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A m A C T  

Characterization well R-19 is located atop ttw mesa separating Threemile and Potrillo Canyons, east of 
tiring site IJ at 'Technical Area (TA)SS, Los kbmos National Laboratory (the Laboratory). This 
characterkcation well is the sixth of approximately 32 wells being installed in the regional aquifer as parr of 
:he Laboratorj's 'Hydrogeologic Workplan' (L4NL 15998,59599). R-19 was funded by the Laboratory's 
Environmontal Rostoration Projecr and is primarily design& to provide warer-qu.al@ and warer-ievel data 
for potential intermediatedepth perched zones and forL7e regional aquifer downgradient of h i p  
explosive contaminant=release S i t s  at TA-16. The installation schedule for R-19 was accelerated atter 
high-explmive contamination was found in groundwaler trom charanefizatian well R-25, located 2 mi 
west of R-19. Data collected from R-19, in conjunction wrth data from other planned characterization 
boreholes and from other data sources, are being used to evaluate the nature anc extmt cf high- 
explosive Contamination onginating at TA-16. Dam ttom R-19 are also being LtsBd to increase 
understanding of the hydrogeology of a littlestudied parr of the Laboratory and to upba?e the sitewide 
conceptual hydrogeologic model. 

R-19 was drilled in two phases. Phase I was conduned during January 2000 and ansined of using a 
hollow-aem-auger method to drill to a depth of 126.5 tt within me Tshirege Member of the BmdelierTui 
Phase I I  at drilling was conducted from January thmugh April 2ooo using rotary methodsthat involved a 
combination of casinpadvance and open-hole techniques. During Phase II ,  R-19 was drilled to a depth of 
19025 tf, and a muhiscreen well containing w e n  sereened intervals was installed. 

Geologic units encountored in R-19 consisted of. in descending order, sail,me Tshirege Member of me 
Bandelier Tuff including the basal Tsankawi Pumice Bed; tephras and volcdnklastic sediments of me 
Cero Toledo interval; me Otowi Member of me Bandelier Td, including the basal Guaje Pumice Bed: an 
upper subunit of the Puye Formation fanglomerare facies; basaltic rocks of the Cerros del Rio volcanic 
field; a lower subunit of Puye Formation fanglornerates: and a thick sequence of pumice-rich sedimentary 
deposits that are cunent!y not assigned to a specifiic mtlgraphic unk 

Three zones d saturation were anticipated at R-l% wo were w e d  tones and me wtne regional 
zone of saturation. In practice, tho presence or ab!mce of perched saturntion at R-79 is unclear because 
drilling fluids masked any perched sarurarlon. Two welf m n s  were placed opposite possible perched 
zones based on indications of increased moisture antem by geophysical logs. 'pne regional wa!srtable 
was found at a depm of 1178 ft. 60 ft deeper than expected. This warer appeared ro be unconfined and 
saturation continued to tofal d e m  of the borehole (19025 tt). Fwe well screens were dismbuted through 
the regional zone of saturation. Straddle-packer/inj&on testing of materials in ?he kwertwO screens in 
unassigned prePuye Formation deposits yielded hydraulic conducttvi values of 17.5 (screen #s) and 
19.6 (sereen #7) #day. 

Extensive borehole gaaphysical data were obtained from support subcontractor personnel who conducted 
borehole video and natural gamma radiation surveys using me Laboratory's logging trailer mu b m  
Schlumberger Wire tine Services Company, who obralned a suite of borehole geophyskd logs These 
surveys were conducted In cased hole from me surtace to a depm of 21 1 tt and in open hole blow 21 1 tt. 
Opon-hole geophysical logglng Included caliper, resistivity. natural gamma radiation, spontaneous 
potential, lithodensky, magnenc resonance, borehole color video, epithennal neutron. neuhon wmsity, 
spectral natural radiation (K U. Th), formation mlcroimagar, and hole deviation. 

Well R-19 will provide long-term dam on gr0undwa:er propehes. However, the installation O? R-79 has 
already provided new knowledge on axistlng water levels, water COmpoSltiOn, and hydrogeolagy. In 
addttlon, tho unexpected thickness of the Cero Toledo interval and me occurrence of a deep sequence of 
pumiceous sediments, where Santa Fe Group sediments wero anticipated, add to me inderstandlng of 
hydrogeologic units at the Laboratory. 
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1.0 lNTRODUCllON *-- 

h i s  repon dembos che drilling, well construction and development. ana tesring acmtiiesfor 1: 

chamcteriratlon well R-19. R-19 is located arop the mesa separating Threemile and Porrillo Canyons, 
aast of firing site IJ at Technical Area (TA) 36. R-19 was drilled to a depth of 19025 ft. and it was 
completed as a rnultiscreen well containing Seven screened intenrats mat can be sampled indnndwtly. 
This well was installed for me Environmental Restoration (ER) Project by me Groundwater Invmgations 
Focus Area It is the si* characterization well drilled to the r e g i d  aquifer as partof the Wydmg~logtc 
Workplan'(LANL 1998.59599) in sclpporr of Los AIamas National Labomtory's (the Lab4ratoty's) 
"Groundwater Protection Management Program Plan" ( I A N 1  1995,50724). 

I-" 

d 

v 

R-79 is primarily designed to provide water qwlQ and water-level data for potential intermediateaepm 
perched zones and for me regional aquifer downgradient of high-explosbe (HQ-mntminant release 
sites at TA-16. The schedule for installation of R-19 was accelerated atter HE was found in grounclwarer 
during drilling of charactemtion well R-25, located 2 mi to me west of R-79. In tha hydr~gedcgicmrk 
plan, R-19 was originally planned for installation in Pajanto Canyon, but its location w8s moved to the 
mesa top south of Threemilo Canyon to provide early wammg of contaminants approaching su7pfy wfi 
PM-2, located mull mi to the east (Figure 1.Gl). The location for R-19 a l s  provides new hycrobgic 
and geologic data that contribute to the understanding of the vadose zone and regional aquifer in a littie 
studied pan of the Laboratory. Data collected from R-19 will be us6d in conjunction with datatrom other 
planned characterlation boreholes as well as from other data sources to evaluata and update me 
sitewide hydrologic conceptual model. 

Preliminary interpretations are presented for some of the data collected, but discussion of omer &ita is 
deferred until they can be evaluated in me context of sitewide infomation collected from other ER Pmjea 
and hydrogeologic work plan wells. A future roport will providc an integrated human health and ecologreal 
risk assessment and will include grounCwater daca from other nearby ER Project wells 

Atthough R-19 is primarily a chamcenzation well. i?s desrgn also meets the rwuirements of a monitanng 
well as defined in Module Vlll of the Laboratory's Hazardous Waste Facility Permit Inwrporaten of this 
welt into a LabofaTO~-Wide gmundwarer monitonng propram will be evaluated at a later date when the 
rosults of this charactemtion aatvtty are imt3gmted with grounbwater investigations in me hydqealogc 
work plan (LANL 1998,59599). 

2 0  SUMMARY OF DRILLING ACTMTlES 

Drilling activities at R-19 are divided into me following categories: site preparation and Phase I dn-lling. 
Phase I1 drilling, well installation. and well dwelopmentnestlng. Los A h o s  Technical Assoaates. lnc. 
(LATA) and Science Applications International Corporation (SIC)  provided field supporcduring Sath 
phases of drilling. Table 20-7 compares me actual number of shifts for each category Wnh me number of 
shitts projected for R-19 operations in me field implementation plan, 

Phase I drilling at R-19 utilized the hollow-stem auger (HS) drilling technique to drill to a depth of 
'i265 f t  below ground surface (bgs) and to install 18-in. steel surface mnduaor casing to 195 tt bgs.The 
HSA borehole below the surface casing was back-filled with m i n g s  and the l&in. surface casing was 
cemented in placo. 

Phase I1 drilling at R-19 utiluod an air-rotary drilling technique to drill to a depifi of 19025 it A diagram 
snowing the configuration of the A-19 borehole at total depth (TD) is shown in figure 20.1. Following 
Phase I1  drilllng, a penanent monnonng well was installed and completed with seven screened intervals. 
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Figure 7.GL locations of well R-19 and line at senlon for figure 3.0.2 



Charactoruafmn Well Ref9 Cornomon Ropwr 

Operatlons Category I Fleld lmplernemitlon Plan Number of S h b  1 Actual Numbsrat Sbltts 
phase I drittinglsbo prwaration 1 8 1Gnr I 5Whr 

Well installation 1 55 12.hr I 6212-hr 

fdtd Shim I 8 10-nrana 150 12-hr I SlPhrand17812-hr I 

- 
Phasa II drllllng I 90 12-hr f7 12-hr 

Wall deuobpmontnostino I 5 12-hr 39 1Bhr * I 

2 1  Equlpment 

21.7 Phase1 

Phase I drilling at R-19 wcs canduaod by Stownn Brothers Drilling Company using a CME-?S HSA ddll 
rig with 425-ln.4nside diameter (1.0.) Truspinm HSAs to a dwth of 1265 tt bgs. The hole was 
overreamed using an 11-in.4.D. HSA to B depm of M tr. A Mossm wire line continuouscore retrieval 
system WES used to core from the surface to 1265 f t  bg% 

2 7 . 2  P h m l l  

Phase II of R-19 H'BS drilled by Oynatec Drilling Campany. Jnc. (formerly Tonro Ddling Cornpny) using 
ForomosP dual rotation (DR)-24 drill rigs. clynatec provided a drilling supewbt. drilling QBWS, crew 
vehicles includlng 14on flatbed trucks, drilling rods, hammers,. b k  5oOo.gal. watorttuck fuel 
construction lights. awil'kuy air compressor, and a Ston boom truck for handling casing. all roQ, and 
heavy support apparatus such as casing jacks. 

The ER Project's field support facilny provided drill casings, drjlling bits, a small ffom-end loaeer 
  bobcat^), dust suppression system, water containment tanks, depth-tc-water meters, watersampling 
bailers, sample filtration trailer. diesel-powered electric generator, tore boxes, chip tray% and an 
Industrial sink tor borohole material washing. The Sample Management office proviced sample and 
sample shipping containers. The EFI PmjeCt provided escort veh'ws, a laptop computer, cellular 
telephone, equipment to measure water sample fjeld parameters, finering apparatus, and a cote-toggitig 
microscope. ESH-18 provided the borehole geophysics trailer and a downhob presswe transducer and 
electronic dam logger, 

The faciltry host (the Dynamlc Experimentation Division PXJ) provided radio communicatiwr. 

UTAISAIC, as subcomctor~ to me ER Pmject. providod fwld team leaders, geologists, &7d site safely 
officers: tentad a portable toilet and a combination samplin@off ke hailer: and pmCWed fwld support 
supplies including deionized water for small-scale decontaminatbn. 

22 Schedule 

2 2 7  Phase1 

During Phase I, the CME-750 drill rig was rnobilued to R-79 on January 7.2000, and it was dmobilited 
on January 13,2000. Drilling operations required 5 drilling s h b ,  including equipment mabiliration and 
demobilkation. OpemUons were conduct&d in one 10-hr shrtt per day. Monday through Friday. 
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Table 2.0-1 compares the actual number of shitts with tho number of shilts projected for R-19 Phase I in 
the field implementation plan. Chronological operations for R-19 Phase I are summarized in Appendix A 

22.2 Phasoll 

During Phase 11. the DR-24 drill rig was mobilized to R-19 on January 25,2000 and Uemobilued on 
April 28,2000. Drilling produetlon at another deep borehole/well (OS-R-15-3) required me switch out of 
the leased DR-24 drill ng at that site with the OR rig from R-19. Phase I I  drilling operations at R-79. 
including well development and testing, roquirod 139.0 total shifts. Orilling and well-installation operations 
were typically conducted in two 12-hr shifts, seven days per week but were pflodically suspended Cue 
to facility work restrictions. Well development ana testing activities Were typically conducted Uunng one 
12-hr shitt per day, five to seven days per woak Table 20-1 compares me actual number at shilts wim 
the number of shitts projected tor R-19 Phase I 1  in the field implememtion plan. Cr;ronological operations 
for R-19 Phase I I  are summarized in Appendix A. 

2.3 Production 

During Phose I, R-19 was continuously cored trom the surface to refusal at 1265 ft using 42!j-in.-t.D. 
Tnrspinm HSAs with a MossN wiro line continuousare retrieval system. Using the in-placs 4,25417. H S A  

auger string was withdrawn, tho borehole was backtilled with cuttings tram 1265 to 19 f t  
string as a guide, the borehole was roamed by ll-in.-I.D. HSAs from me surface to 20 tL As tte 4.254. ' 1. 

The 1 1-in. HSAs were removed and one 18-in.diameter, 20-fi-lOng steel casing join? was lowered to a 
depth of 19 tt bgs and a stickup of 1 ft above the ground surtace. A cement slurry was tremied to 19 tt and 
rose approxirnatoly 3 tt inside and outside the casing. me w i n g  was repeatedly nised and lower4 to 
achieve & homogeneous cement seal. Alter cunng overnight, the cement plug WBS a barner to prevent 
more cement fmm flowing into tho casing from below while the borehole annular space around the Easing 
was cemented to approximately six ft below the ground Surface. 

The total footage dfllled in Phase I by the HSA drilling technique was 1465 t Phase 1 production 
starislics are summarized in Table 23-1. 

232 Phasell 

Drilling techniques used in Phase I1  of R-79 consisted of air-rotary under-reamer advance of one 
retractable caslng string (13.375-in.) and open-borohole drilling using a 1225-in. tricorn carbide button 
bit, Phase II footage drilled by The 13.375-in. casing was 21 1 tt (does not include 16 h of open hole inside 
lEin. surtace casing at that time): footage drilled by me open-hrohole drilling system was 1695 t 
Implementing the open-borehole drilling technique :o advance approximately 95% of the Phase I1  
borehole footage w8s a significant operational modification. The total Phase II foatage dnlleQ by the 
ditferen: drilling techniquos and casing sizes was 190s f t  The total footage drMd does not include 
regular conditioning of the bort3nole or tripping drill systems to regain circulation andlor change bits. The 
total tripin foorage was 2?,275.5 tt at an average rate of 520.7 Whr, and the total trip-out foatage was 
28,034.7 tt at an average rate of 31 O.? Phr. Phase 11 production statistics are also summarized in 
Table 2.3-1. 
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TORidease@ polymer; €ZMUD@ (polyacrylarnidapolyacrylate copolymer), and QUIK-FOAM@ slurries, 
mixed wtm community water obtained at the standpipe located adjacent to the Los Alamos County tandfill. 
were utilized during drilling to lub#tate the casing mu open-borehole drill systems. Footage intervals for 
which lubricating slum was wed are indicatod in Table 23-2 

Table 23-2 
Footage lniervala Drilled with Lubrlcatlon Slurry, Characterlzatlon Well R-19 
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233 Casing Advancamcnt 

During Phase 11, 13,375-in. retractable casing was initially advanced using air as the dnlling fluid At 134 tt 
bgs. slow production promptod the use ot lubnatton slum+%. Actvancement of me 13.3?5-tn. rehactable 
casing was terminated at 227 tt bgs due to gemng stuck in Qbt 2 O t  tne Tshirege Member. Several Unlling 
shm wero expendod to free the casing using various extraction twhniques. Oynarec had slowly pulled 
back the casing from 227 tr to 205 ft, at which depm rhe casing separated at 113 tt The 13dMin. caslng 
from 113 tt to 205 f~ was &ancloned in the borehole pnor to well installation. At R-19, me 13.37%~ 
retracWtle casing was used only within the Bandelier Tuff, at an average rate of 20.4 Phr (Table 23-1). 

