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ABSTRACT 

The plume-chasing and regional-aquifer characterization well known as CdV-R 15-3 is located in Canon de 
Valle, within Technical Area 15 (TA-15) of Los Alamos National Laboratory (the Laboratory, or LANL). 
CdV-R-15-3 is the first completed well (out of three planned wells) that was constructed primarily for the 
purpose of investigating the extent of contamination in deep perched and regional aquifers that is associ
ated with high explosives (HE). The HE would have traveled in HE-contaminated effluents that were dis
charged from TA-16, and possibly other nearby sites. Secondary objectives for this investigation include (1) 
determining how fast the contamination, if confirmed to be present, is moving downgradient toward the 
Pajarito well field or other potential exposure points; and (2) investigating the directions of groundwater 
flow and the hydrologic gradients within the regional aquifer and deep perched saturated zones at TA-16. 
In addition, the design and construction standards used for CdV-R-15-3 comply with requirements for 
regional-aquifer characterization wells as described in the "Hydrogeologic Workplan" (LANL 1998, 59599). 
Thus, data collected from CdV-R 15-3 wiiJ be closely integrated with data from the regional wells drilled 
under that plan. The geologic, hydrologic, and geochemical data and information resulting from CdV-R-15-
3 will contribute to the understanding of the vadose zone and regional aquifer in this part of the Laboratory. 

CdV-R-15-3 was drilled in three phases. On January 19,2000, a 9-in. rotary auger was used to drill to a 
depth of 30 ft. This hole was then reamed with a 23-in. auger to a depth of 20 ft, and an 18-in. casing was 
installed. On March 17,2000, using the fluid-assisted, air, dual-wall, reverse-circulation drilling method, 
and a 16- in. tri-cone bit, drilling recommenced; the borehole was advanced to a depth of 722 ft and 
13.375-in. casing was installed. Below 722ft, a 12.25-in borehole was drilled using fluid-assisted, air, dual
wall, reverse circulation to a final depth of 1722 ft. No core samples were collected during drilling. 

As constructed, well CdV-R-15-3 contains six separate screened intervals. Numbered in descending order 
from ground surface, screens #1 through #3 are set opposite suspected zones of perched water. Screen 
#4 is the longest screen at 43.8 ft, spanning the surface of the regional water table. Screens #5 and #6 are 
set in the middle and the deep parts, respectively, of the regional aquifer in the Puye Formation. 

Unanticipated stratigraphic features at CdV-R-15-3 include a much thicker Cerro Toledo interval and the 
absence of axial river gravels (Tpt) and of Santa Fe Group sediments (Tsfuv). In addition, CdV-R-15-3 pro
vides the westernmost known occurrence of Cerros del Rio basalts. The unexpected occurrence of a 
basaltic debris flow beneath the Cerros del Rio lava suggests very active erosional processes along the 
western margin of the Cerros del Rio volcanic field. The Puye Formation is much thicker and more varied 
beneath this portion of the Pajarito Plateau than was previously suspected. 

Geochemical data for waters from CdV-R-15-3 show low total dissolved solids, and low cation and anion 
abundances. Analyses for HE were positive in only one of five analyzed samples, at near detection-limit 
abundance. The HE results were not repeated in a paired unfiltered sample; future monitoring will provide 
information about the presence or absence of HE contamination. 

Possible perched saturation did occur in the upper part of the Otowi Member, Bandelier Tuff, at a depth of 
611 ft. Although it was anticipated, perched water was not encountered in either the Guaje Pumice Bed or 
the Cerros del Rio basalt. The top of the regional zone of saturation was found to lie at a depth of 1245 ft in 
the Puye Formation fanglomerate. Straddle-packer/injection tests of the Puye Formation yielded a hydrau
lic conductivity value of 0.25 ft/d for material behind screen #5, and a hydraulic conductivity value of 
0.1 0 ft/d for material behind screen #6. 
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1.0 INTRODUCTION 

This report documents the drilling, construction, development, and testing activities of the Canon de Valle 
R-15-3 (CdV-R-15-3) characterization well and the potential release site (PRS) 16-021(c)-99 corrective 
measures study (CMS). CdV-R-15-3 is located within Technical Area 15 (TA-15) of Los Alamos National 
Laboratory (the Laboratory or LANL). It lies approximately BOO ft east of the northeast rim of Canon de 
Valle, nearthe head of Potrillo Canyon, on the east side of A-Site Road (see Figure 1.0-1).This well was 
installed by the Resource Conservation and Recovery Act (RCRA) Corrective Actions Focus Area and the 
Groundwater Investigations Focus Area of the Environmental Restoration (ER) Project to help determine if 
the high explosives (HE) contamination that has been detected in the perched and regional aquifers of well 
R-25 (located in TA-16) extends to the east. 

Secondary objectives included (1) determining how fast both water and contamination, if present, have 
been moving downgradient toward the Pajarito well field or other potential exposure points, and (2) investi
gating the directions of groundwater flow and the hydrologic gradients within the regional and perched 
aquifers in the western portions of the Laboratory. 

Although CdV-R-15-3 is not specifically identified in the "Hydrogeologic Workplan" (LANL 1998, 59599), 
the installation standards for this well comply with the requirements for characterization wells in the 
regional aquifer as described in that plan. Data collected from this well may be used together with data 
from other planned and constructed characterization boreholes, and from other data sources, to evaluate 
and update the sitewide hydrologic conceptual model. The possibility of incorporating this well into a Labo
ratory-wide groundwater monitoring program will be evaluated at a later date, when the results of this char
acterizing activity are integrated with other groundwater investigations in the "Hydrogeologic Workplan." 

Preliminary interpretations are presented for some of the data collected, but discussion of other data is 
deferred until they can be evaluated in the context of sitewide information collected from other ER Project 
and hydrogeologic work plan wells. A future report will provide an integrated human health and ecological 
risk assessment and will include groundwater data from other nearby ER Project wells and will be inte
grated with groundwater modeling results. 

2.0 SUMMARY OF DRILLING ACTIVITIES 

2.1 Equipment 

CdV-R-15-3 was drilled by both Stewart Brothers Drilling, Inc. (Stewart), and Dynatec Drilling Company 
(Dynatec). Using a 9-in. outside diameter (OD) hollow-stem auger (HSA), Stewart augered the pilot hole to 
30ft. with a CME-750 drill rig, and then over-reamed with a 23-in. 00 HSA to 20ft. Dynatec drilled the 
remainder of the borehole with two Foremost DR24 drill rigs. The second drill rig had an increased hydrau
lic capacity which was needed to complete the well to the targeted depth. Final well development and 
hydrologic testing was completed using a Universal drill rig (UDR). Dynatec provided three-man drilling 
crews; crew vehicles; drill hammers; dual-wall rod systems; a 1-ton flatbed truck; water trucks; and a 1 0-ton 
boom truck for handling casing, drill pipe, and heavy support apparatus such as casing jacks. 
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The ER Project's Field Support Facility (FSF) provided drill casings, drilling bits, a small front-end loader, 
the dust suppression system, field support trailers (including logging and sampling trailers), water contain
ment tanks, drums for cuttings management, a Hermit data logger and pressure transducers, a depth-to
water meter, water sampling bailers, a diesel-powered electric generator, and water sample testing and fil
tering apparatus. The Laboratory's geology and geochemistry group (EES-1 ) provided a core-logging 
microscope; ESH-18 provided a geophysical logging trailer. 

2.2 Schedule 

On January 19, 2000, drilling was initiated with the CME-750 HSA rig. The CdV-R-15-3 borehole was 
augered to 30 ft with the 9-in. 00 augers. The hole was then reamed with the 23-in. augers to a depth of 
20ft. A 20-ft joint of 18-in. surface casing was installed. After additional site preparation, including pad lev
eling and base-course laying, rotary drilling commenced on March 17, 2000. Fluid-assisted, air-rotary drill
ing was done by the dual-wall reverse-circulation method. In dual-wall reverse-circulation, compressed air 
and drilling fluid is pumped down into the annular space located between the inner and outer drill-pipe 
walls, with the returns coming up the center pipe. Drilling fluid consisted of municipal water mixed with 
QUIK-FOAM® and EZ-MUD PLUS® polymers. The drilling fluid was added to the compressed-air circulat
ing medium to help remove cuttings and stabilize the hole. 

The borehole was advanced beneath the 18-in. surface casing with a 16-in. tri-cone bit. The 16-in. hole 
was drilled to 722ft. Drilling was hindered by lost circulation and an unstable and caving borehole, which 
caused frequent plugging of the bit. At this depth, the viscosity of the returned drilling fluids suggested that 
a perched water zone had been intersected. Field screening indicated that the returned water included 
degradation products associated with high explosives. To isolate this perched water zone, a string of 
13.375-in. 00 casing was installed to 722 ft, a cement plug was placed at the casing shoe, and a bentonite 
seal was pumped into the annulus. 

Below the 13.375-in. casing, the borehole was advanced using a 12.25-in. diameter tri-cone bit. On AprilS, 
2000, at a depth of 1522 ft, the drill string became stuck in the borehole. The drill string could not be 
rotated, raised, or lowered, and the bit was plugged. The contractor lowered a string of tubing inside the 
drill pipe and circulated out the accumulated fill down to the bit. The drill string and bit were freed and 
recovered on April14, 2000. 

After retrieving and inspecting the drill string, the 12.25-in. borehole was continued. The borehole contin
ued to slough formation material, causing slow penetration rates, loss of returns, and problems with bit 
plugging. The borehole was advanced to 1722 ft, where drilling was stopped. Prior to geophysical logging, 
the string of 13.375-in. casing was removed. On April27, an open borehole video and natural gamma log 
were made using the Laboratory-owned geophysical logging trailer. The video log revealed that the bore
hole had sloughed in to approximately 1680 ft. Open-hole geophysical logging by Schlumberger Geophys
ical Logging Services was performed on April 28 and April 29, 2000. 

Well casing and screen were installed on May 2 and May 3, 2000. The total depth (TO) of the casing string 
was 1675 ft below ground surface (bgs). Casing centralizers were installed above and below each section 
of screen and every 1 00 ft along the blank casing. The annular space was backfilled with alternating inter
vals of bentonite pellets and sand pack. For stability, cement seals were placed at 149G-1497 ft, 1 045-
1 076 ft, 875-890 ft, and o-77 ft. 
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2.3 Production 

Drilling techniques used in CdV-R-15-3 consisted of hollow-stem auger placement of a surface casing, 
open borehole drilling, and air-rotary under-reamer placement of the 13.375-in. casing string. Production 
statistics are summarized in Table 2.3-1. 

Table 2.3-1 

Performance Statistics for CdV-R-15-3 

Open Hole 
Drilling Types (16-in) 

Total footage drilled (ft) 700 

Total footage rate (fVhr) 12.0 

Basalt footage (ft)c,o n/a 

Basalt rate (fVhr)c,c nla 

Puye clastics footage (ft) n/a 

Puye clastics rate (fVhr)c n/a 

Bandelier footage (ft)8 700 

Bandelier rate (fVhr)c,e 12.0 

Trip-In footage (ft) nla 

Trip-in rate (ftlhr)c n/a 

Trip-out footage (ft) nla 

Trip-out rate (ftlhr)c nla 

Number of temporary seals nla 

a Total depth (TO) of borehole is 1722 ft. 

b n/a =not applicable. 

Open-Hole 13.375-in. 
(12.25-in) Casing 18-in Casing 

1002 n/a0 nla 

8.2 nla n/a 

27 n/a nla 

9.2 nla nla 

843 nla n/a 

7.7 nla nla 

102 n/a nla 

11.1 nla n/a 

nla 722 22 

nla 54.9 34.3 

n/a 722 n/a 

nla 73.6 nla 

nla 1 nla 

7-in. Reverse 
Circulation (RC) 

Rods Total (ft)1 

1702 1702 

9.6 9.6 

27 27 

9.2 9.2 

843 843 

7.7 7.7 

802 802 

11.9 11.9 

5946 6690 

241.9 174.3 

7102 7824 

126.7 118.8 

n/a nla 

c Rates are weighted averages over footages drilled or tripped, Including breaks but excluding repairs and change-out of tools. 

d Basalt footage and rates are for Cerros del Rio basalt. 

8 Bandelier footage and rates include Tshlrege Member, Otowi Member, and the Cerro Toledo interval. 

Note: Performance statistics cover entire history of drilling. 

The total footage drilled by the different drilling techniques was 1722 ft. The total footage drilled does not 
include the footage of one drill system or casing size as they tripped in or out of another drill system or cas
ing size. The total trip-in footage was 6690 tt, and the total trip-out footage was 7824 ft. Trip-in footage 
includes footage of drill casing and pipe lowered into the hole without drilling. Trip-out footage includes. 
footage of drill casing and pipe removed from the borehole either upon completion or for drill-tool inspec
tion. (The trip-in footage can vary from trip-out footage due to the amount drilled between events.) 

2.3.1 Open Borehole Drilling 

The entire borehole was drilled open-hole. The pilot hole was augered to 30ft with a 9-in. OD HSA and 
then to 20ft with a 23-in OD auger to set surface casing. A 16-in. tri-cone bit on 7-in. dual wall reverse cir
culation (RC) rods was advanced to 722 tt, at an average rate of 12.0 tt/hr. Casing (13.375 in.) was landed 
at 722 ft to isolate potential perched water which field-screening data suggested may contain degradation 
products associated with high explosives. A 12.25-in. tri-cone bit on 7-in. RC rods was then advanced to a 
total depth of 1722 ft, at an average rate of 8.2 ftlhr. 
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2.3.2 Core Drilling 

Although coring was originally planned, it was not attempted at CdV-R-15-3, because ER Project person
nel decided that the geophysics performed on an open borehole would provide the desired characteriza
tion data and that hydraulic tests in the well could take the place of laboratory tests on core. These 
changes to the plan were discussed with NMED personnel at the well site. 

2.3.3 ·Casing Advancement 

Casing advancement was not necessary and therefore not attempted at CdV-R-15-3. Casing (13.375 in.) 
was placed in the previously drilled open borehole to a depth of 722 ft; however, the drilling technique of 
casing advancement while using an under-reamer bit was not necessary. 

3.0 GEOLOGY 

The geologic units encountered in CdV-R-15-3 consist of the following, in descending order: 

1. alluvium and soil, 

2. the Tshirege Member of the Bandelier Tuff, including the basal Tsankawi Pumice Bed, 

3. tephras and volcaniclastic sediments of the Cerro Toledo interval, 

4. the Otowi Member of the Bandelier Tuff, including the basal Guaje Pumice Bed, 

5. an upper subunit of the Puye Formation fanglomerate facies, 

6. basaltic rocks of the Cerros del Rio volcanic field, and 

7. a lower subunit of Puye Formation fanglomerates. 

Depths and elevations of the contacts between these units are shown in Figure 3.0-1, with a comparison to 
the predicted stratigraphy based on the 3-D geologic model available at the time drilling began. Notable dif
ferences between the predicted and as-drilled stratigraphy are the greater thickness of the Cerro Toledo 
interval (Oct), the lesser thickness of the Otowi Member of the Bandelier Tuff (Qbof), the thinner sequence 
of Cerros del Rio basalts (Tb), the absence of axial facies river gravels (Tpt; Totavi), and the absence of 
Santa Fe Group sediments (Tsfuv). 

A map showing the location of CdV-R-15-3 is presented in Figure 3.0-2. An interpretive east-west cross
section, incorporating results from recent drilling at R-19, is shown in Figure 3.Q-3. Descriptions of geologic 

units are based on examination of cuttings, on geophysical logs, and on drilling information. 

A brief summary of unit characteristics is given in the following sections, and a lithologic log is provided in 
Appendix B. Composite logs from Schlumberger were used, along with analysis of cuttings, to define the 
in-situ lithology at CdV-R-15-3, supplemented by video logs and a natural-gamma log collected using the 
Laboratory gamma tool (Figure 3.0-4). No core was collected during the drilling of CdV-R-15-3, so all stud
ies of borehole materials were based on cuttings. Cuttings were collected by reverse circulation, thereby 
minimizing the admixture of materials from upper portions of the borehole (see section 2.2). 

ER2000-0471 5 September 27, 2000 

I ~ 



Progress Report for CdV-R-15-3 

7200 

700 

6800 

6600 

6400 

-~ 
c: 
0 
~ 
·~ 
(I) 

(i) 

5400 

depth (ft) 

0 
34ft 

160ft 

200 
256ft 

354ft 

400 404ft-
407ft .... 

