ 

Core samplcs COlleCCd from R-15 were analyzed for stable isotopes and several anions, tndudkg 
bromide, chloribe, fluoride, nitrate, nit&, OWh!C. pCrchlonte, phosphate, and sulfa!& The sta3k isotope 
amlyses (S"0. SD) were performed on m ~ ~ r e p m t ~ c d  samples using the vacuum disti*& method 
of Shurbaji and Campbell (1997, %Om) and 3 e  P O  and SD extraction methods of socki et al. n992 
64064) and Kcndall and Cc3lcn (1985,64061). respectively. The analrjcal precision for n e  S"0 and SO 
amtyses by mass spectrometry was beer %an ~ 0 %  anC ~ 4 %  respcccjvety. 

Pore water anion concentrations wcre alcuhtcd using leachjte concentriiZio~, mvimetric mais~re 
contents, and Sulk densities. Moisture comnt &ita are reponcg in %ion 4.12 Eulk density has not 
been rncasurcd on *e R-15 or MCO.?2 samplcs, therefore cstimmcs were used that are representative 
of rypical values for the kind of rocks and sediments cncountcrod. The bulk dcnsiry es*mrcs haease 
the uncertainty in the pore water conccntmtions. However, mey are not cxpeeod to introduce siwificanr 
error. 

5.132 Stable Isotope Resutts 

Both P O  and SD anatyscs wcre perlormcd on core samples collccted from the upper 420 ft of R-IS and 
from tho upper 127 ft cf tulCO-?2 Geologic units sampled included alluvium. Ob: 7g of the 8andelierTuff. 
?he Twnkawi Pumice Bed, The Ccrro Tolcdo inrcml. and tho Otowi Member. lntcrpretation of me P O  
and SO rcsufts arc similar for born ~ r c h o l e s  and only ma S'"0 resub are discussa here because of 
?hcir bcnor prccision. Tho 6% rasutts for R-15 indiwta an mpont fve  zane (Wvy &topa value) at the 
top of the atluviurn that is typical of the near-surface (Fipre 5.1-2). This wctporath zone, however+ was 
not snmplcd in MCO-72 (Figure 5.1-3). Below the Tsankawi pumice bed, oxypn isotope values appear 
?c be in quasi-steady state. Those values become slightly lishter down to 740 ft (saturated tone) in R-15. 
Coro samples were not COlleCtCd bctwccn 420 and ?40 tt and consequenaty, m l e  isotope analyses were 
no: pcrformcd for this depth intcrval. Thcre, however, may be some isotopic vadatlon between those 
dcp:hs. Rcsults of stablo isotope analyses for a groundwater sample collcacd from 740 f t  are shown in 
Figure 5.1-2 Tho 740 tt sttable isotope data wcre supplicd by thc New Mcxico Environment Dcpament's 
(NMED's) Department of Enorgy Ovcrsisht Bureau. Bolow tho evopontke zone, the R-15 isatop profile 
shows tinlo variation wtth depth as compnrod to borehole R-9 (Broxron ot al. 2000,66!399). This suggees 
that the flow system in this part of MoRnndad Canyon may be more homogcncous O r  betrer mixed than in 
the vicinity of R-9 in Los Alamos Canyon. finally, the isotopc profllos of R-15 and MCO-?2 are similar. 
which llko the anion p'ofites, suggests mar both borcholes have seen a similrvhydrolagicand 
goochemical history. 

5.133 Anion Resub 

Coro and cutting smplcs obtained from the R-15 and MCO-72 borcholo wcre malped :o obmjn me 
vortical distributions of bromide, chloride, fluoride, nitrate, nitrite, oxalate, pcrchlonte, phosphate, and 
sulfate (Figures 5.1-4,5.1-5,5.1-6, and 5.1-7, Tabtcs 5.1-3 and 5.14). The rulC67.Z data we included 
bacauso of its CIOSO proximity to R-15. MCO-72 Is an alluvial borcholo that is closer to the Momdad 
Canyon chtlnnol than R-15. Tho R-15 anion samplcs aro co-lcmtod with the moisture and ma* 
patontinl samplos doscribod in this report The sampling and analytlwl mcthoOs used were previously 
dcseribed in :he R-9 well completion roport (Bmxton et al. 2000, 66599). 
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Flgure 5.14. Pore water 5"O profflc for borehole R-15 and MCO-7.2 
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Table 5.M 
R-15 Anlon Pore Water Concontratlons 



ChomaarLIption IrJelt R-75 Complotian Report 

Table 5.14 
UCO-72 Anion Pore Water Contentratlons 
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Bcwuso pcrthlorate concomtions aro rcponec! in pgrl, they arc plotted separately from tfie ather 
anions (Figures 5.1-8 and 5.1-9). Scvcral samples c o l l ~ o d  from R - t 5  had bromide. nitrite, and oxalate 
below the detection limit (Table 5.1-3). Omlate cmcentmtions in hlCG?2 ssmples were all less man 
dotodon, whereas nitrite was detected in thrM simples v a l e  5.74). As a resu l t  these anmare  not 
shown in the figures. The lack of detection does  not mean that thcse species are ncrt present in the 
samples. Instead. the Icaching pmcss r e s u b  in subsantial dilution, and when an aim hasa low 
concentmion. tho dilution con lower the conecntrdtion bclow the dotedon limit In generat, ;mian 
di~ribrrtlom in ?he wo boreholes showed similar behavior with depth and have mutipeakcd pmfilas The 
incteasc in anion concomtbns in R-75 between 700 and 740 Rare close to ma Cerros del R k  
basaWuye Formation contact and may be rehtcd TO the perched satuntcd zone Iccated at 646 740 tl 

In the case of bo* R-15 and MCO-?,.2. there are S O ~ O  i m p a m  obsctv3tions regarding ~~rn~utionsd 
nitnre and perchlomto. In R-75, tho highest nitrate concenmions  OCCur within the Cem T O W  intend 
nnd Otowi Member (65400 e) (Figuro 5.1-8). Nirnte conccntm?ions decline SubSmWly blow 200 ttand 
remain a? rcbtivcty low values throughout the dceper par? of tt.le profile. In bcrehale ?KO-i'.Z, high n i m  
concontntions occur in the top 5 tt of *e borchOle and SlsO witfiin 3le &no Tolcdo intehml and Otowi 
Mambor (80-730 ft) (Figure 5.1-9). The concentrations in tam boreholm a o  wet1 above more observed irt 
the vadose zone elsewhere at me hbontary (Table 5.7-5). These values indicate that fhe~ high 
cancentrations arc tho resutt of conmirwtion. The TA.50 ouWl is a known source af n a m e  that flows 
into Motandad canyon, and previous studies have noTed elevated nitme in me Mortandad ~rrv ium 
(Rogers and Galkher 1995.49824). 
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In addition to nitrate, perchlorate k present in the vadose zone in bath R-15 and MCO-72 (Fgures 5.18 
and 5,l-9). The pcrchlonte ConeomrJtion profiles are similar bawwn the two boreholes, indica*- matthe 
two lmt lons have been su5jjM :o similar hydrogeochemical prtxesses (movement of comnrarjw or 
nonsorbing spccics). However, there are differenccs in perchlorate distributions between me boreholes. In 
MCO-7'2. the perchlo!P.te profile shows a high concontntlon snallow peak at a u t  15 tt iil Fe alluvium thar 
is not prcscnt in R-IS, In addition, UCO-72 has a second peak in the Cem Tclcdo intewal that b 
apparently displaced about # ft dcepor W m  tno R-15 pcak Thcse cancenhation differone, m y  be 
rekited to tho proximity of MCO-72 to the Llomndad Canyon channel. The perchlorare ancenm'en 
profiics arc also similar in sbpe to !he nitrate profiles (Figures 5.7-8 and 5.7-9).which refioc: the fact that 
tho two contaminants have the m o  source and becauss of mcir generally similar anion moSili In vadase 
and satuntcd =ones. In the Tshircgc unit Obt t g  and dooper ShB. both sOrch4les show penhkme 
concentntlons W e  100 p g L  In R-75, pcrchlonte C0ncmutration-s drop atf dm-around 4oQ it 
along with nhnte (Figure 5.108). Pcrchlontc cbncontntions ramdn bclow de:eetion until the perched 
satuntod zone within the &nos del Rio basalt is oncoun~cred The Simples analy=ed ffom lhis m. 
howover, were not saturated and some samples had lase perchlorate conccnmrions (almugh no nitme), 
Water collmed direc3ty from the borehole in the satuntcd interval conmined perchloa*o (ses !Secitm 
5221). Thus. perchlora!e c!iSnbutiom obscrvcd in a r e  samples collected from the vadoss =ne may be 
related to those observed in the saturated interval. A core sample conec'fed at 740 R conmined 1€G? ~ph. 
perchlorate. This sample consiSed of -Rand a dayrich material (we secrion 3.T.Z.3 of ais epon]. 
Basaft and clsy.rich materid Scpantcs WCr8 leached v i i  dciOniZed MtWfGf 72 hand no penhbrate was 
found in me basalt sample. However. Sulxtan?.  cancontratiom of peEhlorate were assodated M tne 
clayrich sopante. Incrcmsod concentrations of pcrchlonte wifhin 5w perchi- layerare probablya t ~ s u R o f  
a longor rcsldcnce time, whim allows for less dilution of solutes Rectlorge to mis perched s;lbrmed 2or)6 

probabty occurs west of %IS. which also influences Solute ciStribVOns in the porchhg (syer.Thtsexampb 
il~usrmos how the dmcrem sn3Tlg~phk units am conmning not on!y groundwater flaw in the canyar\ 
subsurface but contaminant dktributlons as well. 
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5 2  Hydrogcochcmistry of Groundwater Samplar 

Grouncfwa:ersamples were co:lected at depths of 482 646,1007. and 1700 RanC ana@& forscreming 
constituents and panmeters. AdCrtional grounCwater smplcs sball be collmed after t f ie  R-15 wlen has 
been property developed and all residual drilling mud has been cxaacted Borehole waref stmples w m  
analyzed for inorganic and organiechcmicals and mdionud)des to dotormine nahlni sallRe m d  
contaminant diartributions within the different satunted xon0$. 