2.3.4 Open-Borehole Drllllng 

Open-borehole drilling using a 1225-in. tricone bit was used to dntl from 225 tt t3 TO at 19025 f t  Dynatec 
drilied 620 ft of open borehole in the Bandelier Tuft and vokaniclastrc: Wiments o? Me Cero Tdedo 
interval at an avernge rate of 21 2 tthr, 150 tt of Ceffos del Rio basaft at an avenge rate of 7s tthr; and 
905 tt of tho :anglomerate facts of the Puye Formation at an average rate of 175 ttlhr (Table 23-1). 

235 Cor0 Drllllng 

During Phase I, conng was accomplished using the MossN wre line retrieval system with Um HSA dnlling 
method. HSA core was anempted from the surtace to auger refusal at 1265 tt Average recovery was 
94.2%. 

Ounng Phase 11, no coring was attempted 

23.6 Other brllllng Actlvltles 

Other drilling activities included conditioning and reaming the borehole wall to maintain fluid u r n d o n  
and prevent locking the drill strings in place. Miscellaneous actrvities such as cleaning clay cake from drill 
Ski ,  casing, and air-cihulation equipment were minimired by injecting TORKease polymer, EZ-MUD, and 
QUIK-FOAM slurries during drilling. 

3.0 GEOLOGY 

Geologic units encountered in R-19 consist of, in descending order, soil. Tshirqe Member ot the 
8andelier Tuf! including me basal Tsankawi Pumice f30d. tephras and v o l c a n i ~  sediments of me 
Cem Toledo interval, the Otowi Member of the Bandolier Tuff including the basal Guaje Pumice Bed. an 
upper subunit of the Puyo Formation fanglomerate facies, basaltk rocks of the Cerros del Ric wlC;inic 
field, a lower subuntt of Puye Formation fanglomemtes, and purnbnch sedimen?av Uepowts of a yet 
unassigned stratigraphic association. Depths and elevations of the contacts between thsw units are 
shown in Figure 3.0-1, with a comparison to the predicted shatigraphy based on the thre64imonsionat 
(3-0) geologic model available at me time drilling began. Notable differences beween the pmdicred anc 
asdrilled stratigraphy are the greater thickness ot the Ceno Toledo interval, the lesser thickness of the 
Otowi Member of the Bandelier Tutf, the thinner sequence of Cems del Rio basat& the absence of axid 
facies river gnvels (Totad) at the b m  of the Puye Formation. and the occurrenee of &assigned 
pumiceous sedimentmy deposits in lieu of Santa Fe Group sedimentary depxits 
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A briof summary of unit characteristics is given in the fol!owing sections. and a lithologic log is provided in 
Appendix 8. An interpretive east-westcross W i o n  incorpomting reutts from recent drilling at CCN-R-15- 
3 is given in Figure 3.0-2 Descriptions of geologic units are basod on examination of cuttings, 
geophysical logs, drilling information, and laboratory examination of borehole materials. All studies of 
deeper borehole materiils for potrography, mineralogy. and geochemistry were based on amings. 
Cuttings were collected by reverse circulation, minimizing the admixture of materials from upper porrions 
of the borehole. Table 3.0-1 summarizes the weight proportions of different-sized-tractions forcuttings 
representative of several stratigraphic units in R-19. Disaggrqation during drilling and concentration of 
lithic fragmonts was parricularfy prominent in nonwelded portions of Me Bandelier Tuff. However. 
fragments of me basalt flows were collectecl unmixed wrth orher Ifthologies from higher units, providing an 
indication of how effective the reversesirculation system is in Irtring cuttings sololy from me zone where 
the bit is active. In the sedimentary units (Cerro Toledo, Puye. and unassigned pumiceous sedimentary 
deposits) the analysis of $&e fmcrions in T~ible 3.0-1 provides information related to in sm gmin sizes, 
with the caveats that cobbles significantly larger than me inner d‘iameter of the drill mds mus be 
disaggregated to bo carried to tho surface and the finesand to clay fraction may ba largely last when 
cuttings aro caught at tne surface. 

Table 3.61 also shows me locations of well xteens at R-79 in relation to %e intervals sampled for 
lithologic analysis. These samples are particularty Important ?or relating geochemistry. petrology, 
mineralogy, and sedimentology to the interpretation of waters sampled in long-tern monitoring. The 
preliminary data far evaluating these relations are provided in rnis mpoc other analyses may be 
appropriate in evaluating data to be obtained in the future under me long-tern monitoring program. 

3.7 Stratlgraphy and LRhology 

3.7.1 M-70~ Sol1 (&to 2.f-ft depth) 

Mesa-top soil was penetrated trom the surface to a depth of 27 ft (Appendix 8). The soil is sandy. dry, 
and contains abundant 1- to 2-mm qstftls of quartz and chatoyant sanidine derived ptindpalty from Qbt 
4 of the Tshirege Member of me Bandelier Tutf. 

3.1.2 

The Pleinocene Tshirege Member of the Bandelier Tutf consists of multiple cooling unm. designat& 
downsection as u n h  abt 4.3.2. lv, and 19. Nomenclature and definitin of these units follow me usage 
of Broxton and Reneau (1995,49726). 

Tshlrege Member of the Bandelltr Tuf? 

9 b t  4 (27- to 5.R depth) 

A thin sequence of Qbt 4 of the Tshirege Member was encountem3 below me soil. Obt 4 consis& of 
massbe, moderately welded, devimfied, ash-flow Mf, Compared to the undertylng u n k  of the Tshirep 
Member, Obt 4 is poorer in silica and more Ti, Fe. and Ba-mh (Bmxtan et al. 1995,55709). 

Qbt3 (5-10 117.5-ft depth) 

Qbt 3 of the Tshirege Member was encountered between the deptns of 5 and 7 7 7 .  S tt, OM3 mnsists of 
massive, poorly consolidated, vimc. nonweldec! ash-flow tuff. This unit is more typical in composition of 
the lower Tshirege ash flows, which are distinctly lass maficrhan Obt4. 



0 
5 



Table 3.0-1 
Weight Percentages of Sbe Fractions In Representative Cuttings from Drill Hole R-79 

Qbt 2 ( l f t .5 .  to 2304 depth) 

Qbt 2 of the Tshirege Member was encountered between depths of 117.5 and 230 It. This unit consists of 
massive, slightly to moderately welded, devitrified, ash-flow tuff. Even though eompbtely vapar-phase 
altered, In most locales Qbt 2 ditfers from me upper pam of me Tshimge in having a silica-phase 
assemblage of mostly tridymite and phenocrystk quem that is common in the higher zones of vapor- 
phase alteration (Broxton etal. 1995,54709). 

Caliper logging d the open borehole at R-19 indicates significant washout near the base of Qat 2, to 
-226 it depth. This zone of washout may correspond to a decrease in welding at The Qbt ZQbt Iv 
contact 
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Obt Iv(23Gto 2 S f t  depth) 

Qbt lv of the Tshirege Member was encountered between depths of 230 and 285 It. This unitconsists of 
massive, poorly consolidated, devitrified. nonwelded ash-flow tuff. The use of %"in the unit symbol refers 
to the ~ s n s i v e  vapor-phase alteration in this upper pat? of dbt 1, in contrast to the lower part, Qbt lg, in 
which primary glass is largely preserved with lifie vapor-phase altoration, 

Goophysical logs indicate a steady rise in the abundance of bound wateraid partlcularly in capillary 
wamrfrorn top to bottom in 3bt lv. This inaease in water content. most notably in capillary water, may 
reflect increasing matrlx porasity of Qbt l v  with depth. 

Obt i g  (2BS.to379-tt depth) and Tsanbwl Pumice Bed (379- to 380.R depth) 

QSt lg a? the Tshimge Member. including the basal Tsankawi Pumice Bed, w8s encountered between 
depms of =and 380 AThis unit consists of massive. poorly consolidated, vitric, nonwelded ash-flow 
Mf. A thin deposit of the Tsankawl Pumice Bed occurs from 3?9 to 380 ft 

At  -300-ttdopth the abundance of capillary water in Qbt lg begins to dse above the highest value 
mezsured in Obt lv, and me content at capillary water In Qb: 1g continues to rlso to the base of the unit 
Thevalcersof capillary waterantent attalned am Comparable to those in the Otcwi Member and may 
reflect the high matrix porosity typical of vkrk nonwelded tuff. 

3x3 Tephras and Volcanlclartlc Sediments of the Cerro Toledo Interval (3W to 64642 depth) 

The Pleistocene Gem Toledo interval is excepUonally thick at R-19. extending from depas of 380 to 
646 ft (Appendix 6). The thickness of this unit 266 tt. is much greater than the thickness predicted from 
the 3-D geokgic model atthe 9me of drilling (60 ft flgure 3.04). Revisions to the 3-D geologlc model 8re 
needed in view of the unexpected magnitude of Cerro Toledo depositlon in this pert of me Laboratory site. 
The correspondingly less-than-expected thickness of the Orowl Member indicates an erosional low, 
developed on me Otowi Member, in which Cem Toledo sedimentary deposits accumulated. The 
thicknessof the Cem Toledo deposies and the erosional thinning of the OtmI Members: R-19 are 
cor?sktent with the SSW-draining pre-TsMrege valley proposed in this area try Broxton and Reneau 
(lssS,55429). Forzherddlling in the a n a ,  3oouFhern. and southwestern parts of the taboratory site 
should pmdde the infonnatlon necessary to mise the geometry of the erosional and depasitfonaf 
relations between met Cerro Toledo and the underlying Otowi Member. 

The Gem, Toledo inrenral at R-1 9 Czmsists predominantly a? moist fed-4rown clayey silt and moist tine :o 
medlumgdned, well sor?ect dean sane Somewhat coarser sandy gravels are also present at the top of 
the sequence (380 W 390 ft) and in the lower sedimentary deposits (520 to 646 a), Gra4n.sire analysls of 
represenratbe arttlngs (hble 3.017) indicates conslderable vaffability in sediment slze, ranging from 
graveiscomposedof >98wr%des¶s>2rnm (380cto382-ttdepth),tofinesandsw~>55wt~~aclesPsof 
4 mm (51 0- to SIS-ft depth). to deposlts with fine sand ((1 mn), coarse sand (1 to 2 mm). fine gravel (2 
to 4 mm), and a a m r  clasts (H mm) In subequal abundance (635- to 6404 depth). 

Pempphicanatyskotme2-to4-mm dassfmmthree CemToIedo hortrons (380 to382fr.StOto 
SfS fz, and rs35 to 640 n) showsa common occurrence of aphyric vitrlc pumice related to rhyolitk sources 
adve b a r n  me tHl0 8pb0deS of BandelIer ash-flow eruptfon. However, the abundance of these 
pumices is gmatesth the sample from me cenhal portion of the Cem Toledo interval and relathrely minor 
in the samples frwn nearthe top and the bonum of me sequence. In these latter samples, clasts derived 
irom me Tschicorna Fannatfon pre0orninate, The uppermost sample includes one clast of metarnose, 
probably a trace xenollth reworked frcm a deposit of rhyolitrc tephra. 



Chemical data for splits of tno 2- to 4mm clasts from the Same three representative horizons in me Cem 
Toledo are provided in Table 3.1-1. Tho higher Siiica content of me 2- to 4-mm clasts at 51 0- to 5154 
depth reflects the g r a m  abundance of rhyolitic pumice in mis Simple, compared to the 2 4  mm class 
from VIQ to3 and bottom of me Cero Toledo unit The data in Tale 3.1-1 include analyses of d - m m  
clasts from the horizons at 510- to 51Wt and 635- to 6404 depth. Compared to me 2- to 4-mm tractions 
from the same horizons. the finer fractions are significantly higher in SiOz and lower in most other 
consthuents, suggesting concentration of detritaf silica minerals (proba~ly quam) in 738 sand fraction. 
Further analysis of Ceno Toledo samples from this and fmre boreholes in Ma region will help in 
interpreting :he sedimentology of this unit. These interpretations can be used to COnmCta more realistic 
representation of the Cero Toledo deposits in the 3-0 geologic model. 

Table 3.1-1 
Chemical Analyses of the Cerro Toledo Deposits 

and of the Guaje Pumice 8ed from Drill Hots R-79 by She Fraetiam 

INurmwr' 138C-382 516-515 51b515 1635-64 W 834-835 ( E 3 4 3 5  11234435 i Sample R-19 IR-19 ]R-19 R-19 1 R-19 1 R-19 ' R.19 R-19 
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Oespito the variability in clast &e5 and dast lithologies. !he deposits of the Cem Toledo interval in R-19 
show little variability in pfcpedes rneasurec! by borehole logging. Cdiper-mensured borehole dimensions, 
pmma signals, capillary an2 bound water, and neumn measures of waset residence environment are dl 
swikhgly homoseneous, This homogeneity cOntraSs witti the hishly hoterogenwus nature of all of these 
propedes within tho deeper P u p  sedimentary deposits. 

There Is a modest bur measurable rise in capillary water a n m t  within the lower Cem Toledo 
sedimentary deposits (520- to 6464 depth). This rise is likely associatod with 0. Small increase in porosity. 
The mosr dgnificaRtdlfferences between me Cem Toledo sedlmentary deposits and the bounding tufts 
are a lower gamma signal (am’bufable prlncipafly to lower U and 771 content) and much lower 
abundances of capillary water (less avaifable porosity). 

