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ABSTRACT

Characterization well R-15 is locateg in Mortancad Canyon immediately southeast of the sediment traps
within Technical Area (TA) 5, Los Alames National Laboratory (the Laboratory). This characterization well
is the tourth of approximately 32 wells being installed in the regional aquiler as part of the Laboratory’s
*Hyarogeologic Workplan® (LANL 1998, 55589). R+15 was funded by the Laboratory’s Environmental
Restoration (ER) Project and is primarily designed to pravide geclogic, hyerologie, geochemical, and
water-level data for potential intermediate-cepth perched zones and for the regional saturated zone. Weil
R-15 is downgradient of multiple contaminant source areas that include release sites in the Mortandad
Canyon and possibly upper Sandia Canyon and Los Alamos Canyon watersheds through paleocanyon

flow at depth.

R-1S5 was crilled in two phases; the first phase consisted ¢f using a hollow-stem auger methoc tocrillito a
depth of 420 ft within the Ctowi Member of the Bandelier Tutf, Phase | was conducted curing September
1998, The second phase ¢f drilling commenced in June 1938 using air-rotary methods assisted by the
use of drilling mud between the casing and borehcle wall. The total depth of the R-15 borehole is 1107 1%
The berehole was backfilied 1 a depth of 1030 1t ang completeg with a single-screen well in the Puye

Farmation,

In descending order, geologic units penetrated in R-15 included alluvium, the Tshirege Member of the

Bangelier Tutt, taphras and voicaniclastic sediments of the Cerro Toledo interval, the Otewi Member ¢f
the Bandelier Tuff, the fangiomerate facies of the Puye Formation, basaltic rocks of the Cerras cel Rio
volcanic field, more Puye langlomerate, and the axial Rio Grance facies of the Puye Formation (Tetavi

Lentl),

No perched water was encountered in the Cerro Teledo interval or Guaje Pumice Bed, However, 2
pearched zone of saturation was found 1o occur between the depths of approximately 646 ang 740 ttin the
Cerros del Rio basalt, A clay-rich Zone al the base of the basalt appears t0 be the perching layer, A slug
test of this Interval yielded a value for hydraulic conductivity of 2.54E-07 cm/seg, which is at the lower end
of the range typical of silt. The top of the regional zone of saturaticn lies at a depth ot 964 ftin the Puye

Farmation.

A 468-hr aquifer-pumping test was condugted at well H-15 (regional aquifer) on February 1620, 2000.
Water levels were recorded while water was pumped at a constant rate ¢f 11,7 gpm. The screened
interval is located between 958.6 and 1020.3 # below ground surface within the Puye Formation,
Drawcown and recovery cata were analyzed to determine eharactetistic values far transmissivity ang
storage caefficient, Test results suggest that the regional aguiler at well R-15 behaves like a leaky
confined aquiter. Overall, an average transmissivity of about 123.4 ft%/day and a storage coetficient of
about 0,0025 were determined for the Puye Formation from this pumping test. The corresponding
average hydraulic conductivity aver the R-15 screened interval is about 2.06 ft/day, or about

0.00117 em/sec,

Twenty-tour core samples were analyZed for radionuclides, metals, nonmetals, and percent crganic
carbon collected during Phase |, Tritium is the only anthropagenic racionuclide present in the core
samples analyzed during Phase | Investigations. One core sample was collected during Phase !l
investigations and was analyzed tor radionuclides, metals, and nonmetals. Distributions of nitrate and
perchiorate obtained from core leaching tests suggest that these two anions are anthropogenic in origin.

Groundwater samples were collected from a perched Zone at a depth of 646 ft and in the regional zone of
saturation at depths ot 1007 (scroening analyses only) and 1108 ft, respectively. A sampile of drilling mud
was collected from a 2one of possible saturation at 482 ft in the upper section of the Puye Formation and
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analyzed for tritium. The grouncwater samples collected from cepths of 646 and 1100 ft were chemically
characterized for high explesive compounds, major ions, trace elements, disscived organic carbon, stable
isotopes, tritium, and other radionu¢lides. Anatytical methous recommended by both the US
Environmental Protection Agency and the Laboratory wete followed for groundwater (filtered and
nonfitered) and core samples,

Strontium-90, cesium-137, plutonium-238, plutonium-239,240, and neptunium-237 were not detected in
the groundwater samples collected trom R-15, Americium-241, however, was detected (0.123 = 0.052
and 0.207 = 0.078 pClL) in replicate nonfiltered grouncwater samples collected from the perched zone,
Additional grouncwater sampling and analyses are required to verify the preliminary activities of this
radicnuclide observed at R-15, Activitles of uranium-234, uranium-235, and uranium-238 were detected
slightly above background in the grouncwater samples. Higher activities of the uranium isotopes were
measured in the nonfilttered groundwater samples because naturally oceurring uranium ocgurs within the
bentonite drilling mud and aguifer materials. Cencentrations of total (nonisotepic) dissolved uranium are
1.10 and 1.29 ug/l. within the perched zone for the two replicate groundwater samples, Activities of gross
alpha, gross beta, and gross gamma in nontittered groundwater samples exceed those activities
measured in fitered samples. Gross alpha and gross gamma activities are associated with isotopes within
1he uranium-238, uranium-235, and therium-232 decay chains, wherecas gross beta activities probably are
associated with potassium-40 present in the bentonite grilling mud,

Groungdwater from the perched Zone in R+15 is dominantly a socium-calcium-bicaroonate type as
represemted by screening and fixed laberatory samples collected at a cepth of 646 1. This perched
grounciwater was found 1o contain 3770 = 850 pCUL tritium, 12 parts per billion (ppb) cisscived
perchicrate, 11.5 parts per million (ppm) cissolved chlorice, 63.9 ppm dissolved sodium, 1.15 ppm
dicsolved fluoride, 35.4 ppm dissolved sultate, <0.02 ppm dissolved ammaonium, and <Q.01 ppm nitrate
(as nirrate). This grouncwater sample contained bentonite crilling mud, which biased the major ion and
trace clement chemistry. Concentrations of nonsorbing selutes such as sultate, nitrate, perchiorate,
chioride, fluoride, and tritium of this perched zone are similar to those of the TA- 50 treated discharge
water anc alluvial groundwater in Mortangad Canyon,

Groungwater near the 10p ¢t the regicnal saturated zone (1007 %) is a sodium-bicarbonate type with a
tota!l dissolved solids content of 243 ppm. The major cation and anion chemistry of this water should be
similar 1o grouncwater in test well 8 (calcium-socium-bicarbanate type) 1 km upstream of R-15. However,
the bentonite mud usec curing crilling has biased the major ion chemistry resulting in an increase in
sodium concentrations. Activities of tritium were measured in the regional aguifer, using three citferent
analytical-counting methods. Activities of tritium, using a liquid scintillation metned, in the regional
saturated zone are 220 = 620 pCiL with minimum detectable activity of 440 pClL. The activity of tritum is.
3.19 = 8.58 pCVL using direct counting, 3 more sensitive method (Cata provided by New Mexico
Environment Depantment's Department of Energy Oversight Bureaw; analyses performed by the
University of Miami). Activities of tritium are less than detection in the grouncwater samples using liquid
scintillation counting and cirect counting methods. Low activities of tritium (1.12 pClL) were detected in
the regional aguifer at R+15 at 1700-1t cepth using the electrolytic ennchment method at the University of
Miami, which is the most sensitive of the three methods used. The concentration ¢f nitrate (as nitrogen) is
1.53 ppm (6.71 2pm nitrate as nitrate), which is elevated above tackground for the regional groundwater
in the Pajarito Plateau area.
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1.0 INTRODUCTION

This report describes the crilling, well completion, and testing activities for characterization well R-15,
R-15 is located in midcle Mortangad Canyoen, in Technical Area (TA) 5, within Los Alamos National
Laboratoery (the Laboratory) (Figure 1.0-1). This well was installed by the Canyans Focus Area of the
Environmental Restoration (ER) Project as part of grouncwater investigations required by the Mortandad
Canyon Work Plan (LANL 1997, 56835). It also satisfies requirements to install a well in the regional
aquifer as pan of the "Hydrogeolegic Workplan® (LANL 1938, 595%9) in support of the Laboratory's
*Grouncwater Protection Management Program Plan” (LANL 1935, 50124).

R-15 primarily is designed 10 provice water guality, geologic, hydrolosic, and geochemical data fer
potential intermediate-cepth perched Zones and for the regional aquiler downgracient of potential release
sites in Mortandac Canyon watershed and possibly in Sandia Canyen and Les Alamas Canyon
watersheds. R-15 is also sited o provide geologic, stratigraghice, hydrelogic, and geochemical cata that
contribute to the understanding of the vadose zone and regional aguifer in this part of the Laboratery. Data
collecred from R-15 will be used in conjunction with cata from ¢ther planned characterization bereheles as
well as from other cata sources to evaluate and update the sitewide hydrologic conceptual model.

Preliminary interpretations are presented for some of the cata collected, but discussion of other ¢ata is
deferred until they can be evaluated in the context of site-wide infarmation collected trom other ER
Project and hycrogeciogic work plan wells, Once all deep grouncwater investigations in Mortandad
Canyon are completed, the Morangad Canyon deep groundwater aggregate report will update the
geologic and hycrologic conceptual mocel for the watershed, evaluate potential contaminant transport
pathways, and provide an integrated human-healh and ecolcgical risk assessment for grouncwater use,

Although R-15 is primarity a characterization well, its design also meets the reguirements of a monitoring
well as defined in Module V1I] of the Laboratory's Hazardaus \Waste Facility Permit. Incorporation of this well
in1o a Laboratory-wide groundwater monitoring program will be evaluated 3t a later cate when the results of
this characterization activity are integrated with other grouncwater investigations in the “Hytdrogeclogic

Workplan® (LANL 1998, 59599).

20 SUMMARY OF DRILLING ACTIVITIES

Phase | drilling at R-15 wtilized the hollow-stem auger (HSA) crilling technigue to drill a total of 420 t
below ground surtace (bgs) and install surface casing to a depth of 135 1t bgs. The HSA borehole below
the surface casing was back-filled with cuttings and the casing scaled at the surface during Phase |

crilling.

R-15 Phace !l drilling utilized an air rotary with casing-advance drilling technique to drill to a total borehole
depth of 1107 fi. The casing-agvance drilling method was assisted by the use of drilling mud behind the
casing for lubrication. [nstallation of a permanent well took place atter the borehole was completed,

21 Equipment

2.1.1  Phasel Drilling

Phase | drilling at R-15 was conducte¢ by Stewart Brothers Drilling Company using a Failing F-10 drill g,
4.25-in, inner diameter (1.D.) Truspin™ HSAs, 12+in.-1,D. HSAs, and a Moss™ wireline continuous-core

retrieval system,
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Characterization Wolt R-15 Complation Report

21.2 Phase ll Drilling

Phase Il drilling at R-15 was performed by Dynatee Drilling Company, Inc. {formerly Tonto Drilling
Company), using a customized Foremost™ dual rotation (DR)-24 arill rig (formerty Barber™ grill rig).
Dynatec provided three-man drilling crews (double shitt), a four-man crilling crew (single shitt), crew
vehicles, drilling hammers and bits, the Longyear 134-mm core system and dual-wall rod systems, a 1-ton
flatbed truck, and a S-ton boom truck for hancling easing, crill pipe, and heavy support apparatus such as
hydraulic ¢asing jacks.

The ER Project’s field suppon facllity (FSF) provided drill casings, drilling bits, a small front-end loader,
the cust suppression systom, field support trailers including logging and sampling, water containment
tanks, drums for cuttings management, depth-to-water meter, water sampling bailers, and diesel-powered
electric generators. The Laboratory's Environmental Technology Group (E-ET) provided onsite water
sample testing and filtering apparatus. The Geology and Geochemistry Group (EES-1) provided a core

logging microscope. The Water Quality and Hydrelogy Group (ESH-18) provided a dewnhole pressure
transducer and electronic data logger.

Science and Engineering Associates (SEA) of Santa Fe, New Mexico, provided real-time measurements
of moisture and relative humicity of drilling air during air-rotary drilling, and a packer test apparatus for
use in saturated intervals,

22 Schedule
2.2.1  Phase! Drilling

During Phase | drilling, the Falling F-10 drill rig was maebilized to R-15 on September 10, 1998, and it was
demobillzed on October 1, 1998, Drilling operations required 16 drilling shitts, Table 2.2-1 compares the
actual number of shifts with the number of shifts projected for R-15 Phase | in planning documents.

Table 2.2-1
Phase | Drilling Shitt Information
Fleld Implementation Plan Actual
Number of shifts 13 12-hr shifts B 16 11+hr shifts

Crilling shifts averaged 11 hr each, depending on production needs.

222 Phase ll Drilling

During Phase I, the DR-24 ¢rill rig was mobilized to R-15 on June 8, 1999, and it was demabilized on
Septernber 7, 1999, Dritling operations, including well completion, required 72 drilling shitts. Table 2.2.2
compares the actual number of shifts with the number of shitts projected for R-15 Phase Il drilling in
planning documents.
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Characterization Well R-15 Completion Report

Table 222
Phase Il Drilling Shift Information
Field Implementation Plan | Actual
Number of shifts B 62 12-hr shifts [ 72 12-hr shifts

Dritling shitts averaged 12 hr each, cepencing on procuction needs.

23 Production

231  Phasel Drilling

During Phase | ¢riling, R-15 was continucusly cored from the surtace to retusal at 420 it using 4.25-in.-
1.D. Truspin™ HSAs with a Moss™ wireline continucus-core retrieval system. Using the in-place 4.25-n.
HSA string as a guide, the borehole was reamed by 12-in.-1.D, HSAs from the surface to 125t As the
4.25-in. auger string was withcrawn, the botehole was backfilled with cuttings from 390 to 150 ft. Using a
center bit and bentonite siurry, the 12-in. HSAs were acvanced from 125 10 135 . The adeitional
augering with the 12+in. HSAs brought the bentonite slurry up the borehacle annulus and stabilized the

borahole wall.

The 12-in, HSAs were removed and seven 16-in.~ciameter steel casings were welded together as they
were instalied from a depth of 135 ft 10 a stickup of 5 ft above the ground surface. A cement slurry was
tremied to 130 #t and rose approximately 10 %t inside and outsice the casing. The casing was repeatedty
raised and lowered 1o achieve a homogeneous cement seal. Atter the lower cement plug cured ovemight,
the borehole annular space around the casing was cemanted to approximately 10 ft bgs.

The total footage drilled in Phase | by the HSA drilling technigue was 555 11, Phase | production statistics
are summarized in Table 2.3-1.

23.2 Phasell Drilling

Drilling technigues used in Phase Il of R-15 consisted of open-borehole drilling, air-rotary coring, and air-
rotary under-reamer advance of twe ditferent casing strings. Changing drilling systems typically involved
tripping-out one system, mocifying the drilling head and/or circulation plumbing, and tripping-in ancther

drilling system trom the ground surface to the depth of aperations. The total Phase !l footage crilled by

the different drilling techniques and casing sizes was 1181.3 1. The total foctage drilled does not include
tripping footage for the various drill systems or casings. The total trip-in footage for Phase | and Phase Il
drilling was 12,576.0 ft, and the total trip-out fcctage was 15,051.7 ft. Phase 1l performance statistics are

summarized in Table 2.3-1.
TORKoase® polymer and EZ-MUD® bentonite slurries, mixed with community water obtained from
Laboratory fire-protection hydrant number 64 located at TA-52, were utilized for §9% of the total borehole

depth to lubricate the back side of the casing system during crilling and to prevent binding a casing string
to the borehole wall or ancther casing string. Footage intervals for which lubricating slurry was used are

indicated in Table 2.3-2,
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. >
Table 2,31 >
Preliminary Performance Statistics .:.
Phase | 6 Phase i W
é 3 b = -'g >l 2 '3 Q $ -l L k-] -'8' § -§ - — v
o 28| 2 2E|zslsg|lef|2Slag| 22| B 2 o
£ 2% £ |e3|EX{ 28|25 23|s5(85| 8| © i
& gz = _f_ &¥ | = = = ~F| =%
Total footage cified 1) a2® | 135 | =5 | 1250 | 1.5 | 6203 | 4185 | - - - |17%P
Tota! foctogo rate vhn)° 18 | 124 | = | 200 05 | 2858 | 22| - | — - -
Bandclier Tutr*toctage () | 420 | 138 | ~ | — | — [ 320] o0 -] - - — ,
Bandelier Tut rato (WAC | 18 | 124 | w= | = | = | 218 | NA | = - | - — =
Basatt footage (i) -~ | — ] = | 1250] 53 |2400]| 4 - - - - -
Basalt rate (hn° - - - | 208 | = | na| 60 - - - - -
Poyodclasticsfoatzge () | — | = | = | = ! 62 | 220 [ 3610 =~ | — | ~ | = L
Pysvcastiesme(m)® | — | — [ = | = | — |21 | 204 | = | = | = | — by
Cament foctage (1) | =] =] =/ =] = 7183| 105]| — - - | - P
Coment rate (1) | =l =l =V =]l =Tas]l2aa]| =] ] =T« 2
Tripein foctage (1) [ 48 | — | 1358 | = | 7 1300 | 1220 | 61620 | 2n170 | 10850 | 125760 .
Tripein rate (tvhn)® 481 | — | 38| = | 1615|1040} 1064 | 2012 | 42930] — | - x
Tho-out foctage (1) &5 | 135 | = | = | 75\5 | 7A56 | 16500 | V0RO | Z787.0 | 10550 | 180517 -
Trp-out rate (fhe)° | 675 | 540 | = | = | 3004 — | — | 3166 | &288 | = |
Pull bac foctage () ~ | 138 | = | = [1300(3%00( - | — - = | =
Permanant cement seal - - {1 - - =~ =] = - | - -
Temporary casng seal () | — - | - - - 2 | = - - — -
LtectholecasigTOM | = | — | 1 | — | = [ e |nmo| - | — - —

* Hotte 3-wing uncer-reamers tor 13-5/B«in, and 11.34-n. Casings, and Mitsudishi 2-wing uncer-reamer for 95/Bun, casing, using
7+in, reverse circulaton (RC) rocs.

Drotat cepth (TD) of borehole is 1107 ft. Tatal coted footage (431.5 1) is 38% of total borahole Toctage (1107 M),

© A gash in the tabla means *not appiicabie.”

% Rates are weightea avempes over 1ootages driled of tripped, INChiiNg breaks but axcluding repairs and change out of oots.

© Bandalier Tutt tootage and rates inciude Cerro Toledo interval,

! Basalt footage and rates inciude Cerros del Rio basal and Sarta Fe Group basalt.

% Puya Formation footage and ratas inciuda oid afiuvium,

23.3 Open-Borehole Drilling

Phase | operations wiilized the HSA drilling method. During Phase Il drilling, open-borehole crilling was
used 10 explore deeper sections of begdrock before coring or casing advancement. Dynatec crilled 125.01t
of open borehole in basattic rocks at an average rate of 20.9 #t/hr using a reverse circulation (RC) 44

(4 7/8-in.-1.D,) percussion hammer. Open-borehole crilling in the poorly consalidated secimentary strata
of the Puye Formation was not attiempted because of concems about borehole stability.
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Table 2.3-2
Footage Intervals Drilled with Lubrication Slurry
Dritling Cry Footage Intervals Footage Intervals with Lubrication Slurry
Technlgue/Tools () (1
HSA/4.25-In.-1,.D. 0420
HSA/12+in.-1.D. | 0=125
HSAM2-in,-1.0. | 125-135
Alr rotary/13 5/8-in, casing 135420
Air rotary /13 5/8-in, casing 420~452
Alr rotary /13 5/8-in, casing 452-492
Air rotary /11 3/4«in, casing 492-538
Alr rotary /13 5/8-in, casing £38.810
Alr rotary /Open-hole RC 44 hammer 610~740
Alr rotary /134 mm core 7407515
Air rotary 111 3/4-in, casing 735-736.5
Alr rotary 111 3/4-in, casing Ti8-1107

234  Core Drilling

Core was collocted in R-15 to provide undisturbed samples for geclogical, geochemical, contaminant, and
nydrolagical characterization, In addition, core was used to identity perching layers beneath perched
groundwater and to provide information for placing casing seals. .

During Phase | drilling, continuous HSA core was caliocted from the surlace to auger refusal at 420 ft.
Average core recovery was 95%. During Phase !l drilling, 11.5 ft of air-rotary core was collected from 420
10 1107 ft. The total amount of core collgeted during Phase | and Phase 11 drilling was 431.5 11 of core, or

39% of total borahole depth,

In R-15, average core recovery was 93.4% from 431.5 total ft cored in all intervals. Of the 431.5 ft cored,
420 tt were produced from the Bandeller Tul at an average rate of 18 t/hr and an average recovery of
95%; 5.3 ft were produced from basaltic rocks at an average rate of 1.0 fthr and average recovery of
47.2%: 6.2 1t were produced from sedimentary rocks at an average rate of 4.6 ft/hr and average recovery

of 22.6%.

The HSA drilling method was set up for core retrieval during Phase | crilling. During Phase i drilling, a
Longyear 134-mm coring System was used by converting the top head drive and clrculation system of the
Foremost™ DR-24 drill rig 1o operate the coring tools.

2.3.5 Casing Advancement

After the 16-in.-clameter surface casing was installed in Phase | drilling, multiple telescoped casing
strings were installed during Phase |l to acvance the borehcle and to prevent berehcle collapse, maintain
circulation of drilling fluids, and prevent perched water from communicating downhole as the borehole
advanced (Figure 2.3-1). The muttiple telescoped casings used during Phase |l are retractable. Table
2.3-1 lists the casings and rutes of advancement in different lithologic materials in R-15.
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Goologic Casing Casingstrings Casing Principal saturated
unit diamoter and seals cdepth 2enes oncountered
Deprn 19 _
s O A“l:g’;m
Tshirege Member, 19
Bandalier Tutt
s 16° casing
Lo 100 Cerro Soledo interval
20
p— m
Ctowi Member,
Bandelier Tuft
e 300
420 bt 420
Guaje Pumice Bed core
Fred
Fuve Formanon
e 500 404
— 600 Corros del Rio basalt
e 700 o rj
= |
7407 748 D;;e s
Core
e 800
_— rogional saturation
Puye Formation 11°casing S
e 1000
e 1100 1100"
Totavi Lentil 1T 0.
Total corm collected = 433.5 1t {30%. of borahobe),
-1 ]
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Flgure 2.3-1. R-15 borehole configuration at total depth
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23.6 Other Drilling Activities

Othor drilling activities Included conditioning and reaming the borehole with various casing strings to
prevent locking up with other casings or the berehcle wall. Activities such as cleaning clay cake from dnit
bits, casing, and air-circulation equipment during drilling of clay-rich rock units were minimized by injecting
water, TORKease, EZ-MUD, and bentonite slurries during drilling to lubricate the casing system. Well
completion involved installing a "B™sized core rod string as a tremie line to deliver annular materials to
the bottom of the borehole.

3.0 GEOLOGY

Geologic stucies at R-15 can be viewed in the context of nearby drill-hale stucies as shown in Figure
3.1-1. Based on the information from these ¢rill holes and then-cumrent geologic interpretation, the
predicted geology at R-15, compared with the geclegy actually encountered, is shown in Figure 3.1-2.
This comparison illustrates the impact of new cata from R-15 on current understanding of site geology in

this area.

3.1  Stratigraphy and Lithelogy

The principal geclogic units encountered in R+15, in descending arder, consist of alluvium; unit Qbt 1g ¢!
the Tshirege Member of the Bandelier Tutf, including the Tsankawi Pumice Bed; tephras and
voleaniclastic seciments of the Cerro Toleds interval; the Otowi Member ¢f the Eancelier Tuft, including
the Guaje Pumice Bed; sediments of the Puye Formation; a thin late-Pliocene soll; basalts of the Cerros
del Rio volcanic fleld; a sequence of Puye Formation sediments ranging from coarse fangiomerate to
sandstones with pumice beds; and axial Rio Grande deposits (Totavi Lentll of Griggs 1864, 8795). These

units and subunits within them are cescribed in the lithologic log of Appendix A, Samples of
representative lithologles were collected for further analysis; a listing and cescription of each of these
samples is given in the geclogic sample descriptions of Appencix B. All ¢f the samples fisted in
Appendix B include descriptions oStained either by binocular microscope or by petrographic microscope
using thin sections. A subset of these samples was analyzed by quantiative x-ray diffraction (QXRD):
results of these analyses are fisted in Tables 3.1-1 and 3.1-2 and are discussed throughout this section.
Samples of representative volcanic and sedimentary lithologies were analyzed by x-ray fluorescence
(XRF) for major and trace elements with results listed in Tables 3.7-3 and 3.1-4, The XRF data are
referred 10 in relevant subsections of the text below.

Before R-15 was drilled, the lithologies precicted to occur at the site included intermeciate-compasition
(latitic) lava (T12) and a lower Cerros del Rio basaft (T53) within the Puye Formation. These lavas were
not encountered in R-15 (Figure 3.1-2), The absence of these lavas indicates a simpler cepositional
history for the Puye Formation in this part of the Laboratory. This new infermation will help in constraining
the occurrence of lavas intercalated within the Puye Formation.

3.1 Alluvium (0-to 16.5-ft depth)

The alluvium at R-15 is pumiceous and contains abuncant 1-to 2-mm crystals of quartz and chatoyant
sanicine derived from exposures of the Bandelier Tuff, The alluvium consists predominantly of cetritus
from the Bandelier Tutl, No samples of the alluvium were collected for detailed characterization.
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Figure 3.1-1. West-to-cast geologle cross section through wells TW-8, R-15, and R-12
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R-15 actual geology R-15 predicted geclogy
from 3-D geologic model

6820 ft surtace elevation i
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66 Bandelier Tutt
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120 135
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Figure 3.1-2, Comparison of actual and predicted geologie contacts in R-15
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Quantitalive X-Ray Diffraction Anatyses of Samples from Drilf Hofe R-15

Table 3.1-4

Notas: 1. Analytical erors (20) ar0 ~5% of the amourd reportad for abundanc ¢ >10%, = 10% of 1.6 amound reported for abundances <10%.