502ft 

600 

761ft 

800 777ft 

g 
(I) 963ft 

~1000 1026 ft 't:: 
:J 
rn 
3:: 
0 
"'iii 
~1200 ..... 
c.. 
(I) 

"'0 

1400 

1600 1610 ft 
1650 ft 

1800 

CdV-R-15-3 
predicted 

:Jtl 4 

Qbt3 

Qbt2 

Qbt 1v 

Qbt 1g / 
Qct 

Qbof 

9bog 

Tpf 

Tb 

Tpf 

Tpt 

Tsfuv 

Surface Elev. 7257 ft 

Soil 

Qbt 4 

Tshirege Member, 
Bandelier Tuff 

Tsankawi 
Pumice Bed ......... 

~ 
Cerro Toledo Interval 

Otowi Member, 
Bandelier Tuff 

Puye 
Formation 

• ~3fa9f del Rio ~ -

Puye 
Formation 

v 

CdV-R-15-3 
actual 

Qbt3 

Qbt2 

Qbt 1v 
Qbt 1g 

Qct 

Qbof 

Qbog 

Tpf 
highK,Th 

rtl 

Tp{? 

Tpf 
high K,Th 

------------

Tpf 
lowK,Th 

depth (ft) 

ft 
34ft 

-5 -

1 52ft 

23 6ft 

90ft 

350ft 
362ft 

2 

.... 

5 82ft 

7. 

8 

'50ft 

OOft 

9 
9 
63ft 
90ft 
1012 ft ' 

12 -u;ft 

------------1 530ft 
Tpf 

highK,Th 
16 - - - - 'Ti)f - - - - - 40ft 

lowK,Th 

TD 1722 

Note: See discussion of high and low K, Th concentrations for 

distinguishing Puye Formation intervals in Sees 3.1.5 and 3.1.8. 

Figure 3.0-1. Stratigraphy predicted at CdV-R-15-3 from the 1999 3-D geologic model, compared 
with the stratigraphy interpreted from cuttings, geophysical logs, and video logs 
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Progress Report for CdV-R-15-3 

3.1 Stratigraphy at CdV-R-15-3 

3.1.1 Disturbed Alluvium and Mesa-Top Soil (0- to 5-ft depth) 

Soil was penetrated from the surface to a depth of approximately 5 ft (Appendix B). This material had been 
disturbed; abandoned rubbish mixed with alluvium and soil provides evidence of excavation and refilling. 
The thickness of the soil cover, with alluvial clasts, was estimated from the first encounter of tuff with the 9-
in. OD auger. The soil is sandy, dry, and contains abundant 1- to 2-mm crystals of quartz and chatoyant 
sanidine derived principally from Unit 4 of the Tshirege Member of the Bandelier Tuff. 

3.1.2 Tshirege Member of the Bandelier Tuff 

The Pleistocene Tshirege Member of the Bandelier Tuff consists of multiple cooling units, designated 
downsection as units Qbt 4, 3, 2, 1v, and 1g. Nomenclature and definition of these units follows the usage 
of Broxton and Reneau (1995, 49726). 

3.1.2.1 Qbt 4 (5- to -34-ft depth) 

A thin sequence of Qbt 4 of the Tshirege Member was encountered below the alluvium and soil. Qbt 4 con
sists of massive, moderately welded, devitrified, ash-flow tuff. A single initial collection of cuttings from 20 

to 42 ft at CdV-R-15-3 obscures the location of the Qbt 4/Qbt 3 contact, and borehole logs do not ade
quately cover this contact. Therefore, the approximate location of the contact is derived from local outcrop 

control incorporated in the 3-D geologic model. The ash flows of Obt 4 typically include a basal interval of 
a few feet comprised of crystal-rich surge deposits. Compared to the underlying units of the Tshirege 
Member, Qbt 4 is poorer in silica and richer in titanium, iron, and barium (Broxton et al. 1995, 54709). 

3.1.2.2 Qbt 3 ( -34- to 152-ft depth) 

Unit Qbt 3 of the Tshirege Member was encountered between the depths of 34ft (estimated) and 152ft 
(observed). Qbt 3 consists of massive, poorly consolidated, vitric, nonwelded, ash-flow tuff. Composition
ally, this unit is more typical of the lower Tshirege ash flows, which are distinctly less mafic than Qbt 4. 

Borehole caliper logging indicates significant washout from -120 to 154 ft, at a thickness and position 
expected for the nonwelded base of Qbt 3 (compare the stratigraphy mapped just to the north at Pajarito 
Mesa; Broxton et al. 1995, 54709). The contact between Qbt 3 and Qbt 2 corresponds with a rise in the 

natural gamma signal in data collected with the Laboratory's gamma tool (Figure 3.0-4). 

3.1.2.3 Qbt 2 (1 52- to 236-ft depth) 

Unit Qbt 2 of the Tshirege Member was encountered between depths of 152ft and 236ft. This unit con
sists of massive, slightly to moderately welded, devitrified, ash-flow tuff. Even though completely vapor

phase altered, in most locales unit Obt 2 differs from the upper parts of the Tshirege by its sjlica-phase 

assemblage of only tridymite and quartz, lacking cristobalite that is common in the overlying zones of 

vapor-phase alteration (Broxton et al. 1995, 54709). 

The contact between unit Obt 2 and Qbt 1 vis difficult to distinguish based on the anal) sis of cuttings. How
ever •. the two units have subtly different physical properties, and a drop in formation density beginning at 
the 236-ft depth is accompanied by a rise in the natural gamma signal (Figure 3.0-4). These transitions at 

the 236-ft depth are interpreted to coincide with the Qbt 2/Qbt 1 v contact 
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3.1.2.4 Qbt 1v (236- to 290-ft depth) 

Unit Qbt 1v of the Tshirege Member was encountered between depths of 236ft and 290ft. The lower con
tact of Qbt 1 vis marked by the first appearance of glass, indicating the transition into unit Qbt 1 g. Unit Qbt 
1 v consists of massive, poorly consolidated, devitrified, nonwelded, ash-flow tuff. The use of v in the unit 
symbol refers to the extensive vapor-phase alteration in this upper part of Qbt 1. This contrasts with the 
lower part, Qbt 1 g, in which primary glass is largely preserved, with little vapor-phase alteration. The bore
hole logs indicate that the abundances of both clay and capillary-bound water are elevated in the 280- to 
300-ft depth interval. The transitional boundary from vapor-phase alteration to vitric tuff is apparently a 
zone of local moisture accumulation. The natural gamma log also indicates a distinct minimum in this tran
sition zone (Figure 3.0-4). 

3.1.2.5 Qbt 1 g (290· to 350-ft depth) and Tsankawi Pumice Bed 
(350· to 362-ft depth) 

Unit Qbt 1 g of the Pleistocene Tshirege Member, including the basal Tsankawi Pumice Bed, was encoun
tered between depths of 290 and 362 ft. This unit consists of massive, poorly consolidated, vitric, non
welded, ash-flow tuff. A deposit of the Tsankawi Pumice Bed occurs from 350ft to 362ft. 

At -290 ft, the gamma signal attributable to thorium in the borehole log rises relative to the upper Tshirege 
units. The thorium gamma signal remains elevated to a depth of -354 ft, where it drops across the 
Tsankawi Pumice Bed. Within Qbt 1 g, from -310 to 335 ft, clay and capillary-bound water are elevated to 
the extent also seen at the Qbt 1v/Qbt 1 g contact. The Tsankawi Pumice Bed is marked by exceptionally 
high capillary-bound water. The highest readings of pore saturation are observed between the surface and 
-750ft, where the Guaje Pumice Bed occurs. 

3.1.3 Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval 
(362· to 582-ft depth) 

The Pleistocene Cerro Toledo interval (Qct) is thick at CdV-R-15-3, extending from 362 to 582ft in the drill 
hole (Appendix B). The thickness of this unit, 220 ft, is much greater than the thickness predicted by the 
3-D geologic model at the time of drilling (95ft; Figure 3.0-1) but it is comparable to the unexpected thick
ness of Cerro Toledo sediments logged at drill hole R-19, just to the east (266 ft). 

In view of the unexpected thickness of Cerro Toledo deposition in this part of the Laboratory'site, revisions 
to the 3-D geologic model are needed. The correspondingly less-than-expected thickness of the Otowi 
Member indicates an erosional low, developed on the Otowi Member, in which Cerro Toledo sediments 
accumulated. The Cerro Toledo deposits are comprised of a mixture of Tschicoma Formation intermedi
ate-composition volcanic detritus, pumice, and ash from volcanic centers of Cerro Toledo age, and an 
intermixture of eroded Otowi pumice and ash that increases in abundance toward the bottom of the 
sequence. These deposits are generally more fine-grained than the Puye Formation fanglomerates that 
predate the Bandelier Tuff eruptions, and they produce few cuttings of >4 mm. Geochemical analysis of 
cuttings size fractions from drill hole R-19, -1.3 mi to the east (see Figure 3.0-2 and Figure 3.0-3), shows 
that the intermixture of local and distal sources for the Cerro Toledo deposits results in notable composi
tional differences between the >2-mm and <1-mm size fractions, unlike the homogeneity in size fractions 
of the Puye Formation (Broxton et al. 2000, in preparation). 

Further drilling will provide the information necessary to revise the geometry of the erosiOnal and deposi
tional relations between the Cerro Toledo and the underlying Otowi Member. A video log taken from the 
open borehole indicates that clast sizes in the Cerro Toledo interval at CdV-R-15-3 are generally ~5 em 
and are seldom as large as 8 em; many intervals of up to 1 0- to 20-ft thickness are essentially composed of 
fine detritus with few visible clasts. The -8-cm limit on upper clast size in the Cerro Toledo interval con-
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trasts with the sediments of the Puye Formation, where clasts up to and exceeding the borehole diameter 

( -30 em) are common. 

Despite variability in clast sizes and clast lithologies, the deposits of the Cerro Toledo interval within CdV

R-15-3 show little variability in the properties measured by borehole logging. Caliper-measured borehole 

dimensions, gamma signals, capillary and bound water, and neutron measures of water residence environ

ment are all strikingly homogeneous. This homogeneity contrasts with the highly heterogeneous nature of 

all of these properties within the deeper Puye sediments. 

There is a modest but measurable rise in gamma-determined thorium content in the lower 22 ft of the 

Cerro Toledo deposits (the 560- to 582-ft depth). This rise probably represents a transition into the underly

ing thorium-rich Otowi ash flows and is attributable to an increased admixture of Otowi detritus into the 

Cerro Toledo sediments where the erosional contact with the Otowi ash flows is approached. 

3.1.4 Otowi Member of the Bandelier Tuff (582 to 750 ft depth) and 
Guaje Pumice Bed (75D- to 800-ft depth) 

Tuffs of the Pleistocene Otowi Member, including ash flows (Qbof) and the basal Guaje Pumice Bed 

(Qbog), were encountered between depths of 582 and 800ft. At CdV-R-15-3, the Otowi Member consists 

of massive, poorly consolidated, vitric, nonwelded, ash-flow tuff. The Guaje Pumice Bed occurs from a 

depth of 750 ft to 800 ft. 

Borehole logs for the Otowi Member indicate properties comparable to unit Qbt 1 g of the Tshirege Mem

ber, which is also a vitric nonwelded tuff. An interval of increased large-pore saturation was logged at 

-612-615 ft, corresponding to the location of screen #1 (617.7- to 624.5-ft depth). The Guaje Pumice Bed, 

beginning at-750ft, is an interval with considerably larger pore structure and greater neutron-logged 

water content than the overlying ash flows. Within the Guaje Pumice Bed, bound water and coarser pore 

sizes occur in two intervals: at -768-775 ft and at -792-798 ft. The lower of these intervals is just above 

screen #2 (800.8-807.8 ft), where any water from the Guaje can be transmitted through the annular fill of 

20/40 sand that extends to 806 ft. 

3.1.5 Puye Formation (Upper Fanglomerate Sequence; SOD- to 963-ft depth) 

An upper fanglomerate sequence of the Puye Formation extends from depths of 800 to 963 ft (Appendix 

B). Both the 'Upper and lower Puye fanglomerate sequences at CdV-R-15-3 consist of coarse volcaniclastic 

sediments as described by Griggs {1964, 8795) and by Waresback (1986, 58715). The volcaniclastic sedi

ments are dominated by rounded clasts of various lavas. The upper fanglomerate sequence in CdV-R-15-3 

includes common occurrences of clay-altered siliceous pumice, with a concentration of centimeter-scale 

pumice at 817-827 ft. The video log collected from the open borehole indicates that clast sizes in this sec

tion of the Puye commonly exceed 15 em, with abundant clasts exceeding the borehole diameter (-30 em) 

in the interval from the 882- to 928-ft depth. 

Borehole logs show a large drop in the thorium and uranium gamma signals, but not the potassium signal, 

at the transition _from the Guaje Pumice Bed into the dacite detritus of the Puye Formation. Clay and capil

lary-bound water rema!n low throughout the upper sequence of the Puye Formation, with the exception of 

an interval of possible Clay alteration at the -918- to 925-ft depth. 

3.1.6 Cerros del Rio Basaltic Flow (963- to 990-ft depth) 

A Late Pliocene basaltic flow of the Cerros del Rio volcanic field occurs from a depth 963 to 990 ft. This 

flow consists of fiQw-top rubble from 963 to 970 ft, massive flow material from 970 to 988 ft, and a rubbly 

flow base from 988 to 990ft (Appendix B). The gamma log from 965 to 997 ft is essentially flat, suggesting 
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only a single flow composition in this 32-ft-thick sequence. Water within connected pores is suggested by 
neutron logging for the interval from -966 to 970 ft, which corresponds with the zone of flow-top rubble 
observed in the borehole video. Screen #3 (964.8-980.9 ft) spans this interval. 

3.1. 7 Unassigned Basaltic Detritus (Probable Debris Flow; 990 to 1 012 ft) 

The interval of 990 to 1012 ft produced cuttings that are composed almost entirely of basalt, although anal
ysis of the borehole video indicates that the section sampled is comprised of coarse clastic sediments with 
clast sizes up to -30 em. Compared to the overlying Cerros del Rio lava flow, the basaltic debris at the 990-
to 1 012-ft depth has diminished formation density and higher clay-bound water content, suggesting exten
sive alteration within the blocky material. This interval is distinguished from typical Puye fanglomerates in 
its completely basaltic nature, but may prove to be part of the Puye Formation following more detailed anal
ysis. Emplacement of this unit immediately before Cerros del Rio flow deposition at CdV-R-15-3 suggests a 
related origin, perhaps as a debris flow shed from a nearby Cerros del Rio highland. A general absence of 
scoria, except in the lowermost cuttings from this interval, indicates that the source area for the debris is 
unlikely to be a cinder cone. Mixtures of olivine-rich and olivine-poor basaltic detritus in this interval may be 
evidence of more than one source area for the basaltic detritus. 

3.1.8 Puye Formation (Lower Fanglomerate Sequence; 1012 ft to TD at 1722 ft) 

Beneath the basaltic debris interval, a thick lower sequence of more typical fanglomerates of the Puye For
mation extends from 1012 ft to TO at 1722 ft (Appendix B). These deposits principally consist of coarse to 
moderately fine volcaniclastic sediments with abundant 2- to 4-mm clasts to a depth of -1530 ft, where the 
abundance of 2- to 4-mm clasts diminishes and the >4-mm fragments predominate in the cuttings. Relying 
principally on the Schlumberger potassium, thorium, and uranium gamma logs, it is possible to delineate 
four principal subdivisions of the Puye Formation fanglomerates beneath the Cerros del Rio basalts. These 
subdivisions are a thorium- and potassium-rich interval from 1 012 to 1246 ft, a thorium- and potassium
poor interval from 1246 to 1530 ft, another thorium- and potassium-rich interval from 1530 to -1640 ft, and 
a zone of gradually diminishing thorium and potassium content that begins at -1640 ft and probably 
extends to TD at 1722 ft (the Schlumberger gamma log ends at 1669 ft). These subdivisions can also be 
seen on the total natural gamma log presented in Figure 3.0-4. 

The upper thorium- and potassium-rich interval (1 012-1246 ft) could be further subdivided into a low natu
ral-gamma section above 1060 ft and a higher natural-gamma section below this depth (Figure 3.0-4). The 
full interval has a relatively uniform and low content of clay and capillary-bound water. The borehole video 
log indicates common occurrences of clasts 15-30 em in size at 1 012-1 086 ft, a deposit of finer detritus 
(;5;8 em) at 1086-1106 ft, another sequence with common 15-30 em clasts at 1106-1185 ft, and a lower 
sequence at 1185-1246 ft with few clasts coarser than 15 em. The formation microimager (FMI; see sec
tion 3.2.1) provides little information for this interval because the FMI record begins at -1245 ft. Both the 
caliper log and the borehole video show the borehole wall to be relatively smooth throughout the 1012-
1246-ft interval. 