33.4 Otowl Memberat the BandellerTuff (@&to 83Gftdcpth) and Guafe Pumice Bed (830- to 
84Q-R depth) 

Tuffs of me Pleistocene Otowi Member, indudins ash flows (Qbof) and the basal Guaje Pumice Bed 
(Qbog), were encountered belween depths of 645 and 840 ft. At R-19, me Otowi Member consists of 
massive, poorly ccnsolidateC. vitrk nowelded ash-flow tuft, R e  Guaje Pumice Bed occurs from 830 to 
a u t  

Pemgraphic analysis of me 2- to 4-mm clasts from the Gwje Pumice Bed at 834- to 835-ft depth snows 
mar this size *dun consists mostly of dacftfc llthk fragments. Pumices in this size range from tho Guaje 
ham men atmostcornpletelyaushed Curing drilling. The chemical data from the 2-to m m ,  1- to 2-mm. 
and (I-mm&ed ftaafons of me Guaje Pumice Bed (Table 3.?-‘t) indicate significant chemical 
fradonation wir! gnin size. The 2-to 4mm-sLlod fractfon is dominated by dacitlc lithic fragments and 
thus has mhtlvely low SIO, antefit (-7’7%): the 1- to 2-mm-sired ffacdon has anomalously high SO,, 
content (-89%) reflecting ancentration of quam grains; and the (1 -mm-sized traction has more ash and 
comes closerto the composfdon of the Bandelk ash flows. The large compositional dltferences between 
grain sizes, with 
bulk cornposiron from cunfngs diffkuR in this unitr 

Sorehale logs forthe Otowi Member indicate prupertfes compa-le to Qbt 7g of the Tshirege Member, 
which Is also a vitrlc nonwelded tuff. The Guaje Pumice Bed is an in:erval wim considerably larger pore 
strumre and greatorwatercontm: than the owdying ash flows. 

Drill hole R-79 was located in a portion of the Laboratory where the Bandellor Tuff is postulated to fill a 
SSW draining paleovalley (Bmxmn and Renew 1996,55429). In their approxlmatlon of the palewalloy 
t~pography, tho base of me Otowi Member in me vicinity of R-19 was placed at approximately 6350 ft 
elevation. This is 730 tz higheraan this contact was encountew.  The pmdkted contact in the 7999 3-0 
sitewide geobgicrnodel is also higher than me actual conmet (Figurn 3.0-?). The new informatJon from R- 
79 reinforces me concefl a? the paleovalfey and helps to define me topology Of this feature. 

likelihood of ish loss when cutdngs are collected, make feconstnrction of rellable 

3.Y.S 

A Subunit Of the Pliocene fanglomemte facies af the Puyo Formation extends from depths of 840 :o 925 ft 
(Appeneix !3),This Unltconslsts of coarse volcaniclastlc sedimentary deposits as described by Grlggs 
(1964,8795) and by Waresbadc (7986,587l5). The volcaniclasdc sedimentary deposb are domlnared 
tty rounded dasts of various lavas. Sire analysis of cuttings from 906- to 905ft depth. reprcsentathre of 
the sedimentary deposits at screen #2 indicates a distribution of flne sand (4 mm), coarse sand (1 to 
2 mm), flne gravel (2to 4 mm), and coarser clasts (A mm) in subequal abundance F&le 3.0-1). Clasts 

P u p  Formatfan (upperfaanglornerste fades: 84O-m 925-R depth) 



i Charaaerization Wolf R-79 C o r n l a m  Rcpcxr 5. 1 
y.. a i in the 2- to 4-mrn-sixed fraction consist predominantly of Tschicoma Formation dacites and rhyodaates 

with lesseramounts of basalt. Chemical analysss of the 2- to 4mm, 1- to 2-mm, and tl-rnm-sked 
fractions of the 900- to 905-tt sample show a strong similarity to the upper seetion of me lower Puye 
Ceposits. beneath the Ceros del Ria basalts (sea discussion of Puye chemical analyses. Secbon 3.%701 
tnis document). This similarity in Puye composition abuve and below me basalt unit indkates continuity in 
Puye sources across the episodo of basalt ernglacernea although the Occurrence of basalt demtus in the 
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upper fanglomerate is distinctwe. 

Borehole logs indicate that the sedimentary depostts from 900- to 912-tt depth, in me vicinity of screen 
#2. are of relatively high porosity and lower in bulk density, and canrain more mobile water than oaer 
sedimentary deposits in this ponion of the Puye Formation at R-19 (see Section 32 of this document). 

I 

3.1.6 Cenos del Rio Basalt [925 to 1 OsD-tt depth) 

Late Pliocene basaltic rocks of me Cerros del Rio vokanic field occur from a depth of 525 to 7 0 8 8  tt 
(Appendlx B). The basaltic rocks consist of vesicularto massive flows with intercalated x;oriacf?ous and 
clay-rich intervds. Drilling prupenies of hvas in mu interval vary considerably: an upper lavg 9 2 5  to 
9984 depth, produces mostly coarse fragments a f  d mm whereas a lowor lava (1017- to lOG3-R d m )  
produces finer fragments (Tablo 3.0-1). The easierfragmentatton of me lower lava may be compxiitmn- 
related. since similar fine fragmentation was observed in a lower alkak basalt relatwt? to upplertholeiitic 
Sasalt, in a similar association at dnll hole R-9i (Bmxton et al. 2000.66600). 

Cuttings and borehole logs indicate two principal basalt flows in R-19. The upper flow (925-to 998-ft 
depth) is uniformly dense with essentially no available pamsiry. Two campla from this flow were 
collected for more detailed anatysis, one sample from 960-to 965-ft depth and anamertrom 995- to 
1000-tt depth. This flow is tholeiitic with abundant olivine phenocrysS; the sample trom 995 to 1OOO ?t 
includes less abundant glomorocrystic associations ot plagioclase and clinopytoxene. Results of cbemlcal 
analyses are summarized in Table 3.1-2 Based on these data Rgure 3.1-1 compares four panmeters of 
basalt composition for the upper and tower Ceros del Rio basaltic Lavas at R-19: parameters of silica 
content. &OIp,O, ratio. Mg# [representing me cation ratio Mql(Mg+Fe)], and Sr content. lncreasrng SO, 
content and decreasing Mg% are indices of magma evolution through olivine fmdonatlon. Higher 
&O/Pz05 values refleet increasing basalt contamination by assimilation of high-K. law-P crusfal todcs 
Higher Sr contents are characteristic of more alWk basah compositions All four of these pameters are 
smaller in the tholeiitic upper flow than they are in me alkalic lower flow. In borenok logging. me meleiitk 
upper flow also has a gamma signal indicating significantly lower K abundance than the lower basat flow: 
mis Is corroSorated by the difference in GO conrent measured by XRF (-0.PA GO in the upper flow 
versus 23% GO in tho lower flow; Table 3.1-2). The samples anatyzecl from *e tholeiitic flow were hand- 
picked and unaltered, but them is a zone of flow-base rubble (998- to 10064 depth) below the upper flow, 
overlying massive poorly-bedded scoria (1006- to 1017-tt depth). arehole logging indicates abundant 
bound water in the rubble and s c o ~  a sign of significant ctsy alteration (see !%?crion 3.2). 

The lower basalt flow (7017- to 1063-ft depth) is highlyvesicularwfth relatively low densty, deteminod Ey 
borehole logging, in the upper ponion (1017 to 1040 ft). As noted ahve. this lowerbasattflow is more 
fragmented throughout than is the upper flow. produdfig genemlty fin@rCut?ingsand pzwiding evict- in 
borehole logging of mall but measurable poms!ly. Two samples were collected trom the lower flow for 
more detailed analys~5, one sample from 1025- to 10304 depth and anOtherfKfn 1055- to t060-ft depth. 
Eoth samples have abundant fresh olivine phenocrysts; the lower sample (1 O S t o  1-R depth) also 
contains phenocrysts of corroded and sieved plagioclase. The high &Cl eon?ent rzble 3.1-2) and in 
particular the high Sr content (Table 3.1-2 and Figure 3.1-1) of this lower flaw distinguish it as part of me 
bnos del Ria alkalic series. 

* .  
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The base af the lower basalt flow,at 1063- to 1067-ft depth, is a zone of flow-bass rubble overlying a 
zone of scoria and layered basaldc sedimentary deposits from 1067- to 70744 depth and basaltic sands 
!ram 1076 to 70804 depeh. A sample from me basaltlc sands (1 075- to 10804 depth) contains grains of 
oliine. sieved clinopymxene. and plagiodase derived from tasaldc sources, as well as quartz from other 
sourws. The interval of flow-base smda and &asaltk sedimentary deposits has a high clay content, 
similarto me zone of rubble and scoria betwoen the flows at 998to 1017-e depth. 

*-= 16 



I 

I upper flow (Iholeiae) 

2 10254- 
f \ I 

I ,  

1075 n I I I L 

6n I V W -  
Q - 

scoria and basaltic sediments 
63 

925 

5 0 10% 
0 

1076 

49  60 61 52 4 8  
wt % SiO, 

\ upper flow (tholoiile) 

L 
scoria 

\ kwer I;ow (alkalc) 

3 ' 0.65 0.67 0.69 

Mg# (cation ratio Mg/(MgrFo)) 

1 

I 1 I I I 
3.75 

lower flew (alkalic) 

scoria and basattic sediments 

K20P,0, (wl% ratio) 
2.50 2.75 3.00 3.25 3.50 

I upper flow (tholeiite) 

I 

Ecoria a and I basaltic sedirnonts a 1 
1 

0 600 600 700 800 900 I O 0 0 1  Kl 

Flgurs 3.14, Vsriatfonr In 5102, K~OJP~OS, Sr, and Mgr (cetlon rail0 01 
Csrror del Rlo baralts sampled at R.19 (data from Table 

with stratlyraphlo depth In the sequence of I 



The occurrence of tholeiitic lava ovalying an alkafic lava in the Cems del Rlo basal& of R-79 is 
s~pemcialty similar to the tfioieiidcsver-alkalic flow series documented in drill holes to me northeast 
(R-15, R-12 R-9, and R-9). However. the trends shown in Figure 3.7-7 drtrer in two respects from the 
cornposjtions of Cemsdef Rio basahs in these drill holes to the northeast. The Cems del Rio basatts in 
these other &ill hoies have higher SiOt m! higher &C/P,O, fatios in the upper, tholeiitic &vas, wheresS 
these parameters are both lower In the tholeiiticlava at I?-79. Tho decllne in silica confent and in 
K&/PaO, in ?be ycunger lava at R-19 makes it less likely that the lava series at R-19 is derived by olivine 
fractionation and increased nustal assimilatfon with evolution in a singk magma chamber, a scenario that 
is plausible fcrme lavas to the northeast,The dltterences at R-19 also make It unllkely that me Same 
Gems del Rlo lava flows found beneath the midreaches of U s  Airnos, Sandia, and Momndad Canyons 
emnd as farto me scluthwestas R-79. 

3.73 Puye Formation (lamrianglomerats 7acfes; 7080-tO ISWt depth) 

8eneath the basal% a lower sequence of Pliocene fanglomentes of tho Puye Fomaffon extends from 
1080 to 1534 R (Appendk 8) and consistscf coarse volcaniclaJtic sedimentary deposits. Gmin-size 
anaiysisi-ot cuttings wtthin &is intenrat indlcates great variability in CbSt-siZe dlstrfbutions Fable 3.0-7): 
ais is supported by barnhole neutron data indicating polymodal distribution of pore slze. although the 
pore SLeS am generally smallerthan in the undertying pumiceous sedimentary deposits. Them are 
exceptions to mis dtszindan. however, Part[culwty In tha vicinity of the water-table screen (screen #3). 
Sedimentary deposltsar 13301to 7335-tt depth, just below SCreen a, are among the CDBISBst of the 
fanqlometates in this unit containing 84 w t  % of clasrs A mrn in she. These class conslst of varied 
dadres and am mom rounded than typical forthis sectlon of fanglomerate. This sample has 47  wt X sand 
component (e-rnrn clasts). More typical ?mglomsra!es in this section have -40 w Yo clasts >Q mm and 
20 to 50 wrX sand psrtfdes of 42 mm, 

Peaographicanafyskshows,thatmosrof the clasZlc materials in the 2- to 4-rnm.sized range am derived 
from intermedta&e=ampdtion volcanic rodcs. daates and rhyodajles typical of the Tschicoma 
! % d o n ,  However,the deepestsampb an- from the fanglomemte (757!5-?0 7520-Rbepm) 
indudes m e  classof wellarnented sandstono and come g u m  gdns. Chemical dam for size 
fraahxlsfrorn the Pye fanglomerates. bath the upperfanglomerate (above the Cerrus del Rlo basalt) 
and the lowertanglomemm (below the Cems uel Rio basalt), are summartred in Table 3.1-3. Analyses 
of a e  2-to 4mm. 7-to 2mn. and c l n r m a  fmc!ions were collected for*mples from W0-m 9054 
depth (upperfartgfameraie) anc from 7 1 7 0  to 7 7 7 5  tf 7205 to 7210 ft. and t470 to 7475 ft (lower 
fangiomerate).Thme defining msituents (SO2, FeaOJ. and Sr) and one ratlo (SrlRb) am plotted against 
depth in Figure 3-t-2. The data indlcate coherence beween tfie uppermd lower fanglomerates, wfth 
systemaac increase in SO, and decrease in Fe,O, and Sr with depth. Gamma logs indicate a relathrely 
abrupt msitlon to higher K plus Th content at -7360 f2 dept3 within the lower fanglomerate. The GO 
d u e s  for 3te 2- to 4 m m  and 7- to P-nrm-sized hctions of the sample at 747 0- to 14154 depth are 
higherlbn mow in tfre samples above 1360 9 but me prlndple cause of the higher $amma signal may 
beinThcententwhichwas~detemrifiedbyXRFanalysb. 

D#erences between me 2-a, 4nm, ?-to 2 a m .  and cl-mm-skad fmcfians at each hortzon in the 
fanglomerams a# minimal. a m n g  indication ma: scleahre disaggregation or borehole mixing of tlner 
fngmenls is nota concern in Puye deposits with the drllllng method used at R-79. In terms of source 
deaihrs, the simirarjtybelween all three sire fnctlons also indicates a singte or wellmlxed source for all 
depesis within me fanglomerates, without signifiwntcontributions from other sources in the fherdetrttus. 
This cormajri rnarkedywith the situation in the Cem Tcledo deposits, where admixture of COEVSB 
Tschicomade!~lt~s and finerOtowf detritus leads to significant chemical differences between the 2- to 4- 
mm and c l r n r n ~ ~  !radbns flable 3.14 and Rgure 3.1-2). 