2. Al yatues seported in weight percerd.
$ A dash In the Lable means hal tha phiase was nol delected.
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3 Table 3.1-2 9
E Quantitative X-Ray Ditfraction Analyses of Puya Slze Separates from Drill Hole R-15 §
X Sample Depth 5
g {R)and 5
Size Range | Smectite | Kaolinite | Clinoplilotita| Mica Quartz | Cristobalite | Tridymite | Feldspar | Glass | Hemalits | Magnetite] Tolal %
Coarse Fanglomerates 2
772,52mm |25 — — 08 0.3 8.1 138 55.0 16.7 0.3 35 101.1 §
772, <2mm |33 — — 05 o1 6.6 124 $6.9 17.0 07 28 1014 Q
787,>2mm |18 — — 06 05 8.7 102 |e03 |58 |os 26 w1z |3
787, 2mm |28 — - 10 04 8.0 109 |s88 144 1.1 18 99.1 §‘
879,>2mm |15 — —_ 1.0 09 10.1 108 584 152 0.6 2.1 100.7 2
879, <2mm |20 — — 1.7 50 9.1 9.7 520 152 0.7 17 97.4 8
965,>2mm |0.0 — —_ 30 1.7 11.9 112 638 83 1.0 22 103.4
865, <2mm | 1.2 — - 1.4 53 102 89 598 100 06 23 93.7
Pumicdous Sandslons
3 979,>2mm | 1.8 — — R 1.6 100 92 533 213 08 1.5 100.7
979, <2mm | 1.6 —_ -— 0.7 7 79 86 486 264 05 18 998
Finer-Gralnad Sedimenls
1037, >2mm 3.0 — - 07 14 45 20 316 483 0.3 1.1 930
1037, <2mm |29 — — 08 28 31 20 338 52.7 03 06 930
1093, >2mm [4.0 06 — 1.2 10.9 50 20 484 229 12 26 988
1039, <2mm {92 02 — o8 923 39 20 395 334 05 03 99.1
Totavt
1103,>2 v | 8.0 — — 30 68 50 30 588 128 06 1.3 933
1103, <2mm {50 -_— 0.5 1.7 19.0 43 25 51.6 136 04 5 100.1
Noles: 1, Analytcal errors (26) are -5% of tha amound reported for abundances >10%, ~10% of the amount repodad for abundances <10%.
2. Alvalues repoited In welght percent
3. Da'a provide comparison results for minstalogy In sediment fires (very 00arse sand” and fier, <2 mm grain siza) and In ccarser sodimerd constivents ("grande® and
COArser, 2 mm graky 8l26).
* A dash in the table maans that the phase was nol detected (detecton timit -0.1%).
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Table 3.14
Chemical Analyses of Puye Formallon Slze Fractions from Drill Hole R-15

Sample |R15-772 R15-787 115879 A15-965 A15-879 R15-1037 R15-1099 A15-1103

coarse ccarse coarse coarse pumiceous finer-grained finer-grained avial river gravel
fanglomerate fanglomerale fanglomerata fanglomerato sandslong sediment sediment {Tolavl Lentd)

Size >2mm j<2mm |>2mm |[<2mm [>2mm [<2mn |>2mm | <2mm {>2mm [ <2mm |>2mm <2 mm [>2 mm <2mm [>2mmn | <2 mm
810, % 671.0 652 66.8 615 70.1 71.8 688 693 68.5 692 68.7 70.4 €9.0 704 658 69.6
Ti0,% 053 052 0.51 050 0.40 0.39 0.41 0.40 043 0.50 0.44 032 0.51 0.36 0.54 0479
ALO,% 149 143 148 147 144 14.1 142 142 142 13.7 139 132 136 132|148 135
fe,0,%" (393 3.95 390 3.14 2.97 2814 302 284 207 3.10 2.82 205 3.02 223 452 341
ﬁ.mo % 0.06 0.07 0.06 006 0.05 0.05 0.06 0.05 0.06 0.07 0.07 0.07 0.07 0.07 009 0.05
M0 % 1.1 1.75 1.73 167 1.26 1.25 1.52 143 1.22 127 1.03 083 125 0.95 145 1.05
Ca0% st 445 322 3.12 2.3 230 246 246 229 2.4 224 1.6 1.70 1.58 342 2.17
HaO% |4.05 3.76 383 406 392 364 387 374 383 3.66 3s3 340 353 3.00 353 320
K, 0% 3.10 KR)) 3zl 325 3es 368 383 36l 399 3.82 389 422 385 393 3.76 3233
P,0, % 023 0.22 0.22 020 0.14 0.13 0.18 0.13 0.15 0.16 0.13 012 0.17 0.13 023 0.16
Tolal% |93.00 |97.35 19830 |9887 {9243 |100.18 |9837 |9822 [9754 |97.82 |9678 9593 |956.70 |0587 |03.13 |ors4
o % 0.52 1.24 0.44 0.51 0.51 o4 0.44 0.59 1.65 1.02 207 264 1.81 2.82 0.98 1.18
¥Yppm 55 58 53 43 32 23 41 35 43 46 41 K} 53 M 71 56
Crppm 33 356 38 39 45 as 49 A7 33 28 13 24 21 24 42 15
HNippm 32 20 21 19 36 25 36 a7 18 20 i ;
Znppm |49 50 1 47 a8 <) 43 35 34 a7 40 38 39 39 50 kK]
Rbppm |54 66 66 72 104 97 9 95 84 86 90 94 o 84 80
Srppm 4935 458 34 309 306 220
Y ppin 19 12 25 16 16 8 18 22 17 16 21 25 23 19 21 19
Zr ppm 171 168 166 176 150
Noppm |20 25 20 21 36 16 38 k] 23 28 27 22 33 25 19 13
Ba ppm 1165 1156 1146 ] 1155 832 800 654 784
Note: Anatytical srrors (20) are Isted in Tatle 3.1-3.

Al won reported as Fe,0,.
® L0t = 1053 on gnition.
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Charactorization Well R-15 Complation Report

3,12 Qbt1g, Tshirege Member of the Bandeller Tuff (16.5-to 65-1t depth) and Tsankawi Pumice
Bed (65- %0 66«1t depth)

The vitric lower portion (Qbt 1g; Broxton and Reneau 1996, 55429) of the Tshirege Member of the
Bandelier Tuff is the bedrock unit immediately underlying alluvium at R-15, The devitrified upper part of
Qbt 1 has been eroded away. A sample from the lower part of this ash flaw, at 64.5-tt depth, is typical of
the Tshirege Member in high feldspar plus quanz phenocryst abundance (~40 wt %) with trace amounts
of amphibole in vitric nonwelded pumice. X-ray diffraction analysis (Table 3.1-1) indicates a miner amount
of alteration to kaolinite (=3%) in the principally vitric matrix. Chemical data (Table 3.1-3) show a major-
element composition similar to the overlying vaper-phase altered Qbt 2 of the Tshirege Formation
(Broxton et al, 1885, 50121), with the exception of seme trace elements. The concentrations of four trace
elements are significantly elevated in Qbt 1g (cata from R-15) relative to Qbt 2 (cata trom Pajarito Mesa:
Broxton et al, 1995, 50121). These trace elements are zinc (112 ppm in Qbt 1g vs. 60-80 ppm in Qbt 2),
rubidium (218 ppm vs. 122=-141 ppm), yitrium (94 ppm vs, 36-56 ppm), and nicbium (114 ppm vs.,
€65-72 ppm).

The loss-on-ignition value (water) for the Qbt 1g sample at 64,5+t depth is 2.40% (Table 3,1-3). This
value, in a sample with 55% glacs and minimal clay, indicates a glass water content of ~5 wt %. Sueh
high water contents show that the glass within Qbt 1g is perlitic. The perlitic nature of this nonwelded vitrie
sample may be related to the high gravimetric moisture content at this depth (23%; Appendix C of this
document) compared with the upper portions of Qbt 1g at R-15 (5% to 17% gravimetric moisture),

3.13  Velcaniclastic Sediments and Tephras of the Cerro Toledo Interval (66-to 120-1t depth)

The Cerra Toledo interval at R-15 consists of dry, pumiceous, mafic-rich sand anc gravel fram 66-10 95-1t
cepth. Below 95 ft the Cerro Toledo interval consists of moist to fully saturated sands and grave!s (95-to
105-1t depth), of moist red-brown clay-rich silt (105-to 110-1t cepth), and of moist fine- to mecium-grained,
well-sonted, clean sand (170-t0 120+t depth). Two samples from the Cerro Toledo interval at B-1S were
examined in detail, one from a pumiceous sandstone (at 69.5-% depth) and one from a pumice fall (at
74.5-1t depth). These two samples correspond with a transition in measured gravimetric mceisture content
from 28 wt % (at 69.5 11) 10 38 wt % (at 74.5 f1; Appendix C of this document).

The pumiceous sancstone at 69.5-1 Cepth is a very friable, light brown sandstone with white aphyric and
vitric pumice up 10 S mm in size and dark broewnish-black, irregular 1.5 mm patches of iron- or manganese-
oxide staining in a fine-grained sandstone matrix. Clay afteration occurs in the pumice as well as in the
sancstone matrix. Sand grains are mosty 0.1 to 0.2 mm in diameter, in abundant clay matrix. The sand
grains consist of quarz, veolcanic glass, feldspars (both sanicine and plagioclase) and rarer mafic grains
(incluting pyroxene, bictite, amphibole, and clivine). X-ray diffraction analysis (Table 3.1+1) shows that this
sample is 50 wt % glass, ~30 wt % crystalline sand detritus (subegual amounts of quar and feldspar),
and -18 wt % poorly crystalline clays (smectite with possible kaolinite, illite, anc/or chlorite). Chemical
analysis (7able 3.1-3) shows moderately high contents of iron (reported as Fe,0, 2.35 wt %),

vanadium (20 ppm). and chromium (15 ppm), reflecting the relatively abundant mafic mineral detritus,

The pumice fall at 74.5-ft depth consists of pinkish-gray vitric aphyric pumice 1 %0 2 am in size. Pale
yellow-brown clay fines or fills many vesicles in the pumice rims but not in the pumice interiors. The
pumice contains some clusters of shattered feldspar, up to 2 mm in size, with imterpenetrate twinning. The
x-ray ditfraction analysis of this sample (Table 3.1-1) shows it to be >90 wt % glass, incicating very limited
alteration, The clay that does occur (6.5 wt % of a poorty-crystalline smectite with pessible kaclinite, illite,
and/or chiorite, as in the overlying sample at 69.5 1) is sedimented within voids or on pumice rims ane
does not appear 1o be a direct alteration of the host pumice. The textural and x-ray ¢iffraction evidence
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Characterization Well R-15 Completion Report

suggest that the clay was transporied into the pumice fall, perhaps from the overlying pumiceous
sandstone.

3.1.4 Otowi Member of Bandeller Tutf (ash tlow from 120~ to 420-1t depth; Guaje Pumice Bed
from 420- to 472-1t depth)

At R«15 the Otowi Mamber of the Bandelier Tuft consists of iron- or manganese-oxide stained, slightly
indurated vitric ash-tflow twff in the upper 29 tt (120- 1o 148-#t dopth). This upper portion of the Otowi

Member contains relatively coarse pumice (up to 8 cm) and abundant lithic fragmants of intermediate-
composition Tschicoma lavas (up to 5 vol % of the ash flow). Belew 148 ft, the main body of the Qtowi
ash flow (271 tt thick) is massive, vitric, and nonwelded with pumice sizes typically less than S em and
containing =1 vol % of xenoliths from the Tschicoma Formation, The underlying Guaje Pumice Bed is
52 ft thick at R-15 (420- to 472.1t depth). No samples of these units were selected for more detalled

characterization,

3,1.5 Upper Puye Formation (472-to 452-1t depth)

The total thickness of the Puye Formation, including intercalated Cerros cel Rio basalts and axial gravels
ol tho Totavl, Is over 635 ft at R-15 (from 472+t depth 10 total depth [TD) at 1107 ft). A thin sequaence of
Puye Formation fanglomerates (20 1) lies at the top of the section above a Pliocene soil and basalts of
tha Carros de! Rio volcanic flield. The thin upper Puye Formation is a fanglemerate made up of Tschicoma
Formation volcanic clasts, No samples of this thin upper Puye sediment were selected for more detailed

characterization.

316  Late Pliocene Soll (392- to 497-1t depth)

A clay-rich late Pliocene soll overlies the Cerros ol Rlo basalts in R-15. From 492 10 494 ft the soil
consists of a clay- and silt-rich matrix with clasts of weathered Cerros dal Rio basalt. From 494 10 497 ft
this interval consists of clays mixed with oxidized basalt. The lower three feat of clay plus basalt may

* rapresent flow-top woathering before the stabilization of the overlying soil. No samples of these doposits
were sclacted for more dotailed characterization,

3.1.7 Basaltic Rocks of the Cerros del Rlo Voleanic Field (497- 10 746,7-1t depth)

Late Pliscene basaltic rocks of the Cerros del Rio veoicanic field in R-15 consist of vesicularto massive
basalt flows separated by zones of basaltic breccla. X-ray ditfraction analyses of seven samples of the
Cerros del Rio basalt from R-15 are listed in Table 3,1-1, and chemical analyses of seven samples are
listed in Table 3,13, In previous studies of samples from characterization wells R-9 and R-12 (Broxton et
al, 2000, 66599; 66601), the Cerros del Rio basalts were subdivided into a four-part stratigraphy of upper
tholgiite, lower tholeilte, upper alkalic basatt, and lower alkalic basatt. Sampling of the Cerros del Rio
basalt at R-15 suggests a similar transition from tholelitic to alkalic basalt with depth, but the
compesitional trends with depth are not as regular as those recognized in R-9 and R-12,

Examination of cuttings ebtained at R-15 suggests aphanitic transitions between more massive ophitic
flow interiors, The principal textures encountered include an aphanitic sequence from 497« to 537-t
depth, an ophitic olivine-pyroxene porphyritic sequence from 537- 10 570-ft cepth, another achanitic
sequence from 570- to 580-1 depth, and another ophitic olivine-pyroxene porphyritic sequence from S80-
1o 643-1t depth, These oscillations betweaen fine and coarse crystaliization texture suggest two principal
upper flow units with a contact between the two in the interval between 570- to 580-ft depth. The ophitic
sequence from 580- to 643-1t depth is undertain by a thick zone of clay-coatet and subrounded basait
tfragments (possible older alluvium) from 643 to 677 ft. Although likely reworked, this interval is tentatively
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correlated with the upper alkalic basal at R-9 and R-12. This agparently reworked interval correlates with
a high natural gamma signal in the ¢ore as logged thraugh casing (see Figure 3.3-1). Below this interval
of clay-coated and rounced basalt fragments is another ophitic sequence from 677- 1o 700-2 cepth
averlying a basal aphanitic sequence from 700- 10 7451t depth and 1.7 1t of a silty sand (745- 10 7467+t
depth). These features suggest a provisional stratigraphy of two upper flows (—487-10 575-ft depth and
~575- to 643-1t cepth), a complex transition sequence with abuncant alteration from 643-10 677-1t cepth,
and a lower flow sequence from 677- to 745-1 depth, above a silty sand that contains basaltic fragments.
X-ray ciffraction data (Table 3.1+1) and chemical cata (Table 3.1-3) help in iMusirating the similarities anct
ditierences between these units as well as providing a basis for ccmparison with data from cther drill
holes, In this section, the ¢ata from the Cerros del Rio basalt at R-12 are used as a basis for comparison.

Figure 3.1-3a illustrates four parameters of basalt compesition that aid in defining the Cerros cel Rio
basalt stratigraphy in R-185, The parameters shown include silica content, K,O/P,0, ratio, Mg#
[representing the cation ratio Mg/(WMg+Fe)), and Sr content. Clay-aRered basalt samples at B-15 are
cesignatec by distinctive cymbols (e) to separate them from those samples that contain no clay (s).
Increasing Si0O, content and cecreasing Mgw are indices of magma evalution through olivine fractionation.
Higher K,0/P,0, values reflect increasing basalt contamination by assimilation of high-K, low-P crustal
rocks. Higher Sr contents are characteristic of mere atkalic basalt compositions.

In Figure 3,1-3b the same parameters are used 10 compare the Cerros del Rio basalt samples in R-15
with those from crill hole B-12, To compare the basalts trom these two crill holes, the data are overlaid
relative to their clevation above sen level. The section of Cerros del Rio basalts at R-12 s thicker than
that at R-15, but the same general trends are seen in both crill holes, However, the trengs of variation
with depth are not as regular in R-15 as in R-12 and the more alkalic compositions at R-12 (specifically in
the lower alkalic basalt) are not present at R-15. Seme of this variation is likely attributable 10 source-to-
toe zonation in flows, as well as to effects of clay alteration in some of the R+15 basalt samples.

3.1.7.1  Upper Tholelite (497-to ~575-1t depth)

The interval from 497« to ~575-1t depth in R-15 consists of tholeiitic basalt with variable ¢lay alteration. A
sample analyzed from 532-ft depth contains ~16 wt % clay (predominantly smectite with a small amount
ot kaotlinite; Table 3,1-1). This sample can be compared with another at 562-ft depth that has no clay
attoration in the basalt matrix (atthough binocular microscope examination of uncleaned cuttings shows
rare grayish-pink clay lining some vesicles; Appendix B). The two samples ditfer principally in the lower
olivine and {cldspar content of the clay-altered tasalt (Table 3.1-1), suggesting that clivine and teldspar
are the primary phases most affected by clay atteration.

Chemical ditferences (Table 3,1-3) are not as prominent, but the clay alteration does result in modest
differences. This effect is seen in Figure 3.1-3a, where the clay-aftered sample is higher in K,Q/P,Q, ratio,
higher in Mg#, and lower in Sr content. However, cormnparison of the chemical cata between unaltered and
altered basalts shows that the ditferences are minor.

3.1.7.2 Lower Tholelite (~575~ to 643-1t depth)

Two samples of the lower tholeiite were examined in detail, an atered sample from 577-t depth and an
unaltered samgle from 610-ft depth, As in the upper tholelite, the shallower sample is altered to ~16 wt %
clay (smectite with minor kaolinite) and differs from the unaltered basalt principally by having a lower
ofivine and feldspar content (Table 3,1-1), suggesting again that the abundances of these two phasas
diminish through clay alteration. The chemical differences between the altered and unaftered tholeiites
are similar to those between the altered and unaltered samples from the upper thelalite (Figura 3,1-3a).
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A thin section of the unaltere sample at 610-1t depth shows -5 wt % glivine phenocrysts up 10 2 mm in
size and plagioclase laths and blocks 10 1 mm, gracing downward into the grouneémass size range.
Maximum symmetrical extinction angles on albite twins in the plagioclase grains indicate core
compositions of appreximately anorthite-55. Some fragments from this sample of drill cuttings have olivine
phonocrysts that are markedty aftered to idgingste.

RN BORS [T AT VAR

3.1.7.3 Fragmented Alkalic Basalt (643- to 677-1t depth)

NEY)

Binocular microscope examination of samples from this interval shows relatively uniform, 1-2 em
subrounded basalt fragments with clay coatings approximatety 1 mm thick. Although bentonite mud was
used in drilling R-15, it is not believed that the clay coatings on these basalt fragments represent clays
introduced during ¢rilling. Thin-section examination of a sample from 680-1t Cepth shows that the clasts

are coatod by o highly achesive layer of at least two generations of clay-rich silt, including detritus of -
basalt powder and eollan mica. No similar ¢lay coatings oceur in other intervals dritled in the same v
manner. The supplied bentonite in all cther intervals was atso readily dicpersed in washing of cuttings. -
For these reasons it is considered unlikely that the glays so tightly bonded to the basalt fragments in this N

interval could have been introduced during drilling. Evidence of tragment roundness and clay coating .
support an assignment of “oldeor alluvium® to this interval, but the uniformity of clast compesition is
inconsistent with such an assignment. The chemical compasition of the basalt sample trom 660 1t, ¢
cleaned of surface silt, is consistent with a lava similar to the upper part of the alkalic trend in R-12 (e.g-.. P
Srdata in Figure 3.1-3b). .

31.7.4  Alkallc Basalt (677- to 7451t depth) and Basal Siity Sang (745- 10 746.7-1t depth) o

The alkalic basalt at 677 to 745 ftis reprosentod by samples from 705-, 740, and 743.4-ft depth. Cuttings.
at 705-ft depth consist of dark gray to brownish black, medium- te very coarse-grained basalt with
phenocrysts of abundant light green ollvine to 2 mm and scarce to common plagioclase to 1 mm, Crange-
pink clay coats a few fragments and occurs as massive vesicle fillings up 10 5 mm thick, but was cleaned
from the fragments analyzed by x-ray diffraction (Tabla 3.1-1). A thin saction of the sample at 705 ft
shows ~3% ollvine phenocrysts up to 2 mm in size, but most clivine is intergranular and oceurs In the
sample groundmass. Maximum symmetrical extinetion angles on plagioclase albite twins incicate core
compositions of approxirmately anorthite-50., X-ray diffraction data from the sample at 705-ft depth (Table
3.1-1) show higher olivine content (8.9%) than in the overlving thelelitic basaits (6.2-6.6% in the unaltered
samples), The chomical analysis of the samele at 705-tt depth (Table 3.1-3) shows the higher KO plus
Na,0 ana higher Sr content indicative of alkalic basaft, The parameters plotted in Figure 3,1-3b suggest
that the sample at 705-ft dopth may be correlated with the alkalic basalt series at R-12 but I so it has
lower SIO,, higher K,O0/P,0,, lowar Mg#, and lower Sr content. All of thesa differences are teatures that
tend 1o make the sample at 705-1t depth transitional between the tholelitic and alkalic samples trom R-12,

The R-18 Cerros del Rio basalt samples at 740-ft and 743.4-1t depth have mineralogical compaositions
(Table 3,1-1) and tho XRF-analyzed sample has a chemical composition (Table 3.1-3) mare mafic than
the samples at 705 #t and above. The two samples from 740 ta743.4 ft have 123 wt% 10 12.8 wt %
oliving In contrast to the 8,9 wt % olivine content of the sample from 705 ft. Higher olivine content
correlates with higher Mg# and, in the Cerros del Rio basalts analyzed from this region, a more alkalic
charactar. Chomical analysis of the samgle from 740 ft verifies this, but the sample has relatively high
Mgt (0.59) but lower Sr content than the lowest alkalic basalt in R-12, Desplte the difterence In maximum
Sr content, the overall trends and petrographic character in the basalts at R-15 and R-12 are very similar
and Justity corretation of the Cerros del Rie basalt units between these drill holes,
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The thin, silty sand below the basalt at 645- 1o 746.7-1t depth containg millimeter-to-centimeter basaft
fragments, These fragments include basalt, visible in the sand fraction and detectec in QXRD (Table
3.1-1). The abundant quart, however, indicates a mixed provenance.

3.1.8 Lower Puye Formation (746.7-t0 1107-ft depth; TD)

The Puye Formation benecath the Cerros det Rio basalts consists ¢of coarse fanglomerate 10 a cepth of
973 ft, a sequence of pumiceous sandstones from §73 to ~1005 ft, finer-grained seciments and pumice
bedc from ~1005 to 1100 11, and axial river gravels (Totavi Lentil of Griggs 1964, 8795) from 1100 ftto TD
(1107 #1).

The stratigraphic sutdivision ¢f the lower Puye Formation at R-15 into upper coarse fanglomerate,
pumiceous sancgsione, and 2 lower fine-grained series with pumice beds is closely similar to the Puye
Formation stratigraphy observed in R-§ and R+12. This similarity indicates that these subcivisions of Puye
Fermation stratigraphy can be extended between the three drill holes, over a distance ¢f more than two
miles. However, there are two prominent differences between the Puye Formation at wells R-9 and R-12
and the Puye Formaticn at R-15, First, all of the veolcanic glass in the lower Puye Formation at R-9 and
R-12 has been completely altered to smectite. In R-15 the volcanic glass throughout the Puye Formation
remains vitric. Second, axial rver gravels were not encountered in either R-9 or R-12, whereas river
gravels containing fragments of quartzite and plutonic rocks were encountered in R-15,

Because ¢lay alteration is extremely limited in the Puye Formation at R-15, it is pessible t0 evaluate the
contributions of ditferent size fractions 10 the Puye Formation at this site. To obtaln these daa several
representativa Puye Fermation samples frem R-15 were sieved into »4-mime, 2- 10 4-mm-, and <2-mm-
sized fractions and weighed. The resutts of this analysis are provided in Table 3.1-5 and summarized in
Figure 3,1-4. Determinations of finer-sized cata were not attempted because of the likely loss ¢f clay and
some silt during <rilling; coarser-sized fraction determinations would approach the range where grilling
effects result in extensive size reduction.

Table 3.1-5
Weight Fractions (%) of the >4-mme-, 2« 10 4-mm~, and <2-mm-
Sediment-Sized Fractlons of the Puye Formation at Drill Hole R-15

Sample Depth | >4 mm i 2t04mm | 2 mm ]
7677721 | 57 l a3 | 10
782-787 ! 53 { 39 | 8
877-879 1t { 33 | 41 26
963=965 1 i 49 | 39 12
oT7-07TH ] 24 ! 43 a3
1035-1037 1t ] ] ] 12 7%
1097-1009 ft 7 | 15 78
1101=-1103 ft 23 { 18 59

For chemical and mineralogical analysis, the >4-mm- and 2- 1o 4-mmesized fractions obtained from the
Puye sediments were combined but analyzed separately {rom the <2-mm-sized fractions. These data are
compiled in Tables 3.1-2 and 3.1-4. Representative chemical parameters (SiO,, Fe,0,, Cr, and Sr) are
plotted for the »2-mm- and <2-mm-sized frictions in Figure 3.1-4. Chemical data were also obtained for
clasts of a unique pyroxene-rich red-and-black flow-banded lava trom 787-1t depth, and for two slightty
rewarked pumice units at 1008+t and 1067-ft depth. These data are included in Table 3.1-3.

ER2000-0308 21 Decarnber 2000

~§1

ERLY

e B EG

—y

Lot




Charactorization Woll R-15 Completion Roport

800 -

900 1

Depth below surface (ft)

1000 <

L A

1100 4
J

Figure 3.1-4.

Decomber 2000

879

coarse
fanglomerates

purnicecus
sandstones
P
/ 4
1037 LRt [ ohce oy 4 T P WL L T T R e L ST TP T
finer-grained
sediments
1009 [ auis | rr v o e v T P A A P R AL o
1103 TP 2. LA W W I S L et |y win | ruer gravels
S S ————————_——————— W TP
0 20 40 60 80 100"
wt %

FLI47 P18 WELL COMPLETION RIFT/ G700 /9T

Distributions of sediment-sized fractions (weight percent) for samples from the

lower Puye Formatlon at R-15. Depths for the bottom of each
analyzed are shown for each sleved and welghed sample.

cuttings run

ﬁ“\ii\‘

L

OGO e

Filale B2

s

Mol v 20000 005



Characterization V/ell R-15 Completion Report

3.1.8,1  Coarse Fanglomerates (746.7-to 973-ft depth)

Coarse fanglomerates, with clasts of Tschicoma Formation lavas, occur from 746.7 to 973 ft at B-15.
Lithic clasts range in size 10 at least 4-5 cm; larger clasts are likely to occur Sut are fragmented by crilling.
The >4 mm clast constituent typically forms ~50 wt % of the seciment and the finer fraction, <2 mm,
seldom forms mere than ~10 wt %. In addition to the charagteristic Tschicoma Formation dacitic to
rhyodacitic lavas, clasts of a distinctive red/black dacite with strong flow-banding occur at 782-to 787-ft
and at 877- 10 879-ft depth. This lithology is a crystal-rich lava with phenocrysts of plagioclase,
orthopyroxene, clinopyroxene, and pessible relict amphibole. Muttiple generations of clincpyroxene
indicate gisequilibrium that may be related to admixture of more than ene lava in the generation of the red
ang black banding. The sand component in the sediments at 782- to 787-ft and 877-tc 879-ft depth is
relatively minor in contrast to gravels and cobbles. Sands (<2 mm) at 877« 10 87%-1t depth and 963- to
965-ft depth are relatively quartz-rich. Below 918-ft depth, the sand component is less abuncant and the
variability among Tschicoma lithologies represented diminishes. it is in this lower section that quartz-
biotite-clinopyroxene dacites predominate, However, the chemical data suggest that a distinctive rise in
silica content of the volcanic clasts occurs between 782- to 787-1t and 877-10 879-1t depth (Figure 3.3-5),

The regional water lavel at R=15 is at 964.1t depth, which is 9 f into the lower part ¢f the coarse
fanglomerates, The Puye Formation from this depth down is thus fully saturated yet essentially unaltered,
This is unlike the Puye Formation oceurrences at R-9 ang R-12, which are unsaturated yet contain no
original glass as a result of clay atteration.