52.7 Methods 

Groundwator samplcs for inorganic and organic chemicals and ndionuclides wore collaerf using a 
s?ainlcss.stecl bailor. Tempemlure, turSidIty, pH. one specific conductance were dctetminsl onsite trom 
an aliquot collcmd during ficld sampling. Both filtered and nonfllfcrod samples wcre collmed tor 
chemical and radiochemical analyses. Graundwim s3mplos wcre collocled for mulams of d l w l v d  
organic carbon (DOC): stablo Isotopes of hydrogen, oxy5on. and nitrogan; major cations and anions; 
morals; organic CUmPOUnUs: and ndionuclldos. AliquoS of Me sam$as wcre prcssure-fil:erod (nitrogen 
gas) through D O.4S.pm Gclman film and acidifrcd with anolytimbgado HNO, to a pH of 213 or less tor 
metal and radlonuclide analyscs, DOC samplos wcro flltared with a special 0.45-vm sihrcr filterto 
climinato biodcgradntion of organic solutes, which may bias analytical results. All groundwater samples 
collomd in thc field were starad at 3% unril they wcre analyzed. Alkalinity was dclcrmined in me 
laboratory using s:andard titration tochniques, 

Groundwator samples were anatpcd udng tochniqucs Spcciiiccl in EPA mcthod SW-846 including 1C for 
bromide, chloride, fluoride, oxalate, nltrato, nitrite, pcrchlante, phosphate, and sulfare: gnpnite furnace 
atomic absorption (GFAA) for tmco clcments (aluminum, antimony, arsenic, barium, beryllium, boron, 
cadmium, calcium, cesium, chromium, cobalt, coppor, iron, load, lithium, magncsium, mmganew, 
molybdcnum, nickol, potassium, rubidurn, selcnium, silicon, sitvor, socfiurn, strontium, thallium, tin, 
titanium, vnnndium, rrnd zinc): colorimetry tor total cyanide: CVAA for mcrnrry: and lCPES for aluminum, 
antimony, clrscnic, barium, bcrylllum, boron, cadmium, calcium, chromium, cobalt, copper, iron, load, 
rnogncsium, mongancso, molybdcnum, nickot, potassium. selenium, sodium, thallium, vanadium, and 
zinc. This work was portormod by a contncr laboratory, Paragon Analytics, 1% (IC, CVA& and ICPES 
mothods). and EES-1 (scrooning samples using IC and AA mcmods). 

Tritium nctivlty in groundwatar was dctcrmincd by liquid scintillation counting (LSC), direcr uxmting for 
tritium (obtained by NMED's Dcpanmcnt of Energy OvcrsiSht Bureau from thc University of Mimi), and 
alcclrolylic enrichmcnt for !ow~lcvcl tritium; Iasor-induced kinetic phosphorlmctric analysis (LIKPA) and 
inducthrcly coupled $asma mass  spcctromctry (ICPMS) for antimony, beryllium, cadrnlum. Isad, thaltium, 
and uranium for groundwater samplcs collected aner R-15 is dcvoloped; alpha spemrnerry for 
amcricium, plutonium, and uranium isotopcs; gamma spcctromctry for ccsium-13f and other imtopes; 
3nd gns propanional counting for stran!lum-90. This work was performod by contnct latmntsrles 
IncIuding Pangon knalyrics, Inc., GEL, Tclodyne, CST-9. and the University of Miami. 

Stable isotopes of oxygen (oxygen-18 and oxygen-76, S1%) and hydrogen (hydrogen and deuterium. 60) 
were nnnlyzad by Geochmn Laboratories (Cambridge, MasszhusetB) using isotope ntio m a s s  
spectroscopy (IRMS). Nitrogcn isotopes (ni:rogan -15 and nitrogcn-14.6'N) were anaeect by CmsteI 
Science bbomtotlos, Inc. (Austin, Toms) ustng IRMS. 

Laboratory blanks and field blanks Wcrb ColleCrod rrnd analyted in accordance with €PA and tabaratary 
procedures. The precision limits tor major ions and tnco clcments wem gonenlly ~10%. 

A samplc of drilling mub was collcctcd from a potential zone of saturation (see S t d o n  421.3) at482tt 
in the upper section of tho Puye Formatian and nnolyzed for tritium. Groundwater samples were collected 
at 646 tt within tho porchcd zone in the Ceros del Rlo basalt, and at lOO7and 1100 f t  winin the regional 
aqulfor ( P u p  Formation). The groundwater samplo collectcd from 646 ft was analyzed for scmivotatjle 
organic compounds (high expioshe [HEJ compounds, palychlonnated biphenyls [PCBs] and pesticides) 
using gts chromalography-mass spccrromc:ry and high pressura liquid chromatography by Pangon 
Analytics, Inc 
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52.2 rnnjor ton and Trace Element Chemistry 

5.221 

Rcld-measured panmotets for tho borehole grounctwator samples, including pH, tom paraturn, spccitic 
ccnductancc, and tuhidi!y. arc provided in Tablo 52-1. These panmctcrs were measurcd itme time of 
sarnplc eollcction when grounMtcr was in contact with me nmosphcre. Tumidity was alx measure 
however, tumidity values are qualitative due to the prcscnce of bcntcnite colloids produced itom the 
driltlnp mud and disaggrcgatcd aquifer marcrial produced by drilling. 

acatlty of Groundwater Wlthln Ccnos del Rto Basatt 

Groundwntor from the pcrchcd zone in R-15 is dominantly a sodium.wlcium-bicarbonate type as 
rcprosontcd by tho mnplos collcacd at 3 dopth of 646 t Scrocning analytical rcsutts for me 6 4 4  
porchod zono aro provided in Table 52 .2  Only analytical rcsutts from fittored groundwater samples am 
rcponod duo to the high bontonlta (drilling mud) conront present in the nonfiheted samples. %lum 
conccntrations in R-15 or0 mainly c'uo to the prcsonce o? colloidal (sodium-rich) mntonite used during 
drilling. Based on nnolytical rosub from scrccning data, this perched groundwaterwas found to contain 
3770 t 850 pCUL tritium, 113 parts per million (ppm) dissolved &loride, 63.9 ppm dissohrod sodium, 1.75 
ppm dissotvad fluoride, 35.4 ppm dlssolvcd sulfate, 4.02  ppm dissohrad ammonium, 4.01 ppm nitrate 
(as nitrate), and 1 2  parts par blllion (ppb) dissohred uranium. Under oxidizing conditions, urmlum Is 
prcdlctod to prcdomlnntely occur as UOa(COJa2* (55.3%) and UO,(COJ,* (41.8%) within tho perched 
zone, based on modof simulations using the compuror code MINTEQA2 (Allison et al. 1991,49930). 
These uranyl wrbonato complexes are scmisorblng onto hydrous forrlc oxide and are nor completeb 
ramoved from aqueous solution (bngmuir 1997.56037).Tho major ion chemistry of this perched zone is 
similar to that of tho TA-SO rrcated dischargc wator (LAN!. 199?, 56835) and olluvlal groundwater 
(Environmental Survcillance and Complimco Prognrns f 997,56684) In Momndad Canyon. Sulfate, 
fluorido, and trltlum Pro solutes awoclatcd with the TA-50 discharge ( U N L  1997,5683!3, Wich are mt 
significantly adsorbed at ncw-neutral pH conditions 

Porchloric acid (HClO,) is used In aGlnida rcscnrch conducted at the Laboratory and is a constituent of 
tho trcntcld cff luant dlschnrgod from TA-50, Porchloric acid is a strong oxidking agent Perchloric a& 
dissaclates :o porchtorota at ncgarive pH values nnglng from 4 .8  to -212, depending on mB hydration 
srata of :he acid. Parchlorate (CIO,? was dotonod at 12 ppb in a groundmtor scroening sample collected 
from the 646 ft perched zone. A groundwater sample colloctcd from 11 00 tt within the regional aquifer did 
not cantnin porchlonte (~0.002 ppb), Perchlorate has boon dc:oct;tod in olluvlal groundwater in 1999 
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within Motandad Canyon, ranging from 80 to 200 ppS. Porchlamto is mobile in pundwaterand this 
anion does not adsorb onto aquifer marcrial undcr ncar-ncutnl pH candlrionc, Perchlome is not easily 
roducod to chlorido (Ct) undcr norobic conditions typical of ma canyon. 

Table 52-2 
Hydrochcmlstry of Borcholc R-75, Mottandad Canyon 

I Temp F 

- 
I 16.8 

I 
.I 

i 

c 
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Depth (n) 648 11007 1160 

Sample Treatment I FIftared 1 Finered Filtered I 
Date Sampled I 07122/99 1 o m 9  i OWIQQ I 

Ccclbgic URlt CR basan I Puyo Formath Puye Fomtion I 

sf ( P P I  113.0 25.6 1 
std bcv. (41 10.1 ! 0.1 I02 I 
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bpml 10.01 I.co.01 l40.01 
i 10.01 - I -  I 

Oxidation of c!!lorlde 101'1 to pcrchlorate In aqueous solution Is given by tho following halt reaction: 

cr + ~ H , O  CIO; + an'+ w . 