' 



Tabfe 3.1-3 
Chemlcsl Analyses of the Puye Fanglomerates from Orlfl Hofe R-18 by Sire Fractions 

Saq%Tw Wbjs WWgs Cu%ngs[4 (xltlngs 

fa% €6660 66 26 6529 61.42 

w, x 15 63 15 91 15 65 15 33 
F%O, x 3 83 3 n 4 57 3 14 
M a  x 006 00s 0 07 006 
MJoX 1 37 128 1.76 1.59 
M X  3 01 292 303 3.10 
Nap X 3 93 3% 365 390 

(2-4mn) (t-2flYTs) m) - (2-4 mn] 

--. 
TO,% 053 0 52 0 61 050 

__I- 

i o %  3 28 3 21 2% 3 37 
.-- 

020 OM 0.17 022 

159 
121 124 i 1s 

4I I52 133 

15 63 16.10 
298 
005 005 
122 1.19 

-- 
-- 

1221 120;) I2. IZ 

I 32 123 127 I 
63 148 132 I35 1 
67 109 1% I75 I 

15 I34 I I 5  I 



Flgum 3.7-2, Varletlon In SlO, Fs20,, Sr, and Srmb wlth depth by s b  Yractiom from Corn 
Toledo, Puye, and unasslgned pumlcoous sedlmentaiy depoolts In drill hdr R-19. 
Fllled symbols Indicate data from pumice beds; open symbol8 lndlcats all other 
deposltr 
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3.1.8 Pumlceous Sedimentary Dcposlts, Unasslgned (15330.R depth to TD at 19025 tt) 

From me depth of 1530 3 10 TD at 1502.5 tt, the sedimentary deposits are distincehrety pumicench, in 
contrast :o the overlying fanglomerates, The transition into this unit from the fanglomerate is mar+md by a 
notable decrease In tho natural gamma signal recorded with the laboratory NGR tool (Figure 3.1-3). In 
genenl the pumiceous sedimentary Ueposits are finer-gmined man me fanglometatos, wim d S  wok 
clasts of >4 mm and S O  wt % sands of Q mm (Table 3.0-1). However, an exception To this ocmrs w e  
Screen #7, where A-mm clasts comprise A30 W X of me deposit at 1630- to t 835-tt depth. The typical 
pumiceous sedimentary deposits of mis imewal contain variable clast admixtures of mastty aphync to 
poorly porphyritic pumice plus intermediate volcanic rocks, with w e  fragments of hvas with andesiticto 
basattic composition. 

3.5 10.1 10.9 R-19 1095-1100 
Puyo fnnglomte 

7.1 110.9 1 ob 603 132 0.3 I I i- 1w.4 
R-19 1330-7335 - - 
Puye tanglomomto I 

58.7 1126 1- 13.1 197.5 

R-19 138b1385 
Puyo fanglomerate 

- I- I 5*0 '18*1 I 
9.0 I -  1526 14.2 10.8 121 I963 

I - ~1.79 1515-1520 
Puya fanplomerate 

53.8 1'32 (0 .8 12.2 / w  
ilW p9 
65 3Z 

1 j 3 . O  
13 0.8 - R-19 1555-1560 

Unassigned pumiceous 
sedimemary depostt 
R-10 1735-1740 
UnasslQned pumlcebus 
sodlmenrary d e W t  

17.8 10.5 10.6 12.0 17.7 

1 2 1  146.4 2662 0.6 

- 17!5.3 17&1 - 1 -  199.4 

I I =  109.9 
1 I 



Figum3.1-3. Results of narural gamma mdiatlon surveyobtained March U.2000 
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Chomiwl data from tho 2- to &mm, 1- to 2-mm. and 4-mm-si ted fractions were collected tor NO 
roprosonbtwo samples of the massipnod purnicnous scrdimentary deposits, at 1730- to 1735-tr dopth 
and ts35- to 1840-tI depth (Table 3.145). Data for these doposrts ate also plotted in Figure 3.1-2. tor 
comparison wtth the ovorlytng P y e  fanglomerates. Tho pumiceous deposRs have geochemical indicators 
of rhyolitic SOU~COS. unlike the intermediato-camposmon Tschicoma sources that chafactenze the Puye 
tanglomerates, Tho differences between tho Puye fanglomerates and me underlying pumiceous depQsm 
are clearly seen in fiQUf0 3.14, where a plot of Srversus Rb Content defines a distIrmve high St. low Rb 
field ?or the ?anglomera!es and a low Sr, high Rb field for the unassigned pumiceous sedimentary 
deposits. Also shown on this plot is the vory distinctive low-Rb. low-Srfiold forthe 4-mm.sued trachon 
from the Ceno Toledo deposrts, corrtrastod wth me Tschicoma-like composmons tor me 2- to 4-mrn-sued 
tractions in tho Cero Tolodo. 

Tabla 3.1-5 
Chomlcal Analyses of Unassigned Pumiceous Sedimentary Deposits trom Drill Hole R-19 

Samplo Re19 R-19 1 R-10 R-19 A.19 R-19 
Numbor" 173Qc1735 1-1735 Ilf30-ff35 1835-18.M 1835-1844 1835-1840 
Stratrgraphle Unamgnod U w g n e d  
Unk pumwus pumtceous 

sodlmontary sadlmomary 
depostls dRpbsrls 

SampleTypa Cutrintp CuRtnps 
(24 mm) (1-2 mm) I cuttings 

( 1 4  mm) 
SIO, x 66.87 71.07 1 7l.69 I ?o.m I 70.93 172.16 

TlO, 'h 1 ow 10.17 10.17 I021 ! 0 2  I O 2 3  
AI,03% 119.10 1 14.48 1 13.79 11521 I13.M 11888 
FO,O,% 11.56 I 7.06 11.04 11.31 1134 I 1.43 
MnO 10.06 0.06 10.07 t 0.07 10.07 io.06 

cao *! 1 1.07 10.63 IO .65  10.87 10.84 10.90 
"bo% 1257 I249 1307 I 2 9 7  I283 I 296 
GO 36 14.04 14.89 1 4.SD 14.53 1 4.61 1419 
P,OI % t 0.08 10.02 i 0.02 10.05 10.05 l0.W 
Total% 196.53 I D524 I =a I9626 1 9515 19623 I 
LO1 %O I 325 I 4.30 I375 13.13 13.63 I 353 

, I = ,  I v ppm 1 26 i 4 0  113 I , ,  18 in 
Cr ppm 116 I d  110 115 I t *  I18 I 
NI DDm IC11 IC11 IC11 I <11 1 d l  IC12 

, D p m  Is In la 133 133 134 
Rbppm 1 7 0 6  1113 1106 1103 198 I91 

Sr porn I114 15.0 I86 I105 1166 I152 
Y vvm I20 I 24 130 128 127 118 
Zr ppm I97 I 97 lQ9 1103 1'100 1145 

hiappm 128 I 26 I =  I36 132 i 24 1 
Ba ppm 1545 I519 ! 702 (982 1943 i IOOS I 

MU0 'Ye 1 0.59 1035 10.26 10.43 I 6.43 IO38 ! 

4 

1 

Nors: Vaiuetr repaned in pshbnt OT pam par miflm b y w d ~ h t  A M W  e m s  nul am SIOh OZTlO, ,  0.01; -02: 
0.~:MnO,0.0?:MgO.0.08;~,0.1:~~.O.l;~O,0.05~P,O,0.01;V.10:Cr.8:NI,lO;Zn.1~Rb,5.Sr.25.Y.~;Lr. 
30; N b . 7  md a& 50. 

Numbor ranow ~ncuemttt dapm rrvrp.s ot armn~l in tt. 
LOI )ass an ignmon. 
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Quantitativo XRD data from 2- to 4-mm-sired tractions of omer representatwe samples trom me 
unassigned sedimentary dcposrrs aro summarized in Table 3.14 As in the Puye fanglometares, some 
clay alteration occurs but is limited to -1% to 2% smmite. Greater amounts of glass m r  in me 
pumiceous deposits than in the knglonerafos (-26X to 78%, versus -13% to 14%)). The almost 
complete preservation of all glass to maximum borohole depm at R-19 is evidence of very limited 
alteration. Clay was separated from :he pumiceous sediment at 1720- to 17254 depm and analyzed by 
XRD. As in tho PUYe deposits, This clay is a poorly ordered smectite wtth -1% kaolinite. 

Intercalated within the pumiceous sedimentary deposits aro relatively homogeneous pumice bees at 
1581- to 7595.n depth, 1690- to 1700.tt deptn, and 1895- IO 19025tt depth. The pumices in ~ e s e  
deposits are worly parphyntic, with ~ V O  qua% sanidine, and lbire phenocrysff Pumices in the upper 
two beds are mostly 2 to 4 mm in diameter, but me deepest bed contains 87 wt % of pumices % mm in 
sue. Chemical compositionsfor samples from me pumice beds are listed in Table 3.1-2, induding me 2- 
!o 4-mm-sized fraction and the <l-mm-sized traaion of the pumice bed at 1585- to 159O-tt depth, a hand- 
picked sample of pure pumice from tho lower parr of mat pumice bed (159O- to lS95-tt depth), and a 
hand-picked sample of pure pumice from the lowost pumice bed (1895- to 1900-tt depth), The 
composition of fie <l-mm-sked fraction of the pumice bed aI 7585-10 159O-ft depth is considembly more 
mafic than the coarser (2 to 4 mm) uumicedominatod sue traction. fhe  finer fraction has lower SOI and 
higher Fe,O,, MgO, V. Cr, Sr. and Ea. The differences in SO,. Fe20s. Sr. and SrlRb in me two sire 
fractions from mis pumice bed are illustrated in Figure 3.1-2 These ditferences may indicate a fine-sand 
source with ditferent origins than the pumices mat comprise the bulk of the Ueposit In terns of potential 
water-rock interactions, me higher surfaeo area of the finer fraction and itS higher Fe conlent may dictate 
intoractions wi?h contaminants that are very different from thOS0 that would occur if the coarser pumices 
alone comprisod rhe deposit f h e  pumices in all beds are slightly rounded and slightly to moderately day- 
coated, indicating minor amounts of reworkring. None of the pumice beds appear to be undisturbed 
primary falls. However, the preservation of original glass is extensive. screen 16 is located within the 
pumice bed at 1581- to 15954 depm and is thus situated to sample waters from an exceptionally glass- 
rich horizon with Fe-rich fines. 

32 Borehole Geophyslcs 

Borehole goophysical logs were obtained from the R-19 borehole after completion of drilling acriivines 
This section describes the borehole geophysical methods mar Wefa emplayed and describes the results 
obtained from rhe borehole geaphysical logging. 

321 Dcscrlptton of Borehole Logging Acthrltles 

Borohole geophysical data were obtained from two sources: (1) Laboratory and support SubEOntractor 
personnel obtained borehole video and NGR surveys using Laborator)' geophysical logging equipment, 
and (2) Schlumberger Wireline Services Campany personnel obtained a suite of borehole geophysical 
logs. Table 32-1 lists the boreholo vide0 and geophysical surveys that war8 obtained from each sourn. 
Borehole goo;rhyslcaaf surveys were obtained from the open borehole that extended ttom me base of drill 
casing which was located at about 205 ft bgs to near the total depfb of f i e  well, which was found to be at 
1886 bgs a: the time of t3e Schlumberger borohole surveys. 

On March 13,2000, after comptetion of drilling the borehole to a total depth of 19425 t& two bGrehole 
video log surveys were obtalned of the open borehole f f m  205 tt dawnward. On March 14,2000, an 
NGR suwey was obtained to tctal depm. Laboratory borehole lagging equipment was used to abmn me 
videQ and NGA surveys. Initially, the 1 3/4-in.diamater slim-hole barehole video log was usod to obtaln 
the video survey lo n depth of approximately 16W tt where the water in the borehole became too d o u q  



to see me walls of the borehole. Tho slim-hole camera was used initially because the condltlon of the 
borehole walls was not known and there existed tho possibility of COllwm3 of tho open borehole and 
potential loss of the video equipment The slimhole camera showed mat the walls of the borehole 
qpeared to be stable throughoutthe borehole to at least the 1600-ft depth. 

1 03/l8/MOO I 2W1886 

Borehole Geaphyslcs Surveys at I?-19 

Survey C: 1 
A m y  lnuuctlcn tool (AIT) (Roslstfvity), 20.30, I 

Schlumberger Wireline 
SenrkbsCompany 

I I I 60. IK1.inch amy Induction I 
I I 1 
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EpiVIeml neutron (APT). noumn poroslty 
Spectral nnwrni gamma radlatlon (Y U. Tt'11 
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W16mXx) t lbl88- GWW 
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Subsequenny,the 4ln.Ciameterslde-loaking video camera was used to obtain II supplemental vldeo log 
suwey ?a thoroughly document the walls of the borehole. The second vfdeo log sulvey was obtained to a 
depth of 1400 fr wftere the water In the borehole became too cloudy to see details ct the Sorehole walls. 
The barehole walls were obwrued to be dry from surface to 900 It and dampto-wet from 900 l'! to the 
water level. The second boreholevideo survey provided an exceflent video log of Pyo Forma'on 
fanglornerzlte to the 740042 depth. 

On Match 14,2000, an NGR swveywas obtained of the open borehole from surface to total depth at 
79425 kThe tool was wn into the borehole to total depth of 7900 tt NGR data wero obtained while 
fogging the tool uphole ar 20 Wmln except at times when me wtrellno fouled on me draw-works and the 
tool had to be lowered into me barehole to fix the cable problems. This occumd at 1870 tt 1865 ft, 



1705 ft. 1469 tt, 1433 !t, 7 147 ft. 827% and 818 t Figure 3.1-3 shows the resub of me open-borehole 
NGR survey obtained on March 14,2000. 

Schlumberger Wireline Services Company obtained geophysreal logs at R-19 on March 16,2000. 
finishing early in the morning on March 17,2000, Four separate logging runs through me borehole were 
obtained: the geophysical logs obtained during each run are listed in Table 32-1. Ths Schlmberger 
logging tools tagged the bottom of me borehole at 1885 to 1886 tt bgsmd the water level in the Mrehoto 
was at 1178 f L  Tho following saction describes me ditterent borehale geophysleal surveys that were 
obtained, 

32.2 Borcholo Geophysical Methods 

3221 Natural Gamma Radlatlon 

me NGR survey emplays a scintillation detmor to measure rn gross gamma ractiatlon actMty of m 
formation: the information is used for determination of li3tology and for depth correlation between different 
goophysical surveys. Naturally Occurring gamma ndbtion comes from ttw decay of K plus the U and Th 
docay series. Typically. these elements occur in higher concentrations within clay minerals: hence. NGR 
is used to estimate Ilthology; higher NGR values are usually observed in finer-@ned silwones and 
shales when compared with sandstones and conglomerates. The gross gamma signaures of e m  
formatlon are also used for depth correlation between geophysal logging runs to onsure pmper depth 
profiles for each geophysical log. 