3.1.8.2 Pumiceous Sandstanes (873« to =1005-1t depth)

From 973-1t depth to the bottom of the Puye Formation, the >4 mm clast constituents form <30 wt % of
the sediments, the <2 mm constituents Increase in abundance, and glass abundance increases (Table
3.1-2) relative to the upper Puye Formation, Howaver, in the pumiceous sandstonas from 973- to ~1005-ft
depth the <2-mm-sized fraction does not predominate o the extent chserved below ~1005-1t depth. The
pumiceous sandstones include some rounded and frosted quartz grains, indicating significant transport.
Rhyolitic and basattie clasts occur along with the more common clasts of intermediate-composition
Tschicoma Formation lavas, A thin section of the sample from 877« to $79-t depth contains vitric aphyric
pumice and a devitrified quanz-sanidine-plagioclase porphyritic pumice as well as intermediate lavas and
minor basatt.

3.1,8,3 Finer-Gralned Sediments and Pumice Beds (~1005- 10 1100-1t depth)

The Puye Formation sediments below 1005 ft at R-15 are sand-dominated, with relatively few clasts of
>2 mm (Figure 3.1-4). Included in the lower Puye Formation are two thin beds of slightly rewerked
pumice, one at 1007- 10 1008-1t depth and ancther at 1065 to 1067 f; chemical analyses of these tephra
deposits are listed in Table 3,1-3. Compared 10 the Tshirege Member sampie in this table the tephra
deposits in the Puye are notably lowaer in Fe, Na, Rb, Zr, and Nb but enriched in K and Ba.

Clasts in the sediments other than the pumice beds include rhyolitic lithologies, intarmediate lavas, and
rare basalt. Included with these clasts is one occurrence of fused sandstone, possibly contact-
metamorphosed, at 1045- 10 10471t depth, The base of the subunit, at 1099- 10 1100+t depth, includes
fragments of cemented sandstone, Clay alteration is highest of all Puye samples a! this depth, but still
<10% (Table 3.1-2). Thin sections of the finer-grained sediments include a varlety of intermediate lavas
with variable amounts of aphyric pumice. Clasts in thin section consist of a altered and unaltered volcanic
lithologies with lesser amounts of well-cemented sandstone (Appendix B).
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Chemical differences betwean the »2-mm- and <2-mme-sized fractions are more pronounced in the finer-
grained sediments than in the coarse fanglomerates. The <2 mm fraction of the finer-grained sediment
fraction.is more siliceous and lower in iron and strontium (Figure 3,1-5).

3.2  Axlal River Gravels (Totavi Lentll of Griggs 1964, 8795) (1100-to 1107-ft depth)

The lowermost samples In R-15 consist of well-rounded gravels in a sand matrix, The well-rounded form
of the gravels and the occurrence of up 10 10% quartzite plus fragments of plutonic rocks indicate that
these rivarine deposits represent sediments deposited by the ancestral Rio Grande (Totavi Lentil aof
Griggs 1964, 8795). These sediments include silicified or chloritized voleanic detritus, as well as
intermediate volcanic detritus from the Tschicoma Formation. Gravels and cobbles to 5 em provide much
of this source-lithology information, yet the <2-mm-sized fraction still predominates (Figure 3.1-4). These
deposits are principally sands, although the sands include indicators of distinctive provenance such as
grains of rose quartz that are not found in the overtying Puye Formation sediments. The sand-sized

(<2 mmy) fraction contains ~19% quart by weight (Table 3.1-2). The quanz-rich nature of the sands is
revealed in the highar silica and lower iron and chromium content of the <2-mm fraction (Figure 3.1-5).

33 Borehole Geophysles
3.3.1 Methods

The borehole geophysical methods that were used during the crilling of berehole R-15 include natural
gamma raclation (NGR or gamma) measurements, and electrical resistivity (and therefore conductivity)
measurements, Resistivity ang gamma measurements were mace from surface 10 360 12 in open hole
(uncased), and decper gamma measurements weore made inside the drill casing.

Gamma measurements record t¢tal gamma radiation in the borehole, For rocks not contaminated by
radionuclides, potassium~40 and caughter products of the uranium and thorium decay series are the main
naturally occurring gamma-emitting radicisotepes. Gamma measurements in doreholes are used for
stratigraphic correlation and for identification of rocks and seciments that have a high clay content.
Uranium and thorium are concentrated in clay by the process of adsorption and ion exchange. Basaft
generally has much lower natural racdicactivity than rhyolite (Brooking 1984, 12453).

Borehole resistivity measurements are a record of the composite electrical resistivity (or its inverse,
conductivity) of the rocks and their pare fluics that surround the borehele. Most minerals are poor
conguctars of electricity, so the conductivity of rocks is chiefly due 1o the presence of continuous fluids in
the pore spaces. Rocks with peres filled with high ionic-strength water are better conductors than rocks
with pores filled with low ionic-strength water.

Electrical resistivity is measured using an incuction 1o0l. A magnetic field produced by the tool induces
electrical currents in the surrounging formation. The current strength is proportional to the electrical
conductivity of the surreunding rocks. Measurement of resistivity works well in barcholes that are filled
with a nonconducting substance like air or tresh water. The incduction too! used in R-15 has a radius of
investigation of from 10 10 28 em and a vertical resolution of 85 em, The measurement peint Is 91 em
(36 in.) from the top of the probe.
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33.2 Results

Measurements with the gamma prebe in R-15 were taken three times curing drilling of the borehole. The
gamma logs along with stratigraphic contacts and crill casing depths are shown in Figure 3.3-1. In this
display the original log readings were smoothed several times with 7- and 21-peint moving average filters.
The first gamma log was run from the surface 1o a depth of 360 ft inside the open borehole, The second
gamma log was run from the surface 10 a depth of 740 it inside the 16-in, surface casing and the
13.63-in.-diameter drill casing, The third run was macde through the surface ¢asing and the 13.63-in, and
11,88-in. driil casings.

The gamma logs run through casings show a decrease in gamma counts due 1o absorption by the
casings. Strong changes in gamma readings occur at the end of casing strings. Comparison of the 360 ft
and 740-1t log at the base of the 16-in, surface casing shows that the small 2one of higher gamma counts
in the upper 15 ft of the Otowl Member is obscured in the deeper log by the base of the surface casing.
Inspoction of the 1085-ft log at the base of the 13.683-in, casing at 740 ft shews a sharp increase in
gamma counts, The Increase may be due to a reduction in gamma abserption below 740 %t because
measurement occurs through only one ¢asing string, in addition to change in lithology from lower
radioactivity basalt to higher racioactivity Puye Formation,

Electrical resistivity was measured in tho open hole abave a depth of 360 ft and is shown along with the
gamma log run to this depth In Figure 3,3-2, [n this display the eriginat log readings were smeothed
several times with 7- and 21-point moving average {iters, The conductivity log shows six maxima
botween the surface and 120-1 depth, In general the shallowest four maxima correspond to peaks
obsarved in the gravimetric meisture content (Figure 3,3-3). However, the conductivity maxima are
deeper than the corresponding moisture content maxima by about 3 ft or mere. This may be due to the
tact that the moasuring point on the resistivity tool is 3 tt bolow the top of the probe so thatthereis a
datum shitt between the log and moisture content data. The conductivity maxima at 100 and 110t
correspond to the lower portion of a broad molsture content maximum in the lower Cerro Toledo interval,
and 1o a smaller moisture maximum near the base of that unit. The gradual increase of conductivity with
depth in the Otowl Membaer corresponds to a gradual increase in moisture content in the same interval.

Most majer lithologic contacts can be discemed from the gamma log. At the tep of Qbt 1g gamma counts
rise compared to the overlying alluvium, Gamma readings {all within the Cerro Teledo interval and rise
again within the Otowl Member, Several zones on the gamma log within the Qtowi Member might
correspond to fithalogic zenas such as flow boundaries in that unit garmma values fall off below 140 1t,
rise again at 180 ft, reach a low at 240 ft, and show a significant increase below 280 ft,

While the top of the Guaje Pumice Bed is picked at 420 #1, the gamma log shows no ¢carresponding
change. Instead, the gamma counts rise at 440 ft, In R-12 (Broxton et al, 2000, 66601) the Guaje Pumice
Bed shows a strong Increase in gamma readings compared to the averlying Otowl Member and ungertying
basalt. This gamma high in the Guaje Pumice Bed in R-12 has a blocky appearance with a sharp transition
at the top and base of the unit, in R-15, the gamma log Is ragged: gamma counts fall within the base of the
Guaje Pumice Bed at 460 ft and rise at the tep of the Puye Formation at 472 tt. The zone from 464 ftto
472 1t corresponds 10 a lithicerich pumiceous litholegy that is uncommon in the Guaje Pumice Bed.

Below about 490 ft, gamma counts fall off strongly, correspending to the Cerros del Rio basalt. Arise in
gamma at about 643 to 677 ft corresponcs to a 2one of vesicular basalt and pessible old alluvium, which
may be a basalt interbed or rubblelzed flow (see Soction 3.1.7.3). Below the base of the basalt at
approximately 745 ft the gamma radioactivity rises within the Puye upper fanglomerate. A decrease in
gamma at 865 ft followed by a rise suggests the presence of a separate unit within the upper
fangiomerate. The Puye lower fanglomerate below 973 ft Is marked by a decrease in gamma counts. A
strong decrease in gamma at 1030 ft may indicate ancther lithology within this unit,
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40 HYDROLOGY
4.1 Unsaturated Zone

This section discusses the occurrence and movement of water in the unsaturated zone at R-15.

4.1.1 Soll-Water Occurrence
4.1.1.1 Methods

For the upper 420 ft, moistura content was determined from core samples recovered by HSAL After core
was screened for radioactivity, samples were immediately placed in preweighed and prelebeled jars with
tightly fitting lids. The moisture content was determined gravimetrically by drying the samples in an oven
in accordance with American Society for Testing and Materials (ASTM) methed D2216-90. Samples
collected for moisture content are listed with the analytical results in Appendix C, Moisture comtent is
given as the ratio of the weight of water 1o the weight of the dry sample.

4.1.7.2 Moisture Content

Mgisture cortent in the alluvium is ahout 7 wt % gravimetric (Figure 3.3-3). In Qbt 15 just below the
alluvium at a depth of 24 11, the moisture content has a maximum value of 15.8 wt %. Below this
maximum, moisture in Qbt 1g reaches a minimum of €.5 wt % at 39 ft, then rises through Qbt 1gto a
second maximum within the Cerro Toleda interval, Moisture content reaches 38.5 wt % at 74,3 ft, the
depth of a pumice fall In the Carro Teledo interval, This maisture value may correspond to a volumetric
moisture content of about 46 wt % to 50 wt %, assuming bulk densities of 1.2 to 1.3 g/em?® (Rogers and
Gallaher 1895, 49824), The rock may be saturated or nearly at saturation at this depth because these
astimated volumetric moistura contents are in the range of the rock porosity. Porosity for Qbt 1g, the
Tsankaw! Pumice Bed, and Cerro Taledo interval ranges from 35 wt % 10 65 wt % with median values of
about 47 wt % to 50 wt % (Rogers and Gallaher 1985, 49824).

In sediments of the Cerro Toledo interval, molsture content shows minima of about 10 wt % above and
below a third maximum of 48 wt % at 87 ft. This molisture vaiue also probably indicates saturation,
corresponding to a volumetric molsture content in the range 57 wt % to 62 wt %, assuming buik densities
of 1.2 10 1.3 g/em?. The location of these maxima may corraspond to variatiens in grain size within
sodiments of the Cerro Taledo Interval, No free water was cbiserved in the borehole or in core retrieved
from the Carro Toledo interval during drilling by the HSA tmethod,

In the Otowl Mombaer, moisture content generally increases with depth although there is moderate
fluctuation in this pattern, At the 1op of the Otowi Member, {rom 124 10 144 1, moisture contant is between
17 wt % and 19 wt %. At 159 {t, moisture content is 16 wt % and generally rises to 20 wt % at 419 ft.

Two other Mortandad Canyon wells show shaliow moistura content profiles similar to that found in R-15,
Wall MCM 5.1 is located about 2800 # upstraam trom R-15. MCM 5,9A is located 600 tt downstream from
MCM 5.1 and about 2200 H upstroam from R«15, The stratigraphy of these walls was reinterproted for the
Mortandad Canyon work plan (LANL 1997, 56835), changing the roported thicknesses of the Cerro
Tolodo intarval and Qbt 1g from carlier work (Purtymun 1395, 45344}, The contacts for the base of the
alluvium and Qbt 1g in Figure 4,1-1 are from MCM 5,1, The contact for the base of the Cerro Toledo
interval Is from MCM 5,9A. The hasal Cerro Toledo interval contact In MCM 5.9A Is probably high
compared to its depth in MCM 5,1, The canyon floor falls taster in clevation between the wells than does
the base of the Cerro Toledo intorval, according to cross sections in the Mortandad Canyon work plan

(LANL 1997, 56835),

Dacomber 2000 30 ER2000-0308

e Ul

G

20

Oled s F

AR ST ISR TR | N



CIP LY 2 OO0 )y o O chiert oy S e )

Characterization Well R-15 Completion Report

6'- WO PU9 '1'S-WOIN 'S1-H U) 41dop UM JUSIUOS 03njs{ow O]JOW)AWIB O SUORIISA *§+)'y @Inb)d

PLLA T 6051907 L NOULTAINO) TUMEL Wi L4 02

(o5) Wolu03 Bin|sjotu opjeWABID (%) Welu0d einjsjow opjewiABIp
09 09 ob 0 02 ol 09 o ot 02 o_
| A 1 | | ]

0od : .

d
%
00t RW; 4 ooe
8 i laquoly M
MOIO | N
94y 002
a e6'S-WON M - : %.

]
!
1

(W) yidaQ
e
N
H
i

00} =2 L dgheees 4 opsjol ]
.:...or 0y | » - : A . 00}
Mo S -
= H.Iar loquisly |- * N
R PE T eboiys) Ml
0 —ms_o—z (remeeeeng | Nummngy 2 o

31

ER2000-0308




Charactorization Well R-15 Completion Report

Lika R-15, MCM 5.1 has several gravimetric moisture content maxima (calculated from veolumetric
moisture contant and bulk density data in Rogers and Gallaher [1995, 49824}) in the shallowest 100 ft of
the well, The moisture maxima apparently are associated with similar stratigraphic horizons in the two
walls, Although the shallower maximum in R-15 lies in the upper part of Qbt 1g, in MCM 5.1 the maximum
is at the base of the alluvium (depth of 30 ft) and extends into Qbt 1g, A second maximum in R-15 begins
at the base of Qbt 1g and extends into seciments of the Cerro Teledo interval, with a third maximum in
the Cerro Toledo interval , about 20 ft below the top of the Tsankawi pumice. The second moisture
content maximum in MCM 5.1 lies entirely within the Cerro Toledo interval, at about 50 1t below the top of
the combined Cerro Toledo interval and Tsankawi units (depth of 100 fr).

MCM 5,9A also shows a significant moisture maximurn (calculated from volumetric moisture content and
bulk density data in Rogers and Gallaher [1995, 45824]) within the lower portion of the Cerro Toledo
interval (Figure 4.1-1), Ctowi Member gravimetric moisture contents in MCM 5,9A are similar to those
found in R-15, Moisture contents in MCM 5.9A near the top of the Otowl Member at 120 ftare 21 wt %6,
talling to 16 wt % at 125 ft. As cepth increases to 165 ft, meisture content fluctuates between 17 wt % and
19 wt %.

A pattern of downward ingreasing maisture similar to that found in R-15 tor the Otowi Member was
reportad for core samples collocted in LADP-3 In Los Alamos Canyon (Eroxton et al. 1995, 50119), and
R-12 in Sandia Canyon (Broxton et al, 2000, 66601}, In R-12, gravimetric moistura contents in the Otowi
Member ash-flow tufls systematically increase with depth trom 6 wt % near the top 1o 20 wt % near the
base of the unit, In LADP-3, gravimetric moisture contents for the Otowi Member range from 10 wt % to
23 wt %, afthough In the upper part maisture first degreases with cepth.

41.2 Soll-Water Movement
4,1.2.1 Mcethods

When the pores in a rock are not filled with water, the hydrostatic pressure (or matric potential in
unsaturated rock) is less than atmespheric pressurae, The pressure petential is negative, meaning that
work is required 1o remove water from the reck, The energy making up matric potential arises trom
capillary forces holding wataer in the pores, and adserption that holds water to particle surfaces. Figure
3.3-3 shows the absolute value of the matric potential.

Water potential was measured using a chilled-mirror water activity meter as des¢ribed by Gee et al.
(1992, 58717). Samples were doubly sealed in ziplock bags and wrappec in packing tape immediately
foliowing screening of core or cuttings for radicactivity, With some exceptions, storage time ranged tfrom
8 to 12 days; storage time for two samples (R15-382.5 and -394.2) was 18 days; storage time for five
samples (R15-399.6 through ~419.2) was 17 days. Measurements were made in duplicate within 10 min
after water was adced 10 plastic vials with tight-fitting ligs; the vials were directly inserted into the water
activity meter. Core was erushed into millimeter-sized fragments as quickly as possible after the seal was
broken in order 1o load the vials.

Repeat measurements demonstrated that samples precduced the same results as long as the
measurements were made less than three hours after loacing the vials and securing the lids, All analytical
runs were bracketed by measurements of standards, which cemonstrate a 2o reprocucibility of 0.0026 for
114 analyses of the matric potential of distilied water, This is close 10 the instrumental precision stated in
Gee et al, (1992, 58717) of 0.003 water activity units (-0.4 millipascals [Mpa] or <4080 cm H,0). Data
listed in Appendix C tor matric potential analyses represent the average of two measurements made on a
sample.
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The chilled mirror psychrameter (or water activity meter) measures matric potential in very dry soils or
rocks. The meter measures water activity, which ean be converted to matric potential. The units of matric
potentia! may be given as pressure in paseals (Pa), or as the height of an equivalent column of water, in
centimeters (10,200 ¢em H,0 = 1 MPa). The limit for the meter is in soils drier than 0.003 water activity
units (-0.4 MPa or 4080 cm H,0) (Gee ¢t al. 1992, 58717). This value is shown on the accompanying
plots as the limit of the chilled mirror psychrometer. As a result of measurement uncertainty, some
measurements near a water activity of 1 (that is, near saturaticn and outside the instrument’s working
range) procuce water activity measurements greater than unity.

Despite the limitation of the water activity meter for measuring matric petential in the driest rocks, the
mathod has advantages. Where the water activity meter werks it is inexpensive, and gives maore detailed
vertical information than would aboratory measurements on the available core samples. In dry rock such
as that encountered at characterization well R-25, the profile from the water activity meter provides a
picture of vertical matric potential fluctuations over a 350+t depth that would neot otherwise be apparent. in
selected cases in each well, laboratory measurements will be made ovar a wider range of moisture
content using core samples preserved for that purpose.

4,122 Matrlc Potential

A profile of matric potential versus depth appears next 10 the meisture contem data in Figure 3.3-3. The
axis of the matric potential plot is reversed so that drier values appear to the left en the plot,
corresponding to the direction of drier values of moisture content data. In general, the dry values of matric
potential correspond to the dry moisture-content measurements, The exact correspondence of matric
potential and moisture content depends on rock texture and reflects factors like porosity and pore size
distribution. The only core samples that showed matric potential measurements within the working range
ot the water activity meter were six samples of Qbt 1g. These samples generally have gravimetric
moisture contonts below 10%.

A second method of displaying the matrle potentlal data is shown in Figure 4.1-2, This display represents
the driar portion of a moisture-retention curve, The meisture-retention curve relates the soil moisture
contont of unsaturated soils and rocks o the energy state of the soll water. The water content (or
gravimetric moisture content) reported here equals the mass of water diviced by the dry mass of solids in
a sample; 1o convert to volumetric melsture content, water content Is multiplied by the dry bulk censity ot
the sample.

Two avarage moisture-retention curves determined from cores by Rogers and Gallaher (1995, 49824) are
shown in Figure 4,1-2, The curves are for Qbt 1g and a unit in Montandad Canyon described by Purtymun
(1995, 45344) as weathered Qbt 1g. The moisture-content curves were converted {from volumetric
meisture content to wator content using the median dry bulk density for the units: 1.17 g/em? for Qot 1g
and 1.19 g/cm? for weathered Qbt 1g. Half the observed data from R-15 are in agreement with the drier
region of these curves, while the other three vaiues fall at higher matri¢ potential than suggested for their
moisture contents,

4.2 Saturated Zones

Up to five saturated zones were projected 10 occur at R-15: four perched water bodies and the regional
zone of saturation, Perched saturation was expected in the Cerro Toledo interval, the Guaje Pumice Bed,
the Cerros de! Rio basalt and the upper part of the Puye Formation, in descending orcer. Regional
saturation was predicted to ba encountered in the lower part of the Puye Formation and continue into the
underlying Santa Fe Group.
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Figure 4,1-2. Gravimetric moisture and matric potential for Tshirege Member Unit Qbt1g in
borehole R-15

4.2.1 Groundwater Qccurrence

No perched saturation was found In the Cerro Toledo interval or the Guaje Purmice Bed, First water
encountered was that found te be perched in the Cerros del Rio basalt. Regional saturation was in the

Puye Formnation.

4214  First Saturation

The first water encountered at R-15 was that in a perched zone of saturation in the Cerros del Rio basaft.
The first indication of saturation was the appearance of water in the open borehole after one shift of
drilling with the RC 44 (4 7/8-in.-1.D.) air hammer from 620 to 740 f. The borehole was dry at 680 t atthe
beginning of the drilling shift. The water was first detected at a depth of 655,6 ft by eleciric probe 2.5 hr
after the air-hammer drill system was tripped out from a depth of 740 ft. There were 130 ft of open
borehcle below the 13-in, casing atthe time the air hammer was tripped out. No saturation was apparent
to the driller or in the drill cuttings during drilling for the 680-to 740-t interval, After 14,75 hr, the water-
lovel depth was measured to be 646.4 ft (Figure 2.3-1), with 130 ft of open hole at the time of this
measurement.

Following sampling of water in the open borehole, the 13-in, drill casing was advanced from 61Qto 740 1t
using TORKease and EZ-MUD mixtures to lubricate the casing. Afthough the circulation materials
generally obscured where groundwater was being produced, the driller identified a zone at 7070 717 &%,
which seemed to yield more water than zones above or belaw. If the top of the perched saturation was
indeed ot a depth of 707 to 717 ft, a water-level rise of 61 to 71 ftis indicated. This apparent water-level
rise does not necessarily signify confined conditions. Itis mere fikely due to the lag time for groundwater
to fill the hole, because of low production through the walls of the 4 7/8-In, open hole, Additionally, water
is assumed to reside within fractures in the basalt. These fractiures may be saturated to the static water
leve! of 646.,4 ft, but possibly wera not intersected by the R-15 borehole until greater depths,
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Aftar the 4 7/8-in. pilot borehole was redrilled to a depth of 740 # with the 13-In. casing-advance system
and drilling equipment was removed, water-fevel depth was repeatedly measured by electric probe to be
723 ft, At a depth of 751.5 ft, with no open horehole, a water-level reading of 729 ft was obtained. This
6-ft lower water level Is probably due at least In part to the greater borehole dopth,

This groundwater is interpreted to be perched for three reasons, First, it lies well above the projected
depth for the regional Zone of saturation (964 ), Second, perching could readily be provided by the
interval of cloy-rich flow-base rubble and underlying clay-rich silty sand (lying at a depth of approximately
740 1o T46.7 1) that occurs at the base of the Cerros del Rio basalt (see Table 3,1-1). Third, when the
underlying Puye Formation was drilled with air, the hole was noted to be dry.

4.21.2 Deep Saturation

Groundwater believed to be assaciated with the regicnal zone of saturation was encountered in the lower
part of the Puye Formation while drifling mud was used as a lubricant behind the casing. Observations by
the driller suggest deep groundwater was encoutitered by a depth of 1007 ft, but possibly as shallow as
985 ft, The initial measurement of water-level depth associated with the top of the deep saturation at R«15
was 870 ft, taken when total depth was 1087 %, with no ogen barehole, more than 13 hr atter any drilling
activity, This is very close to the projected depth for the regional water level of S60 ft, Saturation
continued to total depth of 1107 ., Data from a transducer left in the hole for approximately 7 days
(August 31, 1999, to September 8, 1939) after the drill casing was pulled back to 1027-ftdepth and the
borehole was backfilled with sand capped by bentonite to a depth of 1029 ftindicate the water level
remained fairly constant at a depth of 964 ft or an elevation of SE56 &t (Figure 4.2-1).

Regional saturation occurs at a shallower elevation than at R-@ (5684.8 ft) and R-12 (5698.5 fY), lecated
approximately 1.2 mi to the northeast and 1.1 mi to the east of R-15, respectively, The elevation ¢f the
water table in R-15 is approximately 26 ft lawer than the static water leve! in nearby TW-8 (depth to
groundwater is 896 ft at an elevation of 5882 ), This saturated zone is believed to be associated with the
regional aquifer because its elevation is cansistent with that found in nearby supply wells PM-1 and PM-3,
and in TW-3 and TW-8,

The top of the regional zone of saturation occurs just above the contact between the upper and central
fanglomerate of the Puye Formation. Saturation extends downward into axial Rio Grande deposits of the
Totavi Lentil (see Section 3,1.8). Above 973 ft, the Puye Formation cansists of fairly coarse gravel (up to
cobble size) as is typical of the fanglomerate facies, Below that, and extending to a depth of 1100 &, the
Puye Farmation is a coarse tuffaceous sand, with granules and minor pehbles of pumice.