This oxidation resalon is rupresented by 

whom Eh is the oxidation-rcducrlon potontlal for the half rcclctlon 3nd activity af Cr is ecual to th6 
activity of CIO;. 

At o pH valuo a! zero, chloride Ion Is stablo relothe to porchlorate ton at Eh values less mer, 1 3 9  volts; 
pcrchlorate and chloride aro at equilibrium at an Eh valuo of 139 volts; and perchlorate is sable above 
an Eh value of 1.39 volts. This oxidation is also dependent on pH and at pH7, chloride is m 3 l e  below an 
Eh value of 0.98 volt. Duo to four strong covalont bonds botwean tho oxygen and chlorine 210ms w M h  
the tetrahedral porchlonte molccule, this spocloe does not become easily reduced to chlorilJe. 



Subsequently, pcrchlonte may pers*m in aerobic surface m t e r  and $roundwater environmerlts for an 
unknown amount of time. Strong reducing agents, such as rcactive o r p i c  mazer and hyh,aen sulfide. 
however, arc! capable of reducing pcrchlonte to chloride underarwombk conditions. 

Elevated concentrations of n i m c  have been OSscwed wi!hin alluvial punc!water in N l o m b d  Canycm 
since the carry 1960s ( U N L  ? 997,56835). Sources of n M c  include d i r g e s  of nitric acid. treated 
sewage effluent (Ten $fie Canyon), and urine produced from bioassay analyses Organic torms of 
n2rogon (total KjcfcWt nirrogon) aru also observed in alluvial groundwatofwithin Momndad &nyon 
(€PA, 7999). Nirnto is moSile in goundwaror undor oxidiing condtiona In the presence of wganic 
m a m r  and nitrate-rcducing Sadcria, niharo becomes r&uced to nitrite, n k g m  gas, and a m a n i u m ,  
Ammonium is less moSile in grouncfwatcr tcWive to nitrate and nitrite due ta cation exchange. 
Groundwater samplcs collected from 646 f :  (pcrche~ zone b k t h i n  Cerrcs del Rio basalt) mc 70Q7tt (Fqe 
Formation) wcrc! anatyxd for 5'". Reported 61" values are B Z X f c r ~  p~fched zone (a,erage ai 
-5.69L and -6.794 and +5.2X.forne rqjional aquifer- From 1980 through 1989, isotwically-iigx nitric 
Jcid, which is enriched in nitrogen-74, was discC1ar$cd from TAdD: that may account for?k neptive 8% 
values mcsured  in the perched tone. E c h  (6) n'mgen-15 values as low as -37% have seen 
obscwcd in aflwi=rl groun~vater  within Mofandad Canyon [Kcndrick 7999,66147). N'm+e *.&in the 
rcgional aquifer 1s isotopically heavier than ma nitrate observed in me pcrchcd tone. This i m 3 l i c s W t h e  
sources of nitrate dkhargcd into Moranead b y o n  vary in niuqen chcrnm based on m9 observsd 
isotopic fr3aionation. Allwbl groundwa!cr acts as a the-sourcc of recharge for the perewe =ne within 
:ha Corns dol Rio basalt Evidcnco for mis type of recharge includcs elmTed actjv i i  of iitim and 
concentrations of nitrare and perchloraze obsowcd at R-15. 

52.22 

The top of :he regional saturated zone at R-15 occurs in me Pye Formation at a de$h of 9:s tt 
Groundwater rrvnplcs were air-lifted from depths of 1007 and 7700 ftand a n a w e d  for scre,:ming 
pnnmc:ers only In the 1007-f~ sample. G r o u n W o r  at mcse depths Is chamctorizcd by a stadium- 
calcium-bicxbonate ionic composEion with total diss4hred solids (TDS) contents of 243 an0 270 ppm. 
rospodvcty (Table 5.2-2). The major cation and anion chemistry of These hvo gmuncbatw m p l e s  has 
boon impaCcd try tho bontonite drilling mud rosutting in biased concentrations of sodium arci omer mapr 
ions. Concentrations of dissohrcd chloride, nitrate (as nitropn), and sulfate are 4.47 ppm, : .S3 ppm 
(6.n ppm nirnte as nltntc), and 15.4 ppm. respectivcty, forme groundwater sample col1ec:ed from 
1007% Concontntions of dissolved chloride, nitnte (as nitrogcn), and suffate are 320 mni, (0.042 ppm 
(<0.01 pprn n h m e  as nimto), and 15.1 ppm ("able 59-2). respectively. forme groundwatbr sample 
coflected from 7 100 fL Concentrations of pcrchlonte are lcss t!-~an 0.002 pprn in a gmunchh.taersample 
collected at 7 100 fL 

Quality at Croundwator Wthln the Puye Formatlon 

Both 6'*0 and SD analyses were performed on a nonfiltered groundwater sample c o l l ~ e d  ircm the 
1 IOO-ft depth. Dctta (6) "0 and SD ratios are -1 0.9% and -76%. rcsptmivoly, suggesting t h r  ma regional 
aquifcr groundwater WJS urjmtcly derived from a meteoric source. 

5.2.23 Radionucllde Chernlstry 

Activities of tritium were moasurod in groundwafor samples collected from the regional aquifer at R-IS, 
using thrco dlff crent analytiwl-countlng methods, Anhritics of tritium. using LSC, in me reganal aquifer 
am 220 2 620 pCVL, with a minimum dc?cctable ~t t lvi ly  of 440 pCK tor this goundwater sample (Table 
52-3). Tho activity of trittum is 3.1 9 z 9.58 pCVL using direct countlng, a mor0 sensi'he mctrhod 
(analytical results pnvided by the NMED's D e p a m c n t  o? Encrgy Oversight Bureau and pcbonned by Me 

becomberZU00 a E- 



Univcrslty of Mlaml [vlingo 7 999,650651). Activities of tritium, measured by direct counting (University of 
Miami) and LSC (CST-9) in the porched tones, including the upper section of the P y a  Forma\ion and the 
Corros dol Rlo boscrk and rogicnol aquifer 3re provided in Table 52-3. Low actbititxi of tritium (1.12 
$k) wcre dctcctcd in tho rcgional aquifer at R-15 (1100 tt) using the elecrrolytic anrichmefit memod ar 
the Unkrerslty of Miami, 

Table 5.2-3 
Tritium Actlvtty In Groundwater Zones at R-15 

Activities of solcacd ndionuclidcs messurcd in the 6 4 6 4  perched zone and the ret$on.aJ aquiferat R-15 
are providod in Table 524.  Both fittcrcd and nonfikcrod gpxmbater samples were analyzrjd for 
strontium-90, cesium-137, americium-241, plutonium isotopes, uranium iso:opes, total uranium, 
ncprunium.237, gross alpha., gross b m ,  and sross pmma. Strontium-90, cosium-737, plutonium-238, 
plutonium-239,240, and neptunium-B? were not dcteCleU in me groundwa:or samples cdlectod trwn 
R-15. Americium-241, however. was dcteced in nonflttered goundwXer samples co l l~cd  3am me 
perched tone. Americium svongly adsorbs onto hydrous ferric oxide and other adsortents such as 
bentonite (bngmuir 1997, SSOn), which may a m u n t  for Me elevated acWies of mis ndhnucrrde 
observod in me perched zone. Additfoml goundwator sampling and m.alyses are requircd :a venfyne 
profiminary octivrjes of this ndbnuclido observed at R-15. Activkks of unnium-234. unnicm-235, and 
unnium-238 were detoacd in the groundwater samples. Higher octhri?ics of the uranium isctopes am 
associaled with me nonfiftered samples because naturally axumng umium occurs wimin me berconite 
drilling mud and aquifer ma:etials. Concentrations of t0:aI (nonisetopic) dissohrcd umium are 1-10 and 
729 
unnium in the regional aquifer (1 100 ft) are 24p p& (Table 52-4). Umium canccmtiom in 
nonfittored QroundWjter samples cdlcced from both !he perched zone and rqional aquifer are much 
higher than those mcnsurcd in the fittercd samplm becausa nabml u m i u m  is assochtcd *.via bentonite 
drilling mud. Activities of gross olpha. grass beta. and guss g m m a  in ncnfiltcrcd gfouncwCl:ersamples 
axcccd those advitics measured in fit!orcd samples. Gross alpha and gross gmma activities are 
assochted with isotopes within t90 uranium-238. uranium-235, and morium-232 dccay chdns. whereas 
gross bet& aaivitics are ?roh9ty associa!od wim pXassium40 present in the bentonite drilMg mud. 
Activities of tririum (Table 52-3) are much loss than Me gross beta ackities measured in tt6e 3-15 
groundwater samples. 

whin the perched tone forme two rcpliute groundvnter samples. Concenaatlarrs of Cissolved 



Ocpth (ft) ! w  
Gcologlc Llnlt 1 oilsan 
Gcologlc Unlt 1 Fikersd 

Strontium-90. 19.13: 0.46 

5.2.3 Summary of Groundwater Gcochomlstry 

646 1 t m  !E46 1646 i t : ~  

!?xan ~ P u y o F o m m  IBjsatt aasatt I Rlye Formam 
Filtered 1 Filfeted 1 NunijEeM Nonfitierw I ~ o m ~ e m ~  