32.22 Array lnductlon Tool 

The induction logging tool is used to measure formation resistivity. The array induction tool (AT) 
measures formation rosistivtty at five depths of investigation simultaneously. at rO,XJ,30,60, and 90 in., 
with a veeical resolution of 1.2. or 4 2. These measurements permit me quantification of invasion of 
borahole fluids, including water and associated drilling fluids. into the formation. from which permeability 
and lithology can be inferred. The results are veiy useful for stratigraphic correhYon and in unsmraxed 
formations may provide an estimate of invasion by Wrenole fluids. 

The Iithodensity tool (tor, provides information about me densrty porosity in me unsaturated zone and 
porosity in me sawrated zone. The LDT is a gammagamma eonslty log that Is primarily u s ~ d  to provide a 
measure of formation electron density. A 1 x 1  cesium-137 gamma source is used to pmwde the 
excitation enorgy for the toat, which is calibnted to provide measurements in an air- or liquia-filled open 
hole and also in an uncemented Sreel casing. In addition to providing density measurements, the twl also 
measures the photoeloctnc absorption index of the formation in open b0rehales. Pmtmlecrnc absorption 
is a measure of the average aromic number of Me formation, which corresponds to formation chemisty 
and lithology. The electron density measurement is converted to formation bulkdensity, which 
corresponds primanly to porosity and secondarityto rock matrix 8rtd pore fluid 

In the unsaturated zone the LDT will provide a continuous log of fot7natlOn Wosity (liquid- and air-filled 
porosity). This measurement requires an estimation of formation grain denshy to provide a m m e  
porosity estimates. The porosity estimato from me LDT is used with moisture t0nt0nt data (from the 
combinable magnetic resonance [CMR] and neutron surveys) to provide a continuous log of water 
saturatlon. The LDT has a 3 i n .  depth of investigation and a 64n. venical resolution, 
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3Zz4 Epimcrmal Neutron (Crrr-C or APT) 

Tho epithsd neutron tool provides informatlon about moisture content in the unsaturated zone and 
porosity in the ammd tone. The epithermal neutron-neutron logging tool measures the amount of 
hydrogen in the formation in eithem water- orair-filled borehole. The hydrogen content typically provides 
a good measure of moistvm Content in the unsaturated zone and pomsity in the saturated zone. However 
me tool can overcsa'mate either value if there is a significant amount of hydrogen in the matrix minerals 
(w- *I- 
The CNT-G n e m n  tool uses a 1- source of mericium-beryllium to generate neutrons and has a 
h t e d  depth ot investigation of 9 in. with a vertlcal resolution of 18 in, The aCCeleratorporosity tool (APT) 
uses?hed excitatfan of tritium as m n e m n  source anC ptwidos a calibrated moisture content with 
similarpamnetersas.thcsa forthe CNT-G tool. In adddition the APTtool provides uncallbmted moisture 
meas,mrnent (slawfng-down the)  wlth born a Sin. vedcal resolution and depth of investigation. Due to 
problems associated wm transwortfng a 7 6 4  30um of me CNT-G n e m n  tool onto laboratory 
prope;ty, the ~ F T t o d  was used at 13-19 :o abrain me neutron geopbyslcal suwoy. 

Itr.35 Combinable Magnttlc Resonance 

The nudear rnagneftc resonance (NMR) data are obtained to determine the porcslty, pore ske 
diseibudon and in situ hydraulkconducflvity propedos of tf~e formations The CMR makes pulsmxho 
NMR measurementstharare sendh to the hydrogen nuclei (protons) contained in the pore space of the 
fomation. These measurarnents contain intamation relafins to both pore wlume and porn size in a 
saturated formation.The pore dm informatlon is used to partition the formation porosity into (1) bound 
warerwlumes, and (2) f-fiuid volumes. In saturated formations, this informatlon is used tb estfmate me 
hyumulic conduttivity of the formafton. The pore size in!oma!ion is unique to NMR logging devices. 

In me unsahrmW tone. the CM8 prwides a volumetric rnoimre content of the tormatlon, independent 
of rfthology. and provides an edmato ot the amount ot water that binds to the pore walls (e.& capillafy 
bound v?i. producible water). this tool hes a very shcllow lateral depth of investlgathn (approximately 
7 in.) and a a n ,  vartkal rasaluYon, 

-6 Formdon Mlctolmager 

The formadon microimager (FMI) tool collecs resistivity &?a from multlple rnicro-pads located on four 
OJiperms The odenradon of me tool in the borehale is recorded, onabling the resisthrlty data to be 
7maged"to show a likeness of me borehole wall at the caliper pad and me data processed to cakulate 
formation dip angles. me fMI =I prcvides images that are almost totally insensitive to borehole 
conditions and aft e n  quantlta!ive infomation for fracture analysis- 

-1 Hostlls Ermlmnment Natural Gamma Sands 

The hodla environment natural gmma sonde (HNGS) uses two bismuth gemanate scintill&tton 
detectors to measure the natural gmma-ray radlatlon of the formation. 7he HNGS makes similar 
measurements to tbe NGR toal (sedon 3221), but ?he HNGS Is capable of geunma=tay energy 
dischimination. The HNGS uses Swindow spectroscopy to resolve the detected spectrum into the mree 
mosrammon components of the nahrra!ly accunjng radiadon: potassium, thorium, and uranium. ?he 
high-energy part of the speCrurn is divided Im throe energy windows. each covering a charactertsllc 
peak of the three radiaacttvity series. The concontradon of each component is determined from the count 
rates in each window. Bec2we the high-ensrgy region contains only 10% of the total specnum count 



rates, tho measurements are subject to large Statistical vanations, even using a low logging speed. me 
resutts am considerably improved by including the contribution from the lowenergy part of the spectrum. 

Rock Unlt 

Filtering techniques are used to further reduce the statistical noise by comparing and averaging counts at 
a certain dapth with counts sampled just before and atter. The final outputs are the total gamma ray; a 
uranium-free gamma-ray measurement; anu the concentraticns of potassium, morium, and uranium. The 
radius of investigation depends an several factors: hole sue, mud density, formation bulk density (denser 
tonations display a slightly lOwer radioactwq), and on the energy of the gamma rays (a higher energy 
gamma ray can reach the detector from deeper in me formation). 

W m l  bm (eps) 
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3.2.3 

3-3.1 

Results a? Bomhole Goophysical Surveys 

NGR Obtained Uslng Labomtoty Borehole Survey Tools 

Figure 3.1-3 shows tho results of the NGR survey obtnined by suppon contractor personnel on March 74, 
2000, using Laboratory survey equipment. Stratigraphic information is also shown on me figure. The data 
were collected for each 0.1 tt throughout the borehole: these data were averaged for each 1 4  intend for 
display on the figure. At tho time 0: tho survey, heavy-walled drill casing (133751n. diameter) extended to 
a depth of 205 fi bgs: the borehole was open tmm 205 to 1902.5 tt. 

Table 32-2 summarizes the NGR measured for each major SVatigraphic unit encountered in the borehole 
and forms cased portion of the borehole. In general. the highest NGR occurs in Me Guap Pumice Bed 
and the Otowt Member, which contain a mean rate of 326 and 317 cps, respectively. The Cem Toledo 
interval between tho Otowi and Tshirege Member contains a mean natural gamma nre of 187 cps, which 
is lower than tho surrounding Bandelier Tuff Members. The lowest natural gamma radiatiun o~=urs in me 
massive Cerros del Rlo basalt flow, which contains a mean rate of 45 cps. fhe lower Pya  Forma!ion 
contains varying lithologies that oxhibit characrcriSjc natural gamma ndiation (see Section 8 1  of ha 
document). 



32.32 Resultsof SchlurnbergerGeophyslcal Logging 

The resub of me geophysical surveys obtained by Schlurnberger Wireline Senricos Company on 
March IS, 2600, are shown in the plate included in this document This plate. Open Hole Formation 
Emluation Well Montage, is 3 montage of processed and interpreted information about geology, 
hydralogy. and rockstru~~m pametors Gamma radiation measurements obtained by Schlumbegor 
Wireline Senrims Company are recorded in Amoncan Pewleum Institute (API) units (1 API 91 2.5 cps). 

Summary SariS'cs of me Schlumbeqergeophysical data obtained foreach formatlon encounrerwd at 
R-19 are shown in Tables 32-3 and 324. The results of tbe geophysical logging were averaged over me 
thickness of each formation: born geolo~ic djta and hydrologic data summnries are shown in Tables 
32.3 jnd 324. In general. tho fomtlon containing the greatest amount ot porosity as shown by the 
density porosity is the Guaje Pumice Bed from BO8 to 840 f& The fomatlon containing the least porosity is 
the massive Cerros del Rio basalt unit from 925 to 1000 tt Forma!ions containing the highest amount of 
pemeabili are the Guaje Pumica Be0 and me lower Puye Formation. 

Porosity Zones 

Formation parosity zones were identltied from me geophysical surveys, which are shown on the manta50 
plate. Notable pomsityanes are discussed below. 

Table 324 
Average Sorehole Gcophyslml Data for Each Fonnatlon, Geologlc Summary 



This interval from about 830 to 840 tt within the Guaje Pumice Bed exhibits a lower formation density than 
the overlyins Otowi Member and an elevated denslty porosity up to 20%. The neutron porosity curve 
through this zone is tracking moisture Content and exhibit5 a slightly inaessed moisture content in this 
interval ovorthe Otowi section above and the Puye Formation below. The CMR log dits indicate total 
porosity up to 40% in this interval, a tree fluid parosrty of up to 28%, and a calculated penneabiltty up to 
1000 rnlllidanios (md). However, flowing water was nor encountered in thls zone and the increased 
moisture content may be unsaturated moisture contained within the formation, vhich may have been 
introduced during drilling. Nonetheless, well screen sl was targeted formis interval of possible perched 
groundwater based on me interpretation of higher moisture from the geophysical logs. The Ceep 
resistivity Curves show higher resistivity and separation from the shallow curves ffom 834 Tu 838 tf which 
indicates some near-borehole formatlonal changes possibly Caused by drilling. 

Rock Unlt 

Bound Capllkry Fm CelUilatbd CaleUWd 

['A) PI I P I  W) (maL m e t w  (md) 

Fluid Bound I RUM Total Pennaablltty Petmablllty 
Volume Fluld Pororlty Porosity (SDRmcthod) (Vmortapsf 

Tshtroge Mamber, casod hole NRb 

~~ ~~ ~- 

Guaje Pumieo Bed 114.9 \%a 111.8 - 126.7- 11n.e l a g  
Puye Fomtlon Upper 19.1 16.3 122 1113 136.5 11.3 1 

NR I NR 1 NR NR 1 NR 
Tshiroge Membor, open hola 

896- to 9124 lnrewel 

129 I 7.2 10.8 j 13.5 10.1 10.1 I 

A 164 interval from 896 to 912 tt in ?he upper Puye Fornation above the Cams del R k  sasaltaI30 
exhlbb higher porosrfy values, The average grain density recorded through the Puye is about 22 glcc 
but the grain dens@ in this lntewal is significantly below 20 @cc and the density pamsny ranges trom 
30% to 60%. The relative neutron rnoisure content increases by a factor of about 3 compared wim the 
adjacent tones within me Puye Formation. The open-hole video log shows 3n increase in moisture on me 
walls of the borehole between 900 and 910 ft. The total CMR porosity increases tmrn an average in the 
formation of 6% to 20% wim a high of about 35%. The calculated pemeabilily tram 906 to 910 ft is tram 1 
to 7 0 md. Below 912 tt me porosfty cuwes return to 4% to 6% wrth no detectable calculated pnneabilhy. 

Puye Formatlon Lower A I132 
Puyo Formatton Lower B 114.0 

14.3 7.2 1793 1575 148.4 

26.6 117.2 131.7 11- J 307.9 



I Well screen #2 w35 targeted forthis interval to simple possible perched water based on the Interpretation 
of seophysical data of increased moisture and from obscwations of incroascd moimru from the borehole 
video log. 

There is no separatlon of %e resistivtty a r m s  through this interval, indicating that the formation was not 
significantly affected by drilling. Fixmatior: water moving frum the fonnatlon in:o the borehale would 
exhibit similar resistivity values at both the deep and shallow depths of hwestigation: therefore the 
msistfvfty curves would not be expected to exhibit separation. The natural gamma curve in the uppr  
Puye FormaUon averages about ?40 API units, but from 896 to 512 tt bgs Ute gamma values am 770 to 
180 API units (on density tog), sugsesdng a lithologic change through ais part of the P u p  Formation, 
probably with a higher content of finergrained materials. The higher gamma values correspond to the 
zone of aigher porosity and moisture content; “he CMR pore water data show th3t the majow of the 
water in mis intlonral is bound to finegrained tNimerXs, smalt-pore, rnkro-pom. and claybound, 

A 324 interval cornsponds to the zone of volcaniclastic sediments between two massive basalt flows in 
the Cerros ael Rio basaltme red scoria zone from 1018 to 1030 tt is differentiated from the breccia zone 
abovs by a hiEh8rga1nma value of 1KJ API units compared tc about 100 API units in the breccia ;cone. 
The lower part of the breccla zone from 7006 to 1018 ft contains dendty pornsky of 50% to 60% and 
cdmspandlng CMR total porosity of 77?& to 25% The scarla zone contains density porosity of 20% to 
30% and CMR total porosity of 10% to 20%. However, me CMR free fluid pornsky In the breccia zone is 
about% which increases up to 15% in me scoria xone. The neumn log indicates some level of 
elevated moisbre content in the breccia tone, which decreases downward in the scoria zone. The CMR 
Icg shuws limited permeability in Me braecia zone but permeability ranging from 1 to 70 md in me scoria 
rons,The CMR bound waterdata indicate  hot moisture in this zone is primarily bound up in clay-sired 
wms. 

This 8-ft intenral is present direcly beneath me lower massive basakflow and may repmsent a basalt 
bmdazone similarto the b m d a  zune from 958 to 1018 ftdescribed above. This zone exhiblts 
increased moisture contenton the nerrttan log. density porosity of 35% to 40%. CMR total pornsky of 
16%- 20?&. Howevwthe CNIR lop does not indicare the presence of significant fFesfluiU porosity, not 
does the CMR log indlcatet the presence of significant cakulated perrtteabillty. There is same separation 
in the resisrhrity cum, indicating that tfre formation contains low permeability. 