4,213 Other Possible Saturation

Near-saturated conditions are befieved to occurin the Cerro Toledo interval at depths of 74.3 and 87 1,
based on observed moisture contents and estimated rock porosities (see Section 4,1.1.2). However, no
free groundwater was produced in these Zones, which were crillec dry by HSA. Two other Zones of
possible saturation were identified in addition to those described in Sections 42.1.1 and 42.12. The
pccurrence of saturated conditions in these zones is uncertain because they did not produce clearty
identifiable groundwater.
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Flgure 4.2-1, Hydrograph based on transducer data collected from August 31, 1999, to
September 7, 1999, for the reglonal aquifer prior to well completion

A small zone of saturation may occur in the uppermost deposits of the Puye Formation, based on the
driller's observation of incroased fluidity of the mud used to lubricate the backside of the crill casing.
However, saturated conditions weare not found when use of drilling mud was halted, A sample of the
drilling mud collected from a depth of 482 tt within this zone contains 57 pCl. of tritium (see Table 5.2-3),
an activity that is higher than expected for crilling mud made up with regional aquifer water but lawer than
tritium activities commonly found in Mertandacd Canyon alluvial groundwater,

422 Groundwater Movement

Groundwater movement involves both a direction and a rate. Although data for evaluating horizontal tiow
direction Is not provided by a single well, vertical direction can be determined by analysis of head
distribution along the borehole, especially if casing Is advanced during drilling. A general idoa of potential
tlow rate Is provided by the hydraulic conductivity of a saturated material; more specific measuras of
potentlal flow rate (e.g., Darcy flux and seepage veloclty) require knowledge of that and cther hydrologic
preperties. Measurements of hycraulic conductivity are obtained by field or laboratory tests, as discussed

in Section 4.2.2.2.

4.2.2.1 Vertlcal Head Distribution

The sense of the vertical gradient, that is, whether water movement is up or down, is best determined by
examining water levels measured at ditierent borehcle depths with a minimum of open borehole. If
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water-level depth increases with borehole cepth, the gradient is cownward., If water-level depth decreases
with borehole cepth, the gracdient is upward,

Too few static water-leve! measurements were macde 10 cetermine the direction of the vertical gradient at
R-15 with any certainty. However, two readings associated with the deep saturation probably represent
static conditions tor the respective depths at which they were measured and thus give sgme sense of
vertical head distribution, When the casing was screwed into the soft clay-rich material in the Puye
Farmation a: the bottom of the borehole at a depth of 1087 1t (alter the transducer had been removed and
13 hr and 40 min had passed since any drilling activity), water-leve! depth was measured to be 970 ftfor
a head value of 5850 tt (using a grouna-surtace elevation at R-15 of £820 11). Transducer cata collected
over a 7-day period after the borehole was backfilled with 12 1t of open heole at a depth of 1039 ft give an
average water-level depth of 964 !t for a head of 5856 !t (Figure 4.2-1). As grouncwater meves from
higher to lower head, these readings tend to support a downward vertical gradient. However, the depths
for the two readings are closely spaced and the shallower head is a composite value, representing a 121t
interval. it is possible that there is little or no vertical gradient in the regional zone of saturation at this
location and flow is predominantty horizontal or nearly so. The eccurrence of perched water in the basaft
above suggests that the vertica! gracient in that portion of the berehcle is downward.

4,222 Hydraulic Properties

Both ficld and faberatory measurements provide data on the hydraulic properties of saturated materials,
Field measurements are made in conjunction with slug or pumping tests. Lahoratory tests may be
performed on core samples collecled from the borehole.

As slug and packer tests can be made only when drilling equipment is out ¢f the hole, optimum use is
made of such opportunities. Thus, a two-test strategy was initiated at R-15 as the standard protoco! when
sufficient perched water was encountered to permit sampling. Itmmediately atter water is collected for
chemical analysis {representing a slug of water removed), water level is measured and a transducer is
emplacod to monitor its recovery, Following that, the transducer is withdrawn and a single-packer device
is ceployed for an injection/pressure test of the open-borehole interval or the material immediately
baneath the bottom of the casing if the material would collapse in an open horehole, Results frem the two
tests of hydraulic concuctivity of the saturated medium then can be compared.

The orcer of ficld testing the upper saturated zene at R-15 was reversed trom that described above as
the transcucer was not emplaced immediately atter bailing fer water samples. An injection/pressure test
of the ¢lay-rich rock perching the water in the basalt by means of a single-packer device was planned to
follow the collection of water samples for chemical analysis. For this, the 13-in. casing was drilled into the
clay-rich rocks at 740-it depth. However, the test was canceled due to a malfunction of the packer
equipment, caused by an clectrical shert in the wiring.

Attor the packer device was remeved from the borehole, a slug test was perfermed. Groundwater was

removed from the well by bailing and water-level recovery was analyzed, Water-level data were ¢ollected
sing a transducer aver a period of 1.5 days (2200 min). A value tor hydraulic conguctivity of

2.547E-07 em/sec was obtained using the Bouwer-Rice unconfined methed of analysis (Bouwer and Rice

1576, 640586). This value falls at the lowaer end of the range of hydraulic conductivities reported as typical

for silt (Freeze and Cherry 1979, 84057). The perching horizon includes both clay-rich basaltic rubble and

clay-rich silty sand. The slug test confirms that these are low-conductivity materials.
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Tha test is believed to have been valld, but was not ideal. As it took about 35 min t0 ball water from the
casing, the slug was not removed instantancously, Then it took ancther 5 1010 min to emplace the
transducer, so carly-time cata were missed. This could have been aveiced If the transducer were already
in the hole whion it was bailed, However, it was feared, and reasonably so, that the lines for the baller ang
transducer would become entangted, Nonetheless, the test provided a reasonable measure of the
hydraulic nature of the perching horizon,

A single-packer test was also planned for the deep zone of saturation at a depth of 1087 ft. However,
effors to remedy the wiring problem discovered during testing of the perching medium were apparenty
ineffective and the attempt 1o test the deep saturated medium was also unsuccesstul,

A 46-hr aguifer-pumping test was conducted at well R-15 on February 19-20, 2000, Water levels were
recorded in R-15 while water was pumped at a constant rate of 11.7 gpm. Once the pump was turmned off,
water level recovery was recorded {or an adaitional 24-hr, R-15 Is completed into the regional aquifer and
has a 60-ft screen, This screencd interval is located 9601020 i bgs within the Puye Fermatien.
Drawdawn and recovery data were analyzed to determine characteristic values for transmissivity and
storage coetficiont. Thase results suggest that the regional aguifer at well R-15 behaves like a leaky-
confined aquifer, Overall, an average transmissivity of about 123.4 t%/cay and a storage coetficient of
about 0.0025 were determined for the Puye Formation from this pumping test, The corresponding
average hycraulic condugtivity over the B.15 screened interval is about 2.06 tt/day, or about

0.00117 cr/sec.

Details of the tests described will be presented in a separate document being prepared by ESH-18.
Values presented here for hydraulic properties are preliminary and may be modifie after further analysis.

5.0 HYDROGEOCHEMISTRY

The Laboratory has collected and analyzed surface water and groungwater samples within Mortandad
Canyon since the early 19€0s. Known groundwater contaminants within Mertandad Canyon west of
R-15 inclutte americium-241; cesium-137: slutanium-238; plutonium-239,240; strontium-80; tritium;
uranium-235; uranium-238; nitrate, chicride, sulfate, and other inorganic solutes (Environmental
Surveillance and Compliance Programs 1997, 56684; Rogers 1998, 59169; LANL 1987, 56835). Tritium
activities up to 1,000,000 pCVL have been chserved in alluvial groundwater within Mertandad Canyon in

the past,

Meovement of groundwater within the Guaje Pumice Bed may be controfled by a northwest-southeast-
trencing paleocrainage (Broxion and Reneau 1996, 5§5429) that may serve as a conduit for contaminars
discharged to Los Alamos Canyon and Sancia Canyon to the north of Mortandad Canyon. Contaminants
of concern in Sandia Canyon include tritium and nitrate (Environmenta! Surveillance and Compllance
Pregrams 1997, 56684). For severnl decades treated sewage has been discharged from the TA-3
sanitary system into upper Sancia Canyon. Surface water samples collected in upper Sandia Canyon
suggest that this gischarge may have contained tritium until the earty 1980s (Rogers 1998, 591€8).
Tritium activities up to 18,000 pClL have been observed at surface water sampling station SCS-2

(Rogers 1998, 591€9).

Known grouncwater contaminants in upper Los Alames Canyon ingluce americium-241; cesium-137;
plutonium-238; plutenium-239,240; strontium-80; tritium; uronium-235; and uranium-238 (LANL 1995,

50290).
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5.1 Geochemistry of Core and Cutting Samples Collected During Phase | Drilling

Samples of core and cuttings were coliected from R-15 and analyzed for metals and radionuclides for
characterization purposes. Results of chemical and radiochemical analyses are used to determine both
naturally occurring elements and contaminant distributions within R-15. Organic compounds were not
(dentified as contaminants of concarn at R-15, based on recent sediment and water sampling (MCO-3)
conducted by the Laboratory in Mertandad Canyen (Environmental Surveillance and Compliance
Programs 1997, 56684). Organic compounds, however, wore analyzed using the core samples and
consistent with previous sampling in Montandad Canyen. No anthropagenic (manmade) organic

compounds are present in R-15 core samples.
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5.1.1 Methods

Twenty-lour samples of core and cuttings were collected from the vadese zone for geochemical and
contaminant characterization conducted curing Phase | drilling. One core sample was collected from a
perching layer within the Cerros del Ric basalt during phase i ¢rilling. Core and cutting samples were
collected from the following depth intervals: 0te 17.0 ft, 17.5t0 20.0 1, 25.0 ta 2531, 40.0t041.51,
63.3 to 64.3 ft, 65.0 10 £5.8 1t, 68,3 to 69.3 ft, 75.8 to 76.6 1, 87.0 to 87.4 f1, 90.8 10 91,6 11, 100.0 10
101.31t, 105.0 to 105.8 ft, 112.510 114,51, 115,010 115.8 ft, 120.0to 120.8 1, 148.3 t0 149.3 ft, 150.0
1o 150.8 ft, 170.0 to 170.8 1, 230.0 10 231.3 ft, 270.0 to 272.5 ft, 325.010 327.5 1, 380.0 10 324.01t
(duplicate), 415.0 to 419,0 ft, and 740.0-751.5 ft. Approximately 500 to 1000 g of core or cuttings
samples were placed in appropriato sample jars in protective plastic bags before they were shipped to

analytical laboratories.
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Samples of core and cutings were analyzed using US Environmental Protection Agency (EPA)-approved
amalytical methods. Solid samples were partially digested using hot HNO, (EPA SW-846 Method 3050)
betore metal analyses. Samples of core and cuttings were shipped 10 Paragon Analytics, Inc., in Fort
Collins, Colorado, for metal and radionuclide analyses. Analyses of aluminum, antimeny, arsenic, barium,
beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganesa,
molybdenum, nickel, potassium, selenium, silver, sodium, thalllum, vanadium, and zinc were determined
by Inductively coupled plasma emission spectroscopy {ICPES). Mercury was analyzed by cold vaper
atomic absorption (CVAA), Core samples were washed with deionized water far 24 hr before anion
analyses. Concentrations of bromide, chioride, flucride, nitrate, and sultate were determined by ion
chromatography (IC). Total cyanide cantent was determined by colorimetry. The precision limits for major
anions and trace elemonts were ganerally less than x10%.

Radionuclide activities in core samples were determined by alpha spectrometry {americium-241;
plutonium-238; plutonium-239,240; uranium-234; uranium-235; and uranium-238); gamma spectrometry
(cesium-137 and gamma-emitting isctopes); gas propertional counting (strontium-90); and liquid
scintitiation (tritium) at Paragon Analytics, Inc., and direct counting at the University of Miami. Sample
duplicates were collected and analyzed in accordance with EPA procedures,

‘The following equation was used 10 convert the activity of tritium present in the pore water frem picocuries
per gram to picocuries per liters

PCUL = (PCUG)(1 g H:0/ mi H,0)(8n - 8)(10° miL)

where 8 = gravimetric moisture content and the density ot the pore water is assumed to be equalto 1.
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Gravimetric moisture contents were measured at EES-1.
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Field screening for volatile organic compounds (VOCs) was conducted using a photoionization. detector
(P1D) instrument, No VOCs were detected with the field instrument.  ~
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ER Project personnel have performed data quality validation on chemical and radiochemical analytical
results for core and cutting samples collected from R-15. There are no serious deficiencies associated
with the analytical results, Samples were partly cigested and analyzed within required hokding times. A
complete, detailed data validation was conducted on these core samples in early fiscal year (FY) 2000.
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5.1.2  Radlonuclldes, Percent Organic Carbon, and Inerganic Analytes

Table 5.1-1 provides radionuclide activities in core and cuttings from R-15. isectopes of uranium (uranium- .
234, uranium-235, and uranium-238), tritium, gross alpha, Gross beta, and gross gamma are detected at _-"
activities greater than their minimum detectable activities (MDAs) in the core samgles, Activities of gross o,

alpha, gross beta, and gross gamma in samples of core and cuttings are greater than 1 pCi/g, where
measurable, and vary with depth (Table 5.1-1). Presence of tritium in the core samples is a result of
aqueous-phase and/or vapor-phase transport through the vadose 2one within the Bandelier Tuff,
Fourteen additional core samples were analyzed for tritium and analytical results are provided in Table
5.1-2. Increasing activities of tritium generally correlate with increasing moisture contents of the core and
cutting samples, which may reflect the occurrence of buried solls and alteration 2ones within the
Bandeller Tutf and Cerre Toledo interval,
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Activities of isctopic uranium are higher in samples collected from the Bandeller Tuft, reflecting the high
total uranium in this unit (Otowl Mernber) (Rytl et al, 1998, 58093), Lower activitles of uranium-234,
uranium-235, and uranium-228 generally were found in samples coliected from the Cerro Toledo interval,
Activities of total isotopic uranium do not appear 1o be elevated above Laboratory background for the
Bandelier Tuft.

Activities of americium-241; ¢esium-137; plutonlum-238; plutonium-235,240; and strontium-90 are less
than detection in most of the samples of core and cuttings, incicating that no Laberatory-derived
contamination from these isotopes is detectable in these core samples collected from R-15 during

Phase | drilling. Americium-241, however, was detected in the core sample collected from the basalt
rubble in the parching layer at an activity of 0.0355 x 0.0184 pCill (20 errar) (MDA equal to 0.014 pCi/g).
This perching layer is clay-rich (smectite) and americlum adserbs strangly ento salids with high surtace
areas such as clay minerals and hydrous iron exides (Langmuir 1997, 56037).

Organic carbon contents of the samples were the highest within the alluvium and in the upper portion of
Qbt 1g of the Bandelier Tulf, ranging from 0.07 to 0.14 wt %, These values may represent regycling of
solid organic matter within the alluvium and Qbt 1g, Organic carbon contents of the remaining samples
wara lgss than 0,05 wt %, Indicating small amounts of solid organic carbon are present within the lower
saction ot Qbt 1g and the Otowl Mamber of the Bandalier Tutf and Cerro Toledo intarval.
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Table 5,1-1
Radionuclide Activitles In Samples of Core and Cuttings from Borehole R-15
Depth (1) 0-17.0 17.5-20.0 250-25.7 40.0-415 633-64.3 650-658 68.3-63.3
Geologie Unit Alluvium Bandoler Tul® | Bandstier Tut® | Bandelier Tuf* | Bandalier Tutf® | Bandelier Tut® | Bandefior Turf®
Stron!ium-wb 0.14: 034 -0.17 £ 0.314 0.13:0) 0141032 0.17:+ 031 0.021 031 008+ 0.30
Cestum-137 -0.023 £ 0.070 0.0272 0.064 0.0162 0.068 0.0042 0075 0.0572 0.097 0.001 0.1 -0.03: 0.11
Piutontum-218 0.0053£0.0080 [0.001210.0066 |0.005410.0100 |0.00184+0.0072 |-0.002540.0068 |-0.0162 £ 0.0118 |0.0027+ 0.0072
oA’ 0013 0.012 0.021 0018 0.017 0.039 0016
Plutonfum-239, 240 0.0036£0.0074 ] 0.0054£0.0072 {0.00042£0.0084 |0.003610.0074 ]0.004240.0068 |-0.0022 2 0.0092 | 0.0000 £ 0.0072
MDA 0.013 0.012 0.022 P.OIB 0.0062 0.027 0.0067
Americlum-241 00060400080 |0.0§13£00136 [00299200172 1-0.008010.0128 [0.0037 £ 0.0104 | 0.0352 0.020 0.0146 £ 0.0140
MDA 0.014 0.025 0.014 0.033 0.016 0019 0.020
Uranjum-234 0.77510.124 0.719£0.114 1353+ 0.192 2242030 270+ 036 1,193 2 0.170 200026
MDA 0.019 0.019 0.018 9;0067 0.0069 0.012 0.014
Urantbum-23% 004010022 007120028 0.119+0.036 0.106 £ 0.032 0.1341 0038 0.060 2 0.028 0.118 £ 0.038
MOA 0.027 0.025 0018 0018 0.023 0012 0.018
Uranlum-238 076110122 07911 0.122 1.531 0.22 2092028 2601033 1.306 £ 0.184 2052028
MDA 0.023 0.015 0.0068 0016 0.022 0.045 0.018
Gross Alpha 2912079 2134075 HNot anatyzed 378:09) 28540.79 9.1+20 103+19
Gross Beta 1.631 062 2431063 Not analyzed 2231068 1.7940.66 4681096 496097
Gross Gamma 10.754 140 10544 1.39 Not analyzed 18122234 10.61+ 252 13112172 17,718 1 1.32
MDA 0.32 0.37 0.55 043 0.51 063
Tritium 0.12:003 2.56 £ 0.07 Nol analyzed 0221004 86+ 11 123+ 1.8 146219
Organde Carbon (wi%) | 0.43 0.14 0.07 <0.05 <0.05 <0.0% <005
Notes 1. Activites are reporied In picocurdes ped gram.
2. Emot of two standard deviaticns ks reported.
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Table 5.1-1 {continued)

F&plh () 75.8-76.6 87.0-874 90.8-91.6 100.0-101.3 105.0-105.8 1125-1145
Geologic Unit Bandetier Tutf® Cerro Toledo interval | Cerro Toledo interval | Cenro Toledo interval | Cerro Toledo interval | Cerro Toledo interval
Strontium-90° 0.0110.30 0022028 0.122 027 0071027 -0.05£ 028 0034026
Cestum-137 -0.008 £ 0.056 0021 0.12 007+ 0.42 -0.01312 0.053 -0.005+ 0.046 -0.040 2 0.074
Phitonlum-238 -0.0042 £ 0.0096 ] 0.0005 £ 0.0058 0.00401 0.0082 -0.0008+ 0.0068 0.0102 1+ 0.0122 0.0032 2 0.0064

MOA® 0.031 0.026 0.015 0.013 0.023 0.092
Pltonlum-239,240 0.0073+ 00108 }-0.00151 0.0078 0.042 £ 0.022 0.0013 1 0.0068 -0.0053 + 0.0072 0.0150 2 0.0142

MDA 0.021 0022 0.015 0013 0.023 0.012
Ameriglum-241 0.0061 £ 0.0136 0.0221 £ 0.0154 00251 0024 0.0$3%2 £ 0.0140 0.0091 £ 0.0110 0.0054 £ 0.0088
TD-A 0.030 0015 0.046 0.023 0.019 0.018
Urantur-2)4 1.652 022 145+ 020 1.58+0.22 0.95310.146 0.83110.136 1432020

MDA 0.026 0024 0.016 0.019 0.023 0.021
Uranlum-235 0.07310.028 0.102 £ 0.032 0.095 1 0.032 0.060 £ 0.026 0.047 £ 0.022 0.077 £ 0.030
WA 0.019 0.018 0.016 0.021 0.024 0.027
Uranlurm-233 1702 0.24 1432020 1742024 1,190 2 0.174 0.874 £ 0.132 1542022
LOA 0.013 0.024 0.020 oo7 0.02t 0.023

Gross Alphs 521212 Hot analyzed 37412092 1.71 £ 0.62 48112 0911045
Gross Bela 30312075 Not analyzed 2682070 1611058 39010385 1172052
Gross Gamma 13544 1.76 Hot analyred 1534+ 200 10221 1.34 9211120 12051 1.56

MOA 048 0.54 037 035 037

Tritlum 117145 HNot analyzed 1252 4.7 3.741050 86211 4901065
Organie Carbon (wi %) | <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
MNolex 1, Activites are teporiod n plcocurties petf gram.

2. Error of two standard deviations bs reportad.
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';’-; Table 5.1-1 (continued)
§ Depth (1) 1150-1158 120.0-120.8 148.3-149.3 150.0-150.8 170.0-170.8 230.0-231.3
8 Geologic Unit Certo Toledo Interval | Bandefier Tutl® Bandefier Tutf? Bandetier Tut? Bandefier Tutf? Bandetier Tutf?
Stontium-40° 20.164 028 -0.194 026 0471026 0041027 -0.06 1 0.42 0.16 1 0.44
Ceshum-137 -0.019 0.055 0.05£0.42 000£0.11 0.0271 0.084 -0.0311 0.064 -0.0661 0.084
Pivtordum-238 -0.00182 0.0072 00203400100 ] 0.0050 £ 0.0082 0.00102 0.0078 0.00412 0.0034 -0.0015 £ 0.0100
DA 0.016 0.033 0.016 0.021 0.018 0.029
Plutonium-239,240 0.0045 £ 0.0072 -0.00352 00078 | 0.0000 £ 0.0074 0.0029 ¢ 0.0078 0.0059 1 0.0080 -0.0034 £ 0.0078
MDA 0.0068 0.026 0.0068 0.017 0.013 0.025
Americlum-241 0.0182 £ 0.0160 00124200136  {0.029840.0178 0.0040 £ 0.0082 0.0106 2 00114 0.0127 £ 0.0132
MDA 0.025 0.024 0.017 0.015 0.018 0.021
Uranlum-234 0.631 1 0.136 1784024 1962026 1.86 £ 0.26 183024 1231024
MDA 0.020 0.021 0.0067 0.0071 0.013 0014
3 Uranhum-23§ 0.059 £ 0.026 0.135 £ 0033 0.4114 0,034 0.067 £ 0.028 0.115 £ 0.034 0.087 £ 0.030
MDA 0.027 0.017 0018 0.024 0.013 0.019
Uranum-238 0872 £ 0.134 1831024 1.90 £ 026 1921026 1914026 1774024
MDA 0.016 0.0070 0032 0.019 0.045 0013
Gross Alpha 3594095 2731081 0.71 £ 0.43 0.98 £ 0.54 0.87 4056 0871050 2
Gross Bela 3.11£0.76 2261068 1374056 1281059 1624061 1,40 £ 0.57 ;3
Gross Gamma 975+ 1.28 1536+ 200 14732192 15821206 14601+ 1.88 14361 186 ﬁ
MDA 037 0.57 052 051 0.51 045 g
Tritium 6591088 7.23£096 170222 146219 212:28 2651035 g
Organle Carbon (M%) | <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 »
Notes. 1. Actvities are reported In pleccuries pef gram. g
g 2. Eror of two standard deviations Is rep-orted. g
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Table 5.1-1 {continued)

Depth(ft) 270.0-272.5 325.0-327.5 380.0-302.0 3580.0-382.0 415.0-419.0 740.0-751.5
Geologic Unit Bandefier Tut? Bandefier Tulf? Bandelier Tul® Bandelier Tutl® Bandotier Tuff® Basa't perching layer"
Strontium-90” 006038 0204048 0.24 1 0.44 0.10 £ 0.42 0.18 2 0.44 ot analyzed
Cesium-137 0.067 £ 0.084 -0.018 £ 0.066 0015 £ 0.0386 -0.0254 0.074 -0.055¢ 0.081 -0.0352 0.071
Pliulonium-23% -0.0010 £ 0.0082 -0.0009 £ 0.0070 -0.0008 £ 0.0008 0.0075 £ 0.0108 0.00331 0.0088 0.00252 0.0068
MDA® 0.015 0.013 0.013 0.021 0.021 0.015
Plutonlum-233,240 0.0040 £ 0.0082 0.00131 0.0070 0.0013 £ 0.0068 0.0033 £ 0.0090 0.0047 £ 0.0102 0.0033 £ 0.0068
DA 0.015 0.013 0.013 0.0021 0.023 0.013
Americlum- 241 001552 0.0164 -0.0040 £ 0.0092 0.0169 2 0.0160 -0.0005 £ 0.0108 0.0157 £ 0.0192 003552 00184
MDA 0.028 0.030 0.026 0.030 0.037 0.014
Uranfum-234 1811024 1.37520.196 28651036 2.654 034 2312038 1.088 £ 0.162
MDA 0.027 0.026 0.017 0.020 0014 0.025
Vranlum-235 0.1042 0.034 0.06110.026 0.106 £ 0.034 0.43210.038 0.115 2 0.038 0.064 1 0.028
YDA 0.047 007 0.017 0.024 0.019 0.022
Uranlum-238 1802024 1.3451 0,192 2812036 2762038 2911038 1.1152 0.163
MDA 0.019 0.023 0.021 0.018 0.019 0.022

Gross A'pha 1421057 1.26 £ 0.64 1,702 0.64 1321063 1362060 821219

Gross Beta 0471048 177062 1.30 1 0.67 1,031 0.57 1354057 4.16 £ 0.93
Gross Gamma 13.631 1.80 14601052 . 17.67£0.70 16.74 £ 0.64 17.68 2 0.62 Not anatyzed
MDA 053 063 0.65 0.79 0.75

Tritium 4961066 171222 265134 283137 0252005 0.4951 0.085
Organk Carbon (M %) | <0.05 <0.05 <005 <0.05 <005 Hot analyzed

Nolex: 1. Activifios are reported In ploocuries pet gram.
2. Enof of two standard deviations Bs reporfed.