0.12 rO,49 4.17r034 to3+1.1 I on t0.66 I c.w a a  

Solute chcmlml d3ta Show the prcsoncc of possible clevatcd conccntntions of anions (chlcflde. fluoride, 
ni!rate, and sulfcl:o) within groundwater sarnplos colloaod tram tho perched zone at 646 tt and from the 
regional aquifer at 1007 ft during tho drilling of R-15. Bcwuso of the combined offecls of the dissolution of 
bentonite drilling rnucl and desorption of inorganic species from the mud during *mple preserva5on. 
elevated dissohrod conccntrations of sodium, chloride, nitrate, sulfate, and OmOr spcCies mi!y have 
biased the borehole groundwater chemistry. Dlssotved c0ncentra:ions of fluoride (7.7 5 pprn) and 
pa:chlorato (0.012 pprn) observed in tho perched groundwater at a dop'sr of 646 tt are atme background 

MOAb I 0.82 Io.a4 0.62 179 I 1.10 I c.70 



values ?or these tbvo solutes. Bnckgound concentrations of fluoride are ?yPiCally less than 0.5 ppm, 
whereas background conccntntions of perchlorate are less than 0.002 ppm. Fluoride, pr0duccc fmn 
dissociation of hydrofluoric acid. and pcrchlcrata are canstituanrs of lhe TA-50 3 a t e d  water disfiarged 
into Momndad w o n  and these two anians are observed in alluvial gr0undw;itCf (LAN1 tS? .  m. 
Elovated activi:ics of tritium (3x0  t 850 pCA) observed within the perched zone at R-IS strongly 
suggest that a component of goundwater in thcse zancs is less than 50 yr old, which is CariveC trom 
Labora:ory discharges andlor atmospherk fallout (Adams et al. 1995,4392 Bake et al1995,49931). 
Actlvitics of tritium were measured in groundwater s a m p k s  collened In the regiunal aquifer at R-75 
(I 100 tt), using thrce different analy~icaJ-counting methods. Activities of tritium, using L a .  h the rpgional 
aquifer are 220 z 620 p C i  with a minimum clctccrable activity of Ut3 pCillfor mis g r o u n c k m r  m p k .  
The activity of trfium is 3.1 9 z 958 pCvt S i n g  dircct counting, a mcre scnsi?h mathod (&%a srwided 
by the NMED's Depament of Energy Oversight Bureau pale 1999, %;058D. kctivitles of tritium are less 
Than detection in the R-15 groundwa!c: samplcs using LsC a d  dircct CaUnthg mCthods, LOW ..l&ivities of 
tritium (1.12 pCC)  were CetCaeu in the regiond aquifer at R-75 (7 tdQ tt) using me elecnotyk 
enrichment method at tho University of t.liami. "Ie concentration of nitrate (;is nitcogen) is 1 S ppm, 
which is clevxod nbave background for tho r c g i a a  sroundw;lrer in the Pajarito Pkoau ma. 

Strontium-90, ccsium-i37, plutonium-238, plutonium-239240, and ncptunium-237 were not dctmed in 
tha groundwater samples colloaod from R-75. AmoriciumQ41. howcver, v a s  detm0d in replicate 
n0nfil:crcd groundwatcr samples coltccted from the pcrched zcne within tho Corns del Rio b a r n  
Additional Groundwater sampling and analyses are requircd to verify the proliminsry a&Mes of this 
radionuclide obsewed at R-15. Activities of uranium-234, uranium-235, and uranium-238 ware detected in 
the groundwatar samplos. Higher actiuitics of the uranium iSotopf2s aro a.wxitl:ed with the nOrfiRered 
smplcs bccauso natural uranium occurs within the bcnronite drilling mud and aquifer matcriats, 

Dissohrad uranium concentra?/ow of 1.1 0 and 1.29 p& have boon measured Ey Paragon Annlytic, 1% 
using LIKPA method, within the perched zone (648 tt) at R-IS. Thcsa valucs are within Labomtory 
background with rcspect to unnium conccntmtlons for 54 groundwatot and spring samples (mean value 
of 0.92 t 1.42 p@) colloctod on tho Pajarit0 Phtoau and surrounding a r e a  A dissclved u m i m  
concantmion o? 2.;4 was measurod in the regional aquifer (1 100 tt) (borehole water empie). 

6.0 WASTE MANAGEMEKT 

Management of waste StfCOms gcncratod Curing R-15 drilling, Sampling, and well installation activities 
was conductad in accordance with the sitaspcciflc waste characterization strategy form (WCSF). Care 
colledcd during the Phase I invcstlgation was archivcd at the FSF. W M e s  consisted of dispos&le 
sampling cquipmcnt. personal protedvo equipmont (PPE), p l d c  sheeting, sorbent pads, and 
dccon:nmination water. Pursuant to the WCSF, If any borehole maforiols demonstrated field rmoening 
rcsutts above background values, thQ ma:erirrls were managed tis waste, However, no boraksle materials 
exhibited ctcvated flold sercening hits; therefore borehole rnatcriiis wore managed onslte durlng Phase tf 
drilling as follows 

Dry drill cmings wcro contained in SS-gal. drums, diredly from tho dun-suppression system 
discharge, rind wero transferred me! staged wMin a bermcd wjste~managemcnt stcnp area 
onsite. The material wiis reusad by spreading It at the base of the uphill site berm and covering 
with topsoll durlng site restoration. - Wet drill cuttings gonoratod during injactlon of TORKease or €2-MUD slundes mixed w h  
municipal hydrant warer (durlng drilling in unsaturated tonos) were trulderrQd and rxrntalned 



within n bcrmed waste-management storage arm onsite. This matorial was rcused by 
evaporating tho liquid and spreading the remaining matcrii at the bjsc of the uphill site berm, 
and covering wi* topsoil during sito rostontion. 

Groundwater gencmtcd as D rcsul! 0: drilling through satumted zones, purging, and well 
dcvclopment apentions was contained and transferred dlredy to 3000-pl, Song@ tanks staged 
within the bormod waste mnagomont storage arm onsito. Water from different satumttd zones 
was segregated into separate unks. A total of 25,000 sal. of groundwater was gonentrrd tmm all 
sa?u;atcd intervals during drilling and development The water is storod OMlte and will be 
dischargod for sito restontion in aCc3rdanCe with an approved n0:ice Of intent 

Disposable Sampling equipment and PPE were placed in drum liners, scaled. Isbeled. and storecl 
onsito in accorcbnce with the VJCSF. A total of N o  bags were Scnentod. A was?e prof,le form 
was prcparcd and approvcd for disposal of the bass at the Las Alamos County IandiL 

Plastic shcoting and sorbent pads placed bcnaath tho drill rig and heavy Wuipment to amain 
leaking hydnulic fluid, lubrimts. and anrlfratxe were conaincd in twc Wal. dmms and were 
managed and disposed of as N e w  Mexico special wasto. 

SURVEY ACTtVmES 

Gcodctlc Sutvey 

The location of R-15 was detcrmincd bj' geodetic survcy on SeptembCr21,2M30, using aL'fldlLeb 
TCf600 total station. Control was secondordor. class I1 monumenr pkced by Jchnson Conmls 
Nordorn Nm tjlexico; theso second arder monuments were derived from the 199217993 Laberatary-wide 
control network The survey located the brass monumcnt in the scuehwest comer of ne wen 
(Table 7.7-7). Hokontal well coardinms 3re based on Ncw Mcxico Smro Plane Grid Wfdi-&% 
C e ~ r a t  Zono (North A m c r i m  DaNm 83). and are expressed in feet Elevation is expressed in feet asoVa 
mean sea levcl using me Na!ional Goodetic Vertical D a m  of 1929. The Fadlbfor in!aml"I 
tcrlanogcmont. Anatysis, and Display (FItVID) location identifGi5on number for R-75 is hlo-00057- 

Table 7.7-1 
Ccodctlc Data forwell R-15 

I Brass Monument 

72 Surface Radlologlcal Survey 

A surface ndiologiml Sufvcy was conducted by a ndiologkd Control techn'rdan (RCT) Sefont Site 
construction or dritling actiwlties bcgan at R-t 5. me sitMonstnrction ndiation survey was conducted OR 
ScptomSer 7.7999. and consistcd of collecting alpha, bca and gmma background measun, amens and 
conducting sta:is$ml analysis to CalWlatC! action levcls. W S l i s h M  adion levels are used as 2 basis to 
determine if borcholo materials snccncd during drilling exhisit r3dio;rCtivity above surface backgmd 
values. The survcy consiSed at 19 points on a grid projected over the work area Each point "as 
surveyed using Cirect reading alpha, botdgiimma and dose n:o meter& Alpha was f n C a S u r c d  a 
Ludlum Model 139 with air praponioml probe: betdgamma was moasurcd using a LUdlum ?,ladel 12with 
44.9 probe: doso rate was moasurud using a Ludlum Model 19 iimr meter. Cakukited background values 
for the drill she werO 0 counts p2er minub (cpm) for alpha. I91 cpm for beW~amma and 142 Whf f O t  
dose rate. 



8.0 WELL DESIGN, CONSTRUGTION, AND DEVELOPMEKT 

8.1 Well Dcslgn 

R-I5 was dcsigned as a single.completion woll with a stainless-stcel screen. me screen, with a nominal 
longth of 60 3. Is lowtod at the tap of the regional zone of saturation. The Scrcan extands from 5 R above 
tho top of the watcr table ro approximately 51 tt into the satuntion. This screen length ensures that Me 
well can continue to funaien even if the water table doctlnos, due to pumpage of water from newby 
water-supply wells. 

k dodsion was made to install R-15 as a c,ingla-complction wcll rather than a multiple-xroon well 
bocauso it was consldarcd risky :o place 8 scrcon in the porchod horiran that could allow n n s f e r  of 
contaminated porchcd water into the regional zone of sa:untion. Placement of annular fill materials 
ensures that the parched tono Is isolatod from tho reglonal aquifer in R-15. Scpante I n t e r m c d i a r ~ e p ~  
wclls will bo installed in Mortandnd Canyon to sample tho parched zone found in R-t5. 