Reglonai Aquifer 

me water level ot the regional aquifer was encountered at 7 178 Rat the time of the Schlurnbeqer 
logging. fhe n s m n  moisure an0 CMR data indicate less than 1 tt of capillary fringe above me water 
level. The permeability, as interpreted from the Geophysical logs, at the top of the water table. is very low 
(I to i o  ma. 

The upper part of me regional saturntion tmm 7 7 7 8  to abou: 1550 tt exhibits 24% to W h  porosity on the 
n e m n  log and Wo tD W0 pofosity on the density log with the highest porosity zone at 7242 to 1246 f t  
The toat porosity shown on the CMR aweral;es about 2W0 with 2% to &Yo free  fluid porosity. 5he porosity 



through this zone is generally from smaller pore skes h m  clay to minepore  size. Calculated 
permeability shown on the CMR log vanes generally from 1 to 10 md. The resistivity wwes track very 
closely showing the saturnled nature of me formatin; the only sepration is in tfre deep resistivity in 
zonos of less porosity where some higher resisttvrty values are present at deeper distances from me 
boreholo. 

1530. to 7900.R Interval 

The deeper paft of me regional saturation from 1536 to 1900 tt exhibits higher porosityvaluesthan the 
zone described above, The neutron log shows averago porosrry values of agproximately 35% to 40% and 
tho density log shows 40% to 50% average porostty. me CMR log shows 24% to 40% total pornsty wm 
an average of 4% to 20% free fluid porosity. Average calculated permeability shown on the CMR log 
varies generally trom 0.7 to 7 7 . 8  md (Table 324). WIIR me highest porosity and permeabihty zones at 
1534 to 1638 f! and 1733 to 1736 tt The resistnrity curves track very close to showing the saturated 
nature of the ?ormation: the only separation is in the deeep resistiviry in zones of less poroSity where m e  
higher resistivity values are present This lower zone appears to be a mare transmissive part of Te 
regional aquiter in A-19. 

Screen Intervals 

Average summary statistics of the Schlumberget geophysical data obtained for each screened interval in 
R-19 are shown in Tables 32-5 and 326, The results of the geophysical loggrng were averaged Over the 
length of each screened interval; both geologic !%ita and hydrologic data summaries are shown in Tables 
3.33 and 324. In general. tho screen interval with the highest average permeabillry and porosrty as 
shown by me danstty porosity log and me CMR log is screen #l in me Guaje Pumice Bed. Within the 
regional zone of saturation, screen #6 h a s  tho highest average amount of porosity and Screen #5 has the 
highest average permeability. 

Borehole Washout Zones 

The own ponion of the borehole from 2054 to 19864 depm romained stable during drilling. The top of 
the open borehole from 205 to about 350 ft in the Tshirege Formation enlarged during dnlling, with me 
upper 20 tt of the open portion enlarging from 7 2 2 5  in. to about 14 in. A smaller amount of enlargement 
is noted in boreholo mmugh the Guaje Pumice Bed. 

Sevoral large washouts of the borehole are obsewed in me lower Puye Formation where washouts to 18 
and20 in. occurat 1194 to 7197% 1257to 7259ft, 1280 to 7283ftand m 4 t o  t778tt. Borehole 
rugosity to 1 4 . h  diameter is obsorved throughoutthe lower Puye Formation, espxidly trom 1200 to 
1300 ft, 1530 to 1550 h, and 1690 to 18c4 fL 

Barohole Deviation Survey 

The borehole deviation survey shows mar the borehole dnfted to the southwert throughout me entire 
length, Tho boCom of the borahole is located about 100 tt south and 43 tt west of the surface location. 
Tho rate of boreholo dritt to me west increased at about 900 to 950 ft in the Puye Formation and the 
Cerros del Rio basalt. 



Table 32-6 
Average Borehole Geophysical Data for Each Scmn Interval, Hydrologlc Summary 

1 Bound Fluld Capllbry Fm RulG Totel blculatbd 
&man Volume Baund Fluid Porosity Paroslty PenneaMll¶y (SDR 1 NO.* 1 6) I 6) 1 F) fi) methadl (mc~)’ 

7 73% 1 0.4% 178.4% 26.7% 343.16 

2 7s.- l3.% I &s% 19.0% 11-10 

3 713% 120% 171.8% 177.9% 156.10 

A M  I 
55.48 I 
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8ed Boundary Dip Data 

The FMI tool colleCred data tha: were calculated to approximate formation bed dip, mike, and anglos. 
The data wore collected below water love1 at 117'8 3 to total depth. Due to me conglometatic mre of me 
Puye formation. the dip data are enatic and do not show a definitive bed dip direction, From 1178- to 
about 15OO-tt depth the data show dip angles in all directians, sometimes in a bimodal southwest- 
northeast or west-east direction. Below 7 5 0 0  f i t0 @tal de@ me dip data show 8 slightly higher 
preponderance for directions to the southwest Oved the dip dam show that 90% at the dips are less 
than 10 degrees in magnitude with the highest poreentag0 of strike angles in the norlttwest and SOUtheaSt 
directions. 

4.0 HYDROLOGY 

4.1 Uns.atumtedfone 

This sectton discuses the hydrologic properties of the unsaturated zone at R-19. 

4.1.1 Soil-Watsr Occumnce 

. 

4.7.7-1 Methods 

For the upper 126 tt, moisture cQntent was determined from core samples recovsred by HSA A total at 
25 samples wore callected at approximately 5-ft intemafs forme cored part af the borehok. Samples 
were ifftmffdhTf3t)' placed In prewejghed and prelabekd jars wilh tightly fitting lick flw moisture content 
was c2eteminecl gravimetrically by drying tbe samples in an wen in accordance with American Sodety for 
Testing and Materials method 022lG.90. Samples collected for moisture antent are listed with the 
analytical results in Appendix C. Moisture content is given as me ratla of me weight of waterto ll-18 weight 
of the dry sample. 

4.l.t.2 Results 

Moisture contm In me upper 126 ft of the borahok ranges between 23% and f.756 gravimetric f i@~urer  
4.1-1). Overall, mere Is a general trend of decreasing moisture content with depm Mol- m e n t  in 
weathered Mf just below the alluvium at a depm of 4 tt has a moisture content maximum at 7 . X  Below 
this maximum, rnoishtre contents generally decrease wiV~ depr! until a minimum of 26% is macbed at 
about40 tt A second &mum is represented by a single sample containing 5.7A moisture at Sft 
depth, Moisture contents tange fmm 280! to 32% trwn 60- to 774 depth. ?'he lowest moisture rnlessured 
(23%) OCCLI~S at a depth of 83 t Moisture contents range from 26% to 4.3% from 87-to i26e depth 

Moisture contents measured in samples trom R-19 are consistentwtth those found in t!w upper Bandeli 
Tutf in other parts of the Laboratory. tn LADP-4, gravimetric moisture contents f0rTshitege Mernber Obt-2 
range from 10% to 12% in weathered mtf just bebw tne alluvium and =%to 7% in Unweamemd Mf 
in the central part of Cbt-2 (8roxton et al. 1995, SO1 19). 

4.15 SolCWater Movement 

4.1.21 M 6 t h o d 8  

When the pores in a rock are not tilled with water. the hydrostatic pressure (or matrit potential in 
unsaturated n x k )  is less than atmospheric pressure. The pressure patentlal b negative, meaning thazwofk 



is requirad to emow water from me -The energy making up maaic potential arlses tram capillary 
forces hotdingwater in the pores,anC adsorption that holds waterto partrcle surfaces. Figuro 41-7 shows 
me absalute value of rhe matric potenthi for corn samples collected in me upper 7 26 ft of R-79. 

Matric potential for25 samples was measured using achifled-mimrwater-a&tty meter as described Sy 
Gee et& (7992 58777). Sampleswete doubly sealed in ziplock bags and wrapped in packing tape 
immediately following wireiie retrieval and opening of the splltcore barrel. Measurements were made in 
duplicate wfthin 10 min after loading plastlcvials with tjght-fitting lids that were directly inserted into the 
water.eetivity meter. Cora was cncshed into millimetar&& fragments as quidrly as possible after the 
seal was broken in ofderm I d  the vials. 

Repea'measurements demonsfraW that samples produced the same results as long as the 
m e ~ r e ~ w e r e  made less .than lhme hoursafierthe vials were loaded and the llds weret secured. Alt 
analjdd runs wem bmcketed by measurements of standards. whkb demonstrate a two sigma (2a) 
nrproCu6bilHy of 0.0026 fori 74 andm of the matrk potentla! of distilled water; This is dose to me 
insaumsnml p-on stated In Gee etal. (7992,587'77) of 0.003 wa3wacWity units (4.4 rnilipascals 
Frpar or4080 cm H&)* Cafa Iimd in Appendix C for matric-potentld analyses represent the average of 
two measurenentsmade cn a sample. 

Tha chilledmirrwpJychrcmeter (orwater-advity meter) measures matfie potenW in very dly soils or 
rodcThe meter measures wateram,  which &n be converted to ma* potential. The wits of rnawic 
poterrtial maybe given as presswe in p d s ( P a ) .  oras *e height of M equivalent column of water, in 
cenmerers (iO.200 cm H,O - I MPa),The limit forme meteris reached in soils drier man 0.003 water- 
acrivityunits (4.4 MPa or4080 an &O} (Gee et& 1992 587Ii"),This value is shown on the 
aaxrmpmyingplotsas the Ihitof the cfiilled mlmr psychmmetoc 

I Oespite the llmitadon of me wa&r=aC#uity meter for measuring matric potential in the drlest rocks. the 
method has auvmtages. Whem the Wamr-ecthrity meterworkg it is inexpensive, and gtves more detailed 
v e m d  infomadon rhan would labom!ury measurements on the available core samples. In dry rock such 
as in %IS the profile from- wafer-advky meterprwfdes a pkture of ver tk l  matdc-potential 
flucnwims avera 1264 depth !hat would not otherwise be apparent. 

4Jz2 Rsurtb 

A profile of mazricpotm!al versus depth appears next to the moisture-contentdata in Figure 4.1-1. the 
axis of me matricgotential plat is reversed XI thafdriervdues appearto the left on the plot, 
arrespandngta the diredon of drlervaluw of moisturecontentdata The values d manic potential 
range berween 5.$3€+04 cm and -7.04€& an. All matrtcgotentlal measurements were within me 
worktng range ot ma wawacMy meter. These samples have gravtmetrfc moisture contern below 
7 . x  

42 SatuJatedZanes 

R-is afforded meoppomiryto  charaCteM barn the occurreme and mwement of groundwater. at least 
as far as vssible in a single well, Occurrence includes me depth,stmtlgmphic intenral. and hydrologic 
cunufdon @erched or regional; unconfined otconffned) of dl zones ot saturation encountered. In the case 
of a single welt mOvBment indudes me Vernal gradient from head distribution along the borehole and 
potenrial rate af groundwawr ?low as reflected by hydmullcanductivity. 

*-= 36 E- 
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Three zones of sahtrafton were antldpated at R-19. Two were expected to be perched: one in the Guaje 
Pumice Bed and one in the Puye Fotmatfon andlor the upper Cems del Rio basalt The third zone of 
satmtfon anticipated in R-19 was that beneath me regional water table. 

The presence of pentred saturatton at R 4 9  is unclear. No waterwas encountered in the Guaie Pumice 
Bed SaNratkm reparted by me drfllerin !he Otowi Member of the Bandeliertuff at a depth of 7’38 ft and 
in the Puye Formation ata depth of 920 ttwas possiblyassodated with drilling water. Drillers often report 
saturation when there is an increase in rehrrn flow of drilling fluid. However, that is not a foolproof 
t n d i d n  that the borehole has penetrated a saturated Intend. Such an fncrsase can also signify just the 
opposite. That is. It may be caused by the bit enterlng a less permeable formation that does not taka up 
as much drinlng fluid 8s did materials uphob. 50 more of me injected fluid returns than usual, 

7uro zones of possible perJled samtatlon were identffied based on borehole geophysical logs indicating 
zones at retfativaiy high moisture content The upper zone tram 834- to 840-tt d e w  is located at the base 
of me GuaH Pumlce W 7 h e  second zone is Iccated tmm $*to 912-ttdepth within the upper part of 
me Puye Fannation. Screens ware installed in both zones and will be sampled if they produce water. 

Tho regional watertable was pdided‘to lie at a depth of 11 18 f t  In Cerros del 1710 basalt (Figure 3.0.1). 
how we^ hwas found to be 60 ttdeeperthan this in the Puye Formation. Although the drlller reported 
possible saturntion at 7 7 5 6  f?. geophysical Jogging performed some time leter by Schiurnbergersbowed 
the watertable ?o be ata depth of 7 7 7 8  fL Thls waterappeared to be unconfined and saturation 
continued to tMal depth (7 9025 h)- 

Vecicaf head dlstrlbudon is essential for determining vedcal hydraulic gradient However, it could not be 
determined at A-19 as drilling was mainly by openhale methods and the use of even small volumes of 
drilling fluids ma* watet-hl measumrneM dlfficuk if not Impossible. As a result of the openhole 
drilling. the b o ~ o l e  was nota true piemeter  at any of the depths Were w m r  level was mewumd. 
That is, mere were no instanceswhen measurements wem made while the casing was screwed into the 
botwn of \he borehole and h y d m k  head at chat depth could be detemined. However, a piot of depth- 
tpwafervs. brehde depth *jsngall water-level readings, regardjess of whether they are believed to 
represent sta?lcvaluea or not suggest5 a geneml dormward vertical gradient Seatk water Iwek during 
hyrJmtcgicteJtingalso i n ~ e a d ~ ~ ~ v e r t i c a l E ~ i e n t : 5 9 3 2 f t a t s e r e e n  #6and5903ttatscreen 
#7.’lhe obdervarionsare comiaentwith the conceptual hydrogeologic model forthe Pajartto Plateau in 
whi& R-I 9 is located in a suspeded recha’p ma, Measurement of head distrib&n in the Westbay@ 
InssJments, InGsystem will provide further opprtunities to evaluate vedcal gradieM a! R-19. 

The rate of gtwurdwater m o v e m  In saamted meZedaJs Is dictared by hydraullc conductivity and 
hydraulicgradbrx according to Darcy‘s law. Although ahis nonvedcal gradlent cannot be evaluated using 
asingle well, hycraulk conducthrity of the Vvious saturated matefials In R-79 was determined by 
hyQolagictestingof each saeerred interval. More specifically, straddle packerAnjedon slug tests wem 
conducted The test design called forlsolaD’ng the target m e n  with a pdr ot straddle packers and 
injedng wars axrsburtfaw.lhe nte of injeaion was monitored by refereme to a flow meter placed 
In the line between lhe water supplyand the Bean pump on the UDR drill rig. 