% Bandotier Tult-Tshiregs Mambser.
® Radionucides and parareters analyred by Paragon Analytics, Inc.
€ MDA = minkmum detectabia actity.
d Bandefier Tull-Otowl Memboer,

#1CPMS = Inductively coupled plasma mass spectrometry.
! MDG = minimum detectatie concentration.
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Characterization Well R-15 Completion Report

Table 5,1-2
Tritlum Actlvitles and Molsture Contents In R-15 Core Samples

Tritlum Activity Molsture Cantent Hydrogeslogic
(pClg (pCiR (w2 %) unit

0.665 60.2 9,42 Tshirege Momber
0.077 53 6,49 Tshirege Momber
11.64 2374 16.04 Tshirege Member
7.78 3o 27.57 Corro Toledo interval
6.38 15.05 Cerro Tolodo interval
3.9 S02 11.18 Cerro Toledo interval
&1 9.82 Corro Toledo interval
2852 19.06 Otowi Member
14,88 Ctowi Momber
567 14,46 Otowi Momber
g52 16.08 Qtowi Member
£338 19.67 Ctowl Member
5405 19.58 Ctowi Member
543 20.08 Otowi Mamber

Concentrations of antimony, mercuty, selenium, sitver, and thallium in the solid samples are less than
detection using ICPES and CVAA methods. Distributions of iren, barium, beryllium, chromium, and lead
within the alluvium, Bandelier Tuff, and Cerro Toleco interval at R-15 are shown in Figure §.1-1. These
elements generally are present above analytical detection limits, whereas antimony, arsenic, cadmium,
cobalt, copper, iron, lead, mercury, manganese, nickel, selenium, sitver, thalllum, and vanadium are
either not present (U value) er less than quantitation limits (B value). In general, concentrations of most of
these elements are less than Laboratory background upper tolerance limits (UTLs) for the Bandelier Tuff.
Cancentrations of aluminum, barium, ¢chrermium, and iron, however, exceed the Laboratory’s background
UTL values, for the Bandelier Tulf in the R-15 core samples. This probably is due to the presence of clay
minerals and hydrous iron oxides at the alluvium/Qbt 1g and Qbt 1g/Tsankawi contacts and within
oxidized alteration zones within the Bandelier Tutf and Cerro Toledo interval These solid phases were
visually identified in the field characterized by clay nodules and iron staining. The XRD analyses (Table
3.1-1) show that these clay minerals are illites and smectites with minor amounts of kaclinite. Many
transition metals, including cosalt, chromium, 2ine, copper, manganese, rickel, and iron, occur naturally
within hycrogeclogic materials including the Bandelier Tut!, and they can become cencentrated or
redistributed on solid surfaces through adserption processes (Langmuir 1997, 5§6037). Distributions of
aluminum, arsenic, barium, calcium, chromium, iron, lead, manganese, and zinc at R-15 may be the
result of natural processes, including chemical alteration (hydrolysis) of glass within the Bancelier Tutf,
Grouncwarer zones were not encountered in the Bancelier Tulf at R+185, which, if present, can transport
contaminants through the subsurtace.
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Charactorization Well R-15 Completion Report

Alluvium 1
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: 1
Tshirege Member, J
Bandelier Tuff d
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Figure 5.1-1.  Varlations In the concentrations of Iron, barium, beryliium, chromium, and lead
with depth trom core samples collected In R-15, Mortandad Canyon
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Characterization Well R-15 Compietion Report

5.1.3  Stabie Isotopes and Distributions of Anions
5131 Methods

Core samples collected from R-15 were analyzed for stable isotopes and several anions, including
bromide, chlorice, flucride, nitrate, nitrite, oxalate, perchlorate, hesphate, and sulfate. The stable isotope
analyses (50, SD) were performed on moisture-protected samples using the vacuum distiflation method
of Shurbaji and Campbell (1997, 63063) and the &'0 and 3D extraction methods of Socki et al. (1992,
£4064) and Kencall and Ceplen (1985, 64061), respectively. The analytical precision for the $™0 and 5D
analyses by mass spectrometry was betler than =0.2%. anc =4%., respectively.

Pore water anicn concentrations were calculated using leachate concentrations, gravimetric maisture
contents, and bulk densities, Moisture content ¢ata are reported in Section 4.1.2, Bulk censity has not
been measured on the R-15 or MCO-7.2 samples; therefore estimates were used that are representative
of typical values for the kind of rocks and sediments encountcred. The bulk density estimates increase
the uncertainty in the pore water concentrations. However, they are not expectec to introcuce significant
error,

5.1.3.2 Stable [sotope Results

Both 50 and 8D analyses were performed on core samples collected from the upper 420 ft of R-15 and
from the upper 127 ft ¢t MCO-7.2. Geclogic units sampled incluced afluvium, Qbt 1g of the Bandelier Tuff,
the Tsankawi Pumice Bed, the Cerro Toledo interval, and the Otowi Member, Interpretation of the 3'*Q
and 3D results are similar for both boreholes and only the 3'°0 results are discussed hera because of
their better precision. The §'°0 results for R-15 indicate an evaporative zone (heavy isotope value) at the
top of the alluvium that is typical of the near-surface (Figure 5,1.2). This evapcrative zone, however, was
not sampled in MCO-7.2 (Figure 5.1-3). Below the Tsankawi pumice bed, oxygen isctope values appear
¢ be in quasi-steady state. These values become slightly lighter down to 740 tt (caturated zone) in R-15,
Core samples were not collected between 420 and 740 ft and consequently, stable isctope analyses were
nat perfarmed tor this depth interval, There, however, may be some isolopic variation between those
depths, Results of stable isctope analyses for a groundwater sample cellected from 740 ft are shown in
Figure 5,1-2. The 740 ft stable isotope data were supplied by the New Mexico Envircnment Department’s
(NMED's) Department of Energy Qversight Bureau. Below the evaporative zone, the R-15 isotope profile
sheows little variation with depth as compared to borehole R-9 (Broxton et al. 2000, 66589). This suggests
that the flow system in this part of Mortandad Canyon may be more homogeneaus or better mixed than in
the vicinity of R-8 in Los Alamos Canyon, Finally, the isotope prefiles of R-15 and MCO-7.2 are similar,
which like the anion profiles, suggests that both boreholes have sean a similar hydrologic and
goochemical history.

£.1.3.3 Anion Results

Core and cutting samples obtained trom the R-15 and MCO-7.2 borehole were analyzed to obtin the
vertical distributions of bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate, phosphate, and
sulfate (Figures 5.1-4, 5.1-5, 5,1-6, and 5,1-7, Tables 5.1-3 and 5.1-4), The MCO-7.2 data are included
because of its close proximity to R-15, MCO-7.2 is an alluvial borehole that is closer to the Mortandad
Canyon channel than R-15. The R-15 anion samples are co-located with the moisture and matric
potontial samples described in this report. The sampling and analytical methods used were previously
described in the R-9 well completion report (Broxton et al. 2000, 66589).
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Figure 5.1-3.  Pore water 50 proflle for borehole R-15 and MCO-7.2
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Figure 5,14, Pore water fluoride, nitrate, and sulfate concentrations for borehole B-15
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Flgure 5.1-5. Pore water chloride, oxalate, and phosphate concentrations for borehole R-15
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Charactarization Well R-15 Completion Report !é
-,
Table 5,14 :2
MCO-7.2 Anlon Pore Water Concentrations oy
Depth (ft) | Bromide® | Chioride® | Fluoride® | Nitrate® | Nitrite® | Oxalate® | Perchiorate® | Phosphate® | Sulfate® [?
0.6 7 1 3 320 648 | BO° 80 2 125 =
225 | 18 17 6 12 ? BD 278 4 111 I-:‘
a7 | 8 18 21 | 48 2 BD BD 21 ) -
54 | 85 127 a7 80 | 8D 8D BD 37 2634
88 | 22 | 80 a9 BD | 8D 8D 2821 35 345
154 | 21 21 26 | 8 8D BD 80 35 4s
25.4 15 a7 | 22 8D BO | BD 8D Y 113 )
229 ) 10 1 8D BD 8D 26 14 26 =
78 | 1 23 5 30 8D BO 202 £ 28 3
412 | 6 5 9 5 80 8D 3 [ 7 6 .
478 | S 14 1 63 BO BD 79 | 4 24 e
66.7 3 50 15 7 80 ) 130 2 96 -~
80.7 4 31 8 82 | 8D | BD 251 c 27 -
83,1 26 134 39 584 8D 80 689 8 212 ~
102.4 8 24 18 | 70 BD | 8D 138 1 0 “
1113 2 34 5 177 BD | BD 211 8D 39 N
1211 2 26 5 138 BD BD 186 80 28 =
(1325 3 27 5 138 | B0 | BD 170 | BC 28 -
;mM-
wol.
€ 80 = below detaction,

Because perchiorate concentrations are reported in pg/l, they are plotted separately from the cther
anions (Figures 5.1-8 and 5.1-8). Several samples collected from R-15 had bromide, nitrite, and oxalate
belaw the detection limit (Table 5,1-3). Oxalate concentrations in MCQ-7.2 samples were all less than
detection, whereas nitrite was detected in three samples (Table 5.1-4), As a result, these anions are not
shown in the figures. The lack of detection does not mean that these species are not present in the
samples. Instead, the leaching process results in substantial dilution, and when an anion has a low
concentration, the cilution can lower the concentration below the detection limit. In general, anion
distritions in the two bareholes shawed similar behavior with depth and have muttipeaked profiles. The
increase in anion concentrations in R-15 between 700 and 740 % are close to the Cerros del Rio
basaly/Puye Formation contact and may be related 10 the perched saturated zone located at 646 o 740 1t

In the case of both R-15 and MCO-7.2, there are some important abservations regarding cistributions of
nitrate and perchicrate. In R-75, the highest nitrate concentrations occur within the Cerro Toieco interval
and Otowi Member (65200 1) (Figure 5.1-8). Nitrate concentrations decline substantially below 400 ft and
remain at relatively low values throughout the deeper part of the profile, In berehele MCO-7.2, high nitrate
concentrations occur in the top 5 1t of the borehale and also within the Cerro Toledo interval and Otowi
Member (80-130 #) (Figure 5.1-9). The concentrations in both boreholes are well above those observed in
the vadose zone clsewhere at the Laboratory (Table 5.1-5). These values indicate that the high
concentrations are the result of contamination. The TA-50 outtall is a known source of nitrate that flows
into Mortancad canyon, and previous studies have noted elevated nitrate in the Mortandad altuvium
(Rogers and Gallaher 1985, 48824).
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Flgure 5.1-8, Pore water nitrate and perchlorate concentrations for borehole R-15
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Flgure 5.1-9, Pore water nitrate and perchlorate concentrations for borehole MCO-7.2
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Table 5.1-5
Nitrate Pore Water and Cumulative Concentrations for Five Bareholes

Borehole Average Cone.* Max Cone. Cum. to 1221 Cum. to 667 1t°
MCO-7.2 88 584 720 TS®

R-15 ] 82 272 | 766 3398

R-9 | 6 18 | 1 57

R-12 1 16 f 13 41,1
R.25 0 0.6 | o] 12

* mon..

D g/m?; he depth of 132 1t was selected to feptetant e shallow vadase zone based on the MAXIMUM depth of MOOT.2- the depth
of GE7 1 represents the deepest samples collected for R-25 and represents a deaper sampling of the vadosa Zone.

€ 75 w 100 shallow: e Mmax degth ot tha borehole is 132 L.

In addition to nitrate, perchiorate is present in the vadose zone in both R+15 and MCO-7.2 (Figures 5.1-8
and 5.1-8). The perchlorate concentration profiles are similar between the two borehales, ingicating that the
two locations have been subject 1o similar hydrogeochemical processes (movement of conservative or
nonsorbing species). However, there are differences in perchiorate distributions between the boreholes. In
MCO-7.2, the perchlorate profile shows a high concentration shallow peak at about 15 ft in the alluvium that
is not present in R-18, In addition, MCO-7.2 has a second peak in the Cermo Teledo interval thatis
apparently displaced about 45 ft ceeper than the R-15 peak. These concentration ditferences may be
related to the proximity of MCO-7.2 to the Mortandad Canyon channel. The perchiorate concentration
profiles are also similar in shape to the nitrate prefiles (Figures 5,1-8 and 5.1-9), which reflec: the fact that
the twa contaminants have the same source and because of their generally similar anion modility in vadose
and saturated zones. In the Tshirege unit Qbt 1¢ and ceeper strata, both boreholes show perchicrate
concentrations above 100 pg/l. In R-15, perchiorate concentrations crop off dramatically around 400 ft
along with nitrate (Figure 5.1-8). Perchlorate concentrations remain below detection until the perched
saturated zone within the Cerres del Rio basalt is encountered. The samples analyzed from this zone,
however, were not saturated and some samples had large perchlorate concentrations (although no nitrate).
Water collected directly from the borehole in the saturated interval contained perchiorate (ses Section
5.2.2.1), Thus, perchiorate distributions observed in core samples collected from the vadose zone may be
related t0 those observed in the saturated interval. A core sample collected at 740 ft contained 1662 pg/L
perchlorate, This sample consisted of basalt and a clay-rich material (see Section 3,1.7.3 of this repor?).
Basalt and clay-rich material separates were leached with deionized water for 72 hr and no perchiorate was
found in the basalt sample. However, substantial concentrations of perchiorate were associated with the
clay-rich separate. Increased concentrations of perchlorate within the perching layer are probably a result of
alonger residence time, which allows for less dilution of solutes. Recharge 10 this perched snturated zone
probably occurs west of R-15, which also influences solute cistributions in the perching layer. This exampile
ilustrates how the ditferent stratigraphic units are contrelling net only grouncwater flaw in the: cunyon
subsurface but contaminant distributions as well.

52 Hydrogeochemistry of Grouncdwater Samples

Grounctwater samples were collected at depths of 482, 646, 1007, and 1100 ft ang analyzed for screening
constituents and parameters. Additional groundwater samples shall be collected atter the R-15 well has
been property developed and all residual drilling mud has been extracted. Borehole water sumples were
analyzed for inorganic and erganic chemicals and radionuclices to determine natural selute and
contaminant distributions within the ditferent saturated zones.
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Characterization Well R-15 Completion Report

5.2 Methods

Groundwater samples for inorganic and organic chemicals and radionuclides were collectet using a
stainless-stee! baller, Temperature, turbicity, pH, ang specific conductance were determined onsite from
an allquot collected during field sampling, Both fittered and nonfiltered samples were collected tor
chemical and radiochemical analyses, Grouncdwater samples were collected for analyses of dissolved
organic carbon (DOC); stable Isotopes of hydrogen, oxygen, and nitragen; major cations and anions;
metals; organic compounds; and radionuclides, Aliquoats of the samples were pressure-filtered (nitrogen
gas) through a 0.45-ym Gelman filter and acidified with analytical-grade HNO, to a pH of 2.1 or less far
metal and radionuclide analyses, DOC samples were filtered with a special 0.45-um sitver fitter to
climinate biodegradation of arganic selutes, which may bias analytical results. All groundwater samples
collected in the field were stared at 4*C until they were analyzed. Alkalinity was determined in the
laberatory using standard titration technigques.

Groundwater samples were analyzed using techniques specified in EPA method SW-846 including IC for
bromide, chloride, fluoride, oxalate, nitrata, nitrite, perchlorate, phosphate, and sulfate; grapnite fumace
atomic absorption (GFAA) for trace elements (aluminum, antimony, arsenic, barium, baryllium, boron,
cadmium, ¢alcium, cesium, chromium, cobalt, copper, iron, lead, lithium, magnesium, manganese,
molybdenum, nickel, potassium, rubidium, selenium, silicon, sitver, sodium, strontium, thallium, tin,
titanium, vanadium, and Zine); colorimetry for total eyanide; CVAA for mercury: and ICPES for aluminum,
antimony, arsenig, barium, beryllium, boron, cadmium, calcium, chromium, cobalt, copper, iron, lead,
magnresium, manganese, molybdenum, nickel, potassium, selenium, sedium, thallium, vanadium, and
zinc. This work was porlormed by a contract laboratory, Paragon Analytics, Inc. (IC, CVAA, and ICPES
metheds), and EES-1 (screening samples using IC and AA methods).

Tritium activity in groundwater was determined by tiquid scintillation counting (LSC), cirect counting for
trittum (obtained by NMED's Department of Energy Oversight Bureau from the University of Miarni), and
olectrolytic enrichrent for low-level tritium; laser-induced kinetlc phosphorimetric analysis (LIKPA) and
inductively coupled plasma mass spectrometry (ICPMS) for antimeny, beryltium, cadmium, lead, thaitium,
and uranium for groundwater samples collected aher R-15 is developed; alpha spectrometry for
americium, plutonium, and uranium isotopes; gamma spectrometry for cesium-137 and other isotopes;
and gas proportional counting for strontium-90, This wark was performed by contract laboratories
inctuding Paragon Analytics, Inc., GEL, Teledyne, CST-9, and the University of Miami,

Stable isctopes of oxygen (exygen-18 and exygen-16, 5*0) and hydrogen (hydrogen and deuterium, 50)
were analyzed by Geochron Laberatories (Cambricge, Massachusetts) using isotope ratio mass
spectroscopy (IRMS). Nitrogen isotopes (nitrogen -15 and nitrogen-14, §'°N) were analyzed by Coastal
Sclence Laboratories, Inc, (Austin, Texas) using IRMS,

Laberatory blanks and field blanks were collected and analyzed in accordance with EPA and Laboratary
procedures, The precision limits for major ions and trace clements were genarally =10%.

A sample o! drilling muc was collected from a potential zone of saturation (see Section 4.2.1.3) at482 ft
in the upper section of the Puye Formation and analyzed for tritium. Groundwater samples were collected
a3t 64€ ft within the perched zone in the Cerros del Rio basalt, and at 1007 and 1100 ft within the regional
agquifer (Puye Formation). The groundwater sample collected from 646 ft was analyzed for semivolatile
organic compounds (high explesive [HE] compounds, polychlorinated biphenyls [PCBs] and pesticides)
using gas chromatography-mass spectrometry and high pressure liquid chromategraphy by Paragon
Analytics, In¢,
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522 Majorion and Trace Element Chemistry
§22.1 Quality of Groundwater Within Cerros cel Rio Basalt

Field-measured parameters for the borehole groundwater samples, including pH, temperature, specific
cencuctance, and turbicity, are provided in Table 5.2-1. These parameters were measured it the time of
sample collection when groundwater was in contact with the atmesphere, Turhidity was alsc measured;
however, turbicity values are gualitative due to the presence of bentenite colioics produced “rom the
drilling mud and disaggregated aguiter matenial produced by drilling.

Table 52-1

Fleld-Measured Parameters for Groundwater Samples Collected at R-15
Geologle Unit | Cerros det Riobasalt | Puye Formation Puye Formation
Depth () | 646 | 1007 1100
Date sampled 72299 { arzame9 827099
pH {standard units) ral 8,13 8.04
Temperature (*C) 16.8 19.8 2.1
Specific conductance (uSUem) 334 210 166
Turbldity (NTU®) [ os® os” os®

Note:, Parcheg Jone occurs at 644 ft.
* NTU = napholometric turbidity unit.
bos = off the scale because of very high turbidity values 1or cpen-borehole groundwater samples,

Groundwater from the perched zone in R-15 Is dominantly a sociums¢al¢ium-bicarbonate type as
represented by the samples collected at a depth of 646 11, Screening analytical results for the 646-1t
perched zono are provided in Table 5.2-2, Only anatytical results from filtered groundwater samples are
reported due 1o the high bentenite (drilling mud) content present in the nonfiltlered samples. Socium
concentrations in R-15 are mainly due to the presence of collgidal (sodium-rich) bentonite used during
drilling. Based on analytical results from screening data, this perched groundwater was found to contain
3770 = 850 pClL tritium, 11.5 parts per million (ppm) dissolved chloride, 63.9 ppm dissolved sodium, 1.15
ppm dissolved fluoride, 35.4 ppm dissolved sulfate, <0.02 ppm disseived ammonium, <0.01 ppm nitrate
(as nitrate), and 1.2 parts per blllion {ppb) dissolved uranium. Under oxidizing conditions, uranium is
predictod to predominately occur as UG,(CO,),* (55.3%) and UC,{CO,)y™ (41.8%) within the perched
zone, based on model simulations using the computer code MINTEQAZ (Alllson et al, 1991, 48330).
These uranyl carbonato complexes are semisorbing onto hydrous ferric oxide and are not completely
removed {rom agqueous soelution (Langmuir 1897, 56037). The major ion chemistry ¢f this perched zone is
simllar to that of the TA-50 treated dis¢charge water (LANL 1897, 56835) and alluvial groundwater
(Environmental Survelliance ang Compliance Programs 1997, 56684) In Mortandad Canyon. Sulfate,
{luoride, and tritium are solutes associated with the TA-50 discharge (LANL 1997, 56835), which are not
significantly adserbed at near-neutral pH conditions

Porchieric aclg (HCIO,) is used in actinide research conducted at the Laboratory and Is a constituent of
the treated effluent discharged from TA-50, Perchioric acid is a strong oxidizing agent. Perchioric acid
dissociates 1o perchiorate at negative pH values ranging from -4.8 to -2.12, depending on the hydration
state of the acid. Perchlorate (ClO,) was detected at 12 ppb in a groundwater screening sample collected
from the 646 ft perched zone. A groundwater sample collected from 1100 ft within the reglonal aquifer did
not contain perchlorate (<0.002 ppb). Perchiorate has heen detacted in alluvial groundwater in 1899
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within Mortandad Canyon, ranging from 80 to 200 pPY. Perchlorate is mobile in groundwater and this
anion does not adsorb onto aquifer material undar near-neutral pH conditions,

recduced to chlorido {CI) under aerobic conditions typical ot the canyon.

Perchlorate is not casily
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Table 5.2-2
Hydrochemistry of Borehole R-15, Mortandad Canyon
Depth (1) | 648 | 1007 1100 !
Geologic Unit CR basalt | Puye Formation | Puye Formation
Sample Treatment Fittered | Finered Fittered
| Date Sampled | or22s9 | car2a99 08127799 !
[ Temp ¢ {16.8 {19.8 |22.1 i
| &g tppm) <0,001 -~ <0.001 !
| Std, Dev. (o) - — — !
{ Al (ppm) <0.02 <0.02 | <0.02
Ste, Dev, (w-) - —_ | —
Al (Lab) (spm CaCly) | 124 8.7 84.4
As (ppm) | 0.0004 | 0.0002 0.0006
B (ppm) [ 0.028 [ 0.048 0.041
5td. Dev. (o) | 0.003 | 0.002 0.002
| 8a (pom) | 0.030 0.015 0,031
Std. Dev, () 0.001 0.001 0.001
Be (ppm) «<0,002 «0.002 «0.002
Sret. Dev, (o) | — -— —
Br (ppm) 0.12 0.02 0.04
¢a (ppm) 184 6.93 123
Stet, Dev, (+h) 0.1 0.04 lo.1
Cd {ppm) <0,001 - | <0.001
Std. Dev, (+) | = - | —
€t (ppm) 115 4.47 320
€10, (ppm) 0,012 <0002 <0.002
| C1G, (ppm) <0.02 <0.02 <0.02
Co (ppm) | 0,002 <0,002 | <0.002
Std. Dev. («h) | 0.002 | — | =
€0, (ppm) fo {0 o
Cond, (Lab) (3:S/cm) 396 | 221 216
Cr(ppm) <0,002 «0,002 «<0.002
Sid, Dev, (wh) — - —
Cs (ppm) «0.002 «<0,002 <0002
Std. Dev. (o) — - | =
Cu (ppm) 0.003 <0.002 { 0.002
Ste, Dev. (w) | 0.002 - | 0.002

Note: Thocmmmismbhshousdbomomymmpum
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Table 5.2-2 (continued)

Depth (1) 646 1007 1100
Geologic Unit CR basalt Puye Formmation | Puye Formation
Sample Treatment Fittated Fittared Fittared
Date Sampled 07/22/99 0872399 08/27/90
F (ppm) 1,15 02 0.29
Fe {ppm) 0.01 0.17 «0.01
Sid, Dev, («h) 0.01 0.01 -—
Hardness (CaCO, ppm) 62.6 25.1 46
HCO, (ppm) 151 97.2 103
Hg {ppm) 0.00040 <0.00005 <0.00005
1{ppm) <0.01 <0,01 <0.01
K (ppm) .34 43 333
Std, D, (o) 0.01 0,02 0.02
L {ppm) 0.04 0.03 0.04
Stdd, Dev, (v~} 0.01 0.01 .01
Mg (ppm) 4,05 1.80 a:
Std, Dev, (o) 0.01 0.02 0.01
Mn {ppm) 0.28 0.059 | 0.11
Std. Dev, (+h) 0.01 0.02 .01
Mo (ppm) 0.07 0,02 0.014
Std, Dev, (+) 0.01 0.01 0.002
Na (ppm] 60.8 36.6 .0
St Dev, (+/) 0.0 0.02 0.1
NH, (ppm} 0.07 0.05 0.04
NI (ppm) 0.014 <0,002 0.003
Std, Dev, (+) 0.002 - 0.002
NO; (ppm) <0.01 0,81 <0.01
NO, [ppm) 0,01 6.7 «0.01
Cxalste (ppm) <0.02 0.47 | <0.02
Pb (ppm) <0,002 <0,002 | <0.002
S1d, Dev, (+h) — — -
pH (Lab) 8.01 | 8.08 7.47
PO, (ppm) <0.02 | <0.02 <0.02
Ab (ppm) 0.006 0.006 0.006
Std. Dev. (+4-) 0,002 0.002 0.002
Sh (ppm} 0.0008 0.0004 0.0017
Se {ppm) «<0.0001 <0.0001 «0.0001
S1 (ppm) 13.9 {158 | 25.6
Std, Dev. (+) 0.1 | 0.1 o2
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Table 5,2-2 {continued)
| Depth (1) 646 1007 1100 o
Geologic Unit CH bazan Puye Formation | Puye Formation |
Sample Treatment Fittored Fittered Fitersd :
Date Sampled 07/22/99 1 08/23/89 08/27/9% ;
$10, (ppm calc) [29.7 | 426 54,8 !
S0, (ppm) | 35.4 | 154 18,1 ;
5,0, (pam) <0.01 | <0.01 <0.01 }
Sn {ppm) <0,005 <0.005 <0,005 i
Sr(ppm) 0.1 0.035 0.059 '
Sta, Dev, () 0.0 0.001 0.001 [
T {(ppm) <0002 0.002 <0,002 {
Stcl, Dev, (+) — 0.001 -— i
T! {ppm) <0.002 <0.002 <0.002 ;
V{ppm} 0.008 | <0.002 <0.002
Stdl, Dev, (+) 0.002 - -
Zn (ppm) 0.01 «<0.01 <001
Std, Dev, (+-) 0.01 - —
TDS (ppm) 378.9 2432 269.7
Catlon Sum (megiL)° 4,0048 2.229 2.200
Anlon Sum {meg/L) 3,598 2.180 2111
Balance (%) +10.76 2.2 ~4.24 !

* A dash in the table moans "not analyzed® or sample concentration was below datection imit
ang no standard deviation was determinaed.

® meq/L. = milliequivalents per Iiter,

Oxidation of chioride ion 1o perchiorate In aqueous sclution is given by the following half reaction:

Cr + 4H,0 = CIO, + 8H"+ 8¢ .