8 2  Woll Consttuctlon 

Chnradarization wall R-75 was construetod in Soptcmbor 1999. Figure 82-1 shows final construetion 
information, 

8 3  Well Dcvclopmcnt 

Development of R-15 involved two p h w s .  First, the wcll screen was washed with regional aquiferwa?er 
and surgoa wi:h n jetting tool for 9 hr. Next ?he wolf was pumped for 73.0 hr at an average mtQ Ot 9 gpm 
over a period of 5 days: 

24 6/00 - 6.0 hr, 

2118100-11.5 hr, 
2.4 9tG3 - 22.0 hr, and 
2nWW - 24.0 hr. 

2/17/00 - 9.5 hr, 

Thc initial woll devoloprncnt of R-15 was immadh:!aty follawod by a pumping test of the regional aquifer. 
Bocawe this pumping tcst continued to rOmovO water from me well, was part of the development 
process. Groundwater s3mplos were colloctod a$ various times during pumping and Ute tumidity was 
dc!emincd t3 bo less man 5 ncphclcmctric turbidity units ( K N s ) .  8ascd on flew-meter readin- betore 
and after pumping, 41,130 gal. of groundwater wore removed from R-15 during me pumping tort Figure 
83-1 shows the Cccreasa in turbidity during Ute pumping test, 

8.4 Pump Installation 

A submersible pump was inslatled in well R-75 Sy Rio G n n d e  Well Supply of *?a Fe. N w  PJeXic0,The 
pump Is a Shorscporver Grunc7toP Model lOS30-34.4-in.-0~1?:side diameter (0.0,). submersible pump 
that operates on a 46O.vok 3-phase power supply 9rovided by a pohsble diesel S e n e n t o r . n e  power 
able is No. 123Ct;'G jacketed submersible wire, secured to the pump riser pipe with cable ties. The 
pump was inSallQd on 1 Sin, 304 m'nlcss-steel NPT riser pipe wim 3000-lb couplings The pump 
inlake was at 1018.6 ft bc lw thc top of !he Sin, well casing; this phces the intake appterximarely 50 tt 
below the static water lcvol in the well. The pump was installed with a check Mhe and a wcep hole drifled 
in the riser pipe at point near the static water level in me well to allow water to drain horn the piping. The 
pump capacity is approximato ty 10 galJmin at 7Da-ft dopth. 
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Figure 8.3-1, Changes In turbidity a5 o funalon of tlme and water removed dutfng pomplng 
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A t4n.-I.D., flush-thrcndad, schodula 40, polyvinyl chloride (PVC) pip0 with a bottom cap was insollad to 
a dcpth just above tho submcrsjble pump bo* to S O N O  as a ConCuit !or a pressure transducer. Thf3 
bottom 20 tt of tho PVC pipe was pcrlontaa to provide a hydnulic connection with me well. The PVC 
pip0 was socurad to tho pump risor plpa wi?h cable ?ks. 

Tho pump risor and PVC pipe ore securcJy hung and scaled at tho top of the woll w i n g  by a 2000-lb- 
capacity landing pinto. Tho pump discharge was complctod with a ball valve and thrcadcd nipple to allow 
connoction of approprialo tubing far wcll purging and sarnplo colloction. The pump, power cabl~s. and all 
piping was washod with AIconoxTM dctergant ana stcam-clcanod prior to inmllntion. 

8 5  Wcllhcad Protcctlan 

A reinforced concrote vault was installed to provide wcllheod protoction. Figure E.!j-1 shows plan and 
profilo viows of the wollhaad configuration. 

9.0 SITE RWOAATION 

Tho R-15 drill sit0 area was rccontourcd to match tho surrounding !opagnphy using a b3ckhe3. The 
surface of tho drill pad was rou~hcnod and nathra dryland scod w3s applied ?O the dcnuded arcas. Straw 
mulcn was than spread over tha sccded arms and whool-rolled to Crimp in the stnw and cover the seed. 

10.0 rv?OdlFICATtONS TO WORK PLANS 

Table 10.0-7 compnrcts ?he planned cfiancrcriration snhrities in the 3asWSito Work Plan for Opefable 
Unit 1049: Mocmdad Canyon" ( U N L  1997,56835). tho hydrogeologk work glm (IANL 1938.59599), 
the core doccmcnr (LANL 1997,55622), and tho "Field lmplemonration Plan for me Drilling and Testing of 
WNL Regional Chnnctcrkation Well A - 1 S  (IANL 1999,62062) with chomctariation awitins 
performed in R-15. >e charac"irzflon aeivitles in the hydrogeologic work plan and the a r e  doaJm8M 
8ro tho same: tho:clore. planned chanctcriirntion aC??i*jes for these two documents are shcvrn wether 
in Table 10.0-7. 

The final dcpth and completion design of R-15 was based on ongoing evaluations of hydqeologic data 
collected at R-15 and discussions with the sroundwa:cr intcgration team and NMED. 

The amount 01 #re collectcd in R-15 during Phase I1 drilling was a significant deviation trom the arnount 
spocifiod in tne hydrogeologic work plan and tho core document In born documcnts R-15 is designared 
as a type 2 wcll (1OOOh coring), During actual drilling operations, 100% core was coIIected from me upper 
420 tt of R-15 using an HSA mothod, In R-15, good performance ef the H S A  system was achieved. 
por;icularly in the Baldclier Tuff, and continuous a r e  coulC t e  colloced without pemliSng the Cnllhg 
rate. Littlo core was Colletred during Phase II drilling beaus0 of &in agreement between the ~roundwarw 
inrcgra:ion team and NMED that coltenion of continuous a r e  was toQ costly for the value o? rn 
information derived from me core. 

The sand litter pack was originally dcsigncd to oxtend 2 ft above and &low the wcll screen according 
the hydrobgic work plan and tho R-15 ficld implemcnwticn pkm, However, phmmnt at annular 
matorills during wcll construction rcsutted in a longor sand pock (70 tt a b ~ ~ o  and Solaw the wen sacen). 
f3ocouso of tho porous nature of the scologic una in rhe vicinity o? me screen, it was berioct that 
significant settling and bss of annular mtarials to the fomt ion could result in bentonite migmting n w t o  
the s m m .  Bcrrtonite ncxl TO the screen would advcrscly impact I% measurement of wa:er-pallry 
parameters and atroct thc hydraulic pmpcrtks of the well s c r m  
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Othor modifications to R-15 planned aabities were relntivcly minor for the two saturated zones 
encountorod durlng Phase II dn'lling. In both casos, perchlorate and nitrogen-lS/nltrogen-14 were added 
to !he analyrlcal suite for water somplcs based on ni:rogen-lYnhrogan-l4 ratios measured at R-72. 
TA-50, and alluvial groundwater within Mopandad Canyon. Perchlorare has been observed in alluvial 
groundwater within Mortandad Canyon. 

11.0 IMPLlCATtONS FOR CONCEPTUAL GEOLOGIC, HYDROGEOLOGIC, AND 
GEOCHEMICAL MODELS 

In descandlng order, geologlc units penetrated in R-I5 included alluvium, the Tshirege Member of The 
Bandolier Tuff, tephras and volcanicfastic scdlmena of She Cam Toledo interval, me Otowi Member of 
the Bandelier Tuff, the Guoje Pumice Bed, the !anglornerate facios o! me Puye Formation, basaltic rock 
of the Cerros del Rio volcanic field, more Puye tanglomera33, and the axial Rio Grande facies of the Puye 
Formation (Totavi Lendt). 

With the exception of Cerros del Rio basattand rhe absence of deeper l a w ,  stratigraphic units 
ancountered in R-15 and depths of their contacts were predicted wm goc~! accuracy by Ehe current three 
dirnensiontil stratigraphic model for the Pajarito Plateau (Rgure 3.1-2). Most contacts were within 40 ttof 
their predicted value; this accuracy reflocts the relatively high density of wafer supply wells, test wells, and 
R-wells that wore used to constrain the threo-dimensionat model in this part of the Laboratory.The 
interlingoring relations betwoen me Cerros del Rlo basalt and Puye Formation atso wem accurately 
poRrnyed in the three-dimensional slratigraphk model. 

The predicted depths 10 contacts and thicknoS3s for the basakic rocks of the Cerros del Rio volcrvric 
field wore notably less accurate than for the other stratigraphic units. Modeled contaus tot me Cem del 
Rio basalt probabty wlll always be less predictable than other matlgnphic unfts becaus8 of the unique 
fodors controlling its distribution. Those b a s a b  were erupted from vents that am now buried benwm tne 
eastern part of the Pajarito Plateau ~y the Bandeller Tutf and In places by Me Puya Fomtlon. The 
number and locations of these vent5 are not known. Additionally, the ZhiCkneSs and distrlbutkm of tmsaltk 
lava flows vary 88 a function of vent rype ( a g ,  cinder cones versus fmure flows), volume of basaltic 
magma otupted, distance from the vent area, fluidity of the lavas, and topognphy onto Wnkh .the taw 
were erupted. 