, 

Testmu~~summar l red  in Table 42-f. Forthe test Of the unassigned pre-Pye deposb opposite 
screen (s6 (~725.8- b 7 7 3 3 . 4 4  d8pm). a hycJtaulk coonduettvity value of l?.!j4t/day was obtained using 
tfre Coopefda&obmsthod C1946,66645).Forrne testof the lowpattion ofthe pmPye depostts 



opposite screen #7 ( 7 8 3 2 4 -  to 18395-R dopth). hydraulic conduemnty of 19.6 Wday was obtained using 
the Cooperdocob method (7946,66645). 

Table 422-1 
Summary of Dam for Straddle-Packcr/lnltlon Testing of Pro-Puye Deposits at R-19 

I 
Staticwater- i Average @pm) Injection Rata Hydmlic 

Screen Levcl Elwstions lnjeaion Rate V a M h  Tcst Condudvlty 
# (V (gprn) Durstlon (mln) (Wd) 
6 59322 

7 590335 

94 17.5 'Coopctr&Jamb 

CcmpffraJacvb 
( 1 4 r 6 . W  

I ( 1 9 4 6 . W  
14.6 86 

5.0 HYDROGEOCHEMISTFtY 

Screening borehole wator samples wcro collecled from R-19 and analyzed for a limited suite of 
constituents. The samples were collected primarily to detannine if potential contaminan% within p e m  
zones were being carried down to the regional aquHer during drilling operations. Potential amtaminants of 
concern a: R-19 Include HE compounds and associated degradation produns 

5.7 

Samples of core and cuttings wore not collmed frOm R-19 and analyxed for contaminants because HE 
compounds were not definitely identified in groundwator at concentrations mat would be expeaad to 
adsorb onto Bandelier Tuff or Puye Formation lbologles. No other contaminants are known to occur at 
R-19, based on previous information prmnted in the Pajnrito Carryon work plan (Chapter2 LANL 1998, 
59!ji7)* 

Geochemistry of Core and Cutting Samples Collected during Prilling 

5.2 Hydrogeochemistry of Groundwater Samples 

Borehole water samplos were collected a: depths Of 738,833,1157, and 1860 ft and analyzed for 
screoning constituonts and parameters. Borehole water samples were analyzed for HE W i n  a zone of 
greater wator returns (738 9 based on Uriller observations) and a possible pt3rCned zone (838 tt). 
Borehole wator samples were analyzed for inorganic and organic chemicals and isotopic uranium witfiin 
the regional aquifer (1 157and 1860 f i )  to dctemtne natural solute and contaminant didbutlofts whin 
the dlff erent saturated zones. 

Due to the presence of €2-MUD and other drilling flulds, these borehole water sa..ples are not 
roprosantative of groundwater. especially In the low-yield passible perched zones. Consequently, these 
data were used onty for screening purposes to assist drilling decisions. Groundwater samples shall be 
collected and analyzed !or major ions, trace ffletals, stable isotopes, organic compounds, seleded 
radionuclides, and other chemicals durlng quarterly mpling. 

Analysis of a groundwater Sample collected at 833 tt (possible perched zone) indicated the possible 
presence of an HE compound and degradation products of Z4,Gtrin'~toluene 0 . T h e  compound 
HMX (cyclotetramothylonatetranitfamine) was reponed at 0.11 p@ and rnismlue should be considered 
an estimated (J) concentration because It is less than the praaical quantkation limit but  above^ UB method 
detection limit (€PA method 83-30, high-perlonance liquid chromatography [HPLCD. In addrtion. 



matrixspike recoverywas lowand the percentdifference between the primary HPLC column and 
secondary HPlC column exceed& 25%. Nimbemne was reported at 036 j.@L in thls zone. This value 
k ansidered 8n estimate (4) based OR the percent difference between the primary column and 
secondary column which exceeded 25% The TNTdegradaton product 2.amlno4,6dlnltrotoluene, was 
resparml ar 0.62 p&in 
low, The TNT degradaUon product 2.6dlnimtoluene. which was reponed at 0.34 pgL is estimated 
because tfie percent difference between the primary d u m n  and St3COnCary column exceeded 25%. 

sample and the value is estlrnared (J) because the matrix spike recovery was 

Presence of Q-MUD and other drilling fluids In the groundwater may have caused false positfves due to 
the hydrophobic nature of these fluids. Addlcional groundwatersamples shall be collected durlng quarterly 
sampling to evaluate the presence or absenca of HE compounds at the well. 

Analyses of two groundwater samples ~ollscted at 1157 ft and 7860 f t  (regional saturation), respectively, 
dM net detect any HE compounds and degradation prod?lcts ot 'MT, 

6.0 W A S E  MANAGEMENT 

Marqement of waste streams generated during R-19 drilling, sampling, and well installation actlvfties 
was conducted in accordance with !he site-specific waste characterization strategy form (WCSF), Wastes 
consisted a? dlsposabk sampllng equipment, residual materials from field screening Wts, personal 
ptutBafve equipment(PPE). plastk sheeting. sorbent pads, soil conmmlnared wfth petroieum products, 
and decantamination water. No borehole m&mials exhibited elevated tield screening hits; therefore 
borehole matedals were managed onslre os follows: 

Dry drill curtfngs wra contalned in S5gal. drums. Clrectfy from the dust-suppresslon system 
dlschargs, and were transferred and emptied into a bemed waste management storage area 
onsi?e.Ihe materlal Wrrsspmad ant2 contoured along the northern edge at ?he drlll pad. The 
cuttingswere coveted with topsoil during si!e restoration. 

Wet drill cutdngsgenerafed while Injecting TORKease or EZ-MUD slurrles mixed with municipal 
hydmtwarer,.while drilling In unsatumred zones. were transferred and contalned within a 
bemed was&3 management storage area onstte. fhe drill cuttings were allowed to drj and were 
then spread and contoured at the northern edge of the ddll pad. The cunings were covered wlth 
topsoil durlng site rastorafion. 

Groundwatargenerated as a result of drilling through saturated wnes, purging, and well 
developmentopemfons was contained and transfew dimdty to potable storage ranks staged 
W in  the bemed waste management storage area onsire. Waterfrom Ultfemnt saturated zones 
was segregated into ranks. A total of 63,OOO @. of groundwater was generated from all 
saturated intervals during dtllling activities. Approximately 50,OOO gal, of groundwater was 
generated duringwell devetoprnentfhe groundwaterwas applied to the site In accordance wlm 
the New Mexlco Environrnom Depament (NMED)appmvad Notice of Intent to discharge permit 

Disposable sampling equipment, residual materials from HE field screening kits (solid waste). and 
PPE ware placed in a m m  liner; waled. lakeled, and stored onslte in accordance wlth t!w 
WCSF. A total of one bag was generated. A waste profile form was prepared and approved for 
disposal d the waste at the Los Alamos County landit. 

Petroleum.cordamlnated sol1 as well as plasticsheeting and sorbent pads thzit had been placed 
beneath the drill rig ax3 heavy equipment to contain leaking hydmullc flu@, lubricants, and 



antifreeze, were contained in four 55gal. drums The materials were managed and disposed of 
as New Mexico special $vase. 

7.0 SURVEY ACTIVITIES 

7.3 Geodutlc SuNsy 

The approximme coordinates for R-19 are X P 1,630,147; Y = 1,?60,200: and Z = 7060. me X Y, and 2 
designations represent easring, noIming, and elevation. respectively. t i o f i m ~  l o c a ~  wrdinaes am 
based on New Mexico State Plane Grid Coordinates, Central Zone (North Amencan Oahtm 83) andan? 
expressed in feet Elevation ts recorded in feet above mean sea level (tt Msl) using the Narional 
Geodetic Veflcal datum of 1929. 

The Facllity for Information Management, Adysiis. and Display (FIMAD) beation Edemifrcaaon numberfor 
R-19 is m-1 o.oO0. 

72 Surface Radiological Sunray 

A surface radiological survey was condwed by a Laboratory radiological control technician (RCT) before 
site construction or drilling activities began at R-19.The she diatlon survey was conduc!ed on January 
10,2000, and consisted of sweeping me proposed drill pad for areas cf radioadlvrry abow established 
background levels. Results of me survey indicated levels were below background with he exception ot 
one fragment of shrapnel. which was removed from ehe site and disposed of using OX pmtotols forsuch 
rnaterlals. OX protocols typically require all petsonnet and equipmemthat have traveled otf me paved 
roads at TAG6 to be screened by an RC7 before exiting TA-36. By estabhhing the area as a 
nonradioacthre -8, DX permitted access of personnel and equipment to and from the R-19 drill site 
wtthout radiological screening, 

8.0 WELL DESIGN, CONSTRUCTION, AND DEVELOPMENT 

8.1 Well Design 

Geophysical logs, video logs, and borehole Cuttings wem reviewed to plan ScTeen placementsfOrwel1 
construction. The number and placemen: of sereern was designed to meet the followiq aiteria: 

o :o sample possible perched groundwatet (scre8ns x1 and e) that couM be coonnected uwradjent 
with HE-contaminated perched waterat R-25: 

0 to sample the top of the regional zone of saturation (scram a): 
to sample high-pemeability tones that might act as fast pathways for contaminants in the 
regional system (scresns #5, W6, and #7): and 

0 io provide spntlal coverage for sampling In the thick sequence of lesslpenneabk rodcs in the 
upper part of tho regional zone of satumtkm (ween W). 

The identtfiation at parentla! perched groundwater and high permeabilrty zones in the regional system 
was largely baseU on information developed from geophysical logs. The planned and ecrual screen 
locations am ghren in Table 8.14, 
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Table 8.14 
Planned and Actual Screen Placements In Well R-I9 

me sginfessaMel well componentswem cleaned uslng a hotwatercleaner and scrub brushes onsite. 
Tne bottom of Fhe borehole wassocnded at 7 8 8 5 f t  bgsbefore installation of well components began. 
SQinlsss-steel c$~&erswem Installed above and below each Screen to hold the scmned  lntemls 
awayfrom the borehole wall. 

Pjpe-base screenswere canstrcl=ed from the same tubulars as the well casing dsers (45-in.-I.DJ5.O-in.- 
0.0. stainless sreel). These screens ware construcred by drilling holes into 5 f t  and 7 0 ft sectlons of well 
easing, and a wim wrap with a gapof 0.01 Gin. was attached to the outslde of the pedorated Intervals. 
Hobs am 0.37!Sn. in diameter; The f i t r  screens contain 8 rows of holes with 28 holes par row, ghhg a 
flowthrough crossaectlonal area cf 24.Zi1?~fhe 7O-ttscreens contain 8 rows of holes, with 42 holes per 
mw gMng a flow-mrough aoss-sedonal m a  of 373 if?. A 37.9-tt sump exrends below Screen U 7  to !he 
bottom d the well to aecomrnoda& the Westbay sampling probes. which extend below the portdudng 
sampling.As constnrded. the total depth of the well I5 1877.4 ft bgs. The as-buik well-cornpletion drawing 
for R-I9 is shown in Figure 82-7, All &&dill materialswere ernplaced through a m i e  pipe. 

Oevelcprnent was esped3lly aggressive at R-79 In response to concerns over me hpact of using small 
volumesatdrillIngfiuid in its anmctlon. Three separate stages of developrnont were applied to each 
SQBBned inten/al:jettlng, aidking, and pumping. 

Fimafl screens were washed and airjetred, starting at the top of the well and worklng down, =ll 
screen was matd for45 mln, As no water was discharged In this prccess, the varlous fieid parameters 
used to determine if the well had been suflicfently developed were not evaluated. 

Nexrcame airlnting.7his involved two phases. nrsttfie sump was cleaned out and B volume o? water 
lequivalenrto mat introduced in jea)np (approximately 8600 gal.) was airlifted ouL’lhis took longer than 
antfdpa!ed. asthedischarge fatefor this rne33od was lowerthan expecZed. When this had been 
accomplished. a sample was taken forpalymertlt~tt~on to detemlne whether drilling fluid was present 
Then airlWng towsex! on eech screen, starrhg at the bottom of the well and wrklng up, since the tool was 
already~m. Samples w w  calmed 8pproAmately every 15 min and field parameters (pH, speefic 
ccnducmcetternperaturee. turbMHy and total organic W o n )  were checked. Airlltting at a given screen was 
halted when field parameters were acceptable (namely, turbidrty 6 nephelometric turbidity units [Nfcls]) 
urcould notbe Improved The tool was rsised to the next screen up and the process was repeated. 



krlaaaarooe- 

b b 



was shutoff for75 min. Then itwas turned back On and samples wefa Wen again at 75-min intenfais to 
see if the prevlousv;llues for fleld parameterscould be reproduced. Thfs process was repeated three 
lhnes. Aher acceptable orsfable values had been reproduced for thm episodes, a final sample for 
polymerthation wasallected and me tool was moved to the next screen down where the process was 
repear&. 

Fieldparameter values during the development of all screens in R-19 are given in Table 8.37. Selected 
results plotted in figure 6.3-1 am P'lpical. 

Table 8.3-7 
Summary of Flml (Pumping) Phase of Development at R-19 

Rsnp.d FIdd PannnRn' 

I sann Elaprsd7ln# W . b r ~ U c d R m  SpdcMI~Conductlncs T e ~ ~ ~ p m m a  
(dn) (m) PH (*m) (c) TUrbldHy(m1 

I 
3 I= 91 35 (025) 7.88-7.95 13+11S 17.6-21.7 d55Ab12.90 

5 3 5 0  1 = 0 0 )  8es-7.72 )13w22 I 17.8-20.8 147.404&1 

6 1240 i 2- (10) I7.7&7.W I 126-127 ~21.1040.60 1 142.1W.09 

a 2 3 5  7 7 7 5 6 )  NAb 177-109 '19A4221.7 Is22sla64 

1 8.4 Gmcburnical Testa to Evaluate the C:canup of Drilling Fluids During Well Development 

6orehole R-Y 9 was drilled with nul& consisting of regional aqulfer water, Q=MUDD end TORKeese :o 
enhance drlllhg rates E Z W D  Is a vkosiflsrand also improves borehole stabilky. €2-MUD consists of 
a polyaautamida-palyacfylate (PHPA) copolymer that eventually dissociates to smaller organic 
compounds containing carban. hydrogen. nitrogen. and oxygen. The substance has a density of 8.7 
WgaL E-MUD has a net negative surface charge of 30% (0.3 mole per mole of polymer). One to two 
cups of G-MUD permousand gallons of water were used at R-79 during drilling operations. R-MUD can 
be broken down byaddlng 59Lsodurn hypochlorite (bleach) to water injected into a well durlng 
demlopmmt This procadurn was not followed at R-I9 because of concern about the Meet me sodium 
hypochlorfbe would have on water=qualify parameters. €2-MUD has a pH of 85 at a concentration of 7 
quart per100 gal. of water.TORKease reduces fdc!hnal sWng of drill string encountered in low- 
pemeabillty material. TORKeme mnsists of an emulsion of complex potassium stearates and has  a 
$pudic gravity of 0.95. TORKease has a pH range of 9.3 to 9.5 when mixed with low-ionlc-strongth 
Wsr. 