This oxidation reaction is represented by
Eh (volts) = 1.39(volts) = 0.0552pH ,

whore Eh is the oxidation-reduction potential for the half reaction and activity of Cr" is equal to the
activity of CIO,",

At a pH value of zero, chloride lon is stable relative to perchlorate lon at Eh values less thar 1,39 volts;
perchlorate and chioride are at equilibrium at an Eh value of 1.39 volts; and perchlorate is stable above
an Eh value of 1.39 volts, This oxidation is also dependent on pH and at pH7, chioride is stable below an
Eh value of 0.98 voit, Due to four strong covalent bonds between the oxygen and chlorine 2toms within
the tetrahedral perchiorate molecule, this species does not become easily reduced to chioride.
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Charactorization Woll R-15 Completion Report

Subseguently, perchiorate may persist in aerebic surtace water and groungwater environmerts foran
unknown amount of time, Strong reducing agents, such as reactive arganic matter and hydrozen sulfide,
however, are capable of reduging perchlorate to ¢hloride under anaerobic conditions.

Elevated concentrations of nitrate have been observed within alluvial groundwater in Mertarcad Canyon
since the earty 1960s (LANL 1997, 56835). Sources of nitrate include discharges of nitric acid, treatec
sewage effluent (Ten Site Canyon), and urine produced from bicassay analyses, Organic torms of
nitrogen (total Kjeldanhl nitrogen) are also observed in alluvial groundwater within Mertandad Canyon
(EPA, 1999). Nitrate is mobile in groundwater under oxidizing conditions. In the presence of organic
matter anc nitrate-recucing bacteria, nitrate becomes recuced ta nitrite, nitrogen gas, and ammaenium,
Ammoniurm is less mobile in groungwater relative 1o nitrate and nitrite due to cation exchango.
Grouncwater samples collected from 646 %t (perched zone within Cerres el Rio basalt) ang 1007 ft (Puye
Formation) were analyzed for §N. Reported 8N values are -6.2% for the perched zone (z.erage of
-5.6% and -6.7%.) and +5.4%. for the regional aquiter. From 1980 through 1289, isotopically-light nitrie
acid, which is enriched in nitrogen-14, was discharged from TA-50; that may account {or the negative $™N
values measured in the perched zone. Delta () nitrogen-15 values as low as -37.9%. have teen
observed in alluvial grouncdwater within Mortandad Canyon (Kendrick 1933, 66141). Nitrate ~.«ithin the
regional agquifer is isotopically heavier than the nitrote observed in the perched 2one. This imislies that the
seurces of nitrate discharged into Mortancdad Canyen vary in nitregen chemistry based on ths observed
isotopic fractionation. Alluvial groundwater acts as a line-source of recharge for the perched zone within
the Cerros del Rio basalt, Evidence for this type of recharge includes elevated activities of tritium and
concentrations of nitrate and perchlorate cbserved at R-15,

$222 Quallty of Groundwater Within the Puye Formation

The top of the regicnal saturated zone at R-15 occurs in the Puye Fermation at a depth of 954 11,
Grouncwater samples were air-litted trom cepths of 1007 ang 1100 ft and analyzed for scre-ming
parameters only in the 1007-1t sample. Groundwater at these cepths is characterized by a sodium-
calcium-bicarbonate ionic composttion with total dissalved solids (TDS) contents of 243 ano 270 ppm,
respectively (Table 5.2-2). The major cation and anion chemistry ¢f these two groundwater -amples has
been impacted by the bentenite drilling mud resulting in biased concentrations of sedium and other major
ions, Concentrations of dissolved chloride, nitrate (as nitrogen), and sulfate are 4.47 ppm, ©.53 ppm

(6.71 ppm nitrate as nitrate), and 15.4 ppm, respectively, for the grouncwater sample cellecied from
1007 . Concentrations of cissolved chioride, mitrate (as nitrogen), and sulfate are 3.20 ppm, <0.002 ppm
(<0.01 ppm nitrate as nitrate), and 15.1 ppm (Table 5.2-2), respectively, for the grouncwater sample
collected from 1100 ft, Concentrations of perchlorate are less than 0,002 ppm in a groundwuter sample
collected at 1100 18,

Both §'0 and 5D analyses were performed on a nonfiltered groundwater sample collected irem the
1100:% depth. Delta (8) O and 5D ratics are -10.9%e and -76%., respectively, suggesting that the regicnal
aquifer groundwater was uftimately derived from a meteoric source.

52.2.3 Radionuclide Chemistry

Activities of tritium were measured in groundwater samples collected from the regional aguifer at R-15,
using three ditferent anatytical-counting methods, Activities of tritium, using LSC, in the regional aquiter
are 220 = 620 pClL, with a minimum detectable activity of 440 pCUL for this groundwater sumple (Table
5.2-3). The activity of trittum is 3,19 x 9,58 pCUL using direct counting, a more sensittve mehod
(analytical results provided by the NMED's Department of Energy Oversight Bureau and performed by the
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Characterization Woll R«15 Completion Report

University of Miami [Wingo 1999, 64065]). Activites of tritium, measured by direct counting (University of
Miami) and LSC (CST-9) in the perched zenes, including the upper section of the Puye Formation and the
Cerros dol Rlo basalt, and regicnal aguifer are provided in Table 5.2-3, Low activities of tritium (1,12
oCUL) were detected in the regional aquifer at R-15 (1100 1) using the electrolytic enrichment method at

the University of Miami,

Table 5.2-3
Tritlum Activity In Groundwater Zones at R-15

Depth Sample Activity Analytical
) Date (pCIL) Laboratory

Perched Zones

482 (drilling mud) 06/25/69 575296 Univ, Miami®

646 Q7/22/38 3770 = 850 CST-9

646 0772299 4151 Univ. Miami® pasaf

Reglonal Aquifer

1007 08/23/99 220 = 620 CST-5 Puye Fm,

1007 £8/23/99 «<3,19 = 9.58 Univ. Miami Puye Fm.,

| 1100 03/28/99 1,122 0.32 Univ. Miami - Puye Fm.

Note: Analytical error is x1 standard deviation, LANL and University of Miami pertorm LSC and airect counting mehods,
respeciivaty, for measunng tritium activity In thase grounciwater samples,

* Data provided by LANL.

® Data provided by NMED's Department of Energy Oversight Bureau.

Activities of selected radionuclides measured in the 646+t perched zone and the regicnal aguifer at R-15
are proviced in Table 5,2-4, Beth filtered and nonfiltered groundwater samples were analyzid for
strantium-90, ceslum-137, americlum-2417, plutonium isotopes, uranium isotopes, total uranium,
neptunium-237, gross alpha, gross beta, and gross gamma., Strontium-80, cesium-137, plutonium-238,
plutonium-239,240, and neptunium-237 were not detecled in the groundwater samples collected from
R-15. Americium-241, however, was detected in nonfiltered grouncwater samples ¢ollected rom the
perched zone. Americium strongly adsorbs ento hycrous ferric oxide and other adsorbents such as
bentonite (Langmuir 1987, 56037), which may account far the elevated activities of this radionuclide
observed in the perched one. Additional groundwater sampling and analyses are required to verify the
preliminary activities of this radionuclide observed at R-15. Activities of uranium-234, uranium-235, and
uranium-238 were detected in the groundwater samples, Higher activities of the uranium isctopes are
associated with the nonfittered samples because naturally occurring uranium occurs within the bentonite
drilling mud anc aguifer materials. Concentrations of tctal {nonisotopic) dissolved uranium are 1,10 and
1.28 pg/l. within the perched 2one for the two replicate grouncdwater samples, Concentratiors of dissolved
uranium in the regional aguifer (1100 ft) are 2.44 pg/L. (Table 5.2-4). Uranium concentrations in
nontiltered groundwater samples collected from both the perched 2one and regional aguifer are much
higher than those measured in the filtered samples because natural uranium is associated with bentonite
drilling mud. Activities of gross alpha, gross beta, and gross gamma in nenfittered grouncwiter samples
exceed those activities measured in fitered samples. Gross alpha and gross gamma aclivities are
associated with isotopes within the uranium-238, uranium-235, and thorium-232 decay chalns, whereas
gross bem activities are probably associated with potassium-40 present in the bentonite driliing mud.
Activitles of tritium (Table 5.2-3) are much less than the gross beta activities measured in the R-15

groundwater samples.
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Table 524

Radionuclide Activitles In Filtered and Nonfiltered Groundwater Samples from Borehole R-15

| Depth (1) 646 646 1100 | 646 646 11100
| Geologle Unit Basal Basan Puyo Formation | Basat Basal | Puye Formanon

Geologle Unit | Fitered Fiterac | Fitered Norfirersd | Norfierss | Nonfitared
Strontium-50® (0132066 10122049 0172034 [03= 11 (0312066  |0.042040
MDA® [0.82 0.84 0.62 {19 1.10 fero
Cosluma1a7 07222 01222 11220 04222 00221 |o8x21
Plutoniume238 000282 0.0154 |0,012120.0162 | 0.016720.0164 002120030 005720038 [0.0111200150
MDA 0.04 0.029 0,013 0.062 0.041 | 6026
Plutonlum-239.240 | 0.012320.0166 |0.0093:0,0150 |0,008320.0134 |-0.0071 20.0192 | 0.0090z0.0182 |-.0017 = 0.0138
MDA 0.029 o005 0.013 | 0,049 0.0035 C.028
Americium-241 0.00460.0148 (00025200022 (004420028 |0123200582 [0.20720078 | 0.007220.0142
MDA 0.015 o027 0.026 0.041 0.058 £.028
Uranium«234 0488 0,112 0.495£0,112 144 2026 11.85£1.48 200232 18722

MBA 0.041 0.082 0.070 | 0.074 142 0,041
Uranlum.235 00270028 (0045200 [0043:00% [0577:01%0 [097:050  |0.68820.140
MDA 0.051 {0,043 0.047 0.034 047 [ 3.030
Uranlum.238 030420084 |030120082 |0.68320138 | 8602108 166228 13,252 1.62
MDA 0.0% 0.035 0.047 0.054 0.63 0.048
Uranlum (uel)® [ 1102015 1202017 2442033 308242 349247 135259
mocd 0.10 ¢.10 0.10 10,00 10.00 1,00
Neptuniume237 0.00 20,01 0.00 £ 0.0 0.01 2003 0.032005 0.01 2 0.04 0.02 £0.02
MDA ) 002 0.02 0.05 0.08 0.08 2.00

Gross Alpha 1.5320.81 07213 25211 183226 14018 1662=78
Gross Beta 3352078 27211 25214 125218 88214 150525.6
Gross Gamma 280 £ 45 317246 2218 260 29922 1253220

MDA | 66 66 19 18 19 118

Nores: 1. Activitles are reportod In picocurnies per itter,
2. Error of two standard deviations is reported.

* Radionuclides and parameters analyzed by Paragon Analytics, Inc.
® MDA = minimum detectable activity,
€ KPA = Kinetic phosphonmetric analysis,

% MDC = minimum detectabia concentration,

523

Summary of Groundwater Geochemlistry

Solute chemical cata show the presence of possible elevated concentrations of anions (¢chlcride, flucride,
nitrate, and sulfate) within groundwater samples collectect from the perched zone at 646 ft and from the

regional aquifer at 1007 ft during the drilling of R-15, Because of the combined affects of the dissolution of

bentonite drilling mua and desorption of inorganic species from the mud during sample presarvation,
elevated dissolved concentrations of sogium, chioride, nitrate, sultate, and other species may have
biased the borehole groundwater chemistry, Dissclved concentrations of fluoride (1,15 ppm) and
perchlorate (0.012 ppm) observed in the perched groundwater at a depth of 646 ft are above background
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Characterization V/ell R-15 Comzletion Report

values for these two solutes, Background concentrations of fluoride are typically less than 0.5 ppm,
whereas background eoncentrations of perchlorate are less than 0.002 ppm. Fluoride, producee trom
dissociation of hycrofluori¢ acid, and perchicrate are constituents of the TA-50 treated water Cischarged
into Mortandad Caryon and these two anicns are observed in alluvial grouncwater (LANL 1967, 56835).

Elevated activities of tritium (3770 = 850 pCUL) observed within the perched 2one at R-15 strongly
suggest that a compenent of groundwaler in these zones is less than 50 yr old, which is cerivec from
Laboratary discharges and/or atmospheric fallout (Acams et al. 1495, 47192; Blake et al. 1995, 49931).
Activitles of tritium were measured in groundwater samples collected in the regional aguifer at F1-15
(1100 1), using three ditferent analytical-counting methods. Activities of tritium, using LCS, in the regional
aquifer are 220 = 620 pCVL, with a minimum detectable activity of 240 pCUL for this groundwater sample.
The activity of tritium is 3.19 = 9.58 pCUL using direct counting, a more sensitive method (data orovided
by the NMED's Departiment of Energy Oversight Bureau [Cale 1999, 63058)). Activities of tritium are less
than detection in the R-15 groundwater samples using LSC and direct counting methods. Low activities of
tritlum (1.12 pCiL) were Getected in the regional aquifer at R-15 (1100 ft) using the electralytic
enrichment method at the University of Miami. The concentration of nitrate (as nitrogen) is 1.53 ppm,
which is clevated above backgreund for the regional grouncwater in the Pajarito Plateau area.

Strontium-90, cesium-137, plutonium-238, plutonium-238,240, and neptunium-237 were not Cetected in
the grouncwater samples collected from R-15, Americium-241, however, vas cetected in replicate
nonfittered grouncwater samples collected from the perched zcne within the Cerros del Rio basatt
Adtitional grouncwater sampling and analyses are required to verity the preliminary activities of this
radionuclide observed at R-15. Activities af uranium-234, uranium-235, and uranium-238 were detected in
the groundwater samples. Higher activities of the uranium isotopes are assoclated with the nonfilttered
samples because natural uranium occurs within the bentenite Crilling mud and aguifer materials,

Dissolved uranium concentrations of 1.10 and 1.28 pg/L. have been measured by Paragon Analytics, Inc.,
using LIKPA method, within the perched zone (646 1) at R-15, These values are within Laboratory
background with respect to uranium concentrations for 54 groungwater and spring samples (mean value
o1 0.92 = 1.42 pg/L) collocted on the Pajarito Plateau and surrouncing areas. A dissalved uranium
concentration of 2.44 pg/L was measured in the regional aquifer (1100 f1) (borehole water sample).

6.0 WASTE MANAGEMENT

Management ot waste streams generated during R-15 drilling, samgling, and well installation activities
was conducted in accordance with the site-specific waste characterization strategy form (WCSF). Core
collected during the Phase | investigation was archived at the FSF. Wastes consisted ot disposable
sampling equipment, personal protective equipment (PPE), plastic sheeting, scrbent pads, and
decontamination vater. Pursuant 1o the \WWCSF, If any barehcle materials demonstrated field screening
results above background values, the materials were managed as waste, However, no borerole materials
exhiblied elevated field sereening hits; therefore borehole materials were managed onsite during Phase i

drilling as follows:
e Dry drill cuttings were ¢ontained in 55-gal. drums, directly from the cust-suppression system
discharge, and were transferred and staged within a bermed wastesmanagement sterage area

onsite. The material was reused by spreacing it at the base of the uphiil site berm and covering
with topsoll during site restoration.

- Wat drill cuttings generated during injection of TORKease or £2-MUD slurries mixed with
municipal hygrant water (during crilling in unsaturated zones) were transferred and contained
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Charactorization Woil R-15 Completion Report

within a bermed waste-management storage area onsite. This material was reused by
evaporating the liguid and spreacing the remaining material at the base ot the uphill site berm,
and covering with topsoil during site restoration,

« Groundwater generated as a resutt of drilling through saturated zones, purging, and well
development operations was contained and transferred clrectly to 3000-gal, storage tanks staged
within the bermed waste management storage area onsite, Water from citterent saturatad zones
was segregated into separate tanks, A total of 25,000 gal, of groundwater was generated trom all
saturated intervals during erilling and development. The water is stored onsite and will be
discharged for site restoration in accordance with an approved notice of intent.

« Disposable sampling equipment and PPE were placed in drum liners, sealed, labeled, and stored
onsite in accordance with the WCSF. A total of two bags were generated. A waste profle form
was prepared and approved for cisposal of the bags at the Los Alamos County langfill.

» Plastic sheeting and sorbent pads placed beneath the crill rig and heavy eguipment to contain
leaking hycraulic fluid, lubricants, and antifreeze were contained in twe 55-gal. drums ang were
managed and cisposed of as New Mexico special waste.

7.0 SURVEY ACTIVITIES
7.1  Geodetic Survey

The location of R-15 was determined by geocetic survey on September 21, 2000, using a Wild/Leica
TC1600 total station. Control was second-order, class Il monuments placed by Jehnson Controls
Northern New Mexico; these second order monuments were derived from the 1892/1993 Labcratory-wide
control network. The survey located the brass monument in the southwest comer of the well

(Table 7.1-1). Horizontal well coordinates are based on New Mexico State Plane Grid Coordinates,
Certral Zone (North American Datum 83), and are expressed in feet. Elevation is expressed in feet above
mean sea level using the Nationa! Geodetic Vertical Datum of 1929. The Facility for Information
Management, Analysis, and Display (FIMAD) location identification number for R-15 is MO-00051.

Table 7.1-1
Geodcetle Data for Well R-1§
| Nerhing(f) |  Easting(m) Elevation ()
Brass Monument 17682725 1635308.6 6820.0

7.2  Surface Radiological Survey

A surface radiological survey was conducted by a radiclogical control technician (RCT) befora site
construction or crilling activities began at R-15, The site-construction raciation survey was conducted on
September 7, 1999, and consisted of collecting alpha, beta, and gamma background measunzments and
conducting statistical analysis to calculate action levels. Established action levels are used asi a basis to
determine if borehole materials screened during drilling exhibit racicactivity abeve surface background
values. The survey consisted of 19 peints on a grid projected over the work area, Each point was
surveyed using direct reading alpha, beta/gamma, and dose rate meters. Alpha was measured using a
Ludium Mode! 139 with air proportional probe; beta/gamma was measured using a Luclum Mocel 12 with
44.9 probe; dose rate was measured using a Ludium Mocel 19 R/hr meter. Caleulated background values
for the drill site were 0 counts per minute (cpm) for aipha, 191 cpm for beta/gamma, and 142 Rimrfor

dose rate.
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8.0 WELL DESIGN, CONSTRUCTICN, AND DEVELOPMENT

8.1  Well Design

R-15 was designed as a single-completion well with a stainless-steel sereen. The screen, with a nominal
length of 60 4, Is located at the top of the reglonal zane of saturation. The screen extends from 5 ft above
the top of the water table to approximately 51 ft inte the saturation, This screen length ensures that the
well can continue 1o function even it the water table declines, due to pumpage of water from nearby

water-supply wells,

A decision was made 1o install R-15 as a single-completion well rather than a multiple-scroen well
bocause It was considered risky 10 place a s¢reen in the perched horizon that could allow transter of
contaminated perched water into the regional 2one of saturation, Placement of annular fill materials
ansures that the perched zone is isclated trom the reglonal aquiler in R-15, Separate intermediate-depth
wells will be installed in Mortandad Canyon to saomple the perched zone found in R-15.

8.2 Well Construction

Charactorization well R-15 was constructed in September 1999, Figure 8.2-1 shows final construction
information.

8.3 Well Development

Development of R-15 involved twa phases. First, the well screen was washed with regional aquiter water
and surged with a jetting too! for § hr. Next, the well was pumped for 73.Q hr at an average rate ot 9 gpm

over a period of S days:

2/16/00 - 6.0 hr,
2/17/00=-9.5 hr,
218/00-11.5nr,
2/15/63 - 22.0 hr, and
2/20/00 =240 hir,

The initial wall deveolopment of B-15 was immadiately followed by a pumping test of the regional aquifer.
Because this pumping test continued to remove water from the well, it was part of the development
process. Grouncwater samples were collected at various times during purnping and the turdidity was
detarmined 1o be less than 5 nephelcmaetric turbidity units (NTUs), Based on flew-meter readings betore
and after pumping, 41,130 gal. of grouncwater were removed from R-15 during the pumping test. Figure
8.3-1 shaws the decrease in turbicity during the pumping test.

8.4  Pump Installation

A sutmersible pump was installed in well R-15 by Rio Grance Well Supply of Santa Fe, New Mexico. The
pump is a 3-horsepower Grunctos™ Mocel 10530-34, 4-in.-outside ciameter (O.D.), submersible pump
that operates on a 460-volt, 3-phase power supply provided By a portable diesel generator. The power
cable is No. 12, 3CWG jacketed submersible wire, secured to the pump riser pipe with cable ties. The
pump was installed on 1.25-in., 304 stainless-steel NPT riser pipe with 3000-1b couplings. The pump
intake was set 1018.6 tt below the top of the S-in. well casing; this places the intake appreximately S0 ft
below the static water level in the well. The pump was installed with a check valve and a weep hole grilled
in the riser pipe at point near the static water level in the well to allew water to drain from the piping. The
pump capaclty is approximatety 10 gal/min at 700-ft depth.
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Characterization Well R«15 Complotion Roport

A 1+in.1,D., tlush-threaded, schedule 40, palyviny! chioride (PVC) pipe with a bottom ¢ap was installed to
a depth just above the submersible pump bocy 10 serve as a concuit for a pressure transgucer, The
bottom 20 ft of the PVC pipe was perlorated to provide a hydraulic connection with the well. The PVC
pipe was socurad to the pump risar pipe with cable ties,

The pump tiser and PVC pipe are securely hung and sealed at the top of the well casing by a 3000-Ib-
capacity landing plate, The pump discharge was compicted with a ball valve and threaded nipple 10 allow
connection of appropriate tubing for well purging and sample collection. The pump, power cable, and all
piping was washod with Alconox™ detergent and steam-cleaned prior to installation,

8.5 Wellhead Protection

A reinforced concrete vault was installed to provide wellhead protection, Figure £.5-1 shows plan and
profile views of the wellhead contiguration,

9.0 SITE RESTORATION

The R-15 drill site area was recontoured to match the surrounding topography using a backhoa. The
surace of the drifl pad was roughened and native dryland seed was applied to the denuded areas, Straw
mulch was then spread over the sceded areas and wheelsrolled to crimp in the straw and cover the seed.

10.0 MODIFICATIONS TO WORK PLANS

Table 10.0-1 compares the planned characterization activities in the "Task/Site Work Plan for Operable
Unit 1049: Moriandad Canyon® (LANL 1997, 56835), the hycrogeologic wark plan (LANL 1996, 53599),
the core document (LANL, 1397, 55622), and the “Field Implementation Plan for the Drilling and Testing of
LANL Regional Characterization Well R-15™ (LANL 1989, 64062) with characterization activities
pertormed in R-15. The characterization activities in the hydrogeologic work plan ang the core document
are the same; therelore, planned characterization activities for these two documents are showm together
in Table 10.0-1,

The final depth and completion design of R+15 was based on engeing evaluations cf hydrogeclogic data
collected at R-15 and discussions with the groundwater integration team and NMED.

The amount of core collected in R-15 curing Phase Il grilling was a significant deviation from the amount
spacified in the hydrogeclogic werk plan and the core document. In beth documents R-15 is designated
as a type 2 well (100% coring). During actua! drilling operations, 100% core was collected trom the upper
420 ft of R-15 using an HSA methed. In R-15, good performance of the HSA systemn was achieved,
particularly in the Bandelier Tult, and continuous core could te collected without penalizing the crilling
rate, Little core was collested during Phase i grilling because of an agreement between the groundwater
imegration team and NMED that collection of continuous core was 100 costly for the value ot the
information derived trom the core.

The sand fiter pack was originally designed 0 extend 2 ft above and below the well screen according 1
the hydrologic work plan and the R-15 ficld implementation plan, However, placement ¢f annular
materials curing well construction resulted in a longer sand pack (10 ft above and below the well screen).
Because of the porous nature of the geclogic unit in the vicinity of the screen, it was believed that
signhificant settling and loss of annular materials to the formation could result in bentonite migirating next to
the scraen, Bentonite next to the screen would acdversely impact the measurement of water-guality
parameters and atect the hydraulic properties of the well screen.
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Table 10.0-1 g
Activitles Planned for R-15 Compared with Work Performed g
o
Hydrogeologic Work Plan® and i
Work Plan for Cors Document for Caryons RS R-15 g
Mortandsd Canyon® Insestizations® Field Implemantation Flan? Actual Work s
Planned Depth(t) | 1240N 100 1o 500 Inlo the reglonal aguifer | Hominaty 1000 Total d=pth = 1107 |, info s
regional saturalion :_-?
Driiting Method Augart of rotary driling Methods may include, but are not | Fhase | drilling consists of HSA lo a depth of Same as feld Implementation b
fientod fo, HSA, ar- 420 A Airvotary methods including downhole plan, HSA 9
rolary Odex/Stra‘ezx, a'r peccussion hammerson 4 5 in.- and 740-0 D, Fhasa I HSA 13
rotary Bartot 9. mud-rotary dualwall casings 1o diil open hole; alr-rotary X 2
diling 101-mm Gocbartel system 10 colfect continuous | Phase Nz with casing advance 3
cor0; alr-rotary Hoita and Stratex casing- and rolary assisted by mud D
a/ance systems and downhole percussion tehind he casing'a'r rotary 3
hamurers 10 simuitanpousty drit and advance §
casing in the borehole
Amount of Core 100% core 100% core Approximalely 10% of t.8 borehols 37% ol R-15;, most ol the core
oofoctad lrom 010 420
Uithologle Log Log to ba prepared trom core, Log ta be prepared kom cors, Log o be prepared hom cots, cutings, d4lling | Loj was prepared trum cote,
cuttings, driling performance cutings, ddiing pedormance performance cutings, and drilling
performance
Humber of Water A wator sample will be collected | A waler samp'e wid bo coflactad | A water sample witl b cofectod from each To date, waler samplog wore
Samples Collected  1from each saluratad zone. Welto | from exch satralod zone. The sa'urated 7009. The gooct-omistry profect leader ] cofectod from two saturaled
fot Contlaminant be sarpled at completion and at | number of sampiing events after | 8ad lechnical feam will delarming e numter 083 encountsted dudng
Analysls sltmonths. well compleion are not specified. | and locations of samples based on condifions Phase Il dliling
encounterad. The number of sampfing eyents
a'ter woll completion are not specified. Up fo six
water san-ples are plarnied.
R I L IET JO | B e g o e i) o




Table 10.0-1 (continued)

Work Planfor
Wortandad Canyon®

Hydrogeologic Work Plan® and
Core Document for Canyons
Investigations®

R-15
Fie'd Implemantation Pland

A-15
Adtual Work

Traco Elementa/Metals: Al Sb,
As, Ba, Bs, B, Cd, Ca, Cr, Co, Cu,
Fe, Fb, Mg, Mn, Hg. M, K, Se, Ag,
Ha, T, T, U, ¥, Zn

Anlons: Br, CIO,. C1, F, NO,, NO,,
PO,.HCO,, SO,

Other Chemicals: S, cyanide
Radionuclides: *H, ¥Sr, '7°Cs,
Py, 7Y, Y, P, Py,
"J‘"Pu' ‘"Am

Organic Compounds: pesticides,
PCBs, YOCs, somivolatile organic
compounds (SYOCs)

Other Analyses: 1'C, 10, 10/0,
DY, DOC

Radochemistry |, 0, and 1l
anahtes; *H, gamma spectroscopy
scan; gensral inorganic chemicals;
molals; siable Isolopes

Trace Elements/Metals: A, Sb, As, Ba, Be, B,
Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg. W, K,
Se,Ap. Na, T\ U, V, Zn, NH,

Anlons: Br, 0, O, F, NO,. NO,. PO,. HCO,
50

Othet Chemlcals: Sf, cyarida, total organic
carbon, dissohved organic carbon ractonation
Radionuclides: ™, *'Sr, 17Cs, ' am, P, ™y,
™y oy, PICPy, Gamma spectioscopy,
gross-a'pha, gross beta, gross gamma
Organic Compounds: YOCs, SYOCs, high
axplosh g compounds

Other Analyses: ''C, 0, "0/'0, DY, NN

Sama as feld Implementation
ptan excepl for tha addsition of
perchiorale. PCBs and
posticides will be analyzed for
during quarterly sampling of the
wol,

Water Sample Fleld
Measurements

Abalinity, dsscived oxypen, pH,
speafic conductance,
femporature, turbidity

Ala'inity, pH, specific
conductance, temperature,
turbidity

Adalinly, dissolved exygen (completed well
w& pH, specific conductance, temperature,
ity

pH, speafic conductance,
tampeorature, furbidty, Alkalinity

was measured In the laboratory.