The thorium- and potassium-poor interval of 1246-1530 ft includes zones of notably high pore saturation at 
1250-1254 ft, 1336-1342 ft, 1354-1360 ft, and 1494-1500 ft. As in the thorium- and potassium-rich inter
val above, both the caliper log and the borehole video show the borehole wall to be relatively smooth in this 
interval. The natural gamma log shows this interval to have a distinctly low signal (Figure 3.0-3). Clast 
sizes in situ are difficult to estimate in this interval because of the poor quality of the borehole video. Cut
tings collected from 1407 to 1522 ft are principally made up of sand <2 mm in size, with few coarser clasts. 
The FMI geophysical tool shows that this interval is quite varied in texture, including sequences up to 12-ft 
thick containing cobbles >25-30 em, gravel sequences up to 20-ft thick, and sand sequences that are typi
cally 1-4ft thick. The FMI results also indicate few dips up to 10° in the sedimentary layers, with a distribu-
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tion of dips that suggests no consistent structural tilting. The screen at the water table, screen #4 (1235.1-

1278.9 ft), includes the uppermost zone of high pore saturation (1250-1254 ft), as interpreted from the 

geophysical logs. Screen #5 (1348.4-1355.4 ft) is situated across the transition into the zone of high pore 

saturation at 1354-1360 ft. 

The thorium- and potassium-rich interval of 1530-1640 ft contains numerous horizons of high porosity. 

Both the caliper log and the borehole video show the borehole wall to be very irregular in this interval; the 

borehole video provides evidence of many coarse clasts up to, and exceeding, 30 em in size. The borehole 

in this interval deviates around many cobbles of 15 em or greater diameter that protrude from the borehole 

wall. Clast sizes in recovered cuttings are typically larger at 1530 ft to TO than the clast sizes at 997 to 

1530 ft. The FMI geophysical logging results indicate abundance coarse cobbles up to and exceeding 30 

em in size, but also reveal numerous beds of sandy detritus up to a few feet thick. The FMI results also indi

.cate generally higher electrical conductivity and numerous intervals of relatively high free-fluid porosity 

(>0.6 ft3/tt3) in this interval. The dip of bedding revealed in the FMI log is generally small and distributed 

with no consistent suggestion of structure, except for the interval at 1545-1553 ft with consistent 5-10° 

west dip, and the interval at 1566-1582 ft with consistent 5-10° north to northwest dip. Screen #6 (1637.9-

1644.8 ft) is in a zone of typically high porosity for this interval and is situated across the horizon where tho

rium and potassium begin to diminish into the lower Puye section. 

Comparing the Puye Formation deposits in CdV-R-15-3 with deposits of comparable depth in the R-19 

borehole is informative. In CdV-R-15-3 there is an absence of undisturbed or only moderately reworked 

pumice beds below -1530 ft. The general abundance of rhyolitic pumice below -1530 ft in R-1 9 is also not 

evident in CdV-R-15-3, where intermediate-composition volcanic detritus of probable Tschicoma Forma

tion origin predominates. However, pumice of probable rhyolitic composition is present in the lower Puye of 

CdV-R-15-3 and is common in the cuttings examined from 1642 to 1647 ft, at screen #6. Dispersal of this 

pumice within fanglomerate materials is an indication of higher-energy depositional environments in the 

deeper strata of CdV-R-15-3 than at comparable depths in R-19. 

3.1.9 Geochemistry of Cuttings Samples Collected During Drilling 

Ten cuttings samples were collected from CdV-R-15-3 and were sieved and cleaned for chemical analysis 

by X-ray fluorescence. These samples, the intervals from which they were selected, and the rationales for 

selection are provide in Table 3.1-1. The principal purpose of these samples is to correlate this well's units 

and subunits within the Puye Formation with units observed in nearby characterization wells (e.g. R-25, R-

19). However, sampl~s were also selected to provide chemical and mineralogic information specifically tied 

to screened intervals. These samples will be used to help interpret the data from samples that will be 

obtained during quarterly sampling. Results from these analyses are pending and will be addressed in the 

final well-completion report for CdV-R-15-3. 
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Table 3.1-1 

CdV-R-1 5·3 Samples Selected for XRF Analysis 

Stratigraphic 
Depth (ft) Relations Nature of Sample Rationale for Selection 

617-622 Otowi Member <1-mm size fraction Characterization of the ash flow at screen #1 

967-972 Cerros del Rio flow top 1- to 2-mm size fraction Characterization of the fragmented basalt at 
screen #3 

972-977 Cerros del Rio lava Hand-picked Characterization of the lava flow at screen #3 
982-987 Cerros del Rio lava Hand-picked Characterization of the lower lava composition 

1002-1007 Basaltic Puye Hand-picked Characterization of a previously unknown unit 

1212-12n Puye (low potassium, tho- 2- to 4-mm size fraction Characterization of the sediments at screen #4 
rium) 

1347-1352 Puye (low potassium, tho- 2- to 4-mm size fraction Characterization of the sediments at screen #5 
rium) 

1447-1452 Puye sand (low potas- 0.25· to 1-mm size fraction Characterization of a distinctively sandy Puye 
sium, thorium) unit 

1642:-1647 Puye (pumiceous) 2· to 4-mm size fraction Characterization of the sediments at screen #6 

1717-1722 Puye (pumice-poor) 2- to 4-mm size fraction Characterization of a potentially unknown Puye 
horizon 

3.2 Borehole Geophysics 

3.2. 1 Methods 

Formation hydrologic and geologic physical properties, borehole dimensions, and geologic textures and 
contacts in CdV-R-15-3 were examined using video and geophysical logging techniques. Tools included 
borehole video (BV) imaging, array induction (AI), natural gamma ray (NGR), continuous borehole devia
tion (DEV), natural gamma ray spectroscopy (NGS), combinable magnetic resonance (CMR) tool, triple 
lithodensity (TLD), formation microimager (FMI), accelerator neutron porosity (APS), temperature (TEMP), 
and spinner (SPIN). In addition to the open borehole logs, the cased and completed well was surveyed 
with a natural gamma detector to confirm placement of annular backfill. Borehole geophysical logs were 
performed by Schlumberger. Video logs and the cased hole natural gamma ray log were performed by the 
resident geological contractor and LANL personnel. 

The video survey of the uncased borehole provided visual images of the borehole wall above and below 
the water level. Borehole video logs were made before and after geophysical logging, and they provided 
visual references for locations and relative size of borehole washouts as well as locations of geologic con
tacts and perched water zones. Video below the water table was hindered by water turbidity and percolat
ing gas bubbles. Information from the video survey, in addition to the geophysical logs, was used to help 
select lengths and placement of well screens. A summary of geophysical methods, with associated dis
crimination techniques and applications, is provided in Table 3.2-1. 

ER200D-0471 15 September 27, 2000 



Progress Report for CdV-R-15-3 

Table 3.2-1 

Table of Geophysical Methods 

Method Principle and Limitations Application 

Borehole video (BV) imaging Down-hole video camera, either Useful for investigation of contact locations, 
side-looking or down-looking (360°). color, structure, clast sizes, fracture properties, 
Works in both saturated and unsat- borehole wall conditions, and other visible tea-
urated conditions. tures. Also useful in examining conditions within 

as-built wells. 

Array induction (AI) Measurement of formation resistivity Sensitive to invasion of fluids into formations, 
at variable distances. Works in both allowing inference of permeability and lithology. 
saturated and unsaturated condi-
tions. 

Natural gamma ray (NGR) Uses scintillation detector to mea- Useful in distinguishing lithologies where forma-
sure combined potassium, thorium, tions vary in total potassium+thorium+uranium 
uranium, gamma-ray emission from abundance. Can be used in as-built wells to 
the formation. Works in both satu- determine distribution of high-gamma (e.g., 
rated and unsaturated conditions. bentonite) annular fill. 

Natural gamma ray spectrum Uses bismuth germanate scintilla- Useful in distinguishing lithologies where forma-
(NGS) lion detectors and multiple windows lions vary in relative and overall concentrations 

to resolve gamma-ray energies of potassium, thorium, and/or uranium. 
emitted by potassium, thorium, and 
uranium. Works in both saturated 
and unsaturated conditions. 

Continuous deviation (DEV) Uses tool orientation and plunge Deviation of borehole can may be used to infer 
angle to determine borehole devia- lithologic variation and/or structural features. 
tion from vertical. Works in both sat-
urated and unsaturated conditions. 

Combinable magnetic reso- Uses pulse-echo NMR (nuclear Provides information on water content and rela-

nance (CMR) magnetic resonance) sensitive to tive abundance of hydrous-mineral and capil-
proton freedom of resonance. lary-bound versus mobile water. 
Works in unsaturated and saturated 
conditions. 

Triple lithodensity (TLD) Active gamma source (137Cs) used Used to evaluate formation porosity where grain 
to evaluate formation electron den- density can be estimated. When combined with 
sity. Works in unsaturated and satu- CMR data, saturation can be determined. 
rated conditions. 

Raw formation microimager Collects local-field resistivity data Provides detailed images of clasts and sedi-
(FMI) from multiple micro-pads on caliper mentary structures of variable resistivity; surro-

arms. Tool orientation is recorded. gate for BV imaging where more accurate 
Works only in saturated conditions. images in saturated conditions are desired. Can 

determine strike and dip of bedding. 

Raw accelerator neutron Uses epithermal neutron source to Provides measures of moisture content in 
porosity (APS) measure moisture content. Works unsaturated conditions and of porosity in satu-

differently in saturated and unsatur- rated conditions. 
ated conditions. 

Temperature (TEMP) Recording thermistor. Works best in Variations from geotherm may be used to model 
saturated conditions. fluid flow in saturated formations. 

Caliper Central body with 1, 2, 3, or 4 Deviations in borehole diameter can be used to 
extendable arms. infer formation competence. 

Spinner (SPIN) Rotating spinner. Variations in spinner movement can be used to 
infer upward or downward fluid movement. 
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The geophysical log suite that was performed by Schlumberger employed advanced wireline logging tech
nology using electromagnetic induction imaging, nuclear magnetic resonance imaging, high resolution 
electrical imaging, natural gamma ray spectroscopy, neutron emission and detection, and a borehole fluid 
flow meter. Logging tools that required pad contact with the borehole wall and those that measure forma
tion porosity were adversely affected by the numerous large washouts, especially at the bottom of the 
borehole, below 1500 ft. Additionally, several of the tools require water in the borehole to operate and 
therefore provided measurement data only below the water level. 

The array induction log is a relatively new tool to the water resource industry, having been available for only 
about the past 10 years. It is a type of resistivity tool that takes measurements at several different horizon
tal distances into the formation, with reported values having several different vertical resolutions. In the 
configuration employed at CdV-R-15-3, the resistivity tool reported measurements with 4 different dis
tances of investigation into the formation, 20, 30, 60, and 90 in.; and with 3 different vertical resolutions, 4, 
2, and 1 ft. 

The tool measures bulk electrical conductivity of the formation and formation fluids by emitting an electro
magnetic field that induces a current in the formation, subsequently creating a secondary electromagnetic 
field that is measured by the tool. Since a current is not directly emitted into the formation, the measure
ment does not require water in the borehole and is accurate in the sub-saturated zone above the water 
table. The conductivity measurements are then converted and reported as resistivity in ohm-meters. In 
instances where the borehole fluid and formation fluid possess contrasting conductivity values, the depth 
of invasion of filtrate can be mapped and the zones with higher permeability can be identified. 

Above the water table, zones where the deeper resistivity measurements are less than the shallower ones 
(the yellow shading on the montage included with this report) indicate the existence of formation water. The 
opposite scenario (the blue shading on the montage) indicates drilling fluid invasion into a porous/perme
able formation that is not saturated naturally. 

Below the water table, it appears that the formation water has lower resistivity than the drilling fluid. Thus, 
when the deeper measurement is lower than the shallower one (the blue shading on the montage), this 
indicates invasion and, possibly, that the formation is permeable. Using this logic, the resistivity results cor
respond quite well with the porosity and CMR results. 

Since conductivity values of the non-clay formation matrix are lower than fresh water, resistivity values tend 
to increase with decreasing water content. Consequently, saturated clay with relatively high porosity gener
ally exhibits lower resistivity than heterogeneous and less porous deposited sand and gravel. Massive 
basalt beds and volcanic tuff are even more resistive and are easily identified with the array induction. 

The NGS is an eccentralized pad tool that measures the natural radioactivity of formations. In addition to 
measuring the total gamma ray activity, the tool measures the energy level of each gamma ray and calcu
lates the concentration of uranium, thorium, and potassium. It is generally used to identify geologic con
tacts and to detect units with varying clay content or mineralogical composition (Collier 1993, 67303). The 
NGS works above and below the water level. The quality of the data from CdV-R-15-3 is affected by bore
hole washouts, especially in the upper parts of the borehole. 

Under optimum conditions, the combinable magnetic resonance log provides free-fluid porosity measure
ments with good thin-bed resolution. The CMR log uses a compact magnet and antenna sensor package 
mounted in a pad-like skid that is pressed against the borehole wall. The logged depth of investigation is 
reported by Schlumberger to be 1 in. Disruption of contact between the skid and the wall due to borehole 
washout affects data quality. Since the CMR makes a shallow measurement that requires good borehole 
wall-to-pad contact, the measurement is compromised when the hole is highly rugose. There were numer
ous intervals in CdV-R-15-3 where the borehole condition affected data acquisition. 
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The temperature log measures borehole temperature; the spinner log measures fluid velocity in the bore
hole. Both logs were run from fluid level down. Table 3.2-2 provides a summary listing of logging tools run 
in CdV-R-15-3. 

Interval 
Log Date Logged (ft) 

BV 4/27/00 484-1670 

AI 4/27/00 D--1680 

NGR 4/28/00 7D-1675 

DEV 4/28/00 5D-678 

NGS 4/28/00 8D-1669 

CMR 4/28/00 8D-1669 

TLD 4/28100 54-1664 

FMI 4/28/00 1246-1678 

APS 4/28/00 132-1668 

TEMP 4/28/00 100D-1675 

SPIN 4/28/00 100D-1675 

3.2.2 Results 

Table 3.2-2 

Geophysical Logs, CdV-R-15-3 

Operator Borehole Status 

LANL Open and cased 

Schlumberger Open 

LANL Cased 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Schlumberger Open 

Tool Type Data Quality 

Camera Good 

Induction Good 

Gamma Good 

Directional Good 

Radiological Affected by washouts 

Magnetic Washouts 

Density Affected by washouts 

Pad Affected by washouts 

Density Affected by washouts 

Sensor Good 

Flow meter Good 

Descending from land surface, the video survey revealed formation contacts, fracture zones, and locations 
and relative size of fractures. The video survey allowed identification of those zones with probable perched 
water and borehole washouts that were not necessarily detected by the caliper. Possible perched water 
zones were viewed at 708 ft, 920 ft, the interval 960-990 ft, and from 1242 to 1249 ft at the water level. 
Below the water level at 1249 ft (video cable count), the quality of the video was compromised by bubbles 
and by drilling products that were suspended in the water and deposited on the borehole walls. Gas bub
bles were visible rising through the water column. The source of the gas bubbles was not determined. The 
bubbles may have been dissolved-phase gasses that exsolved due to a drop in pore pressure or dis
charged residual drilling air. 

The AI log of the saturated zone recorded little contrast in resistivity between the shallow- and deep-read
ing curves. Because the borehole fluid and formation fluid were both from the regional aquifer and of simi
lar composition, the curves representing different depths of investigation overlap, with very little separation. 
However, at the bottom of the hole, the deep measurement is lower than the shallow one, indicating inva
sion of fresher, more resistive water. Overall, there is more invasion at the bottom, suggesting more perme
able zones there. This corresponds with the CMR, although the CMR data quality is compromised in much 
of the bottom of the hole due to washouts. 

Above the water level, in the unsaturated zone, the AI log correlates, somewhat, with the gamma log in 
delineating the contact between the Cerro Toledo and Otowi Member of the Bandelier Tuff at 575ft. The 
contact between the Guaje Pumice Bed and the Puye Formation is evident as an abrupt decrease in resis
tivity at the bed boundary at BOO ft. The basalt associated with the Cerros del Rio volcanic complex is evi
dent between 960 and 984ft. The fluid level is indicated by a left-hand kick of the 1 0-in. curve and the start 
of the borehole fluid resistivity measurement at a depth of 1246 ft (Figure 3.2-1 ). 

September 27, 2000 18 ER2000-0471 



Figure 3.2-1. 
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In the saturated zone, the AI tool measured resistivity values ranging from a low of about 24 ohm-meters at 

1671 ft to a high of about 1 000 ohm-meters at 1263 ft. Most of the curve ranged between about 200 and 

400 ohm-meters. The lowest values probably correspond to clay-rich zones, as corroborated by the CMR 

clay-bound water measurement. 