In particular, me landscape onto which these tmab were erupted had a majorettedon ?hsird&3uti6n, 
Basatts behave like other fluids, flowing through exkdng drainages and panding in low-lying basins, It the 
topographic rolief is subdued or il the eruptions we voluminous enough, the basattic lava flows may fill in 
low-lying areas before spreading OUT as more predictable sheet-like bodies. CurrenZ'ly, lhe %me- 
dimensional stratigraphic model for the Ceros del Rio basalt lumps together all flow units repdess of 
their source vents. The Cerros del Rio basalt appears to be an important hydrogeologic: unit for hasling 
parched groundwater on the Pajaeo Plateau. The distribution of individual flow units and the onentation 
of their contacts may be ?be primary controls on groundwater flow directions for these perched Sysrems 
The abMy to more accurately predkt grounthmterflaw through these rocks will improve asm idenwet 
indtvidual flow units and the locatlors of their s u m  vens m m e  bener known through intonnation 
gained from addkional driiling activities and through ongoing invcsttgations to identity flow units bytheir 
chemistry. potrognphy, m d  age. 

The axial Rlo Grande facies af the Puye Formatlon rotavi Lentil) was partially penetrated during #e 
drilling of R-15. APhough onty partially pcnetraied, it is like& this rock unit forms the basal df2posks ot the 
Puye Formation atthis loution based on me Thidcness of the P y e  Fomtion in m r  nearby wells, In 
cormst, axial Rio Grande dapashs were found to ovorlie the upper fanglornorate of me Puye knatjon 



in well R-12 and wore absent in well R-9. The axial Rio Grande tacies evidently does not form 8 
continuous shcct-like deposit at the base of the Puye Formation, as suggested by earlier investigations. 
Rather, this facies appesrs to be camprised of isohtod dcposlts of limited rued extent that repmmtme 
course af tho ancestral Rio Grande at different points in time during development of the Puye Jiwial fan, 
The term "axial facies' is useful to retoin becaw of *e unque provename and lithologic characrerot the 
clasts comprising those deposits, but tho depiction of these deposits as a time-stretigraphic mi? at me 
base o! the Puye Formation should be examined critically In Mum drilling. 

Atthough many contacts were reliably predicted, cther aspects of tha geology at R-15 were unamicipated 
In particular, the gonenl absence of day alterasion and me abundance of glass preserved In me central 
and lower Puye Formation wore not expected. Lack of atteration is parricularly surprising because this 
section in R-75 is saturated, whereas the same intervals in Re9 an6 R-12 are unsatumed but fully aftered 
to clay. Because of the importance of clay in hydrologic and geochemical procossss, the distribution of 
aheration patterns in *3re Puye Formation will require funher cbr i f i t ion to produce more accurate 
prodlaions of groundwater flowpaths beneath the Laboratory. 

Satumtlon in the alluvium immodia:oly cost of the sediment traps in Mortandad Canyon appears to be 
limited to the contor axis of the anyon (e& MCO-72) and dbes not extend to the s m h  side of the 
canyon at R-7 5. 

Two satunrod groundwator zones wore cleuriy idantifled during Phase I1 drilling operations s R-15. The 
tops of the saturated zones occurred at dopths of 646 and 964 tt. The upperzone contains perched 
groundwaror and me lower Is bellwed to be assocked with the regional aquifer. 

The saturated zone at a depth of 646 tt occurs In the lower par! of basallie rocks of the Cerros del Aio 
volcanic flcld. Satuntod porosity Is provided by fractures in basalt 738 perching layer consists of clay- 
rich material at the base of the Cems del Rio basan 

During Phase I drilling, tritium was detected in core samples collected from 22.3 to 414.8 fr, wtm activities 
ranging from 5,3 pCLn (0.077 pCVg) to 5405 pCVL (222 pCig). The highest acMritles of trttlum were 
monsurod at 319.8 tt within the Otowi Member of the BandeIierTuft. Tritium was the only radionuclide 
dotccted In R-15 during Phase I drilling, which may have rosulted from vapor-phase and!oraqueous- 
phase transport. Aablties of strontium-90, coslum-i37, plutonium-238, plvtonium-Z39/240, and 
amcricium-241 wore below detoctlon In the core samples. 

Perched groundwater has boen found in all fourof the wells (R-9, R-12, R-15, and R-25) Installed to date 
during Implementation of the hydrogeologic work plan. These results suggest that perched groundwater is 
more common than previously recognized, paniculnrly in or near the major canyon system Preliminary 
waterquality data from these perclqed zones suggest that none of the perched groundwaters Identified to 
dare or0 connactad between canyons. Alluvial groundwaror acts as a 50unx of line recharge to 
underlying perched zones found in Mortandad Canyon, Sandla Conyon, Los Alamos Cenycn, Pueblo 
Canyon, and Cofion de Valle. Nonethelass, Mose perched systorns share some common features. For 
oxample, the lnrgost porchod groundwnrer systcms In R-9, R-12, and R-15 are nssocinted with the 
Cerros del Rlo b o a t  Porched water occurs in the lower basalt flow units of all three boreholes. In R-9 
and R-15, clayrich rocks ossociatod with the brocciated base of lava flows appear to be imporfant 
parching horlzons. Also, trltium activities are elovnted sSove background values fotthese pemed 
systems, though none excoods state and fedora! drinking water standards (20,000 pCVt). These above- 
background tritlum values indicate that a: least parr of the groundwater in these perched zones was 
recharged from me surface during the past 50 yr. 

00 



Elevatod activkios of tritium (3770 z 850 pCK) QbWWc?.d within me perched zone a? R-15 strongly 
suggest that a component of groundwater in this zone is less than 50 yr old. k portion of me water f i n  
the perched zone is derived from Labmatory discharges andlor atmospheric fallout ( A d a m  etal. 7995, 
471 92: Blake at al. 1995.49931). 

Stron:ium.90, cesium-:37, plumium-238. plutonium-239940, and neptunium23f were not UetmeU in 
the groundwator samples collected from R-15. Americium-241, however, was detmfxl in replicate 
nonfittared grouncfwtet samples collected from the perched zone within the Cerros del Re basalt 
Additional groundwater sampling and aralyses are required to vortfy the preliminary a d v M s  of this 
radionuclide obsoivecl at R-15. Activiies of uranium-234, uranium-235 and uranium438 were detected 
slightly above background in the groundwater samples, HiEher aaivi*jes 01 the uranium isatopes are 
associated wRh the nonfittored m p l e s  because naturally occurring u m i u m  Ocmm within the bentonire 
drilling mud and aquifer materials, 

Groundwatartrom me gwched zone in R-15 is dominantly a scdium-calcium-bicarbonate lype solution as 
ropresonted by the weaning samples collected at depth of W6 tL This perched g t w w t e r w a s  found 
To contain 3??0 t 850 p C k  tritium, 6.012 ppm dissokuod pcrchlorare. 7 1 5  ppm dissolved chbW. 
62.9 pprn dissolved sodium. tS ppm dissolved fluoride. 35.4 ppm dissobeC sulfate, 4.42 ppm dissotved 
ammonium. eO.01 ppm nitnte (as nbte). and 12 ppb dkWveQ uranium. Bentonite dnilng muC has 
biased the botohole water chemkry by dissahrinpldesarbing sodium, sulfate, nitrate, and other species 
from Me mud. The chemistry of this perched zone. Mwever, is similar to ma? of Fhe TA-x) treated 
discharge water and alluvhl groundwater in MomCac! Canyon. Suttate, fluoride, chloride. perchlorate, 
and 2iriurn are solutes associated wim 
nerrtral pH condltions. 

TA-50 discharge, which am not signifmtty adsorbed at near- 

Tho regional water table was ancounterod at a depth of 9-64 tt at an clavation of 58!X ft in the Puye 
Formation at R-15. The grounchvater occurs a? a higher elevation ffwr at R-9 (5694.8 ft) Bnd R-12 
(S699S ft), located approximately Id mi to the northoassand 1.7 ml to the eastot R-15. resmv .m 
elevation of the water table in R-15 is approximately 26 tt lowor than the Static m!er level in n w  7W-8 
(depth to grounWa:er is 996 tt &an slevation of 5882 R). This saturated zone is believed to representthe 
regional aquifer because its olevation is consistent with mat found In nearby supply wells PM-1 and PM3, 
and in two ten wells (TN-3 and TW-8). The regicnal aquifer at well R-75 behaves like a leaky confined 
aquifer. 

The groundwater composition at the top of the regional saturated zone is dominantty a sadium- 
bicarbanate lype as represented by the screening samples collected at a depth of 1007fL The major ion 
chemistry of the groundwater sample, however, has beon impacted &y bentonite drilling mud. Low 
acivities of triiium (1.12 pCL) were derocted in the regional aquifer at R-15 (1 100 tt) using the 
oloctrclytic onrichrnent mcttlod at me UniversJty of Miami. The concenfmtion of nitraw (as nltmgen) is 
1.53 ppm, which is elwar& above background forthe regional groundwater in the Pajanto Plateau area 

Anions (including perchlorate, chloride, nitrate, fluoride, and sulfate) are mobile species (nonsor8ing) 
under near-ncuml pH conditions and breakthrough of these specks is observed at R-9, R-12 and R-15. 
Perchlorate has only been observed in me perched zone and not in the regions1 aquifer at R-15. 
Strontium-90, plutonium, and americium isotopes that achorb onto geologic material are much less 
frequently observed at R-9, R-12 and R-15. Colloidal uanspon of americium-241 is a viable (umested) 
hypothesis for oxplalning spurious detection of this radionuclide in some a r e  and groundwaref samples 
collected from R-15. The contaminant hydrbchernistry, however, is a dynamic process and is expecred to 
change avertima within alluvial and perched groundwaterzonss. 
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The authors of this report hnd the following responsiSi1i:ies. P. Longmire was the geechemistry principal 
invcs?lgator who coordinated the colloctian, analysis, and interpretation of chemical data collec!ed for 
coro, cuttings, and groundwater. He was me principal cornpilor of this report D, Bmxton was me technical 
team loader for the drilling program and cwrdinatod tho drilling and testing programs W. Stom and 
D, Rogers supewised the hydrology investigations for %e saturated and unsaturated zones, respectively. 
R. Gilkeson and R, Hull were responsible for tho dosign, planning, and technical oversight ot drilling 
oparations ond for COOrdinatlng borot?olo res?lng aahrities. J. M n  was The field team loaderwho 
providod ovorsight of the sire goologis& site safe?y otlicer, sampling, waste-management activities, and 
honlth safety; he provided the description of survey activities in this reporf Mafin was the well-slte 
goologist who proprod protiminary llthologic logs; collectcd m d  preswved samples for geologic, 
moisture, and hydrologic chamttorization; and compiled drilling statistics. S. McUn conducted aquifer 
performance tests, and installod prossure transducers at R-15 to r m r d  water levels. B. Newman 
coordinated the analysos of stablo isctopr?s and anion chemistry ot the core Samples. 8. Warren and 
0. Voniman ware the geology principal invastigattors who collocted potrographk, chemical. and 
mineralogic data to dotamino the geologic chnncteristics of rock units. R, Warren coordinated moisture 
and matric potential anwas.  