Number of
Core/Cuttings
Samples Colhcted
for Contsminani
Anslysls

Colloct and presarve soven cores

10 reprasent major hydrogadiogio
units and zones above and below

majot hydrogeoclogic contacts

Twenty samples of core of cutiings
10 be analyzed fof contaminants in

sach borshole

Up 10 23 cora'outiings samples planned; numbet
of samplas depandant on numbet of saturaled
zones sncouniered

During Phasa | driing, 24 core
samples wore collected lor
contaminart chemistryf
goochamisiry analyses. During
Phasa It diiling, one core
sampla was collected for
contaminant
chemistry’geochemical/

mineralogical analyses.
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Table 10.0-1 (conlinued)
Hydrogeologic Work Plan® and
Work Plan for Cote Document for Canyony R-15 R-15
Mortandad Canyon? tavestigations® Field implementation Plan? Actual Work

Core/Cuttings Trace Elements/Melals: A1, Sb, | Uppoermost sample lo be ana'yzed | Trace Elements/Metals: Sb, As, Ba, Ba, Cd, Cr, | Sama as field implementation
Sample Analytes As, Ba, By, Br, Cd, Ca, Cr, Co, for a Jull ranga of compounds; Co, Cu, Fo, Fb, Mn, Hg, Mo, NI, Nb, Fib, Se, Ag, [ plan excepd thal urankm

Cu, Fe, Pb, M. Mo, Hg, N, K, Se, { deeper samples fo ba analyzed bor | S, T, U, V, Y, Zn, Zr (nonisolopic) was not analyzed.

Ag. Ha, T, T,U,V, In Rs:iodx-er’:iflry i, and-lll Major Elements: A, Ca, Fa, M3, Mn, P, X, S, Per-dnlora'.e was added fo anlon

Anlons: B, O, F, 50, PO, enalies; M, and metals; four Ha, Tl leach tests. Mineralogic

samples fo be analyzed for YOCs analyses wora conducted on

Other lﬂofg.ﬂ;c Chemicals: S1, Anlons: Br, O\, F, SO, HO, cors and a‘ﬁp,gg

cyanide " Other inorganic Chemicals: cyanide

Radlonuclides; *H, 'Sy, '¥Cs, di lides: M. %S¢ W Cs AR P9 I

o, Ty, P4y, B, TR, Ty, i mpgpars s it

#224Pu, garmma spectroscopy, oha, cross beta, o :

' a'pha, gross bela, gross gamma
gross-alpha, gross-beta, gross
gamma YOCs and SYOCs o ba determined b four
samples and whare PiD detects oocur

Hydrsufic Propedty | Bufi donsity, dry density, Kd, Physical prog-erties 1o ba Tha following physical properties will be Core samples were collected
Anslyses porosity, mineralogy, molsture determined on 5 samples and Wil | detenmined In sach of he major stratigraphic and preserved for potential use

content, molsture potential, typically Inchuda moisture conlent, | units: paricla size {sedimentary units) molsture | as samples Jor hydrological

saturated hydrautic conductivity porosity, partcle donsity, buk content, malric potential, porosity, particle proporty testng. Selection of

density, saburated hydraute
conductivity, and wales retenton
characteristics. Approximatsly 10
samples of core of cuttings will be
coftected for mineralogy,

perography, and rock chamisty.

dansity, buk density, saturated hydraufic
conductivity, and wa'er retenton characteristics.
In additon, approxmately 15 samples of core of
cutfings will be selected by tha gaclogy project
leader for minersiogy, petrography, and rock
chemisty.

samrples for lestng will ba based
on characterzation requirements
Kentified durlng developmend of
groundwatar fow and transport
modeis. During Phase | driling,
fotal of 86 samples were
coltacted for molsture contend
and 141 samples were cobected
fot matiic potential. A fotal of 25
samples werg collectod ot
geologic charactarization
Inchuding mineralogy,
petrography, and rock chemistry.
Aquifef porformance tagling was
conducted at R-15 after well
develpment.
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Table 10,0-1 (continued)

Work Plan foc
Mortandad Canyon®

Hydrogeologic Work Plan® and
Core Document for Canyons
nvestigations®

R-15
Fiold Implementation Plan?

Natural gamma, nautron molsture,
and density 10Qs may be collected.

In general, open hole geoptrysics
Includss calfper, electromagnetc
induction, natural gamma,
magnetic suscopfiblity, borehols
color videotape, Buld lemperature
(saturated), fuid resistvity
{saturated), singla-point resistivity
(saturaled), and spontansous
polental (saturated).

in ganeral, cased-hole geophysics

includes gamma-gamma density,
natural gamma, and thermal

In glabla open borehole environments,
geophysics measurements will include cafiper,
elactromagnetic induction, natural gamma,
magnefic susceplitAiity, color camers, borehole
dghtal camers, gamma-gamma, and
thermal'epithermal neutron logs.

In the cased borshcle, geophysics
measuramants will nclude gamena-gamma
density, nakural gamma, and #emal peutron
fogs.

Tha need for specific logs to be determined by
the lectrical team.

Water-Lovel
Moasuraments

Waters favels wi! be determined for sach
saturated zone by watet-lovel meter of by
pressure transducer,

Waters lovels were determingd
for sach saturated zone by

water lovel meler of by pressure
transducer,

Siug Tests

Shug lests planned for all zones of saturation
encountered.

Shug tests wore conducied in the
perched systom. A shug test was
atismpted In the reglonat
aquifer, ted the waler lovel
recov el ed betore the pressute
ransducer could be instatted.

Alr Pormasbliity!
Borshole
Anemometry

Conducted in Bandefior Tufl at
10-Rintervals after removing the
HSA and'or Odex/Stratex casing

in unsalurated smvironments, borshole
ansmomatry and siraddly packer al pormeabiiity
mezasuromants will be made In stabls open-
borehole ermvironmants al iocations delermined
n ha fleld.

Ak permeabiity was msasured
In part of e borohole.

Surface Casing

Approximately 20-n. O D,
sxtends trom land surface to 10

depth In underlying competent
layer and grouied In place

10-in.-damefer low-carbon stesl casing selio a
mirdmum depth of 20 A with & 3-A stckup

16-in.-0 D. welded-slaal casing
so\ fromtand surface 10 1351t

Minimum Well
Caing Skre

$53in.00.

51D,

5in.10.
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Characterization Weil R-15 Complation Report

Other modifications to R+-15 planned activities were relatively minor for the two saturated zones
ancountered during Phase 1l drilling. in both cases, perchiorate and nitregen-15/nitrogen-14 were added
to the analytical suite for water samples based on nitregen-15/nitrogen-14 ratios measured at R-12,
TA-50, and alluvial groundwater within Mortandad Canyon, Perchiorate has been obsarved in alluvial

groundwater within Mortandad Canyon.

11.0 IMPLICATIONS FOR CONCEPTUAL GEQOLOGIC, HYDROGEOLOGIC, AND
GEQCHEMICAL MODELS

in descending order, geclogic units penetrated in R-15 included alluvium, the Tshirege Member of the
Bandeller Tufl, tephras and voicaniclastic sediments of the Cerro Toledo interval, the Otowi Member of
the Bandelier Tuff, the Guaje Pumice Bed, the fanglomerate facies of the Puye Formation, basaltic rocks
of the Cerros del Rio volcanic fleld, more Puye tanglomerate, and the axial Rio Grande facies of the Puye

Formation (Totavi Lentil),

With the exception of Cerros del Rio basalt and the absence of deeper lavas, stratigraphic units
encountered in R+15 ang depths of their contacts were predicted with good accuracy by the current three-
dimensional stratigraphic model for the Pajarito Plateau (Figure 3.1-2). Most contacts were within 40 ft of
their predicted value; this accuracy refiects the relatively high density of water supply wells, test wells, and
R-wells that were used to constrain the three-dimensional model in this part of the Laboratory. The
interfingering relations between the Cerros del Rio basalt and Puye Formation aiso were accurately
portrayed in the three-dimensional stratigraphic model,

The predicted depths 1o contacts and thicknesses for the basaltic rocks of the Cerros del Rio vokcanic
field were notably less accurate than for the other stratigraphic units. Modeled contacts tor the Carros del
Rio basalt probably will always be less predictable than other stratigraphic units because ¢f the unique
tactors controlling its distribution. These basalts were erupted from vents that are now buried beneath the
eastern part of the Pajarito Plateau by the Bandeller Tutt and in places by the Puye Formation. The
number and locations of these vents are not known, Additionally, the thickness and distribution of basattic
lava flaws vary as a function of vent type (e.g., cinder cones versus fissure tiows), volume of basaltic
magma erupted, distance from the vent area, fluidity of the lavas, and topography onto which the lavas

wore erupted.

in particular, the landscape onto which these basalts were erupted had a major effect on their distribution.
Basalts behave like other fluids, flowing through existing drainages and ponding in low-lying basins. it the
topographic relief is subdued or if the eruptions are voluminous enough, the basaltic lava flows may fill in
fow-lying areas bafore spreading out as more predictable sheet-like bodies, Currently, the three-
dimensicnal stratigraphic moce for the Cerros el Rio basalt lumps together all iow units regardiess ot
their source vents, The Carros del Rio basalt appears to be an important hydrogeoclogic unit for hosting
perched groundwater on the Pajaritc Plateau. The distribution of individual flow units and the orientation
of their contacts may be the primary controls on groundwater flow directions for these perched systems.
The ability te more accurately predict groundwater flow through these rocks will improve as the identity ot
individua! flow units and the locations of their source vents become better known through information
gained from additional drilling activities and through ongoing investigations 10 identity fiow units by their

¢hemistry, petrography, and age.

The axial Rio Grande tacies of the Puye Formation (Totavi Lentil) was partially penetrated during the
drilting of R-15. Although only partialfy penetrated, it is likely this rock unit forms the basal deposits of the
Puye Formation at this location based on the thickness of the Puye Formation in other nearty wells. In
contrast, axial Rio Grande deposits were found to overlie the upper fanglomerate of the Puye Formation
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Characterization Well R-15 Compietion Report

in well R-12 and were absent in well R-9. The axial Rio Grande facies evidently does notform a
centinuous sheet-like deposit at the base of the Puye Formation, as suggested by earlier investigations.
Rather, this facies appears to be comprised of isolated ¢eposits of limited areal extent that represent the
course of the ancestral Rio Grande at ditferent points in time during development of the Puye alluvial tan,
The term "axial facies® is useful to retain because of the unique provenance and Iithologic character of the
clasts comprising these deposits, but the depiction of these deposits as a time-stratigraphic unit at the _
base of the Puye Formation should be examined critically in future crilling. i

7;1&7;161 & |

L 19

L]

Although many contacts were reliably predicted, cther aspects of the geclogy at R-15 were unanticipated.
In particular, the general absence of clay alteration and the abundance of glass preserved In the central
and lower Puye Formation were not expected, Lack of alteration is particularly surprising because this
section in R-15 is saturated, whereas the same intervals in B-8 and R-12 are unsaturated but fully altered
to clay. Because of the importance of clay in hydrologic and geochemical processes, the distribution of
alteration pattemns in the Puye Formation will require further clarification to produce more accurate
predictions of grouncwater flowpaths beneath the Laboratory.

)

- n \_i:-. E,

Saturation in the alluviurn immediately east of the seciment traps in Mortandad Canyon appears to be
limited to the center axis of the canyen {(e.g., MCO-7.2) and coes not extend 10 the south side of the
canyon at R-15,

i

| FEETAA

Two saturated groundwater zones were clearly identified during Phase !l drilling operations a: R-15. The
tops of the saturated zones occurred at depths of 646 and 964 ft, The upper zone contains perched
groundwater and the lower Is belleved to be associated with the regional aquifer,

N 'II"

The saturated zone at a depth of 646 ft oceurs In the lower part of basatltic rocks of the Cerros del Rio
voleanic fieid. Saturated porosity Is provided by fractures in basalt. The perching layer consists of clay-
rich material at the base ¢f the Cerros del Rio basalt,

During Phase | crilling, tritium was detected in core samples collected from 22.3 10 414,8 11, with activities
ranging from 5,3 pClL (0.077 pCl/g) to 5405 pClUL (22.2 pCi/g). The highest activitias of tritium were
measured at 319.8 ft within the Ctowi Member of the Bandelier Tuft, Tritium was the only radionuciide
detected in RB-15 during Phase | drilling, which may have resulted from vapor-phase and/or aqueous-
phase transport, Activities of strontium-90, ceslum-137, piutonium-238, plutonium-239/240, and
americium-241 were below datection in the core samples.

Perched grounchwatar has been found in all four of the wells (R-8, R-12, R-15, and R-25) installed to date
during implementation of the hydrogeologic work plan., These results suggest that perched groundwater is
more common than previously recognized, particularly in or near the major canyon systems. Preliminary
water-quality data from these perched zones suggest that none of the perched groundwaters identified to
date are conneocted between canyeons, Alluvial groungwater acts as a source of line recharge 1o
underlying perched zones found in Mortandad Canyon, Sandla Canyon, Los Alamos Canyen, Puablo
Canyon, and Cafion de Valle. Nonetheless, these perched systems share some common features, For
axample, the largest perched groundwater systems in R-8, R-12, and R-15 are assoclated with the
Cerros del Rio basalt. Perched water occurs in the lower basalt flow units of all three boreholes. In R-9
and R-15, clay-rich rocks associated with the brecciated base of lava flows appear to be important
perching horizons, Also, tritium activities are elevated above background values ferthese perched
systems, though none exceeds state and federa! drinking water standards {20,000 pClL). These above-
background tritium values indicate that at least part of the groundwater in these perched zones was
racharged from the surtace during the past 50 yr.
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Charactarization Well R-15 Compiotion Report

Elevated activities of tritium (3770 x 850 pCiL) observed within the perched zone at R-15 strongly
suggest that a component of groundwater in this zone is less than 50 yr old, A portion of the water within
the perched 2one is derived from Laboratory discharges and/or atmespheric fallout (Adams et al. 1995,
47192; Blake et al. 1995, 49931).

Stromtium-90Q, cesium-~137, plutonium-238, plutonium-233,240, and neptunium-237 were not detected in
the groundwater samples collected from R-15. Americium-241, however, was detected in replicate
nonfittered groundwater samples collected from the perched zone within the Cerros del Rio basalt,
Acditional grouncwater sampling and aralyses are required to verily the preliminary activities of this
radionuclide observed at R-15. Activities of uranium-234, uranium-235, and uranium-238 were detected
slightly above background in the grouncdwater samples. Higher activities ¢f the uranium isotopes are
associated with the nonfilttered samples because naturally occumring uranium oceurs within the bentonite
drilling mud and aquifer materials.

Grouncwater trom the perched zone in R-15 is dominantly a sodium-calcium-Bicarbonate type solution as
represented by the sereoning samples collected at depth of 646 1. This perched groundwater was found
10 contain 3770 = 850 pCif. tritium, 0.012 ppm dissolved perchlorate, 11.5 ppm dissolved chioride,

63.9 ppm dissolved sodium, 1.5 ppm dissolved fluoride, 35.4 ppm dissolved sultate, <0.02 ppm dissolved
ammonium, <0.01 ppm nitrate (as nitrate), and 1.2 ppb dissoived uranium, SBentonite drilling muc has
biased the borehole water chemistry by dissalving/desorbing sodium, sultate, nitrate, and other species
from the mud., The chemistry of this perched zone, however, is similar to that of the TA-50 treated
discharge water and alluvial groundwater in Mertancag Canyon. Sulfate, flucride, chioride, perchiorate,
and tritium are solutes associated with the TA-50 discharge, which are not significantly agsorbed at near-
neutral pH conditions,

The regional water table was encountered at a depth of 964 ft at an elevation of 5856 ft in the Puye
Formation at R-15. The groundwater occurs at a higher elevation than at R-9 {5694.8 1t) ang R-12
{5699.5 1), located approximately 1.3 mi to the northeast and 1.1 mi to the east of R-15, respectively. The
elevation of the water table in R-15 is approximately 26 ft lower than the static water level in nearby TW-8
(depth to grouncwatar is 996 1t at an elevation of 5882 f1). This saturated zone is believed 10 represent the
regional aquiter because its elevation is consistent with that found in nearby supply wells PM-1 and PM-3,
and in two test wells (TW-3 ang TW-8). The regicnal aquifer at well R-15 behaves like a leaky confined

agquifer.

The grouncwater composition at the top of the regional saturated zone is dominantly a sodium-
bicarbonate type as represented by the screening samples collected at a cepth ¢f 1007 tt. The majorion
chemistry of the groundwater sample, however, has been impacted by bentonite grilling mud. Low
activities of tritium (1,12 pCUL) were detected in the regional aquifer at R-15 (1100 1} using the
electrelytic enrichment method at the University of Miami. The concentration of nitrate (as nitrogen) is
1.53 ppm, which is elevatec above background for the regional groundwater in the Pajarito Plateau area.

Anions (including perchlorate, chierice, nitrate, flucride, and sulfate) are mobile species (nonsorbing)
under near-neutral pH conditions and breakthrough of these species is observed at R-9, R-12, and R-15.
Perchlorate has only been observed in tha perched 2one and not in the regional aquifer at R-15.
Strontium-90, plutonium, and americium isotopes that adserd onto geolegic material are much less
frequently observed at R-9, R-12, and R-15. Colloidal transport of americium-241 is a viable (untested)
hypothesis for explaining sputious detection of this radionuclidde in some core and groundwater samples
coliected from R-15. The contarinant hydrochemistry, howevaer, Is a dynamic process and is expected to
change over timeo within alluvial and perched groundwater zones.
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Charactorization Well R-15 Completion Report

120 RESPONSIBILITIES

Tha authers of this report had the following responsibilities, P, Longmire was the geochemistry principal
investigator who coordinated the collection, analysis, and interpretation of chemical data collected for
core, cuttings, and groundwater, He was the principal compiler of this report. D, Broxton was the technical
team leader for the drilling program and coordinated the drilling and testing programs, W. Stone and

D. Rogers supervisec the hydrology investigations for the saturated ang unsaturated zones, respectively.
R. Gilkeson and R, Hull were responsible for the design, planning, and technical oversight ot crifling
operations and for coordinating borehcle testing activities. J. Marin was the fiald team leader who
proviced oversight ¢f the site geologist, site satety officer, sampling, waste-management activities, and
hoalth safety; he provided the description of survay activities in this report, Marin was the well-site
geoclogist who prepared preliminary lithelogic logs; ¢ollected and preserved samplas for geclogic,
moisture, and hydrologic characterization; and compiled drilling statistics, S. McLin conducted aguifer
performance tests, and installed pressure transducers at R+15 to record water levels, B. Newman
coordinated the analyses of stable isctopes and anion chemistry of the core samples, R. Warren and

D. Vaniman waore the geolegy principal investigators who collected petrographic, chemical, and
mineralogic data to determine the geologic characteristics of rock units, R. Warran coordinated moisture
and matric potential analyses,

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

Stewart Brothers Drilling Company provided drilling services under the direction of P. Garcia, the arilling
supervisor. The drilling crew cansisted of S, White, L. Chaves, and M, Brown.

Dynatec Drilling, inc. (formerly Tonto Environmental Drilling Company) provided drilling services under
the direction of L. Thoren, the drilling supervisor. The drilling crew consisted of C, Howe, G. Woodward,
J. Van Hom, and J. Rivera,

R. Baran and D. Barney were the site safety officers and the radiclogical control technicians for crilling
activities, R. Bjarke provided Laboratory aversight for radiclegical controls.

S. Bolivar and J. Skalski provided contract oversight for crilling activities and field support. S. Hagelberg,
J. Valdez, M, Clevenger, and A. Garcla provided sample angd data management support. J, Marin,
D, Harris, J. Santo, and J. Sena supperted water sampling activities,

D. Counce was the analyst for waler chemistry analyses used for screening ¢f groundwaters collected
trom saturated zones, E. Kluk and M, Snow were analysts for meisture and matric potential
determinations.

The groundwater integration team, led by C. Nylander, participated in the planning and evaluation of data
coliected during this investigation. S. Mclin provided equipment and field support for water-level

measurements,
G. Tumer provided Department of Energy (DOE) oversight curing the investigation.

J. Young of NMED provided regulatory oversight during arilling operations. M. Dale and C, Hanlon-Meyer
from tha NMED's DOE Qversight Bureau collected sample splits from groundwater zones and acted as
liaisons with the regulators, M, Dale provided results of tritium analyses for the perched Zone and regional
aquifer,

K, Bitner, D. Hickmott, L. Soholt, and H. Wheelar-Benson were reviewers for the document.
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The geodetic survey was perlormed by Bill Kopp of ESH-19,
J. Torline was editor for this document; P, Maestas was the compositer.

A. Pratt supponed all phases of this Investigation as leader of the Canyans Focus Area. D, Daymon
supported this Investigation as leader of the Grouncwater Investigations Focus Area.
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REGIONAL HYDROGEOLQGIC CHARA

LOS ALAMOS NATIONAL LABORATORY

CTERIZATION PROJECT

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLE LOG
BOREHOLE ID: R-15 TADU: 0551049 Page 1012
| DRILLING COMPANY: Stewan B tec START DATE: September 10,1998 END DATE: Septembn#17,1999 |
DRILLING EQMETHQD: Failing F-10/Foremast CR24 SAMPLING EQAMETHOD: Wireline cors barral sampiing
GROUND ELEVATION: 6820 TOTALDEPTH = 1107 bgs
DRILLER: White/Thoren GEOLOGY P.1: Rick Warren SITE GEQLOGIST: Jon Marin
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L.OS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG
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10S ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOQOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA
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LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

NI SRTR U BTy
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Charactorization Well R-18 Completion Report

LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG ">
BOREHOLE ID: R-15 TAJOU: 05/1048 Page 6ot 12 —1 -
ol
DRILLING CGMPANY: Stewart Bros/Dynatec  START DATE: September 10,1988 END DATE: Septei~ber 17, 1699 ~
DRILLING EQ/METHQD: Falling F-10/Foremost DR24 SAMPLING EQMETHOD: Wircline core taral sampling '_;’
GROUND ELEVATION: 6820 TOTAL DEPTH = 1107 bgs -
DRILLER: White/Thoren GEOLOGY P..: Rick Warren SITE GEOLOGIST: Jon Marin
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Characterization Well R-15 Complation Report

LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG
BOREMOLE 1D: R-15 TAQU: 051049 Page 7 ot {2
DRILUNG COMPANY: Stewart Bros/Dynate¢  START DATE: September 10, 1998 END DATE: Septvnber 17, 1999
DRILLING EQMETHOD Failing F-10/Foremost DR24 SAMPLING EQMETHOD: Wireline cor: barrsl sampling
GROUND ELEVATION: 6220° TOTAL DEPTH = 1107 bgs
DRILLER: Whita/Thoren GEOLOGY P,l.: Rick Warren SITE GEOLOGIST: Jon Mamn
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Characterization Well R-15 Complation Report

LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG

BOREHOLE 1D R-15 TAOU: 051048 Page8 ¢t <2
DRILLING COMPANY: Steward Bros/Dynatec  START DATE: September 10, 1898 END DATE: September 17, 1999
DRILLING EQMETHOD: Falling F-10/Faremost DR24 SAMPLING EQMETROD: Wireline comn barrel sampling

GROUND ELEVATION: s82¢° TOTALDEPTH = 1107 bgs
DRILLER: White/Thoren GEOLOGY P.I: Rick \Warren SITE GECLOGIST: Jon Mann
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Characterization Well R-15 Completion Report

LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG

BOREHOLE ID: R-15 TAOU:; 051048 Page 9 o1 17!