The gamma ray curve provides excellent bed contact correlation. A drop in the gamma ray curve from 

about 200 to about 120 counts (Figure 3.2-2) highlights the contact between the base of the Guaje Pumice 

Bed and Puye Formation. The decreased count is due to a decrease in uranium and thorium content as 

indicated by the spectral gamma log. From about 800ft to total depth, the gamma ray log shows little 

change, except for a 40- to 50-count drop at the water level. 

The deviation survey indicates that the borehole maintains a fairly straight and plumb alignment down to 

about BOO ft; however, below 800 ft, alignment deviates severely to the west. From BOO to 1680 ft, align

ment drifts almost 40 ft to the west. 

The CMR tool is used to predict bound-fluid and free-fluid porosity in the formation. The log indicates 

increasing free-fluid porosity through the Guaje Pumice Bed where screen #2 is located. As with the other 

porosity measurements, the CMR measurement is compromised where there are large borehole washouts 

and significant rugosity in the borehole. These cond~ions are prevalent at the bottom of the borehole, 

especially below 1500 ft. The depth intervals where the CMR data quality is compromised by hole condi

tions are automatically flagged by the internal processing where significant signal noise is detected. 

The temperature log indicated that the fluid temperature was about 63°F at 1675 ft, and 62.5°F at 1300 ft. 

Mixing of the borehole during tool runs may explain the homogeneous temperature profile indicated by the 

temperature log. However, the temperature profile has some character when magnified. From the water 

level down, it first follows a moderate gradient, followed by a small jump and a much lower gradient. Further 

down, there is another small jump, followed by a gradient similar to that just below the water level. 

The notes on the log header report that the spinner log was run on both up and down continuous passes, 

and that several stations were checked as well. It is also reported that a suspected upward flow is indi

cated. (See the montage for processed spinner results.) Generally, the continuous and station results indi

cate an upward flow (negative velocity) in the upper part of the saturated zone, flattening out to no flow and 

a little downward flow toward the bottom of the hole. The temperature profile could be interpreted to corre-

. spond to this flow scheme. The interpretation of upward flow is contrary to the downward head gradient 

documented by the few select head measurements taken in the completed well. The spinner log may have 

been affected by gas bubbles (observed in the video survey) moving through the fluid column and by wash

outs. 

The raw neutron porosity, raw FMI, and density logs have been processed by Schlumberger since the data 

were collected. However, since the processed logs were not obtained for analysis, they are not included in 

this section. 
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4.0 HYDROLOGY 

Hydrologic observations were concentrated on the saturated zones. No cores of unsaturated materials 

were taken for laboratory testing and no measurements of moisture content or matric potential from cut

tings were made. 

4.1 Groundwater Occurrence 

Three saturated zones were projected to occur at CdV-R15-3: two perched water bodies and the regional 

zone of saturation. Perched saturation was expected in the lower part of the Otowi Member of the Bande

lier Tuff (Guaje Pumice Bed) and the Cerros del Rio basalt, in descending order. Regional saturation was 

predicted to occur in the Puye Formation fanglomerate. 

Possible perched zones were observed by borehole video at 708, 920, 96Q-990, and 1242-1249 ft. Place

ment of screens targeted possible perched zones at 60Q-620, 75Q-800, and 965-997 ft. 

Possible perched saturation was first encountered at a depth of 611 ft in the upper part of the Otowi Mem

ber, Bandelier Tuff. At a borehole depth of 622ft, water-level depth was again monitored through the drill 

rods with an electric probe and found to be 602 ft. This saturation was not observed during geophysical 

logging and may have been either ephemeral or due to water introduced during drilling. 

The anticipated perched water was not encountered. That is, no saturation was detected in either the 

Guaje Pumice Bed or the Cerros del Rio basalt. 

Regional saturation was found to occur in the Puye Formation fanglomerate as predicted. The top of such 

saturation was determined to be at a depth of 1245 ft. This is 74ft deeper than anticipated from the 

regional water-level map. 

It should be noted that it was difficult to determine water levels throughout the installation of CdV-R-15-3. 

One reason was that drilling fluids clinging to the inside walls of the rods fouled the electric water-level 

probe used for such measurements. Foam from the drilling fluids also hindered attempts to locate the top 

of the borehole's water column by means of the video camera. Transducers even gave ambiguous results, 

but only in an instance when there was blockag~ around the drill bit. 

4.2 Groundwater Movement 

Groundwater movement is usually characterized in terms of directions and rates of horizontal and vertical 

flow. Data for evaluating horizontal flow direction are not normally provided by a single well. A water-level 

map or water levels from at least three wells forming the corners of a triangle are required. However, verti

cal flow direction can be determined from vertical head distribution or static water levels at various bore

hole depths. Hydraulic conductivity obtained from laboratory tests of core from the saturated material or 

from field tests at least gives a potential flow rate. 

Vertical flow direction could not be evaluated, as static water levels were not obtained at different borehole 

depths during drilling. This was due to the difficulty in determining water level as described above. 

Although drilling was largely open-hole, and water levels would have been composite heads at best, values 

for different depths would have given a general direction of vertical gradient. 

Although no core was collected or analyzed in the laboratory, straddle-packer/injection tests were con

ducted in the field for three of the screened intervals: screen #3 (possible perched saturation in the upper 

Cerros del Rio basalt), screen #5 (middle of three screens in the regional zone of saturation) and screen 

#6 (lowermost of three screens in the regional zone of saturation). No test was conducted for screen #4 as 
it straddles the water table and available equipment was not appropriate for aquifer analysis under such 
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conditions. In the case of the other screens, water was injected at a constant rate into the target interval, 
which was isolated from the rest of the well during the test by two packers, one set above and one set 
below the screen. Injection rate was monitored by a flow meter installed between the water supply and the 
Bean pump on the UDR rig. Screen #3 yielded too little water to be registered by the transducer. The 
results for the tests of screens #5 and #6 are given in Table 4.2.1. A separate report, giving final results and 
complete details of these tests, is being prepared. 

Table 4.2-1 
Summary of Preliminary Data for Straddle-Packernnjection Testing 

of Saturated Materials at CdV-R-15-3 

Static Water· Test Duration Hydraulic 
Screen Level Depth {ft) {min)8 Conductivity {ft/d) Analytical Method 

5 6018.1 30 0.25 Theis 

6 6023.6 600 0.10 Bouwer-Rice 
8 Water was not continuously Injected; rather, rods connected to packers were filled with water to a level 

approximately 200ft above the transducer. 

5.0 HYDROGEOCHEMISTRY 

Well CdV-R-15-3 was sited and designed to evaluate the presence and mobility of anthropogenic constitu
ents in perched and regional groundwaters downgradient from TA-16. It is a "plume chasing" well rather 
than a hydrologic characterization well. Thus, the emphasis during drilling and installation of the well was 
on cost-effective drilling and installation of a Westbay sampling system, rather than on hydrogeochemical 
characterization. 

This section reports the very limited hydrogeochemical characterization that occurred during the drilling of 
CdV-R-15-3. Ten samples of cuttings were selected for analysis. Six discrete water samples were also 
selected for analysis during drilling. These samples were taken primarily for determining whether individual 
perched zones or the regional aquifer contained HE constituents. 

5.1 Hydrogeochemistry and HE Chemistry of Groundwater Samples 

A very limited number of groundwater samples were collected during drilling at CdV-R-15-3. They were col
lected at depths of 622, 1137, 1250, 1497, 1620, and 1650 ft and were analyzed tor limited suites of con
stituents, including HE, stable isotopes of nitrogen, screening geochemical parameters, and total organic 
carbon (TOC). The HE samples were collected to determine if HE was present in the borehole and if it was 
necessary to telescope down and install casing in order to eliminate downward mobilization of HE constit
uents. The screening geochemistry and TOC samples were selected to evaluate whether bentonite, which 
was hypothesized to be present adjacent to screens #4, #5, and #6, was affecting water chemistry. 
Table 5.1-1 summarizes the groundwater samples that were collected during the drilling of CdV-R-15-3. 

Additional groundwater samples will be collected quarterly after the CdV-R-15-3 well has been properly 
developed and the Westbay system has been installed. 
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Table 5.1-1 

Summary of Groundwater Samples Collected During Drilling of 
Borehole CdV-R-15-3 

Sample Request Filtered Depth of Water 
ID Number (y/n) Collection (ft) 

RE15-00-0093 6595R N 622 

RE15-00-0094 6594R, 6596R y 622 

RE15-00-0096 7310R N 1137 

RE15-00-0100 6691R N 1497 

RE15-00-0108 6775R N 1620 

RE15-00-0112 7250R N 1250 

RE15-00- 0113 7254R N 1650 

8 015N is stable nitrogen isotope analysis. 

b The geochemistry samples are used for screening purposes only. 

c X indicates that an analysis was performed. 

5.1.1 Methods 

Date 
Collected HE o15N8 TOC 

3/23/00 xc - -
3/23/00 X X -
3/31/00 X - -
4/5/00 X - -

4/24/00 X - -
7/31/00 - - X 

8/3/00 - - X 

Geochemistryb 

-
-
-
-
-
X 
X 

Groundwater samples for HE, isotopes, TOC, and geochemical analysis were collected from the cyclone 

during drilling. Temperature, turbidity, pH, and specific conductance were determined onsite from an ali

quot collected during field sampling. Field parameters are presented in Table 5.1-2. Both filtered and unfil

tered samples were collected. All samples collected in the field were stored at 4°C until they were 

analyzed.· 

Groundwater samples were analyzed using techniques specified in Environmental Protection Agency 

(EPA) method SW-846, including high-performance liquid chromatography (HPLC) for explosives; ion chro

matography for anions such as chloride, bromide, fluoride, nitrate, phosphate, and sulfate; and graphite fur

nace atomic absorption (GFAA) and inductively couple plasma emission spectroscopy (ICPES) for cations 

such as boron, calcium, potassium, lithium, magnesium, sodium, and silica. Bicarbonate was analyzed 

using titration methods. 

Stable nitrogen isotopes (nitrogen-15 and nitrogen-14, o15N) were analyzed by Coastal Science Laborato

ries, Inc., of Austin, Texas, using isotope ratio mass spectroscopy (IRMS). 

Laboratory blanks were collected and analyzed in accordance with EPA and Laboratory procedures. The 

analytical precision for cations and anions was generally ±10%. 

5.1.2 High Explosives 

Low levels of HE constituents amino-2,6-dinitrotoluene (0.11 IJ.g/1, j-qualified) and 2,6-dinitrotoluene (0.49 

IJ.Q/1) were detected in sample RE15-00-0094. This sample was taken from the first potential perched zone 

encountered in CdV-R-15-3, which was located at a depth of -610ft. The HE levels are near the detection 

limits for the EPA analytical method used. In addition, these constituents were not detected in the unfiltered 

pair (RE 15-00-0094) to this sample. Other water samples (see Table 5.1-1) that were analyzed for HE 

reported no detected HE constituents. 
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5.1.3 Quality of Groundwater Within the Puye Formation 

Field-measured parameters for the borehole groundwater samples, including pH, temperature, specific 

conductance, and turbidity, are provided in Table 5.1-2. These parameters were measured at the time of 

sample collection, when the groundwater was in contact with the atmosphere. 

Table 5.1-2 

Field Parameters for Water Samples from CdV-R-15-3 

Conductance 
SampleiD (IJS/cm) pH T (•C) Turbidity (NTU1) 

RE15-00-0093 0.143 7.2 28.0 Off scale 

RE15-00-0094 0.143 7.2 28.0 Off scale 

RE15-00-0096 0.409 7.7 18.2 Off scale 

RE15-Q0-0100 0.269 8.1 20.4 Off scale 

RE15-00-0112 0.099 6.1 18.3 4.1 

RE15-00- 0113 0.106 7.9 18.7 1.9 

8 NTU =nephelometric turbidity units. 

Groundwater from the regional aquifer at CdV-R-15-3 is a calcium-sodium-bicarbonate type, as shown in 

unfiltered data collected at both 1250 and 1650 ft. The screening analytical results for the samples from 

1250 ft and 1650 ft are shown in Table 5.1-3. Total dissolved solids (TDS) values are low (163.6 to 170.4 

ppm) and similar to, or lower than, samples from the regional aquifer that were collected at R-25 (LANL, in 

preparation). Most major cation and anion constituent abundances are similar to values measured in R-25, 

which was drilled using few, if any, drilling additives. Most major cations and anions in these samples are 

below, or within the low end, of the background range for regional aquifer samples collected across the 

Pajarito plateau (Longmire personal communication, September 2000). 

Concentrations of constituents that are indicative of bentonite interactions with groundwaters, such as 

sodium, sulfate, and total organic carbon (TOC), are all low in the regional aquifer in CdV-R-15-3 (11-12 

ppm, 2.2-2.99 ppm, and.B-1.5 ppm, respectively). These values are similar to those measured in the 

regional aquifer in boreholes drilled with minimal bentonite addition. They are also significantly lower than 

values measured in wells such as R-15 (Longmire et al. 2000, 66602). These results suggest that waters in 

the regional aquifer at CdV-R-15-3 have not had their chemistry significantly modified by interactions with 

bentonite or other drilling additives. 

6.0 WASTE MANAGEMENT 

The waste generated during CdV-R-15-3 drilling activities included decontamination water, personal pro

tective equipment, plastic sheeting, oil-absorbent pads, and miscellaneous waste. All waste streams were 

managed in accordance with the Laboratory-approved site-specific Waste Characterization Strategy Form 

(WCSF). Drill cuttings were discharged directly from the cyclone on the drill rig into a cuttings containment 

area. A total of approximately 83 yd3 of cuttings was generated from the drilling of CdV-R-15-3. Using the 

waste minimization strategy identified in the WSCF, the cuttings will be used onsite for site restoration. 
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Table &.o-1 
Hydrochemistry of Borehole CdV-R-15-3 

Depth (ft) 1250 1650 
Geologic Unit Puye Formation Puye Formation 

Sample Treatment Unfiltered Unfiltered 

Date Sampled 8/2/00 8/2/00 

Boron (ppm) < 0.01 < O.Q1 

Bromide (ppm) <0.02 <0.02 

Carbon (TIC) (ppm) 14.1 14.4 

Carbon (TOC) (ppm) 1.5 0.8 

Calcium (ppm) 10.0 10.7 

Std. Dev (:t) 0.1 0.1 

Chloride (ppm) 1.23 1.31 

Fluoride (ppm) 0.06 0.04 

HC03(ppm) 68.8 71.8 

Potassium 1.3 1.5 

Std. Dev(:t) 0.1 0.2 

Lithium < 0.01 < 0.01· 

Magnesium (ppm) 3.14 3.27 

Std. Dev(:t) 0.02 0.01 

Sodium (ppm) 11.2 12.4 

Std. Dev(:t) 0.1 0.1 

Nitrite (ppm) <0.02 <0.02 

Nitrate (ppm) 0.82 1.31 

Oxalate (ppm) <0.02 <0.02 

pH (lab) 7.47 7.33 

Phosphate (ppm) <0.05 <0.05 

Silica(ppm) 30.3 30.4 

Std. Dev{:t) 0.4 . 0.1 

Si02 (ppm calc.) 64.8 65.1 

Sulfate (ppm) 2.21 2.99 

TDS(ppm) 163.6 170.4 

Cation sum 1.278 1.381 

Anion sum 1.225 1.300 

Balance 0.0420 0.0604 

Drilling in the unsaturated portion of the borehole required use of municipal supply water that was circu
lated downhole. Most of the water was circulated out with the drill cuttings and discharged at the surface 
into a lined containment area. This process produced approximately 10,000 gal. of water. Drilling in the 
saturated zones of the borehole generated approximately 82,000 gal. of groundwater. Groundwater gener
ated was temporarily stored onsite in fourteen portable 3000-gal. poly tanks and two portable 21,000-gal. 
steel tanks. Samples were collected from the tanks and the containment area to characterize the water. 
The water was discharged to the site through a sprinkler system in accordance with the WCSF and NMED-
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approved Notice of Intent (NOI) to discharge. In addition, approximately 39,840 gal. of groundwater was 
generated during well development and hydrologic testing. This water was characterized and discharged 
through a sprinkler system in accordance with the approved NOI. 

Decontamination water (less than 6 gal. per day) was periodically generated from cleaning sampling and 
monitoring equipment (i.e., core tubes, bailers, water-level meter) onsite. This water was discharged to the 
site in accordance with "Decontamination Water Discharge Procedure: Containerized Decon Water" (LANL 
1996, 58716) and the approved WCSF, based on visual observation and field screening. Large equipment 
and drill pipe was cleaned onsite in a containment area using a pressure washer. A total of 600 gal of water 
was generated from equipment cleaning operations. The water was temporarily stored onsite in a 3,000-
gal poly tank, sampled for waste characterization, and is currently pending analytical results to determine 
final disposition. 