In addition to the authors of this report. numerous individuals contributed to this invesQation. 

Stowart Brothers Drilling Company provided drilling sowices under the direction of P. Garcia, me drilling 
suporvisor. The drilling crew cansistod of S, White, I Chaws. and M, Brown. 

Dynrrtoc Drilling, Inc. (fonerfy Tonto Environmental Drilling Company) provided drilling services under 
the direction of L fhoren. the drilling supervisor. The drilling crew consisted of C. Hwe, G Woodward, 
J. Van Horn. and J. Rivera 

R, Baran and 0. Barney were the site afoty officers and the radiological Control tt?cfInidansfardnlling 
activities. R. Bjarke provided Labontory oversight for radiological controls 

S. Bohar and J. Skalski provided mntfilct oversign: for drilling activities and fwld support S. HaSelberg. 
J. Valdez. M. Clevonger, and A Garcia provided sample and data management urppm’L J. P.m. 
0. Hams, J. Santo. and J. Sena suppcned water sampling aCrnritias 

D. Caunce was the analyst for wator chemistry analyses used for xrmning af groundwaters collecteC 
from saturated zones. E. Kluk and M. Snow wore anal\- for moimrre ana matric patmrtial 
determinations. 

The grounetwnter integration team, led by C. Nyhnder. paniciprrted in the planning and evaluation of dam 
collected during this investigation. S. McLin provided equipment and field support forwater-leval 
rneasuremenff 

G. Turner provided Department of Energy (DOE) oversight during the investigswn. 

J. Young of NMED provided regulatory aversigh? during dn’lling opem:ions M. Dale and C. Hankn-Meyef 
from :he NMED’s DOE Oversight Bureau collected sample splits from grounawaterzones and acred as 
liaisons with MB regulators. M. Dale provided resub of tritium analyses for me pehhed zone and regimal 
aquifer, 

K Bttner, 0. Hickmott. L %bok and H. Whe1318r-&3RSW1 were reviewersforme documem 



The geodetic survey was performod by BDJ Kopp of ESH-19. 

J. Torline wiis editor for this document; P. Maestas was Me compositor. 

A. Pran supponod all phases of *is investigation as lender at the Canyons Focus Area. 0. Daymon 
supported this lnvcstlgatlon as loader of the Groundwater lnvestlgations Focus Area. 
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Descriptions uf Geologic Samples 
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A1 5-64.5 T 1 
! 

R15-69.5 

Cfystal-rich nonwoldcd viuic W. -25% trogmntcd alkali-feldspar phanocrysts ;to 1 mm in 
sko) and 15% ouhedrsl to fmgmonted quaephanocrysa (ta 1.5 mm in site) wrm 4% 
nmphlbaie (to 15 mm. pnlo bluu-grocn to olive-groon ploochmisan). Pumice msuy 
0.5-1.0 mm but ranging in &e to 3 mm 

A15-695 

R15-74.5F7 

~ 

1 

R i  5 7 4 . 5 ~  

p u m b  to 5 mm. with a single tight gray bandod. Vitric hydrocktJc shard recqplred Scarw 
dark brownish black, irregular patch- $3 1.5 mm roprosant rmtwnesa stnmlny. Stem to 

AtS-532D 

B R15-5620 

R15-577D 

Thls sample of uRrasoniwlty cloonod cuttings rotained on ske 7 sieve (>28 mm) b dark &. 
somowhat micrwosicular, coarso-gmlnod basal?. probably ophfttc, wltfi phenocrysb of 
common darlt rcddish brown ofhrina to 3 mm and mrw plagklase laths to 25 mn Vsty 

R15.6100 

B 

B 

915-610D 

This sarnplo of ultrascnicnlly c l o a w  cuttings rotainod on slze 7 dove (>28 r n r q  b dark gray. 
fimgminod basalt wlth scam to common pho- of olko olMne nnd plagioclase, born 
to 3 mm A low fngmonts of rnodium gray coarsegrained basalt have caved trm ma 
avortyino interval. 
This sample of uftmsonially eloanbd cuttings rotalnod on site 7 siove (~2.8 mm) is lbm gray 
coarcm-grainod b n d t  with phonscrys2s of common dark rcddtsh brown unaitwd OIMW to 
1.5 mm and scarco plagioclase to 1 rnrn. Grayish orange pink clay occurs as ram, min 
franufo coatlnas. 

ER2000-0308 

T 

B 

Olivlna b w t r  cantnlnlng ollvine phonocrym to 2 mrn (-5%) and p1agIcclas.u la!hs and blocks 
10 1 mm, grnding Into groundmass size rango. Mnxlmum symmaaieal e x t l W n  angles cm 
phonbcryst atbito twins nre -30' (-An-55). On0 of tho fho bwttfngmcnts In :%e min secekn 
contnlns olwlne phenocrysts savoroty atterdd to Wingstfe, 
This wmple of bomb cunings conskm 01 class - 2 4  crn in diamter wtth tenraous cdatlngs 
of camcntad silt. Cootings can not bo r O M O d  by scraping and ultrasonic dohning. CIasls 
wore lightly cruthod in a poreusskn m n a r  ana hand plckod to obtain clean inerbr pieces fw 
XRF annlysls. Crushod tmgmnts wlth minor ramnants of surface caaungs w:e selectbd far 
thlnsoetlon propamilon. 

1 NO m a f i  were obsorv~d  
T I Rno-grainod sandstono mnmx wCh largo (to 5 rnrn) aphyncvrmc pumlee. Clay i~tfmtion In 

pumice BS wait as sandsono matrix. SM grains a m  mcstiy 0.1 to 02 rnrn Iriciimor. in 
abundant clay matrix. S n U  abundance of q u o r b p l ~ f o l d s p a t  (sanMine an15 3lagtodas8) 
wtth raro mafic grains (pyroxone. biotite, amphibafe, and olMne). 

- . ,  1 oRhopyrnxono In prlsms to 1.5 mm, mgnotttto, and a single 2 - m  albite twlnnad plagioclase. 
T 1 m l n  sbctlon cornins four trngmonts of v r ~ e  aphyriC pumice. oach 1 to 2 cm in *e. pala 

yallow-brown clay lines of fills mrry v o s ~ u s  In the pumke rims but not In 
intoMrs. Rare clustars (to 2 mm In size) of shPRorOd faldapar wrth Interponetreu tvriming. 

This sample of ultwnicalty cleaned Nttlngs rotainod an sit0 7 sieve (>28 mq) is gtayish 1 black fino to rnadiurn.grainod basalt with Iscaltored, round vosiclos to 3 mm d h r n e t ~ ~ ~ ~ r ~ b  

pmice  

B 

1 to common p n o n o c ~  of o~ivo oihrino to 35 mrn ana ptagioc- hms tc 1 3  m 



Samplo No. 
R15.6600 

R '1 5-?05D 

71 5.772-D 

315-772-010 

31 5-787-D 

3 1 5.787-vr 

115.879-0 

December2000 

Discussion 
1 Olivine basatt containing phonomyzls of orwine to 2 mrn ( 6 5 % )  and dus?erz d sieved 
ciinopymxone to 0 9  mm, wi?h foldspar lam to 0.75 mm. Grbumlmnss is intmmtaJ. QasEsat 
bask coatad by adhosivo Iayor of eolian mica, sift, and basalt Uamtus; coatin$% occurastva 
gonontionc,, finorqainod sitt undortyng coarsor9rainod silt 
This sample 01 uttrascniwfh cleaned cuMngt rctalnM on 5128 f sieve (-8 mm) is dark gray 
to brownish bhek, mOUium- 10 vary cc.arsqrnincd bjtsRwM! ph0- Ot ;?bundant light 
groen olivino to 2 mm and mrce to a m m n  phgiOchse lo 7 m h  Scanarbd arayrsh orange 
pink day. with thin undcrtylng homtrtic byar. coats a few ? f i ~ p n r S ,  and 0ccu.s as maswe 
voricle Illlings up to 5 mm mlck 

Olhino basaft containing olhrine phonocry=ts to 2 rnm (-3%). but most olivine IS he- 
m tho sample groonCmass rJmimum ,qmmoicaJ orrincrion angle on pIwn01:rysraJMe 
twins are -25. (-Arb50). One of the 10 basitt tragmcnts in e min secbon is :vnb.rro tha 
others but has a vitric ma- 