Titration aperimenntswere perfamed to determine the concentration of Q-MUD remelning in R-19 
during well development; Groundwater samples collected from screens #3 through #7 {those in the 
regional aquifer, scretens #7 and 2 wem dry arthe tlme) wem tcsted for EZMUD at ttre beginning of each 
day and durlng initfal and final pumping. The groundwatersample$ were collected from June 20.2000. 
tnrpugh ~ u n e  24.2000. Baroid developed me thation procodurn used during this Investigation, 



R-19 Water Ouallty during Pumping hve lopmnt  of Screen #3, 
1 st Episode 

c 
3 25 

Q 15 
70 
5 
0 

t! 20 t 

& 

t- 

&*I I - .__- 

40 

20 

0 
0 20 40 60 80 100 120 

Elapsed time (mln) 

R-19 Water Quality during Pumping Development of Scrten $3, 
2nd Eplsods 

0 10 20 30 40 54 60 70 
Etapsed tlma (fin) 

ngom 8.3-1. Ao~iults of flnal development (pumplng) for s c m n  #3 



ctrarrercrltanbn wdr R - ~ G  COW- ~ s p c w r  

Ar R=19,apptadmately50,000 gal. of regional aquiferwaterwere pump= outof the well durlng 
development Groundwatersamples c o l l s ~  from R-19 showed concentrations of €2-MUD ranging 
betweer: 0.017md 0.063 ptlrtsper*ousand. suggestlng most of the residual Q=MUD has  beon 
rem- from the well. Concaenmtjons of total organic carbon roc) ranged beween 1.4 and 36.5 mg 
Cn. suggesting !3at same msiduat EZ-MUD is present at 8-19. During well development, concentraff ons 
of TOC genetally decreased overtime. wi* some increases occurring periodically. 7he elevated TOC is 
msistentwith me presence of small amounts of residual €2-MUD. Concantratlons of TOC should 
decrease as EZ-MUD continues to dissociate, eventually approaching natural TOC concentratlons. Tests 
were nor perfonned on quantifying me amomts of 7ORKease potentMiy remalnlng in the borehole. 
Amrding to me ddllers, small amounts of TORKease warn used in the Sandelier Tuff to lubricate casing 
thrwos  rock4ock& 

8.5 lnstaflatfon of WeSttmy's HP55System@ 

Following well development the Westbay MP55 system for groundwatermonitorlng was installed in me 
sed- well. Mode1 2523 MOSDAMB System sampler probe equipment will be used to collect 
groundwatersamples from the ampbted well. 

An MP casing inslallatlan log, Hmich specifies the locadcn of each Westbay well component in the 
Sorenote, was prepared in the field by Westbay In consuitation with the Laboratory based an a draft of the 
well-completion diagram,Available geophysics logs and an as-builtvkieo log M e n  inside the steel well 
casing were also reviewed before measurement porn and packers were sited within the well screen 
inttwals. me final version of the MPcasing Installation log was approved in the field on August 8,2000, 
by me Labon!ory prtorto tnatallatian ot the Wesfbay well components. The MP casing Installation log 8s 
approved WEIS used as me installation guMe in me fleld. 

An MP measurementgort mupllng and associated magneYc location collar were included in each primary 
monitoring zone to p d d e  me capability to measure fluid pressures and collect fluid samples. A 
pumpinggortoouplhgwas also included in each of the seven Screens to provide purging. sampling, and 
hydraulic conductMty testlng capabilities, Addltlonal measurement-port couplings were included below 
the pumping ports for monitoring hydnullc tests. 

Measorernent-port coupltngs were included in qualify assumce (a) zones to prwide QA testing 
capabilMes. All measurement ports were positioned below each of the MP55 packers to pemlt mutine 
operatlan of the squeeze relief venting with the MP55 packer inflation equipment during Yre inflatlon 
P- 

The MPcasing companonEE were setout in sequence according to the MP casing inaalladon log on 
fa& nearthe bornhole. Each casing length was numbered in order beginning with the lowermost as an 
aid in coflmlng the proper sequence of components. The approprlafe MPSystemsQD coupllng was 
attadred to ea& piece of MPcasing. r&gne*Jc lacation collars were attached 25 ft below the 
measurement pons in each of the monitoring zones and 2.5 f t  balow MP coupling No. 226 newthe top of 
me well. 

The length of each MPcajing d o n  was measured wh!~ a steel tape to confirm nominal lengths, and 
the dam wereenterad on me MP casing insmllatlon log. Each casing component was visually Inspected. 
and sertal numbers far each packer. rneasurement-pan coupling and pumping-port cbupllng were 
recorded on the field copy et Ehe MPcasing insraJla?lon log. 

The MP d n g  camponem WBW towered into the well in sequence. 7'he sections of MP casing were 
Iowerad by a Smeal work.avar rig pnwided by the tabomtocy. Each casing joint was tested with a 



minimum internal pressure of 300 psi for one minute to confirm hydraulic seals, Deionued water was 
used tor the joint tests. A record of each successful joint test and the placement of each casing 
component is on the field copy of the MP casing insta!lation log. The suspended weight of rhe MP casing 
componon's was monitored during Iowaring to confirm mat oponting limits of me MP system &ng 
components were not oxceeded, Lowering at the MP casing to the target position was s u ~ ~ i y  
comploted on September 9,2000. 

Atterrhe casing was lowered into the borehole, the water level inside the MP casing was let: at a depth O? 
mar0 man 1531 tt below the top of me MP casing to confirm hydmulic intesnty ot M casing. fhe open- 
hole water level was 1175 tt below ground level. With this differential pressure acting on me MP casing 
string, the water level inside the MP casing was monitored with a pressure transducer for a penod of 40 
min, and the measured pressures were stable. The test indicated mat the MP casing was watertight 

Aner the components were lowered into the well and the hydraulc integnty ot tne MP a n g  hac? m 
confirmed, the MP casing w!ng was positioned as shown in Appendix D. The MP packers were inflated 
on Soptomber 9, 10, and 7 1, using deionized water. The packers were inflated in sequence beginning 
with the lowermost. All the packers were inflated successfully and QA tests showed that all ma packer 
valves wore clossd ana sealed. 

Westbay's procedure for destrcssing the MP casing was used after all of the packers had been inflated. 
The top MP55 casing was cut and trimmed to suit the final Eonfiguratlon ot the wellhead assembly and 
the MP top completion was installed. The final tensile load at the top of the MP casing was 300 Ib. The 
maximum limit for long-term tensile loading of the MP casing is loo0 Ib (454 kg). A sketch of the as-buil't 
top of the MP casing and final posltIons ot the MP welf Components are shown in Appendix D. A summary 
of depth information for key MP well components is shown on Table 8.5-1. 

Atter packer inflatlon was completed, fluid pressures were measured at each measurement par& me fluid 
prossure profile measurements were taken on September t t ,  xxx3. AT that time. mc in situ formation 
pressures msy not have recovered from the preinstallatlon and installation activities. Longer tm 
monitoring may be required to establish representative fluid pressures. 

A pror of the pieromotric levels in all zones. including QA zones. based on the Septemktr 11,2acM, 
pressure measurements were examined to confirm proper operation of tho measurement ports and as a 
check on the presence of annulus seals between adjacent monitoring zones. Ail the measurement ports 
operated normally. Each of the packers was supporfing a differential hydraulic pressure, indreating me 
presence of packer seals. 

8.6 Wellhead Protection 

A reinforced concrete vault was installed to provide wellhead protection. Figure 8.6-7 shcws plan and 
profile views of the wollheod configuration. 

9.0 SITE RESTORATlON 

The R-19 drill site area was recontoured to match the surrounding togeography using a backhoe. The 
surface of the drill pad was rougnened and native dryland SBed was applied to tbe denuded areas straw 
mulch was then spread ever the SOed8d areas and wheel-rolled to crimp in the a r a ~  and cover me seed. 
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10.0 MODIFlCAllONS TO WORK PLANS 

Table 10.0-1 compares tho actual characterization activities performed at R-19 with the planned activities 
in me Work Plan tor Pajarito Canyon' ( IANL 1998.59577), the Hydrogeologic Workplan (LANL 1998, 
59599), and tho 'Field Implementation Plan for the Prilling and Testing of U N L  Regional Aquifer 
Characterization Well R-19" ( U N L  1999.66644). 

The final deptn and completion design of R-19 was based on ongoing evaluations of hydrogeologic data 
collected during drilling activities and discussions with the gr0undvra:er integration team and me NMED. 
In the hydrogeologic work plan, the depth of the well was originally planned at 1278 tu 1678 ft (IOO to 
500 f! inm the regional zona of saturation). Because of the identification of HE contamination in 
groundwater at well R-25, me data quality objectives of R-19 were reevaluated and me well was 
redesigned as an early warning monitoring well upgradient of the southern pan of the Pajarno municipal 
well field. The depth of the well was increased to 1950 ft during preparation of the field implementation 
plan In order to provide B more comprehonswe monitoring of patontia! HE contaminants moving in 
groundwater eastward from TA-16 toward municipal supply well PM-2 The increased depth allowed 
ovorlap of R-19 well screens with the most productive zones in the nearby water supply wells based on 
spinner log data tmm PM4. Presumably those productive zones represent last pathways for groundwater 
and are most at risk tram contaminants originating from TA-16. The borehole was actually completed at a 
dopth of 19025 tt when collapsing hole conditions made further drilling activities risky. 

The amount of core collected in R-19 (6.6%) was a minor deviation from the amount specified in the 
hydrogeologic work plan (1 0%)). In me hydrogeologic work plan R-19 is designated as a tvpe 2 well (1 046 
coring). During actual drilling operations. core was collected trom the upper 126 tt of R-19 using an HSA 
method. In R-19, good performance of the HSA system was achievea in me upper -defier Tuff and 
continuous core could be collected without penzlking Me drilling fate. Becauso of open-hole conditions, 
use of geophysical logs was preferred over additional core collection for geologicand hydtologic 
chancteriiation. In addition, the groundwater intogmtlon team h a s  adopted a characterintion stntegy 
emphasizing hyUrology tests in complated wells over laboratory testing Of c4re for hydmlogjc properties 

At R-19, significant problems were encountered while trylng to ensure that sand filter packs were tanectty 
placed opposite the screen intervals. Unexpocred changes in me vertical positions of annularfill materials 
wore encountered for Screens located in tho regional zone of saturation. This occurred when annular 
material volumes were calculated, materlal was put Into the Sorehole. and the %gged~depth-mfface 
of material dittered significantly from what was estimated based on the expected annularvolume. At times 
tagged levels appeared to rise or fall unexpectedly attcr adding annular till materials on top of the 
previous materials. 

Solutlons used to deal with these problems included 

- utilizing high-expansion bentonite pellets to plug tracrures at stabilize the hole; 
utilizing coarsergrained sands to some faster, bridgo fractures, and plug larger formation pores 
and waShOLrt zones: 
placing plugs of cement grout to re-estabtish venical stabilkation immediately blow zones that 
either S O N ~  as hydraulic barriers or are hydrostratigraphic zones of interest for well screens; 
introducing high volumes of Water to Overcome hydraulic pressures of highqtodudng mnes while 
using a tremie to Introduce backfill materials; 
waiting tor periods of time (hours or days) ?or the bornhole to stabiluo: and 
increasing me vertical distance of annular seal or fitter pack lengths 10 aecmmt torverud 
movement of backtill materials, 

- 
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At R-79. if was nwssary to exrond sand filter packs well above and below Some Screens because ~e 
borehole would not stabilize even after using all available solutions. Movement of annularfill materials 
suggested that these materials could con3nua to 7all" while mnularfilling activities were occurring higher 
up me bornhole oreven &rthe weti hat? been completed. This made it ditticuk to ensum that no annular 
seal matenal (Le- bentonite) would reloeare itself Over the screens. Emplacing only 5 fr of sand pack 
above the s p  of the screen in mese instances would have seriously jeopardized the use of these 
screensnle onlysolution was to emndme lengths of sand packs to account for subsequent vertlwl 
movement of annularfilt materials. 

rt.0. IMFlJIICAnONS FOR CONCEPTUALGEOLOGIC, HYDROGEOLOGIC, AND 
GEOCHEMEAL MODELS 

The rnosrsjgni~implications from R-19 forthe conceptual hy&ugeologic model is that the thick 
perched zone of sahrmtlon encountered at R-25 w8s not observed at either R-19 or CdV-R-15-3, In fact, 
me ocu~menca of any perched water at these wells is uncertain. If such saturation is present It is 
markedly *inner than at R-S. These observations suggest there is liMe danger of transpon et HE 
mrough prehed water from me R-2S area across t9e area of R-7 9. 

The regional watertable is 60 ftdeeperar R-79 than antkipatec!. This is 8s much a consequence of 
comurfng sgam war8r-feVeI daaas anything else and shows the need tor additional spetlal data to 
amrmin me depm and geometry of me watertable. 

Head c!aacollecZed within the rwgional zone of saturation at R-19 indicate a downwae verdcal gradient 
Thisconfirms act existing conceptual model that R-19 is IocateC In a redlarge area. 

Hydrolqic wdng of pre-fuye Farmation deposls ylolded hydfaulicanducffvfty values mat are 
cortsj~mwith those formedium sand orsiltysand. Hydraulic-property values forthese pre-Puye 
FOrma5cn d s p d t s  have not previously been available. These deposits were unantlcipsted In me 3-0 
si:ewide geologicmodel available arthe time R-19 was drilled. Revisions to the 3-0 sitewlde geologic 
model will include me Incarpontion oi this pumiceous pre-Puye unit, me adaptation to much thicker Cerro 
ToMu deposits In this part of Ute tabamtury, me modellng of ttrlnner Cerros del 1710 basaklc units, and 
the absence or axial rfver gravels or Santa Fe Group sediments 3t the depth drilled. 
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