Miscellaneous waste included nitrile gloves, paper towels, plastic bags, and plastic sheeting. These mate
rials were placed in plastic drum liners and labeled with the well designation, generation dates, borehole 
depths, and contents. One 55-gal. drum liner of miscellaneous waste was generated during field opera
tions. A Waste Profile Form was prepared for this waste stream, and the miscellaneous waste was dis
posed of in accordance with the approved WCSF. 

Plastic sheeting and sorbent pads used beneath the drill rig and heavy equipment to contain leaking 
hydraulic fluid and lubricants were contained in two 55-gal. drums and managed and disposed of as "New 
Mexico special waste." 

In addition, one unanticipated waste stream was generated and processed in accordance with general 
waste management guidance, applicable LANL procedures, and federal and state regulations. This mate
rial included drill cuttings that were impacted by hydrocarbon-based lubricants from a leak in the top-head 
drive of the drill rig. The cuttings were containerized in drums, sampled for constituent characterization, 
and stored on site pending analytical results. A total of four drums were generated. 

7.0 SURVEY ACTIVITIES 

The approximate location of CdV-R-15-3 was surveyed on March 8, 2000, by LANL personnel using a 
Leica TC 1600 total station. The collected electronic measurement data was processed using LisCad 
Plus® 4.0 application software. Control for the survey were Stations A 1501 and A 1502 from the 1992 
LANL Lab-wide control network. This survey located the corners of the jack cellar before drilling com
menced. The approximate location of the well is Easting 162322 ft, Northing 1762348 ft, New Mexico State 
Plane Grid Coordinates, Central Zone (North American Datum, 1983 (NAD 83]). After the permanent well 
is completed, the exact location of CdV-R-15-3 and the elevation of the top-of-casing will be resurveyed for 
the permanent record. 

8.0 WELL DESIGN, CONSTRUCTION, AND DEVELOPMENT 

8.1 Well Design 

Well CdV-R-15-3 was installed to enable the Laboratory's ER Project to determine the extent of contamina
tion in perched water zones and the regional aquifer. The well allows ER Project personnel to measure 
fluctuations in the depth to water in perched water zones and in the regional aquifer. The location and 
design also provide the means to monitor the presence of dissolved HE constituents and their degradation 
products. 
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The original well design provided for five well screens: two in the unsaturated zone and three in the 

regional zone of saturation. A third screen in the unsaturated zone was added to the design after review of 

open borehole video and geophysical logs. The well will be equipped with a Westbay monitoring and sam

pling system. The design life of CdV-R-15-3 is 50 years. 

8.2 Construction 

Monitor well casing consisted of 5-in. 00 (0.247-in. wall), ASTM A 312 standard stainless-steel casing and 

stainless-steel pipe-based wire-wound screen. The screen slot size was· 0.01 0-in. The six screened inter

vals in the well were separated by bentonite and cement grout seals. Well screens were sand-packed with 

silica sand. Three different gradations of sand pack were used: 20/40, 8/12, and 6/9. A diagram of CdV-R-

15-3 construction is shown in Figure 8.2-1. 

Screen locations were selected by reviewing video surveys of the open borehole, reviewing geologic logs 

from cuttings samples, and by analyzing geophysical borehole logs. A technical review team of personnel 

from the Laboratory's ER Project, Washington Group lnternationaVProgram Management Company (WGI/ 

PMC), John Shoemaker and Associates, Incorporated (JSAI), and a representative from Schlumberger 

met to review the data and select proposed locations for screened intervals and the details of well con

struction. The proposed plan was submitted to the Department of Energy and the New Mexico Environ

ment Department for review. 

Well CdV-R15-3 contains six separate screened intervals along its total depth of 1675 ft. Numbered in 

descending order from ground surface, screens #1 through #3 were set at points opposite suspected 

perched water zones. Screen #4 is the longest screen (43.8 ft long); it spans the surface of the regional 

water table. Screens #5 and #6 are set in middle and deep parts of the regional aquifer in the Puye Forma

tion. A summary of screen-setting information is provided in Table 8.2-1. 

Table 8.2-1 

Summary of Well Screen Information, CdV-R-15-3 

Screen Depth of Hydro-
Depth Interval Length geologic Target Sand-Pack Hydrogeologic 

Screen (ft) (ft) (ft) Gradation Target of Screen Geologic Unit 

1 617.72-624.53 6.81 600-620 20/40 Perched water Otowi Member, Bandelier Tuff 
zone 

2 800.83-807.75 6.92 75Q-800 20/40 Perched water Contact of Guaje Pumice Bed 
zone and Puye Formation 

3 964.8--980.93 26.13 965-997 20/40 Perched water Cerros del Rio Basalt 
zone 

4 1235.08--1278.88 43.80 124Q-1250 8/12 Top of saturation Puye Formation 
in regional aquifer 

5 1348.42-1355.35 6.93 134Q-1350 6/9 Permeable zone Puye Formation 
in regional aquifer 

6 1637.89-1644.79 6.90 163D-1640 8/12 Lower borehole in Puye Formation 
regional aquifer 

During well construction the six screens were inadvertently placed 9 ft deeper than intended due to a tally 

error on well casing during construction. The shift resulted in two screens (#3 and #5) being partially cov

ered with bentonite. All screens are still in communication with the targeted zones. Figure 8.2-1 shows 

backfill material depths based on wireline measurements made during completion. In the final completion 

report, placement of annular fill material will be confirmed by natural gamma log. 
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bentonite. 629-780' 

bentonite, 606-875' 

cement, 875-890' 
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Figure 8.2-1. Well construction diagram, CdV-R-15-3 (depth/thickness of annular fill material 
determined by wireline measurements) 
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The natural gamma log of the cased hole was performed with the Laboratory-owned Jogging trailer on 

August 11, 2000. A natural gamma log can distinguish between the filter pack and the bentonite because 

silica sand has a relatively low natural gamma emission and bentonite has a relatively high natural gamma 

emission. The log indicated that the lower 31% of screen #3 and the lower 34% of screen #5 were covered 

with bentonite. Sand filter pack materials are located adjacent to the rest of the screens. Because a West

bay sampling system does not require purging, a partially blocked screen should not prevent sample col

lection from the portion of the screen adjacent to the sand filter pack. In addition, the primary potential 

contaminants of concern are HE and, because most HE have a very low adsorption coefficient and remain 

in solution, the presence of bentonite should not affect potential HE-contaminant analyses. 

8.3 Well Development 

Development of CdV-R15-3 was accomplished by a three-stage process: scrubbing, bailing, and zone-spe-

cific pumping. · 

Initial development consisted of scrubbing the inside of the casing and screens with a brush installed on 

drill pipe. After scrubbing, muddy fluid and settled solids were bailed from the well. The 28-ft long x 3-in. 10 

bailer had a capacity of approximately 10 gal. Bailing was performed from July 29 to July 30, 2000. A total 

of 740 gal. of water were bailed from the well. 

After two days of bailing, the turbidity remained over 1000 NTU. Bailing was ceased, and a 7.5 hp pump 

was inserted. Field parameters (pH, temperature, specific conductivity, and turbidity) were measured peri

odically during pumping. Each screened interval was developed by pumping four times: once until field 

parameters were acceptable or could not be improved (then, before moving to the next screen, the pump 

was shut off for 15 min); then the process was repeated three times to make sure the acceptable or stable 

parameters could be reproduced. In Figure 8.3-1, the spikes in turbidity at 9890 gal (18.5 NTU), 17,620 

gallons (39.3 NTU), and 31 ,510 gallons (95.9 NTU) correspond to moving the pump from screen #4 to 

screen #5, screen #5 to screen #6, and screen #6 into the sump, respectively. A total of 39,770 gal. of 

water was pumped from the well. When all zones had been pumped satisfactorily, the well was considered 

to be developed. 

9.0 MODIFICATIONS TO FIELD IMPLEMENTATION PLANS 

Table 9.0-1 compares the planned characterization activities in the "Addendum to CMS Plan for Potential 

Release Site 16-021 (c)" (LANL 1999, 64873) and the "Field Implementation Plan [FIP] for the Drilling and 

Testing of LANL TA-16-260 Corrective Measures Study Well CdV-R-15-3" (ER Project 2000, 67305) with 

the characterization activities performed at CdV-R-15-3. 

The most significant modification from planned to actual activities was the open-hole drilling method that 

was employed. In the CMS addendum, a casing advance method was specified. Because the borehole 

was relatively stable, it was advanced without drill casing. In addition, the CMS addendum specified that 

5% of the borehole would be cored; however, the FIP specified that core would be collected as deemed 

necessary, and since no conditions were encountered that the team deemed necessary to core, no core 

was collected. 
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Other modifications to CdV-R-15-3 were relatively minor. For example, the length of the well sump was 

changed from the 10ft specified in the CMS addendum to the 30ft specified in the FIP and in the final 

installation. 

Table 9.0-1 

Activities Planned for CdV-R-15-3, Compared with Work Performed 

Addendum to CMS Plan for Poten- CdV-R-15·3 CdV·R·15-3 
tial Release Site 16-021(c) Field Implementation Plan Actual Work 

Planned Depth (ft) 1800 ft, or at least 200 ft into At least 200 ft into regional 1722 ft (480ft into regional sat-

regional zone of saturation zone of saturation: 1371 to uration) 
1950 ft 

Drilling Method Casing advance to total depth of HSA to place surface cas- HSA to place surface casing; 

borehole ing, then casing advance open hole with polymer-
with air-rotary equipment assisted air-rotary 

Amount of Core 5% of borehole As deemed necessary No core collected 

Lithologic Log Log to be prepared from core, cut- Log to be prepared from Log was prepared from core, 

tings, and drilling performance core, cuttings, drilling per- cuttings, and drilling perfor-
formance mance 

Water Sample Field HE Spot Test and D TECH immu- pH, specific conductance, D TECH, pH, specific conduc-

Measurements noassay temperature, turbidity tance, temperature, turbidity 

Number of Water Sam- To provide a contaminant profile A water sample will be col- Five samples were collected 

pies Collected for Con· lected from each satu- for HE screening 

taminant Analysis rated zone (and as 
directed by HEPS team 
leader or geochemistry 
principal investigator) 

Geophysics Caliper, electromagnetic induction, Gamma-gamma density, Natural gamma, color video, 

natural gamma, magnetic suscep- natural gamma, and ther- deviation survey, microimager 

tibility, color video, fluid tempera- mal neutron gamma ray, temperature, spin-

ture, fluid resistivity, single point ner, array induction, neutron 

resistivity, and spontaneous porosity, natural gamma ray 

potential; for cased holes, gamma- spectrum, triple lithodensity, 

gamma density, natural gamma, combinable magnetic reso-

and thermal neutron nance 

Water-Level Measure- Measurements to profile head gra- When saturated condi- When saturated conditions 

ments dients tions are encountered were suspected and drilling 
schedule permitted 

Slug Tests At key geologic intervals as deter- As determined by the tech· In the three screens located 

mined by the technical team's nical team's hydrologist within the regional zone of sat-
hydrologist uration 

Surface Casing Approximately 16-in. diameter 16-in. surface casing, 10ft 18-in. casing to 20ft (18 ft into 

casing from land surface to into competent material competent material) 

approximately 1 0 ft 

Well Casing Size 5.56 in. OD 5.0 in. OD 5.0in. OD 

Well Screen Number and length to be finalized Up to four 1 O·ft and one Three -7-ft, one -26-ft, and 

in the field 20.ft5.5·in. OD pipe-based one - 44-ft 5.5-in. OD pipe-
screens based screens 

Filter Material Not specified >90% silica sand; 20/40, >90% silica sand; 20/40, 
8/12 or other appropriate 8/12, and 6/9 in different loca· 
size tions 
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Table 9.0-1 (continued) 
Activities Planned for CdV-R-15-3, Compared with Work Performed 

Addendum to CMS Plan for Poten- CdV·R-15·3 CdV·R·15·3 
tial Release Site 16-021(c) Field Implementation Plan Actual Work 

Conductor Casing Carbon-steel casing from land sur- ASTM standard A312 ASTM standard A312 stainless 
face to top of stainless-steel stainless steel steel 
screen 

Backfill materials Cement grout and bentonite Bentonite and, where tea- Bentonite and, where feasible, 
(exclusive of filter sible, cement grout cement grout 
materials) 

Sump 10ft 30ft 30ft 

10.0 IMPLICATIONS FOR CONCEPTUAL GEOLOGIC, HYDROGEOLOGIC, AND 
GEOCHEMICAL MODELS 

10.1 The Geologic Model 

The implications of new information from CdV-R-15-3 on geologic models can be visualized in 
Figure 3.0-1, which provides a stratigraphic comparison with the Laboratory's 3-D geologic model that was 
current at the time of drilling. The major differences between the predicted and as-encountered geology 
are in the much thicker Cerro Toledo interval and the absence of axial river gravels (Tpt) or Santa Fe Group 
sediments (Tsfuv). These differences from the predicted stratigraphy are not unique to CdV-R-15-3, for the 
same deviations from the geologic model were found at R-19 and at R-25 (see Figure 3.0-3). The devia
tions from the 3-D geologic model at CdV-R-15-3 are thus not anomalous, but provide a broader context 
and reinforcement of new data being obtained from current drilling. Future drill holes to the north and to the 
south of the section shown in Figures 3.0-2 and 3.0-3 will help define the morphology of the erosional low 
incised into the Otowi ash flows and filled by Cerro Toledo sediments. 

In the stratigraphy beneath the Bandelier Tuff, CdV-R-15-3 provides the westernmost known occurrence of 
Cerros del Rio basalts. The unexpected occurrence of a basaltic debris flow beneath the Cerros del Rio 
lava suggests very active volcaniclastic sedimentation along the western margin of the Cerros del Rio vol
canic field. A local basaltic highland may be the source of this debris, but the implications of this deposit 
are difficult to determine from this one sampled occurrence. 

The Puye Formation is much thicker and more varied beneath this portion of the Pajarito Plateau than pre
viously suspected. Correlation of fanglomerate subunits within the Puye is possible, but it is still uncertain 
whether this can be accomplished over distances of more than a few kilometers beneath the Laboratory 
site. Studies of pumice compositions may provide the most useful markers of statigraphic horizons within 
the Puye Formation. Moreover, the nature of pumice distributions, whether as relatively undisturbed pum
ice beds or as admixed clastic detritus, can be used to provide information on the distribution of high
energy versus low-energy depositional environments in the Puye Formation. This information will be useful 
in defining the 3-D morphology of Puye subunits with differing hydrogeologic properties. 
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10.2 The Hydrogeologic Model 

There are three hydrologic implications of CdV-R-15-3 for the conceptual hydrogeologic model: 

1. The most significant is that the thick perched zone of saturation observed at R-25 was not 

encountered. In fact, the occurrence of any perched water at the well is uncertain. Thus, there 

is little danger of HE transport through perched water across the area. 

2. The regional water table is 74ft deeper than anticipated. However, this appears to be a conse

quence of contouring sparse water-level data. 

3. Hydrologic testing provided additional hydraulic-conductivity values for the Puye Formation in 

this area. 

10.3 The Geochemical Model 

The sparse geochemical data collected for CdV-R-15-3 is generally consistent with the current geochemi

cal conceptual model for the regional aquifer. Water quality is generally excellent in the borehole, and water 

chemistry is compatible with previous analyses of uncontaminated regional groundwater. The low total dis

solved solids, and the associated low major cation and anion abundances, may indicate a lower degree of 

interaction with Puye Formation sediments than is typical for regional aquifer waters. Preliminary screening 

data suggest that HE concentrations in thin, perched groundwater zones are much less than those 

observed at R-25. These screening data indicate that the regional aquifer is probably not affected by HE 

contamination. Planned quarterly sampling will provide more reliable evaluation of groundwater quality at 

this location. 
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Date Day 

1/19/00 Wed. 

1/19/00 Wed. 

1/19/00 Wed. 

1/19/00 Wed. 

1/19/00 Wed. 

1/19/00 Wed. 

1/19/00 Wed. 

1/20/00 Thu. 

1/20/00 Thu. 
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1/20/00 Thu. 

1/20/00 Thu. 

1/20/00 Thu. 

1/20/00 Thu. 

2/16/00 Wed. 

2/17/00 Thu. 

2/18/00 Fri. 

2/18/00 Fri. 

2/18/00 Fri. 

2/22/00 Tue. 

2/22/00 Tue. 

2/22/00 Tue. 

2/23/00 Wed. 

2124100 Thu. 

2/25/00 Fri. 

2/25/00 Fri. 