R15965.D 

R15.965-Dt0 

7 15-97fI-0 

71 5974.01 G 

315.1009 

31 5.1 009-PU 

?I 5.1 037-0 

41 5? 037-DlO 

DIscussJW) 
Sample of sodimnt R15.879.D was dysiovod to 22 mm and uftrnsonically doma ta obtain 
split for thin-sacion proparation. Thin M i o n  conbins 9 VOlCank class inducWg 2 clasps of 
p l a g i o c l a r , P e l i n o W r o x @ n ~ ~ p ~ x e n e  hva wtm roli biome, 1 clnst of plagicchse- 
cllnopyroxo~rthopyroxorto lava without folic biottle. 1 clast of plagioclasetlr!-epxene- 
orthopyroxano-quariz lava, and 1 clast of quamamphibolo-biotite lava, 1 das of pktgtcdase- 
clinopyroxono-omphibola Inva, 7 clast of pln~ioClilspbb!tto-arnphlbde lava wCl ram 
clinopyroxcne, and 2 cla,Ss t ea  small tor adequate descrlptlon. 
Volwnichstk scdlmant, dry.sievcd inlo weighed splits of & rnm (292 g), k 2  mm (226 g). 
and Q mm (72 g), then rceombiml for binocular-mkmcopa oxamlnatim. Wcank Claspr 
include an assentially rnonolRhobgic simplo with gray to rcdrbmwn mottled quwtz-biome- 
pyroxono Tschlcoma lams. w M  clusters o? siovod plnpioclase. in dosts UP to 2 an in &e. 
Samplo at sodimant R15.!365D was dty.siov6d to .2 mm and I;mns4nicatfy d*mea to obtain 
spilt lor thin-saction proparatiah Thin Wmn contalns 9 volcank cfJsps. one 2 mm ~rah at 
unstrnlnod quam and one 4 mm grain of siavcd foldspar. Volwnk clasts inUfJds 4 clastsot 
p l a E i o c l a ~ l i r o p y r o x o n ~ ~ p ~ o x o ~  lava, 1 dast of phg@clnsaclirmpyo&nn- 
onhopyroxono*bio:tta-Suart;: Inva, 1 clast 01 c l i n o p y r o x o ~ ~ ~ x o ~ ~ p ~ l ~ a ~  
lava, 1 clast Ot mph~!u=clinopymxcna lava, 1 clast ot plapiockied inapyrorc- 
omopymxonoquam lava wRh strongly shod phgiaclase phonoaysfs and t cfastof 
F l a i i o e l c l s o - c l l n o P y r o x c ~ r t h o p v ~ ~ ~ ~ ~  lava with acicular wmxemeu 

~ ~ ~ ~ 

Volaniclwtic sodimant, bry--&vod into woighod spltts at 24 mm (120 0). 4-2 mm ms g), 
and 4 mm (1 6 2  0). mor, rocombind for &inocular-microscope ouiminam. *&bank crastr 
(up to 1 em In see) dro Ubpo~sad In s.and to flna gravel: clirsts Indude dark bkzk non- 
vosicular olbim basal? and rad amphibolebiotite int6Wht- ImJs. 
Sample of sodimom R15-970-0 was dry-sioued to s2 mm a M  umrwnitnlry Ucmedto W n  
split tor thln-soctbn proparation. Thin soction contains 14 volcanic das5 i0dx:q 4 chss of 
pIngi~~an\phibaIcc] inaWloxone bva. 3 class o? vitric tephra comst~ng ct Bphyrk 
pumice of 1.5 mm In a tina ash matrix and angular grains ol qudrtx.platiaclash-sarudlne wtm 
akorod marks, 2 aphync vitrk purnkcs, 2 clad% of anered plqi0Clase-d inoppxem3 lava w m  
mlod day, 1 clast of extcnsivoly aftorad plagloCWlinopyroxof@ Lava, t &me davimfied 
pumice with quarr=.sJnidimplagbclase p h e m  and 7 CW al olivinecliwpymxem 
intorpranular bassn. 

Tcphra layer. mnclimologic, ol wphync v i m  wniro myolitk pumice up to 2-3 rvn In size. 
Pumims hawe thin coxings o? pale-brown clay and ate Somamat rouMeC. 
Thin section comlr(s 11 fragments of vkrk sphyrk p u m .  Pumiees are nonw~ldsd wttn wry 
sparse clay altoratb. Mlnuto tram minarnls imlude ~UJIIZ. clinopyroxens. anc hematno. 

Volc3niclaastc sodlmont, dry-5iavod imo weighed splitt ot d mm 122 0). 4-2 vim (Z9 9). and 

Em- 



R I  Et 067-PU 

R15-1099.D 

% 5.1 103-DlO 

D l S C U U h  

Tephra toyer. monolithologc, of aphyric vlrric whit0 myolitic pumice up to 0.5 m in size. 
Pumicos hnvo thin coatinw of p b b r w v n  clay and ara somowtrat rounded. Pumices are 
dcnso, WM onty modest vesmhmy. 

Thin socrion conhlns 7 tmpmonts at virric sparsdy-porphymic pumieb (-3% 
mlcrophonacrysts). Pumiccs aro mnwolciod with microphonactysts of quart2-pl;giaCbSs 
sanidine-biolttsmagnotM, 

Volmniclasrk scdimam, dry-SkvOd into weighod splits o! SI mm (1.5 g), 4-2 mrrl(32 0). and 
-2 mm (17.0 g), thon rocombimd for b inocuhr-micro~o~ examination. Coarw s ~ d  wm 
tow c lnm lorgerthan 0.5 cm; mro clasts include gray/plnk flow-banded rhyo&tcl, gray 
rhyolites, an0 rod pyraxonedacne. 
Sample of scdimont R15-1099.D was dry-dwod to >2 mm and unnsOnblly ck-med m 
obtain splk lor thin-soetion proparation. Thin WdOn contains 20 tngmems of vcbn ic  
lithalogics and ndhcring or sepnnto anbstonoa LitholoQios may be supraroc into unaRered 
uolcank clasts, altorad volcanic clasts, arid saandstoms. 
Unahorod volcnnic clnm (12 cbsts): 2 clasts of quartz-andine-plaglase vhrc lava. 2 
clasts a! aphyric vcsicutcr vttric pumiea with trace plagiochso+yt'Oxono-bhttlo, 2 W of 
p l n Q i o c l a r ~ l i n O p y r ~ x o ~ ~ a m ~ h i b o l b b i t e  lava with sandstone coating, 2 6n:a of 
plapioclaewich love w?h aftorod forromagnaoian rcmnam, 1 clast Of plagicduw- 
cllnopyroxanosRhopyroxono lava, 1 chst of p l a g i o c l a s M l l n 0 ~ x a ~ a m p h ~ : o l e b i o ~ e  
lava 1 vltric biotlWporphyritic vesicular pumice, and 1 Clast Of p I F Q b & t S e - p o r p ~  jellow 
J I t r i c  lave 
4ttorcd volcanic clasts (6 clasts): d clasts of volwnk litholdgy wrth ptumse arc :lic~totdspattric 
altoration and faro romnant plnglaetirse and quam p h e n m y s b  1 clast ot brow1 silicified lava 
Nlth mdlal&mic chalccdony and rommnr quam phonocrysrs, and 1 clast o! 8r;ensIvely 
:hlorltl:W lava wlth pasible psaudomorphr atIer pyroxene. 
hKiaonos (2 clasts): 2 elom of sandstone, on0 eonmlnlng sand gralns of quam- 
~lagioclnsc+alivlno and glass shards in a palo-brown Clay maMx and me omercinrajning 
sand grninn ot q u a ~ . ~ l a g i a c l a s o - a m p h l b o l 6 . c l i ~ ~ o x o n ~ l ~ l ~  and fimn,rrleC 
nforrnodiete volcanic l i ~ log los  In a dam clay maah. 
Jclwnichstic sodimont, dry.slovod into woighod spttts Ol24 mm (10.7 Q). 4-2 mm (8.7 g), 
md 4 mm (27.6 g), thon rocombinod tor b i m l a r - m i C r o ~ p e  oxaminatbn. !Jighly raundecl 
I .cm c lom of dmito and quamito (1 OX) In sands that include a component of rose qua- 
jomplo includos tmll light-brown clay M i e s  a few mm in diemeter. 

Snmplo 01 sodimont R15-1103-0 was Ury=sbucf to r2  mm and uttrnsonblly c:(tansd to 
,btain splir for mln-soction propamtion. Thin sodon contolns 11 clasts, 2 d W I ? ~  are gmttlc 
Ind 9 of which aro volcanic. Tho 2 groniri clasts are q u a r Z ~ a l b i t e - m i l i n e - m ~ e i  
ironitas with dralnod q u a e  and musccovltelacod plagioclase. fhe volcanic lith&gies 
nclude 2 C I L ~  of dovltrifiod tlow*bandod hvn with trace foldspar and biotite. 2 dasa of 
~Iagloclas~porphyrttle lava wifh saccnaroidal dovltrillod mauix, 2 chi's of ayztaklch 
rlagioclnswllnopyroxone-arnphl~l~~ngnot~e IOVA with pmmlnont yallow to yaenhrown 
,loochroic amphiboles, 7 clast o! p l a g l ~ l ~ l i n o p y r o x e n o - b M t ~ o  leva 1 dm;r of 
i t a g i o c l n ~ ~ l i n o p y r o x o n ~ a m ~ h l ~ t ~ ~ i o t f t ~ m ~ ~ ~ t k o  Inva, and 1 clnst ot p l o . ; b  
imphibolo microporphyrttic vRnc lava wrm -80% yollow perlitic glass ma= 
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