DRILLING COMPANY: Stewan Bros./Dynatec START DATE: September 10, 1888 END DATE: September 17, 1099
DRILLING EQMETHOD: Falling F-10/Foremost DR24 SAMPLING EQMETHOR: Wirgline core barrel sampling

GROUND ELEVATION: 6820 TOTAL DEPTH « 1107 bgs
DRILLER: Whnite/Thoren GECLOGY P.\.: Rick Warren SITE GEOLOGIST: Jon Marin
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Characterization Wolt R-15 Complation Report

LOS ALAMOS NATIONAL LABORATORY

REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHQOLE LOG

BOREMOLE I1D: R115

TA/OU: 051049

Page 10 ot 12

DRILLING COMPANY: Stewart Bros/Oynatec  START DATE: September 10, 1868

END DATE: September 17, 1999

DRILLING EQMETHOD: Falling F-10/Foromost DR24

SAMPLING EQMMETHQD: Wireline core narrel sampling

GROUND ELEVATION: 6820°
DRILLER: White/Thoren

GEOLOGY P.\.: Rick Warren

TOTAL DEPTH = 1107 bgs
SITE GEOLOGIST: Jon Marin
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Characterization Well R-15 Corpletiorr Report

Gy Unsdt e

LOS ALAMOS NATIONAL LABORATORY

REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT b
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA. i’”
BOREHOLELOG 3
BOREMOLE ID: R-15 TAIOU: 051049 Page 11 ¢/ 12 .
"
DRILLING COMPANY: Stewart Bros/Oynatec  START DATE: Septembar 10, 1908 END DATE: Septumber 17, 1999 oy
DRILLING EQMETHOD: Falling F-10/Foremost DR24 SAMPLING EQMETHOD: Wireline corv barrel samping 1
GROUND ELEVATION: 6820° TOTAL DEPTH « 1107 bgs =
DRILLER: White/Thoren GEQOLOGY P.l.: Rick Warren SITE GECLOGIST: Jon Marin
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Characterization Woll A-15 Completion Report

LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLELOG

BOREHOLE ID: B-15

TAQU: 051049

Page 12 ¢t 12

DRILLING COMPANY: Stewart Bros Dynatec  START DATE: September 10, 1998

END DATE: Septomber 17, 1898

SAMPLING EQMIETHOD: Witeline cors barrel sampling

DRILLING ECMETHOD: Failing F-10/Foremast DR24
GROUND ELEVATION: 6820° TOTALDEPTH = 1107 bgs
DRILLER: White/Thoren GEOLOGY P.1.: Rick Warren SITE GEQLOGIST: Jon Marin
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Discussion

Sample Ne. -
This sample of very triable core is pinkish gray vitric nonweolded tutt with commen white .
K4

R15-64.5

@) Description®

pumice 10 3.5 mm, S¢arce to common felsic phonocrysts include very conspicubus quarte, :
Lithics 10 2 mm are scarce 1o rare. No mafics ware observed. i

Crystal-rich nonwelded vitric tutt; -25% tragmented alkali-feldspar phenocrysts ito 1 mm in o
size) and 18% ouhedral to fragmanted guarnx phenocrysts (10 1.5 mm in size) with <1%
amphibole (to 1.5 mm, pale blue-green 1o clive-grecn pleochroism), Pumice mcutly
0.5~1.0 mm but ranging in size to 3 mm,

R15-68.5 B | This sample of very friable core is vory light brown vitric nonwelded tut!t with common white
pumice 1o 5 mm, with a single light gray banded, vitric hydroclastic shard recognized. Scarce ol
dark brownish black, iregular patches 1o 1.5 mm represant manganesa stainin:. Scarce to
rare felsic phenocrysts include probable quartz to 2 mm, Lithics to 1.5 mm are s.carce 10 rare. -
No mafics were observed,

R15-69.5 T | Fine-grained sandstone matrix with large (10 5 mm) aphyric vitne pumice. Clay nitetation in )
pumice as well as sandstone matrix. Sand grains are mostly 0,1 to 0.2 mm in climeter, in S
abundant clay matrix, Sand abundance of quart-glass>feldspar (sanidine an¢ slagiociase) v
with rare matic grains (pyroxene, bictite, amphibole, and olivine). -

R15-74.5P7 8 | This is a sample of ultrasenically cloaned, vitric pumice fragments trom core botween 74,3
and 74,5t depths in R15, Thase pinkish gray pumices contain rare dark brown
orthopyroxene in prisms 10 1.5 mm, magnetite, and a single 2-mm albite twinnad plagioclase.

R15-74,5P7 T | Thin soction contains four fragments of vitrie aphyric pumice, each 1 1o 2 cm in size, Pale
yeliow-brown ¢lay linas ¢t fills many vesicles in the pumice rims but not in the pumice .
imtariors, Rare clusters (1o 2 mm In size) of shattered feldspar with interponetrets twinning,

A15-5320 B | This sample of uftrasonically cleaned cuttings retained on size 7 siave (»2.8 mm) is grayish
black, fine to mediumegrained basalt with scattered, round vesicles 10 3 mm dismeter scarce
1o common phonocrysts of alive clivine to 3.5 mm and plagioclase laths tc 1.5 mm.

R15-5620 B | This sample of ultrasonically cloaned cuttings retained on size 7 sieve (2.8 mm) is dark gray,
somewhat microvesicular, coarse-grained basaft, probably ophitic, with phenocrysts of
common dark reddish brown olivine 10 3 mm and scarce plagioclasa laths to 25 mm, Vary
rara grayish pink clay thinly coats vesicies,

R15-577D B | This sample of ultrascnically cloaned cuttings rotainod on sixe 7 sleve (2.8 mm) is dark gray,
fino-grained basalt with scarce to common phenocrysts of olive olivine and plagiociasa, both
to 3 mm, A low tragmants of medium gray coarse-grained basalt have caved trom the
overtying interval,

A15-610D B | This sample of ultrascnically cleaned cuttings retained on size 7 sleve (»2.8 mm) is light gray
coarse-grained hasalt with phenocrysats of common dark reddish brown unaltersd olivine to
1.5 mm and scarce plagioclase to 1 mm, Grayish ¢range pink clay occurs as rare, thin
fracture coatings.

R15-610D T | Olivine basalt containing clivine phenocrysts to 2 mm (=-5%) and plagioclase lnths and blocks
10 1 mm, grading into groundmass size range. Maximum symmetrical extinction angles on
phanocryst albite twins are -30* (~-An-55). One of the five basalt fragments in the thin saction
contains olivine phenocrysts severaly altered to iddingsite.

R15-660D B | This sample of basalt cuttings consists ¢t clasts -2-4 cm in diameter with tenncious coatings
of camented silt, Coatings can not be removed by seraping and ultrasonic clesning. Clasts
ware lightly crushed in a percussion mortar and hand picked to obtain clean irterior pieces for
XRF anatysis, Crushed fragments with minor remnants of surtace ¢oatings wera selected for
thin-section preparation,

-

R15-64.5
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Charactorizanon Well R-15 Completion Report

Sample No,

Discussion

R15-660D

| Description®

Qllvine basalt containing phenocrysts of olivine 10 2 mm (~4=5%) and clusters it sieved
clinopyroxene to 0.3 mm, with leldspar laths te 0.75 mm. Groundmass is intoriartal, Clasts of
basalt coated by adhesive layer of eclian mica, silt, and basalt detrtus; coatings occur as two
genarations, finor-Grained silt undeorying coarsef-grained silt,

R15-705D

B

This sample of ultrascnically cleaned cuttings retained on size 7 sieve (>2.8 men) is dark gray
1o browaish black, madium- 10 vary coarse~grained basalt with phenocrysts of isbundant light
green olivine 10 2 mm and scarce to common plagioclase 10 1 mm. Scatteree grayish orange

pink clay, with thin underlying hematitic layer, coats a few fragments, and 0GCu™S as massive
vesicle fillings up to 5 mm thick,

R15-7050

Olivine basalt containing olivine phenocrysts to 2 mm (=3%), but most glivine 13 intergranular
in the sample groungmass, Maximum symmetrical extinction angies on pheno:cryst albite
wins are -25* (-Ar=50). One of the 10 basalt fragmaonts in the thin section is oimilarto the
othors but has a vitric matrbe

R15772:D

Veleaniclastic seciment, ary-sieved into weighed splits of >4 mm (30.5 g), 4~2 mm (17.5 g).
and <2 mm (5.3 g), then recormbined for binocular-microscope examination. Clists consist of
dark black/gray and red mattled Tschicoma velcanic cobblos to =3 cm in size, jray pyroxene-
porphyritic Tschicoma lavas (black pyroxene phenocrysts 1o «1 mem in size).

R15772:D10 [T

Sample of sediment R15-772-D was cry-sicved to »2 mm ang uftrasonically c:aned to obtain
split for thin-section preparation. Thin soction of 11 tragments contains § volcanic clasts and 2
clasts of fine-grained <itt with microcrystalline carbonate cement (probable soil material), The
volcanic clasts include 6 fragmants of plagioclase-clinopyroxane-orthopyroxent lava, 2 clasts
of plagiociase-clinopyroxene-amphibole lava, ang 1 clast of plagioclase-clinep iroxena-
orthopyroxene-quartx lava , albelt with only rare (<<1%) rounded quartz.

R15787-D B

Volcaniclastic sediment, dry-sieved into weighed splits of >4 mm (26.5 g). 4~2 1M (19.4 ).
and <2 mm (3.9 g), then recombined tor binocular-microsccpe examination, Volcaruclastic
codiment; dark black/gray and red mettied Tschicoma volcanic cobbles 1o -2 ¢m in size, pale-
brown amphibole-porphyritic Tschicoma vokanic cobbles, silicified lavas, and sec/black fiow-
banded volcanic clasts up to 5 mm in size,

R15-787-010 | T

Sample of sediment R15-787-D was cry-sieved 1o »2 mm anc ultrasonically chhaned to obtan
spiit for thinssoction preparation. Thin soction ¢contains 8 volcanic clasts inclue.ng 4 clasts of
plagioclase~clinopyroxane-orthopyroxana lava, 3 clacts of plagioclaserclinopyrixone~-
orthopyroxene-amphibole lava, arng 1 ¢clast of plaglociase-amphibole-biotite=qu.artr lava.

R15787.VT | T

Four hand-picked tragments of a single volcanic litholegy trom R15-787-0. Thii is the
rot/black flow-banded lithology, which is a crystal-fich plagioclase-orthopyroxone-
clinopyroxene lava with possible amphibole remnants rimmed by small equant
clinopyroxanes, Sample contains many indicators of disequitibrium, including c'usters of
0.05-0.2 mm clinopyroxenae replacing other phases (probably amphibole); coarser
clinopyroxene phenocrysts (0.3 mm) may represent a later generation of clincy:yroxena
associatod with smaller orthopyroxene phenocrysts,

R15-879-0 8

Volcaniclastic sediment, dry-sieved into weighed spiits of »¢ mm (17.6 g), 4=& mm (22.0 g).
ang <2 mm {137 g), then recombined for binocular-microscope examination. “olcanic clasts
include very coarse angular fragments of Tschicoma lava to < cm in size with ¢ray to Drown

matrix and sieved faldspar phenocrysts, Brown clay coats several fragments,
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Characterization Well H-15 Complation Raport

Sample No,

Discussion

R15.879-D10

—1} Description®

Sampie of sediment R15-879-D was dry-sieved to >2 mm and ultrasonically eloaned to obtain
split tor thin-soction proparation. Thin section contains 9 volcanic clasts including 2 clasts of
plagioclase~clinopyroxene-orthopyroxena lava with relic biotite, 1 clast of plagicclase-
clinopyroxeno-orthapyroxene lava without relic biotite, 1 clast of plagioclase-cliropyroxene-
orthopyraxeng-quartz lava, and 1 clast of quartz-amphibole-biotite Java, 1 clas! of plagioclase-
clinopyroxene-amphibole lava, 1 ¢last of plagioglaso-biotite-amphibole lava wiis rare
clinopyroxene, and 2 clasts 100 small for adequate description.

R15-965-D

Volcaniclastic sedimant, dry-sieved into weighed splits of >4 mm (29,2 g), 4=2 rmm (22.8 ¢),
anc <2 mm (7.2 g), then recombined for binocular-microccopa examination, Voicanic clasts
include an essentially manolithologic sample with gray 10 red/brawn mottied quarz-biotite-
pyroxene Tschicoma lavas, with clucters of sieved plagiociase, in ¢lasts up to & cm in size,

R15-965-D10

Sample of sediment R15-865-D was dry-sieved to 2 mm and ultrasonically ¢i»aned to obtain
spiit for thin-section preparation, Thin sechion contalns 9 volcanic clasts, one 2 mm grain ¢!
unstrained quarty, and ane 4 mm grain of sieved feldspar. Voleanic clasts include & clasts of
plagioclaseo-clinopyroxene-orthopyrcxene lava, 1 clast of plagiociase-clinopyro<ene-
onthopyroxone-biotite-quart lava, 1 clast of clinopyroxene-orthopyroxene-amphibole~quartr
lava, 1 clast of amphibolo-clinopyroxene lava, 1 clast of plagioclase-clinopyroxc ne-
onthopyroxene-quart lava with strongly sleved plagiociase phenocrysts, and 1 clast of
plagioclase-Clinopyroxene-orthopyroxene-quarts lava with acicular pyroxenes,

R15-978-0

Volcaniclastic sedimant, dry-sieved into weighed splits of >4 mm (12.0 g), 4=2 mm (21.5 @),
angd <2 mm {16.2 §), then recombined lor binocular-microscope examination, Vakanic clasts
(up to 1 ¢m in size) are dispersed in cand 1o fine gravel; clasts include dark black none
vosicular olivine basalt and red amphibale~biotite intarmadiata-compasition lavas.

R15-979-D1C

Sample of sediment R15-9789-D was dry-sieved 10 »2 mm and uftrasonically ¢ieaned to obtain
split for thin-section preparation. Thin soction contains 14 volcanic clasts incluzing 4 clasts of
plagioclasa-amphibole-clinopyroxene lava, 3 clasts of vitric tephra consisting ¢t aphyric
pumice o 1.5 mm in a fine ash matrix and angular grains of quartz-plagioclase-sanidine with
alterod mafics, 2 aphyric vitric pumices, 2 tlasts of altered plagicclase-clinopyruxene lava with
mattled clay, 1 clast of extonsively altered plagioclase-clinopyroxone lava, 1 dinse davitnfied
pumice with quarz-sanidine-plagiociase phenocrysts, and 1 clast ¢f olivine-clinopyroxena
intergranular basalt,

R15-1008

Tophra layar, monclithologic, of aphyric vitric white myclitic pumice up 10 2-3 mm in size.
Purmices have thin coatings of pale-brown clay and are somewhat roundec.

A15-1003-PU

Thin section contains 11 fragments of vitric aphyric purnica. Pumices are nonwalded with very
sparse clay alteration, Minuta trace minerals include quarte, clinopyroxene, anc hematite.

R156-1037-0

Volkcaniclaste sodiment, dry-sieved imo weighed spiits ot >4 mm (2.2 g), 4«2 mm (2.8 ¢), and
<2 mm (18.3 g), then recombined tor binocular-microscope examinaton, Volcsme clasts (up
10 3 em in size) are dispersed in abundant sang; clasts include dark black non-vosicular
clivine basatt, gray/ted mettied amphibole-plagiociasa intermaediate-compositicn lavas, and
rhyoiltic lavas.

R15-1037-D10

Sample of codiment R15-1037.D was cry-cieved to >2 mm and ultrasonically cleaned to
ootain cplit for thin-section preparation. Thin section contains 9 voleanic clasts including 2
¢clasts of attored red plagioclase-clinopyroxene-onthopyroxene lava, 2 clasts of norous
vesicular pumice with rare sanidine, 1 extensively altered porous (50% porosity) voicanic rock
with sparse clinopyroxene and plagioclase microphenocrysts, 1 clast of plagicciase-
clinopyroxene-orthopyroxene-quart: lava with rounded xenocrysts of strained suartzte anc of
micrecling, 1 danse vitric aphync pumice with very rare sanidine microphenocrss, 1 clast of
plagioclase-quanz lava with extensive clay-silica alteration, and 1 clast of trachytic lava with
faldspars in a porous matrix,
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Characterization Well R-15 Compietion Roport

Sample No,

Discussion

R15-1067

@ | Description®

Tephra layer, monglithologic, of aphyric vitne white rhyolitic pumice up to 0.5 e in size.
Pumices have thin coatings of pale-brown ¢clay ang are somewhat rounced, Pumices are
dense, with only modest vesiculanty,

R15-1087-PU

Thin section contains 7 tragmants of vitric sparsely-porphyritic pumice (~-3%
mictophenocrysts). Pumices are nonwelded with microphenocrysts of quartz-plagiociase-
sanidine-biotite-magnetite,

R15-1086-D

Volcaniclastic sediment, dry-sieved into weighed splits of >4 mm (1.5 g), 4=2 m= (3.2 g), and
<2 mm (17.0 g), than recombined for binocular-microscope examination, Coan sand with
tew clasts larger than 0.5 cm; rare clasts include gray/pink flow-banded rhyolitc, gray
rhyolites, and red pyroxene-dactte.

R15-1089-D10

T

Sample of sediment R15-1098-D was dry-sieved {0 >2 mm and ultrasonically cinaned to
obtain split for thin-section proparation. Thin soction contains 20 fragments of voicanic
lithologies and adhering or separate sandstones. Lithologies may be separatec into unaltered
volcanie clasts, altered volcanic ¢lasts, and sandstones.

Unattereg volcanic glnsts (12 clasts): 2 clasts of quartz-sanidine-plagioclase vitne lava, 2
clasts of aphyric vesicular vitric pumice with trace plagioclase-pyroxene-biotite, 2 clasts of
plagiociase-clinopyroxene-amphibole-bidtite lava with sandstone coating, 2 class of
plagioclase-rich lnva with attered ferromagnosian remnants, 1 clast of plagiocla o~
clinopyroxena-crihopyroxene lava, 1 clast of plagioclase~clinopyroxene-amphihole-biotite
lava, 1 vitric biotite-porphyritic vecicular pumice, and 1 clast of plagioclase-porpiyritic yellow
vitric lava,

Aftered volcanic clasts (6 clasts): 4 clasts of voleanic lithology with plurmase arp lic-feidspathic
alteration and rare remnant plagioclase and quartz phenocrysts, 1 clast of brown silicified lava
with ragial-fabric chalcedeny and remnant quarts phenocrysts, and 1 clast of extensively
chloritized lava with possible pseudomorphs after pyroxane,

Sandstones (2 clasts): 2 ¢lasts of sandstone, one containing sand grains of quartz.
plagioclase-oliving and glass shards in & pale-brown ¢lay matrix and the other cantaining
sana grains ¢! quart-nlagioclase-amphibole-clinopyroxene~clivine and fine-gnvned
intarmodiate voicanic lithologies in a dark clay matrix,

R15-1103-D

Veleaniclastic sediment, ary-sioved into waighed splits of »4 mm (10.7 g), 4-2 mm (8.7 §).
and <2 mm (27,6 g), then recombined for binocularmicroscope oxamination, Highly reunded
1.cm clasts of docite and quartzite (10%) in sands that include a component of rose quarz.
Sample includaes small light-brown clay bodies a tew mm in giamater,

R15-1103-010

T

Sample ot sediment A15-1103-0 was dry-sieved to »2 mm and ultrasonically ¢'saned to
obtain split for thin-soction preparation. Thin section contains 11 clasts, 2 of wh¢h are granitic
and 9 of which are volcanic, The 2 granitic clasts are quar-albite-microcline-muscovite
granites with strained quartz and muscovite-lacec plagiociase, The volcanic lithologies
include 2 clasts of dovitrified flow-banded lava with trace teldspar and biotite, 32 clasts of
plagioclase-porphyritic lava with saceharoidal dovitrifled matrix, 2 clasts of cry=tal-rich
plagioclase-clinopyraxene-amphinole-magnetite lava with prominent yellow to Jreen/arown
pleochrois amphibeles, 1 clast of plagioclase~clinopyroxene-bictite lava, 1 claw of
plagioclase-clinopyroxane-amphibole-bictita-magnatite lava, and 1 clast of pla;leclase-

amphibole microporphyritic vitric lava with «B0% yellow periitic glass matrix,

*B = doscription under tinccular microscope and T = thin section narmatives,
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Appendix C

Moisture and Matric-Potential Results
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Sample
D"

Geslogle
Unit

Gravimetric
Melsture
%)

R152

Alluvium

7.1

R15-5

Alluvium

6.62

R15.17

Tshirege Qbt 1g

4.76

R1522

Tshiroge Qbt 1g

0.42

R15-25.5

Tshirege Qbt 1g

18.77

R15-32

Tshirege Qbt 1g

9.31

R15-38.5

Tshirege Qbt 1g

6.49

R15-44.5

Tshirege Qbt 1g

7.83

{ -3.53E+03

R15-49.5

Tshirege Qbt 1g

9.64

~3.52E+03

R15-54.5

Tshirege Obt 1g

~7.05E«02

R15.59.5

Tshirege Qbt 1g

0.0CE+00

R15-64.5

Tshirege Qbt 1g

1.41E-03

R15-67

Carro Toledo

| 1.41E+03

R15-69.5

Carro Toledo

1.41E+03

R15-74.5

Cerro Toledo
Pumice Fall

1.41E+03"

R15-78.5

Cerro Toledo

1.41E+03

R15.84.5

Carro Toledo

2.11E«03

R15-86.1

Cerro Toledo

141803

R15-87.5

Carro Toledo

211E03

R15-89,5

Cerro Toledo

2.82E+03

R15-64.5

Cemo Toledo

1.41E+03

R15-98.5

Ceorro Toledo

7.05E«02

R15104.5

Corro Toledo

282E+03

R15-109.5

Cerro Toledo

J.50E+03

R15+114.5

Cerro Toledo

1.40E+03

R15-119.5

Cerro Toledo

<7 03E«02

R15124,5

Qtowl Member

7.02E+02

R15-120.5

Otowi Member

0.00E+00

R15-134.5

Ctowi Momber

=7.03E+02

R15-139.5

Otowi Member

-7.03E-02

R15-144.5

Otowi Member

1.40E+03

R15-144.5

Otowi tember

0.00E+00

R15-154.5

Ctowi Member

=7.03E-02

R15-159.5

Ctow! Member

-7.03E~02

R15-164.5

Ctowi Mamber

~7.03E+02

R15-169,5

Ctowi Mombear

| 7.03E+02

R15-174.5

Otowi Member

| <7.04E-02

R15-179.5

Otowi Mamber

| 0.00E+00

R15.184.5

Otowl Mamber

| 0.00E-00
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Characterization Well R-15 Completion Report I:,:,
L
Upper Lower Gravimetric Matric oy
Sample Depth Depth Geologic Molsture Activity | Temperaturs | Potential )
o ) ) Unit (%) (H) o) (cm) o
R15-180.5 | 189.3 189.5 Otowi Mamber 16.78 1.000 26.38 0.00E+00 2z
A15184.5 | 194,3 1945 | Otowi Member 17.95 1.001 26.47 T.04E+02 3
R15.109.5 | 1993 199.5 Otowl Member 17.74 .000 | 2650 7.04E«02 -
R15-204.5 | 204.3 2045 | Otowi Momber 1673 | 1.000 | 26849 0.00E+00 =
R15-209.5 | 200.3 209.5 Otowi Membar 17.32 1,000 | 2827 <7.04E+02 ~
R15-2145 | 2143 214.5 Otowi Member 16.72 1.001 26.34 7.04E+02
R15.219.5 | 2183 218.5 Ctowl Mamber 17.52 1.002 2863 2.11E+03
R15-2245 | 2243 | 2245 | OowiMember | 1685 | 1.000 2653 | 0.00E+00 =
R15-220.5 | 2203 2295 | OtowiMomber | 1646 | 0.999 2659 | -1.41E-03 .
R15-234.5 | 2343 2345 | OtowiMember | 17.25 1000 | 26.67 -7.05E+02 =
R152205 | 239.3 | 2385 | OtowiMember | 17.17 [ 1000 | 2658 | -T.0SE~02 i
R15-244.5 | 244.3 2445 Otowl Momber 16.44 1.000 2673 | -7.05E-02 R
R15.249.8 | 240.5 | 2498 | Otowi Momber 14,96 1.000 2872 | 0.00E+00 i
R15.2545 | 2543 | 2545 | Otowi Momber 16.64 1.000 26,79 0.00E+00 o
152505 | 2503 | 250.5 | OtowiMomber | 16.78 1,000 2681 | 0.00E+00 <
R15-264.8 | 2645 | 264.8 | OtowiMomber 15,50 0.999 2676 | -1.41E+03 .
R15-260.5 | 2603 268.5 Otowl Mermber 16.08 1,001 26.77 7.05E+02 3
R152745 | 2743 | 2745 | OtowiMomber | 16.03 0.999 26.80 | -1.41E+03 =
R15-278.5 | 279 2795 | Otowi Mamber 17.71 1,000 | 26.80 0.00E+00 "
R15-284.5 | 284.3 2845 Otowi Member 18.25 1001 | 2667 1.41E+03
R15-280.5 | 289.3 280.5 Otowl| Mambar 18.86 1001 | 2675 1.41E-03
R152045 | 2843 | 2945 | Otowi Momber 18.98 1000 26.90 0.00E+00
R15-209.5 | 2093 | 2995 Otowi Member | 18.62 1,001 26.82 7.05E+02
R15-304.5 | 3043 | 3045 | Otowl Member 1862 " | 1000 26.87 0.00E+00
R15-309,5 | 308.3 309.5 Otowi Member 18.69 1.000 2560 | 0.00E<00
R153145 | 3143 3145 Otowi Mpmber 19,48 1.001 25,90 7.03E+02
R15-310.5 | 3103 319.5 Ctowi Member 18.67 1,001 26.06 7.03E+02
R15-324.5 | 3243 | 3245 Otowl Membar 1789 | 1001 26.06 1.41E«03
R15328,5 | 328.3 329.5 OtowiMemper | 1979 | 1.002 2611 | 211E+03
R15-334.5 | 334.3 3345 | Otowl Momber 1798 | 100 2625 | 7.03E~02
R15-338.5 | 330.3 a3n.5 Otawi Member 14.46 0.969 2627 | -1.41E+03
R15344.5 | 3443 3445 | OtowiMember | 197 1,001 2636 | 7.04E-02
R15348,5 | 349.3 349.5 OtowiMomber | 1728 | 1.000 2640 | 0.00E+00
R153545 | 3543 | 3545 | OtowiMomber | 1927 1,000 2634 | 0.00E+00
R15-358.5 | 3593 [ 359.5 Otowi Member | 17.34 1,001 | 2614 | 7.03E-02
R15-364.5 | 3643 3645 | OtowiMember | 19,46 1.001 | 2636 | 7.04E-02
R15.360.5 | 3693 369.5 | Otowi Momber 24 | 1001 | 2828 1.41E+03
R15:3745 | 3743 aT4s | Otowi Member 2233 | 1001 | 2636 7.04E+02
R15378.5 | 379.3 3795 | OtowiMember | 1958 | 1.001 | 2642 | 7.04Ew02




Characterization Well R-15 Completion Report

Upper Lower Gravimetric Matric
Sampie Depth Depth Geologic Molsture Activity | Temperature | Potential
ID* () (m Unh (%) (H0) o {em)
R15-384.5 | 3843 3845 | OtowiMomper | 17.73 1.002 | 2823 2.11E+03
R15389.5 | 3893 | 3805 | CtowiMember 18.01 1.002 | 2427 2.79E+03
R15-3942 | 394 | 3842 Otowr Member 19.49 1.003 | 243 372E-03
A15.300.6 | 399.4 | 3096 | OtowiMemper | 18.13 1.001 | 2451 | 6.99E-02
R15-404.2 | 404 4042 | Otowi Member 19.87 1001 | 2462 | 1.40E«03
R15-408.6 | 4094 | <09.6 Ctowi Member 19.85 1.000 | 2458 | 6.99E-02
R15-4142 | 414 4142 Otowi Mamber 20,08 1,002 | 2456 2.10E-03
A154192 | 419 4192 | Otowi Momber 2023 1.002 | 2450 | 210603 |
*Ses Appendix A, “Hydrokogic Property,” sampla 10 numbers (CAMO-Ex-10000),
Decomber 200¢
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Environmental Restoration Project
Los Alamos National Laboratory

DATE: July 27, 2000

TO: Ellen Louderbough, UC Legal Counsel

[
FROM: Pat Longmire, EES-1 D55~ PL

SUBJECT: Characterization Well R-15 Completion Report

Attached please find for your review a draft copy of “Characterization Well R-9
Completion Report.” Please provide your comments by August 3, 2000.
Following comment resolution, please sign the attached copy of the signature
form and return it by fax (505-665-7110). If you have any questions or
comments, please contact Jan Torline of my staff (S05-665-5264) or me (505~

665-1264).
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