From To 
Shift (time) (time) 

D 8:10 11:00 

D 11:10 12:00 

D 13:12 14:09 

D 14:09 14:40 

D 15:00 16:15 

D 16:15 17:09 

D 17:09 18:40 

D 7:00 8:30 

D 8:30 9:45 

D 10:00 10:30 

D 10:30 13:00 

D 13:00 14:00 

D 14:00 14:35 

D 14:35 15:10 

D 11:55 17:00 

D 8:00 17:05 

D 13:30 14:00 

D 14:00 15:20 

D 15:20 16:00 

D 9:40 9:45 

D 9:45 11:55 

D 11:55 15:10 

D 8:30 15:30 

D 8:40 9:55 

D 7:15 8:30 

D 8:30 ~:38 
~-

L_ 

CdV-R.,15-3 Operations Chronology 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ft/hr) 

2:50 

0.00 30.00 30.00 0:50 36.00 

0.00 20.00 20.00 0:57 21.05 

30.00 0.00 30.00 0:31 58.06 

1:15 

20.00 0.00 20.00 0:54 22.22 

1:31 

1:30 

1:15 

0:30 

2:30 

20.00 0.00 20.00 1:00 20.00 

0.00 20.00 20.00 0:35 34.29 

0:35 

. 5:05 

9:05 

0:30 

1:20 

0:40 

0:05 

2:10 

3:15 

7:00 

1:15 

1:15 

1:08 
---L__ --- ~---

Activity 

Mobilized hollow-stem auger equipment to site. 

Advance 9' OD auger. Tuff encountered at 5 ft. 

Over-ream with 23" OD augers to 20 ft. 

Trip out 9' OD augers. 

Go to FSF for casing, etc. 

Trip out 23" augers. 

Piece of metal found in side of borehole, wait for 
ESH-1. 

Wait for ESH approval to start work after finding 
metal. 

Site access, safety tailgate. 

Ream the hole with center bit on 23' augers. 

Pump mud to stabilize hole. Let mud set hole. 

Trip out 23' augers. 

Trip in 16" surface casing. 

Cement casing in place. 

Drill pad preparation. 

Drill pad preparation. 

Excavate casing jack cellar. Construct drill pad. 

Metal and other debris found in excavation. Wait for 
an ACT. 

Continue excavation. More metal found. Culvert 
installed. 

Excavate steel tank from jack cellar pit. Construct 
drill pad. 

Hydraulic hose on backhoe repaired while waiting on 
asbestos determination on tank. 

Wait on asbestos determination. Consruct drill pad. 

Construct drill pad. 

Construct drill pad. 

Asbestos awareness training. 

Get frozen equipment thawed and started. 
- ------ --
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12-hr 
Shift 
8.0 

9.0 

10.0 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

17.0 

17.0 

17.0 

18.0 

18.0 

18.0 

18.0 

18.0 

19.0 

19.0 

19.0 

19.0 

20.0 

20.0 

20.0 

20.0 

Date Day 
2/25/00 Fri. 

2/28/00 Mon. 

2/29/00 Tue. 

2/29/00 Tue. 

3/1/00 Wed. 

3/2/00 Thu. 

3/3/00 Fri. 

3/16/00 Thu. 

3/16/00 Thu. 

3/17/00 Fri. 

3/17/00 Fri. 

3/17/00 Fri. 

3/17/00 Fri. 

3/17/00 Fri. 

3/17/00 Fri. 

3/17/00 Fri. 

3/18/00 Sat. 

3/18/00 Sat. 

3/18/00 Sat. 

3/18/00 Sat. 

3/18/00 Sat. 

3118/00 Sat. 

3/18/00 Sat. 

3118/00 Sat. 

3/18/00 Sat. 

3118/00 Sat. 

3/18/00 Sat. 
..... 

From To 
Shift (time) (time) 

D 9:45 13:55 

D 9:10 10:20 

D 7:00 9:00 

D 12:20 16:30 

D 7:30 15:30 

D 9:00 16:30 

D 9:00 14:00 

D 7:00 13:45 

N 18:00 23:59 

N 0:01 6:00 

D 7:30 15:10 

D 15:10 15:20 

D 15:57 16:15 

D 16:45 17:15 

N 18:00 18:30 

N 18:30 23:59 

N 0:00 0:30 

N 0:30 1:20 

N 1:20 6:15 

D 6:15 13:00 

D 13:00 15:00 

D 15:00 16:30 

D 16:30 17:30 

N 18:00 18:40 

N 19:15 21:00 

N 21:30 23:00 

N 23:00 0:30 

CdV·R·15·3 Operations Chronology {continued) 
~---

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ft/hr) Activity 

4:10 Work on jack cellar. 

1:10 Work on jack cellar. 

2:00 Construct drill pad. 

4:10 Install perimeter fence. 

8:00 Spread base coarse and construct containment pits. 

7:30 Spread base coarse. 

5:00 Construct drill pad. 

6:45 Extend drill pad to the south to accommodate the rig. 

5:59 Mob DR rig and equipment. 

5:59 Mob DR rig and equipment. 
' 

7:40 Site and rig set up. 

14.00 20.00 6.00 0:10 36.00 Drill out conductor casing. 

20.00 42.00 22.00 0:18 73.33 Advance 16" tri-cone open hole. 
: 

0:30 Site and rig set up. 

0:30 Site access, safety tailgate. 

5:29 Site and rig set up. 

0:30 lunch I 

0:50 Site and rig set up. 

22.00 147.00 125.00 4:55 25.42 Advance 16" tri-cone open hole. 

6:45 Stuck in hole. 

147.00 157.00 10.00 2:00 5.00 Advance 16" tri-cone open hole. 

1:30 Shut down for fuel and water. 

1:00 Refuel equipment. 

0:40 Site access, safety tailgate. 

157.00 162.00 5.00 1:45 2.86 Advance 16" tri-cone open hole. 

1:30 Shut down for injury. 

162.00 0.00 162.00 1:30 108.00 Trip out 16" tri-cone. 
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12-hr 
Shift 
20.0 

20.0 

20.0 

20.0 

21.0 

21,0 

22.0 

22.0 

22.0 

22.0 

22.0 

22.0 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

24.0 

24.0 

. 25.0 

25.0 

25.0 

25.0 

Date Day 
3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/19/00 Sun. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/20/00 Mon. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

From To 
Shift (time) (time) 

N 0:30 1:00 

N 1:00 3:00 

N 3:00 4:50 

N 4:50 6:00 

D 6:30 7:00 

D 8:00 17:30 

N 18:00 18:30 

N 18:30 22:45 

N 22:45 0:45 

N 0:45 1:45 

N 1:45 2:20 

N 2:20 6:00 

D 6:00 6:25 

D 6:25 13:45 

D 13:45 14:30 

D 14:30 15:38 

D 15:38 17:30 

D 17:30 18:00 

D 18:00 18:30 

D 18:30 18:50 

D 18:50 23:25 

N 0:00 1:00 

N 1:00 6:00 

D 6:00 6:25 

D 6:25 9:00 

D 9:00 11:35 

D 11:35 13:10 

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (fUhr) 

0:30 

2:00 

0.00 162.00 162.00 1:50 88.36 

162.00 165.00 3.00 1:10 2.57 

0:30 

165.00 227.00 62.00 9:30 6.53 

0:30 

227.00 287.00 60.00 4:15 14.12 

287.00 322.00 35.00 2:00 17.50 

1:00 

0:35 

32?.00 362.00 40.00 3:40 10.91 

0:25 

362.00 472.00 110.00 7:20 15.00 

0:45 

472.00 482.00 10.00 1:08 8.82 

482.00 502.00 20.00 1:52 10.71 

0:30 

0:30 

0:20 

502.00 0.00 502.00 4:35 109.53 

1:00 

5:00 

0:25 

2:35 

0.00 422.00 422.00 2:35 163.35 

1:35 

Activity 
lunch 

Un-plug 16" tri-cone. 

Trip in 16" tri-cone. 

Advance 16' tri-cone open hole. 

Site access, safety tailgate. 

Advance 16" tri-cone open hole. 

Site access, safety tailgate. 

Advance 16" tri-cone open hole. 

Advance 16" tri-cone open hole. 

lunch 

Un-plug 16" tri-cone. 

Advance 16" tri-cone open hole. 

Site access, safety tailgate. 

Advance 16" tri-cone open hole. 

Shutdown for repairs. 

Advance 16" tri-cone open hole. 

Advance 16" tri-cone open hole. 

Plugged 

Site access, safety tailgate. 

Plugged 

Trip out 16" tri-cone. 

lunch 

Un-plug 16" tri-cone. 

Site access, safety tailgate. 

Un-plug 16" tri-cone. 

Trip in 16" tri-cone. 

Repair dust head. 
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12-hr 
Shift 

25.0 

25.0 

25.0 

26.0 

26.0 

26.0 

26.0 

26.0 

26.0 

26.0 

27.0 

27.0 

27.0 

27.0 

27.0 

28.0 

28.0 

28.0 

28.0 

29.0 

29.0 

29.0 

29.0 

29.0 

30.0 

30.0 

30.0 

Date Day 

3/21/00 Tue. 

3/21/00 .Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/21/00 Tue. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/22100 Wed. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 

3/23/00 Thu. 
-· I--' 

From To 
Shift (time) (time) 

D 13:10 13:40 

D 13:40 14:40 

D 14:40 18:00 

N 18:00 18:30 

N 18:30 21:00 

N 21:00 23:59 

N 0:00 1:40 

N 1:40 2:40 

N 2:40 5:10 

N 5:10 6:00 

D 6:00 6:30 

D 6:30 13:55 

D 13:55 14:10 

D 14:10 14:40 

D 14:40 18:30 

N 18:30 19:00 

N 19:00 22:15 

N 22:15 1:40 

N 1:40 5:40 

D 6:00 7:15 

D 7:15 11:28 

D 11:28 12:30 

D 12:30 12:50 

D 12:50 18:00 

N 18:00 18:30 

N 18:30 22:00 

N 22:40 0:15 

CdV-R-15·3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) 

422.00 482.00 60.00 0:30 120.00 

482.00 502.00 20.00 1:00 20.00 

3:20 

0:30 

2:30 

2:59 

482.00 502.00 20.00 1:40 12.00 

1:00 

502.00 522.00 20.00 2:30 8.00 

0:50 

0:30 

522.00 612.00 90.00 7:25 12.13 

0:15 

612.00 622.00 10.00 0:30 20.00 

3:50 

0:30 

3:15 

3:25 

622.00 677.00 55.00 4:00 13.75 

1:15 

677.00 722.00 45.00 4:13 10.67 

1:02 

722.00 622.00 100.00 0:20 300.00 

5:10 

0:30 

622.00 0.00 622.00 3:30 177.71 

0.00 600.00 600.00 1:35 378.95 

Activity 

Trip in 16" tri-cone. 

Clean hole. 

Repair dust head. 

Site access, safety tailgate. 

Fill water trucks. 

Repair dust head. 

Clean hole. 

Plugged 

Advance 16" tri-cone open hole. 

Service rig. 

Site access, safety tailgate. 

Advance 16" tri-cone open hole. 

Air Lift 

Advance 16" tri-cone open hole. 

Water level measurements 

Site access, safety tailgate. 

Water level measurements 

water sample 

Advance 16" tri-cone open hole. 

Fuel rig. 

Advance 16" tri-cone open hole. 

Standby. Meet w/ client. 

Trip out 16" tri-cone. 

Shut down for rig repairs. 

Site access, safety tailgate. 

Trip out 16" tri-cone. 

Trip in 7" rods. 
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12-hr 
Shift 

30.0 

30.0 

31.0 

31.0 

31.0 

31.0 

32.0 

32.0 

33.0 

33.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

35.0 

35.0 

35.0 

35.0 

35.0 

35.0 

35.0 

36.0 

36.0 

36.0 

Date Day 

3/24/00 Fri. 

3/24/00 Fri. 

3/25/00 Sat. 

3/25/00 Sat. 

3/25/00 Sat. 

3/25/00 Sat. 

3/25/00 Sat. 

3/25/00 Sat. 

3/26/00 Sun. 

3/26/00 Sun. 

3/26/00 Sun. 

3/26/00 Sun. 

3/26/00 Sun. 

3/26/00 Sun. 

3/26/00 Sun. 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

3/27/00 Mon 

From To 
Shift (time) (time) 

N 0:15 1:40 

N 1:40 2:10 

D 5:30 7:20 

D 7:20 8:01 

D 8:10 11:15 

D 11:15 19:00 

N 18:00 22:30 

N 22:30 6:00 

D 6:00 12:00 

D 12:30 18:00 

N 18:00 18:40 

N 18:40 19:00 

N 19:30 20:35 

N 20:35 23:20 

N 23:40 1:07 

N 1:07 3:50 

N 3:50 5:50 

D 6:30 6:45 

D 7:00 7:40 

D 7:40 8:30 

D 8:30 9:55 

D 9:55 12:00 

D 12:00 14:15 

D 15:00 17:00 

N 18:00 19:55 

N 19:55 20:30 

N 20:30 21:45 

CdV-R-15-3 Operations Chronology (continued} 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

1:25 cement hole 

0:30 secure site. 

1:50 Site access, safety tailgate. 

0:41 Sound hole. 

600.00 0.00 600.00 3:05 194.59 Trip out 7" rods. (w/ training). 

7:45 Log hole. (LANL Truck) 

4:30 Mob 13 5/8" casing. 

7:30 Site and rig set up. (prep to run 13 5/8" casing). 

6:00 Reposition rig and set up casing jacks. 

0.00 230.00 230.00 5:30 41.82 Trip 13 5/8" casing from 0 to 220'. 

0:40 Load 13 5/8" casing. 

0:20 Site access, safety tailgate. 

1:05 Un-load 13 5/8" casing. 

230.00 450.00 220.00 2:45 80.00 Trip in 13 5/8" casing. 

1:27 Mob 13 5/8" casing. 

450.00 670.00 220.00 2:43 80.98 Trip in 13 5/8" casing. 

2:00 Mob 13 5/8" casing. 

0:15 Site access, safety tailgate. 

670.00 705.00 35.00 0:40 52.50 Trip in 13 5/8' casing. 

0:50 Mob 13 5/8" casing. 

705.00 722.00 17.00 1:25 12.00 Trip in 13 5/8" casing. 

2:05 Site and rig set up. (prep to run 12 1/4" tri-cone bit open hole). 

0.00 660.00 660.00 2:15 293.33 Trip in 12 1/4" tri-cone bit. 

2:00 Clean out cuttings pond. 

1:55 Site set up. Line cuttings pond with plastic. 

0:35 Fill water trucks. 

660.00 722.00 62.00 1:15 49.60 Trip in 12 1/4" tri-cone bit. 
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12·hr 
Shift 
36.0 

36.0 

36.0 

37.0 

37.0 

37.0 

37.0 

38.0 

38.0 

38.0 

38.0 

38.0 

39.0 

39.0 

39.0 

39.0 

39.0 

39.0 

40.0 

40.0 

40.0 

40.0 

40.0 

40.0 

41.0 

41.0 

41.0 

Date Day 
3/27/00 Mon 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/28/00 Tue. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/29/00 Wed. 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

From To 
Shift (time) (time) 

N 21:45 0:00 

N 0:00 4:00 

N 4:00 6:00 

D 6:00 6:20 

D 6:20 11:15 

D 11:15 13:10 

D 13:10 18:00 

N 18:00 19:00 

N 19:00 19:30 

N 19:30 0:57 

N 1:38 2:50 

N 2:50 6:02 

D 6:02 7:19 

D 7:38 8:07 

D 8:07 10:00 

D 10:00 14:30 

D 14:30 15:30 

D 15:40 18:45 

N 18:45 19:00 

N 19:00 21:40 

N 21:52 23:20 

N 0:20 0:45 

N 1:10 5:30 

N 5:30 6:00 

D 6:00 6:30 

D 6:30 7:15 

D 7:50 10:56 

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) 

722.00 727.00 5.00 2:15 2.22 

4:00 

727.00 747.00 20.00 2:00 10.00 

0:20 

747.00 824.00 77.00 4:55 15.66 

1:55 

824.00 856.00 32.00 4:50 6.62 

1:00 

0:30 

856.00 872.00 16.00 5:27 2.94 

1:12 

872.00 892.00 20.00 3:12 6.25 

892.00 902.00 10.00 1:17 7.79 

0:29 

1:53 

902.00 922.00 20.00 4:30 4.44 

1:00 

922.00 942.00 20.00 3:05 6.49 

0:15 

942.00 962.00 20.00 2:40 7.50 

1:28 

0:25 

962.00 1002.00 40.00 4:20 9.23 

0:30 

0:30 

0:45 

1002.00 1012.00 10.00 3:06 3.23 

Activity 
Advance 12 1/4" tri-cone bit. 

Repair dust head. 

Advance 12 1/4 • tri-cone bit. 

Site access, safety tailgate. 

Advance 12 1/4 • tri-cone bit. 

Fill water trucks. 

Advance 12 1/4" tri-cone bit. 

Fill water trucks. 

Site access, safety tailgate. 

Advance 12 1/4" tri-cone bit. 

Repair compressor. 

Advance 12 1/4" tri-cone bit. 

Advance 12 1/4" tri-cone bit. 

Air Lift 

Recharge. 

Advance 12 1/4" tri-cone bit. 

Refuel rig. 

Advance 121/4" tri-cone bit. 

Site access, safety tailgate. 

Advance 12 1/4" tri-cone bit. 

Fill water trucks. 

Refuel rig. 

Advance 12 1/4" tri-cone bit. 

Refuel rig. 

Site access, safety tailgate. 

Fill water trucks. 

Advance 12 1/4" tri-cone bit. 
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12-hr 
Shift 
41.0 

41.0 

41.0 

41.0 

41.0 

41.0 

41.0 

41.0 

41.0 

41.0 

42.0 

42.0 

42.0 

42.0 

42.0 

43.0 

43.0 

43.0 

43.0 

43.0 

43.0 

44.0 

44.0 

44.0 

45.0 

45.0 

46.0 

Date Day 
3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/30/00 Thu 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

3/31/00 Fri 

4/1/00 Sat 

4/1/00 Sat 

4/1/00 Sat 

4/1/00 Sat 

From To 
Shift (time) (time) 

D 10:56 11:20 

D 11:20 11:31 

D 11:40 12:44 

D 13:03 13:10 

D 13:10 13:17 

D 13:17 13:30 

D 13:30 14:57 

D 14:57 16:15 

D 16:15 16:25 

D 16:25 17:52 

N 18:00 18:30 

N 18:30 23:58 

N 0:00 1:10 

N 1:10 2:20 

N 2:20 5:30 

D 6:00 6:30 

D 5:30 14:45 

D 14:45 15:30 

D 15:30 16:30 

D 16:30 16:53 

D 17:11 17:31 

N 18:00 18:30 

N 18:30 1:30 

N 1:30 2:00 

D 9:00 14:00 

D 14:10 18:05 

N 18:05 21:00 

CdV·R-15·3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft} (hr:min) (ftlhr) Activity 

0:24 Air Lift 

0:11 Recharge. 

1012.00 1022.00 10.00 1:04 9.38 Advance 12 1/4" tri-cone bit. 

0:07 Air Lift 

0:07 Recharge. 

0:13 Air Lift 

1022.00 1027.00 5.00 1:27 3.45 Advance 12 1/4" tri-cone bit. 

1:18 Recharge. 

0:10 Water level measurements 

1027.00 1032.00 5.00 1:27 3.45 Advance 12 1/4" tri-cone bit. 

0:30 Site access, safety tailgate. 

1032.00 1062.00 30.00. 5:28 5.49 Advance 12 1/4" tri-cone bit. 

1062.00 1065.00 3.00 1:10 2.57 Advance 12 1/4" tri-cone bit. 

1:10 Fill water trucks. 

1065.00 1087.00 22.00 3:10 6.95 Advance 12 1/4" tri-cone bit. 

0:30 Site access, safety tailgate. 

1087.00 1137.00 50.00 9:15 5.41 Advance 12 1/4" tri-cone bit. 

0:45 Air Lift 

1:00 Recharge. 

0:23 water sample 

1137.00 1140.00 3.00 0:20 9.00 Advance 12 1/4" tri-cone bit. 

0:30 Site access, safety tailgate. 

1140.00 0.00 1140.00 7:00 162.86 Trip out 12 1/4" tri-cone bit. 

0:30 secure site. 

5:00 Standby. Replace 12 1/4" bit. 

0.00 1120.00 1120.00 3:55 285.96 Trip in 12 1/4" tri-cone bit. 

2:55 Site and rig set up. (prep to run 12 1/4" tri-cone bit open 
hole). 
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12-hr 
Shift 

46.0 

46.0 

46.0 

47.0 

47.0 

47.0 

47.0 

48.0 
48.0 

48.0 

48.0 

48.0 

48.0 

48.0 
49.0 

49.0 

49.0 

49.0 
49.0 

49.0 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

51.0 
'-

Date Day 

4/1/00 Sat 
412100 Sun 

412100 Sun 
412100 Sun 

4/2100 Sun 

412100 Sun 
4/2100 Sun 
4/2100 Sun 

412100 Sun 
4/2/00 Sun 

4/2100 Sun 
4/3/00 Mon 

4/3/00 Mon 
4/3/00 Mon 
4/3/00 Mon 

4/3/00 Mon 
4/3/00 Mon 
4/3/00 Mon 
4/3/00 Mon 

4/3/00 Mon 

4/3/00 Mon 

4/3/00 Mon 

4/4/00 Tue 
4/4/00 Tue 
4/4/00 Tue 

4/4/00 Tue 

4/4/00 Tue 

From To 
Shift (time) (time) 

N 21:00 23:15 
N 0:00 0:30 
N 0:45 4:00 

D 14:00 15:00 
D 15:00 16:00 
D 16:00 16:20 
D 16:20 17:55 
N 18:00 18:30 
N 18:30 18:50 
N 18:50 23:00 
N 23:00 0:00 
N 0:00 2:25 

N 2:30 3:05 
N 3:05 6:05 
D 6:05 6:50 

D 6:50 7:00 
D 7:00 9:45 
D 10:40 11:35 
D 11:50 12:27 
D 12:27 17:55 
N 18:00 18:30 

N 18:00 0:15 
N 0:15 1:50 

N 1:50 3:42 
N 3:45 4:05 
N 4:05 6:00 
D 7:00 7:30 

CdV·R-15·3 Operations Chronology {continued) 
------

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

1120.00 1122.00 2.00 2:15 0.89 Advance 12 1/4' tri-cone bit. (Clean Hole). 
1122.00 1127.00 5.00 0:30 10.00 Advance 12 1/4' tri-cone bit. 

3:15 Refuel rig. Secure site. Standby for repairs (broken fan belt). 
1:00 Repair fan belt. 

1127.00 1132.00 5.00 1:00 5.00 Advance 12 1/4" tri-cone bit. 
0:20 Fill water trucks. 

1132.00 1152.00 20.00 1:35 12.63 Advance 12 1/4" tri-cone bit. 
0:30 Site access, safety tailgate. 

1152.00 1162.00 10.00 0:20 30.00 Advance 12 1/4' tri-cone bit. 
4:10 Plugged 

1162.00 1182.00 20.00 1:00 20.00 Advance 12 1/4 • tri-cone bit. 
1182.00 1202.00 20.00 2:25 8.28 Advance 12 1/4" tri-cone bit. 

0:35 Fill water trucks. 
1202.00 1227.00 25.00 3:00 8.33 Advance 121/4" tri-cone bit. 

0:45 Refuel rig. 
0:10 Clean hole. 

1227.00 1262.00 35.00 2:45 12.73 Advance 12 1/4' tri-cone bit. 
0:5p Clean hole. 
0:37 Water level measurements 

1262.00 1322.00 60.00 5:28 10.98 Advance 12 1/4" tri-cone bit. 
0:30 Site access, safety tailgate. 

1322.00 1402.00 80.00 6:15 12.80 Advance 12 1/4" tri-cone bit. 
1:35 Fill water trucks. 

1402.00 1422.00 20.00 1:52 10.71 Advance 12 1/4" tri-cone bit. 
0:20 Clean hole. 

1422.00 1444.00 22.00 1:55 11.48 Advance 12 1/4' tri-cone bit. 
0:30 Site access, safety tailgate. j 

~ 
~ 
~ 
til 

::n 
{g 
g_ 
6' .... 

~ 
"f:: ::p -~ 



(/) 

~ 

I 
1\) 

-"' 
§ 

12-hr From To 
Shift Date Day Shift (time) (time) 

51.0 4/4/00 Tue D 7:30 12:25 

51.0 4/4/00 Tue D 12:25 18:00 

52.0 4/4/00 Tue N 18:00 18:30 

52.0 414/00 Tue N 19:50 

52.0 4/4/00 Tue N 20:05 23:00 

52.0 414100 Tue N 23:00 23:59 

52.0 4/5/00 Wed. N 0:01 2:30 

52.0 4/5/00 Wed. N 2:30 3:50 

52.0 4/5/00 Wed. N 3:50 4:20 

52.0 4/5/00 Wed. N 4:20 6:00 

53.0 4/5/00 Wed. D 6:00 6:15 

53.0 4/5/00 Wed. D 6:15 8:15 

53.0 4/5/00 Wed. D 8:15 18:00 

54.0 4/5/00 Wed. N 18:00 23:59 

54.0 4/6/00 Thu N 0:01 6:00 
1-_. 
0 

55.0 4/6/00 Thu D 6:00 18:00 

56.0 416/00 Thu N 18:00 23:59 

56.0 4/7/00 Fri N 0:01 6:00 

57.0 417/00 Fri D 6:00 14:00 

57.0 4/7/00 Fri D 13:00 14:00 

57.0 417/00 Fri D 14:00 18:00 

58.0 4/7/00 Fri N 18:00 23:59 

58.0 4/8/00 Sat N 0:01 3:30 

58.0 4/8/00 Sat N 3:30 6:00 

59.0 4/8/00 Sat D 6:00 10:45 

59.0 4/8/00 Sat D 10:45 14:00 

59.0 4/8/00 Sat D 14:00 16:00 

~ 

I 
'I -

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

4:55 Repair discharge hose. 

5:35 Log hole. (LANL Truck) 

0:30 Site access, safety tailgate. 

Measure DTW at 955.9' bgs. 

2:55 Collect water sample from 1442' depth. 

1442.00 1452.00 10.00 0:59 10.17 Advance open hole with 12.25" tri-cone bit. 

1452.00 1482.00 30.00 2:29 12.08 Advance open hole with 12.25"tri-cone bit. 

1:20 Refuel equipment and get more water. 

0:30 Collect water sample from 1482' depth. 

1482.00 1497.00 15.00 1:40 9.00 Advance open hole with 12.25"tri-cone bit. 

0:15 Collect water sample from 1497'. 

1497.00 1522.00 25.00 2:00 12.50 Advance open hole with 12.25" tri-cone bit. 

9:45 Work to free stuck drill bit at 1522'. 

5:59 Work to free stuck drill bit at 1522'. 

5:59 Work to free stuck drill bit at 1522'. 

12:00 Work to free stuck drill bit at 1522'. 

5:59 Work to free stuck drill bit at 1522'. 

5:59 Work to free stuck drill bit at 1522'. 

8:00 Work to free stuck drill bit at 1522'. 

1:00 Collect water characterization samples from storage. 

4:00 Repair hydraulic oil leak behind control panel. 

5:59 Repair hydraulic oil leak behind control panel. 

3:29 Repair hydraulic oil leak behind control panel. 

2:30 Drill rig maintenance. 

4:45 Work to free stuck drill bit at 1522'. 

3:15 Bring A rods out to wash down to bit. 

0.00 760.00 760.00 2:00 380.00 Trip in A rods. 
---
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12-hr 
Shift 
59.0 

60.0 

60.0 

61.0 

62.0 

62.0 

63.0 

64.0 

64.0 

65.0 

66.0 

66.0 

67.0 

67.0 

68.0 

68.0 

69.0 

70.0 

70.0 

71.0 

72.0 

72.0 

72.0 

72.0 

72.0 

73.0 

73.0 

Date 
4/8/00 

4/8/00 

4/9/00 

4/9/00 

4/9/00 

4/10/00 

4/10/00 

4/10/00 

4/11/00 

4/11/00 

4/11/00 

4/12100 

4/12/00 

4/12/00 

4/12/00 

4/13/00 

4/13/00 

4/13/00 

4/14/00 

4/14/00 

4/14/00 

4/14/00 

4/14/00 

4/15/00 

4/15/00 

4/15/00 

4/15/00 

Day 
Sat 

Sat 

Sun 

Sun 

Sun 

Mon 

Mon 

Mon 

Tue 

Tue 

Tue 

Wed. 

Wed. 

Wed. 

Wed. 

Thu 

Thu 

Thu 

Fri 

Fri 

Fri 

Fri 

Fri 

Sat 

Sat 

Sat 

Sat 

From To 
Shift (time) (time) 

D 16:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

D 12:00 13:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 21:00 

N 21:00 22:40 

N 22:40 23:59 

N 0:01 2:20 

N 2:20 5:35 

D 7:15 9:30 

D 9:30 15:00 

CdV-R-15-3 Operations Chronology (continued) 
--

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ttlhr) Activity 

2:00 Rig repairs. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

1:00 Deploy transducer. DTW=819.5' bgs. Rods are plugged. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

5:59 Drill rig repairs. 

5:59 Drill rig repairs. 

12:00 Drill rig repairs. 

3:00 Drill rig repairs. 

760.00 1360.00 600.00 1:40 360.00 Trip in A rods. 

1360.00 1460.00 100.00 1:19 75.95 Wash down with A rods injecting Torkease solution. 

1460.00 1505.00 45.00 2:19 19.42 Wash down with A rods injecting Torkease solution. 

1505.00 0.00 1505.00 3:15 463.08 Trip out A rods. 

0.00 1420.00 1420.00 2:15 631.11 Trip A rods inside drill rods to top of fill. 

1320.00 1520.00 200.00 5:30 36.36 Pull back to 1320', clear rods, and wash down to drill bit. 
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12-hr 
Shift 
73.0 

74.0 

74.0 

74.0 

74.0 

75.0 

76.0 

76.0 

76.0 

77.0 

77.0 

78.0 

78.0 

78.0 

79.0 

79.0 

79.0 

79.0 

79.0 

79.0 

79.0 

79.0 

79.0 

80.0 

80.0 

80.0 

80.0 
-

Date Day 
4/15/00 Sat 

4/15/00 Sat 

4/15/00 Sat 

4/16/00 Sun 

4/16/00 Sun 

4/16/00 Sun 

4/16/00 Sun 

4/17/00 Mon 

4/17/00 Mon 

4/17/00 Mon 

4/17/00 Mon 

4/17/00 Mon 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/18/00 Tue 

4/19/00 Wed. 

4/19/00 Wed. 

4/19/00 Wed. 

4/19/00 Wed. 

4/19/00 Wed. 

From To 
Shift (time) (time) 

D 15:00 18:00 

N 18:00 21:00 

N 21:00 23:59 

N 0:01 1:00 

N 1:00 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 2:02 

N 2:02 6:00 

D 6:00 18:00 

D 18:00 

N 18:00 23:59 

N 0:01 5:15 

N 5:15 6:00 

D 6:00 7:50 

D 7:50 8:30 

D 8:30 11:35 

D 11:45 13:37 

D 13:37 18:00 

N 18:00 20:30 

N 20:30 22:00 

N 23:00 23:59 

N 0:40 5:30 

D 6:00 7:45 

D 7:45 12:00 

D 13:05 13:35 

D ~3:35 15:30 
- -

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

1520.00 0.00 1520.00 3:00 506.67 Trip out A rods. 

3:00 Rig up to attempt to regain rotation. 

2:59 Work to free stuck drill bit at 1522'. 

0:59 Drill bit unstuck. 

1522.00 1422.00 100.00 5:00 20.00 Trip out 7" drill rods. 

1422.00 700.00 722.00 12:00 60.17 Trip out 7" drill rods. 

700.00 300.00 400.00 5:59 66.85 Trip out 7" drill rods. 

300.00 0.00 300.00 2:01 148.76 Trip out 7" drill rods. 

3:58 Rig down to swap drill rigs. 

12:00 Prepare to swap drill rigs. 

Use transducer to measure DTW al1155.35' bgs. 

5:59 Swap drill rigs. 

0.00 1200.00 1200.00 5:14 229.30 Trip in 7" drill rods. 

0:45 Recanter drill rig. 

1:50 Recanter drill rig. 

1200.00 1460.00 260.00 0:40 390.00 Trip in 7". drill rods. 

3:05 Rig up to circulate in to TO. 

1:52 Repair hydraulic oil leak from top head. 

4:23 Circulate down toward TD=1522'. 

2:30 Work to unplug bit. 

1480.00 1180.00 300.00 1:30 200.00 Trip out 7" drill rods. 

1180.00 900.00 280.00 0:59 284.75 Trip out 7" drill rods. 

900.00 0.00 900.00 4:50 186.21 Trip out remaining rods. Last120' plugged. 

1:45 Inspect RC rods for holes in center tube. 

0.00 1200.00 1200.00 4:15 282.35 Trip in 7" drill rods. 

1200.00 1400.00 200.00 0:30 400.00 Trip in 7" drill rods. 

1:55 Rig up to circulate in to TO. 
·- -'---· - --- --- - --
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12-hr 
Shift 
80.0 

81.0 

81.0 

81.0 

81.0 

81.0 

82.0 

82.0 

82.0 

82.0 

82.0 

82.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

84.0 

84.0 

84.0 

85.0 

85.0 

85.0 

85.0 

86.0 

86.0 

Date Day 
4/19/00 Wed. 

4/19/00 Wed. 

4/19/00 Wed. 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/20/00 Thu 

4/21/00 Fri 

4/21/00 Fri 

4/21/00 Fri 

4/21/00 Fri 

4/24/00 Mon 

4/24/00 Mon 

4/24/00 Mon 

4/24/00 Mon 

4/24/00 Mon 

4/25/00 Tue 

4/25/00 Tue 

4/25/00 Tue 

4/25/00 Tue 

From To 
Shift (time) (time) 

D 15:45 18:00 

N 18:00 20:30 

N 20:30 23:50 

N 0:01 2:50 

N 2:50 3:20 

N 3:20 6:00 

D 6:00 10:30 

D 10:30 11:50 

D 11:50 13:15 

D 13:15 15:30 

D 15:45 16:05 

D 16:05 18:00 

N 19:00 21:00 

N 21:00 23:30 

N 0:01 3:00 

N 3:00 4:10 

N 4:30 5:30 

N 5:30 6:30 

D 7:30 10:25 

D 10:25 14:45 

D 14:45 18:00 

N 18:00 20:33 

N 20:33 23:59 

N 1:10 4:50 

N 4:50 5:20 

D 6:30 8:30 

D 8:30 10:25 
·-

CdV-R-15·3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (fUhr) Activity 

2:15 Stop to repair loose dusthead. 

2:30 Stop to repair loose dusthead. 

3:20 Circulate down to TD=1522'. 

2:49 Work on circulation pump. 

0:30 Clean hole. 

2:40 Off site for replacement hydraulic hose. 

4:30 Complete hydraulic repairs. 

1:20 Clean hole. 

1522.00 1557.00 35.00 1:25 24.71 Advance open hole with 12.25" tri-cone bit. 

2:15 Work on pack-off between 13" and 18" casings. 

1557.00 1562.00 5.00 0:20 15.00 Advance open hole with 12.25" tri-cone bit. 

1:55 Work to unplug rods. 

2:00 Establish circulation, clean hole. 

1562.00 1602.00 40.00 2:30 16.00 Advance open hole with 12.25" tri-cone bit. 

·2:59 Off site to get more drill rods. 

1:10 Establish circulation, clean hole. 

1602.00 1612.00 10.00 1:00 10.00 Advance open hole with 12.25" tri-cone bit. 

1612.00 1500.00 112.00 1:00 112.00 Trip out 7" drill rods. 

1440.00 1612.00 172.00 2:55 58.97 Circulate down to TD=1612'. 

1612.00 1627.00 15.00 4:20 3.46 Advance open hole with 12.25" tri-cone bit. 

3:15 Bit plugged and stuck. 

2:33 Bit plugged and stuck. 

1627.00 1642.00 15.00 3:26 4.37 Clean hole. 

1642.00 1682.00 40.00 3:40 10.91 Advance open hole with 12.25" tri-cone bit. 

0:30 Clean hole. 

1682.00 1686.00 4.00 2:00 2.00 Advance open hole with 12.25" tri-cone bit. 

1:55 Work to unplug bit. 
----
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12-hr 
Shift 
86.0 

87.0 

87.0 

87.0 

87.0 

87.0 

87.0 

88.0 

88.0 

89.0 

89.0 

89.0 

90.0 

90.0 

90.0 

91.0 

92.0 

93.0 

93.0 

94.0 

94.0 

95.0 

96.0 

96.0 

97.0 

98.0 

98.0 

Date 
4/25/00 

4/25/00 

4/26/00 

4/26/00 

4/26/00 

4/26/00 

4/26/00 

4/26/00 

4/27/00 

4/27/00 

4/27/00 

4/27/00 

4/27/00 

4/27/00 

4/28/00 

4/28/00 

4/28/00 

4/29/00 

4/29/00 

4/29/00 

4/30/00 

4/30/00 

4/30/00 

5/1/00 

5/1/00 

5/1/00 

5/1/00 

Day 
Tue 

Tue 

Wed. 

Wed. 

Wed. 

Wed. 

Wed. 

Wed. 

Thu 

Thu 

Thu 

Thu 

Thu 

Thu 

Fri 

Fri 

Fri 

Sat 

Sat 

Sat 

Sun 

Sun 

Sun 

Mon 

Mon 

Mon 

Mon 

From To 
Shift (time) (time) 

D 11:02 18:00 

N 18:00 23:59 

N 0:01 0:53 

N 0:53 1:30 

N 2:00 6:00 

D 8:00 15:00 

D 16:44 

N 19:00 23:59 

N 0:10 5:00 

D 8:00 11:30 

D 11:30 12:00 

D 12:00 17:00 

N 18:00 21:00 

N 21:00 23:59 

N 0:01 6:00 

D 8:00 18:00 

N 18:00 22:00 

D 8:10 14:25 

D 14:25 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 18:00 

N 18:00 21:10 

N 21:10 23:05 

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

1686.00 1722.00 36.00 6:58 5.17 Advance open hole with 12.25" tri-cone bit. 

5:59 Clean hole. 

0:52 Work to unplug bit. 

1722.00 1642.00 80.00 0:37 129.73 Trip out 7" drill rods. 

1642.00 1722.00 80.00 4:00 20.00 Clean hole. 

1682.00 0.00 1682.00 7:00 240.29 Trip out 7" drill rods. 

Use transducer to measure DTW at 1237.97' bgs. 

722.00 522.00 200.00 4:59 40.13 Trip out 13 5/8" casing. 

522.00 0.00 522.00 4:50 108.00 Trip out 13 5/8" casing. 

3:30 Run borehole video log. 

0:30 Use transducer to measure DTW = 1238.34'. 

5:00 DX evacuation drill. 

3:00 Pull transducer and run natural gamma tool. 

2:59 Move completion materials on site. 

5:59 Move completion materials on site. 

10:00 Schlumberger on site running geophysical logs. 

4:00 Schlumberger on site running geophysical logs. 

6:15 Schlumberger on site running geophysical logs. 

3:35 Move completion materials on site. 

5:59 Move completion materials on site. 

5:59 Move completion materials on site. 

12:00 Move completion materials on site. 

5:59 Move completion materials on site. 

5:59 Move completion materials on site. 

12:00 Move completion materials on site. 

3:10 Run borehole video log with the 4" camera. 

1:55 Set up to trip in tremie. 
--- -----
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12·hr 
Shift Date 

98.0 5/1/00 

98.0 5/2/00 

98.0 5/2/00 

99.0 5/2/00 

99.0 5/2/00 

99.0 5/2/00 

99.0 5/2/00 

100.0 5/2/00 

100.0 5/3/00 

101.0 5/3/00 

101.0 5/4/00 

101.0 5/4/00 

102.0 514100 

103.0 5/4/00 

103.0 5/5/00 

104.0 5/5/00 

105.0 5/6/00 

106.0 5/6/00 

106.0 5n/OO 

107.0 5n/OO 

N/A 05/07-5/31 

108.0 6/1/00 

108.0 6/1/00 

108.0 6/1/00 

108.0 6/1/00 

109.0 6/2/00 

110.0 6/5/00 

Day 

Mon 

Tue 

Tue 

Tue 

Tue 

Tue 

Tue 

Tue 

Wed. 

Wed. 

Thu 

Thu 

Thu 

Thu 

Fri 

Fri 

Sat 

Sat 

Sun 

Sun 
. 

Thu 

Thu 

Thu 

Thu 

Fri 

Mon 

From To 
Shift (time) (time) 

N 23:05 23:59 

N 0:01 3:30 

N 3:30 6:00 

D 7:00 9:47 

D 10:00 11:30 

D 11:30 12:20 

D 13:00 17:45 

N 18:30 23:59 

N O:D1 6:00 

N 18:00 23:59 

N 0:01 1:30 

N 1:30 6:00 

D 7:10 18:00 

N 18:00 23:59 

N 0:01 6:00 

D 6:00 17:20 

D 12:00 18:00 

N 18:00 23:59 

N 0:01 4:30 

D 7:30 10:30 

-
D 9:30 11:48 

D 11:48 12:14 

D 12:45 15:25 

D 15:25 17:30 

D 10:00 15:45 

D 7:00 15:15 

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

0.00 362.00 362.00 0:54 402.22 Trip in B rods. 

362.00 1670.00 1308.00 3:29 375.50 Trip in B rods. 

2:30 Prepare to cement bottom of the hole. 

2:47 Mix and pump cement into bottom of the borehole. 

1:30 Lay out and measure well casing. 

0:50 Trip in well casing. 

4:45 Trip in well casing. 

5:29 Trip in well casing. 

5:59 Trip in well casing. 

5:59 Trip in well casing. 

1:29 Land the well on the conductor casing. 

4:30 Set up to backfill. 

10:50 Backfill borehole TD to 1678'. 

5:59 Backfill borehole 1678 to 1605'. 

5:59 Backfill borehole 1605 to 1531'. 

11:20 Backfill borehole 1531 to 1490'. 

6:00 Backfill borehole 1490 to 1414'. 

5:59 Backfill borehole 1414 to 1282'. 

4:29 Backfill borehole 1282 to 1 075'. 

3:00 Backfill borehole 1075 to 1 045'. 

Cerro Grande fire shut down. 

2:18 Backfill borehole 1045 to 974'. 

0:26 Work to unplug tremie. 

2:40 Trip out B rods. 440' of plugged tremie. 

0.00 600.00 600.00 2:05 288.00 Trip in tremie while clearing plug. 

5:45 Backfill borehole 974 to 875'. 

8:15 Backfill borehole 875 to 696'. 
--
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l 
~ 
1\) 
.'1 
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=!> .... 
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12·hr 
Shift 
111.0 

112.0 

112.0 

113.0 

114.0 

114.0 

115.0 

115.0 

116.0 

N/A 

N/A 

117.0 

118.0 

119.0 

120.0 

121.0 

122.0 

122.0 

123.0 

123.0 

124.0 

124.0 

124.0 

124.0 

125.0 

1'25.0 

126.0 

Date Day 
6/6/00 Tue 

6/6/00 Tue 

6/7100 Wed. 

6/7100 Wed. 

6/7/00 Wed. 

6/8/00 Thu 

6/8/00 Thu 

6/8/00 Thu 

6/9/00 Fri 

6/12/00 Mon 

6/13/00 Tue 

6/15/00 Thu 

6/16/00 Fri 

6/19/00 Mon 

6/20/00 Tue 

7/27/00 Thu 

7/28/00 Fri 

7/28/00 Fri 

7/29/00 Sat 

7/29/00 Sat 

7/30/00 Sun 

7/30/00 Sun 

7/30/00 Sun 

7/30/00 Sun 

7/31/00 Mon 

7/31/00 Mon 

8/1/00 Tue 

From To 
Shift (time) (time) 

D 7:15 18:00 

N 18:00 23:59 

N 0:01 5:15 

D 6:45 17:30 

N 19:30 23:59 

N 0:01 5:15 

D 8:00 12:00 

D 12:00 16:00 

D 7:30 14:30 

D 9:00 18:00 

D 6:00 18:00 

D 6:00 18:00 

D 6:00 18:00 

D 6:00 18:00 

D 12:00 15:00 

D 9:15 12:15 

D 6:00 15:15 

D 15:15 17:00 

D 6:30 10:50 

D 11:10 17:30 

D 6:15 10:45 

D 11:00 13:20 

D 13:25 14:15 

D 14:50 17:30 

D 7:30 9:00 

D 9:30 18:10 

D 7:15 10:04 

CdV-R-15-3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) {ftlhr) Activity 

10:45 Backfill borehole 696 to 620'. 

5:59 Backfill borehole 620 to 596'. 

5:14 Backfill borehole 596 to 490'. 

10:45 Backfill borehole 490 to 279'. 

4:29 Backfill borehole 279 to 134'. 

5:14 Backfill borehole 134 to 77'. 

4:00 Begin land applying water. 

4:00 Add cement to bring cement up 30'. 

7:00 Continue water discharge, add cement from 74' to 20' bgs. 

9:00 Steam clean equipment. 

12:00 Steam clean equipment. 

12:00 Demob. 

12:00 Demob. 

12:00 Demob. 

3:00 Cement in upper 20 ft of borehole and jack cellar. 

3:00 Downhole video log of cased well. 

9:15 Mob. 

0.00 600.00 600.00 1:45 342.86 Scrub with wire brush on N rods. 

4:20 Scrub with wire brush on N rods. 

6:20 Develop well with bailer. 

4:30 Develop well with bailer. 

0.00 1670.00 1670.00 2:20 715.71 Trip in core rod on N rods to clean sump. 

1670.00 0.00 1670.00 0:50 2004.00 Trip out core rods. No material in sump. 

2:40 Develop well with bailer. 

0.00 1262.00 1262.00 1:30 841.33 Trip in 10 hp pump for development 

8:40 Pump develop screen #4. 

2:49 Pump develop screen #4. 
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rn 
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8 
9 
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"' ...... 

i: 
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% 
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i 
1\) 
.:'-1 

§ 

12-hr 
Shift 
126.0 

126.0 

127.0 

127.0 

127.0 

127.0 

128.0 

129.0 

129.0 

129.0 

130.0 

130.0 

131.0 

132.0 

132.0 

133.0 

134.0 

135.0 

136.0 

136.0 

136.0 

136.0 

Date Day 
8/1/00 Tue 

8/1/00 Tue 

812100 Wed. 

8/2100 Wed. 

812100 Wed. 

8/2100 Wed. 

8/3/00 Thu 

8/4/00 Fri 

8/4/00 Fri 

8/4/00 Fri 

8/7/00 Mon 

817100 Mon 

8/8/00 Tue 

8/9/00 Wed. 

8/9/00 Wed. 

8/10/00 Thu 

8/11/00 Fri 

8/24/00 Thu 

8/25/00 Fri 

8/25/00 Fri 

8/25/00 Fri 

8/25/00 Fri 

From To 
Shift (time) (time) 

D 10:04 10:16 

D 10:16 17:37 

D 6:50 8:20 

D 8:20 9:22 

D 9:22 9:50 

D 9:50 16:30 

D 7:00 17:45 

D 7:00 12:12 

D 12:30 13:45 

D 14:00 15:10 

D 7:00 8:45 

D 9:00 17:30 

D 9:10 18:50 

D 7:10 8:30 

D 8:30 16:00 

D 11:05 15:00 

D 9:30 12:45 

D 8:00 17:30 

D 7:00 11:30 

D 12:00 17:30 

D 

D 

CdV·R-15·3 Operations Chronology (continued) 

Prod Prod Prod Time Rate 
From To (ft) (hr:min) (ftlhr) Activity 

0:12 Lower pump to screen #5. 

7:21 Pump develop screen #5. 

1:30 Pump develop screen #5. 

1:02 Move pump to screen #4 for a screening sample. 
1294.00 1638.00 344.00 0:28 737.14 Lower pump to screen #6. 

6:40 Pump develop screen #6. 

10:45 Pump develop screen #6 and sump. 
5:12 Pump develop sump. 

1670.00 0.00 1670.00 1:15 1336.00 Trip out pump on N rods. 
1:10 Set up for hydrologic testing 

0.00 1630.00 1630.00 1:45 931.43 Trip straddle packers on N rods. 
8:30 Hydrologic testing of screen #6. 
9:40 Hydrologic testing of screens #4 and #5. 
1:20 Hydrologic testing of screen #5. 
7:30 Mobilize equipment to R-19 drill site. 
3:55 Video log cased well. 
3:15 Natural gamma log of cased well. 
9:30 Retest screen #6. 
4:30 Retest screen #5. 
5:30 Set to measure water levels in screen #3. 
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Progress Report for CdV-R-15-3 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TAIOU: TA-15 Page 1 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4/25/00 

DRILLING EO/METHOD: CME-750/Foremost DR24 SAMPLING EO/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.l.: Vaniman TOTAL DEPTH= 1722 ft bgs 

DRILLER: Johnson/Brown, Thoren, Wilson, Woodward SITE GEOLOGIST: Everett 
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Progress Report for CdV-R-15-3 

LOSALAMOSNATIONALLABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TAIOU: TA-15 Page 2 of7 

DRILLING COMPANY: Stewart Bro.fDynatec Start Date: 3117100 Finish Date: 4/25/00 
DRILLING EO/METHOD: CME-750/Foremost DR24 SAMPLING EO/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.l.: Vaniman TOTAL DEPTH= 1722 ft bgs 
DRILLER: Johnson/Brown, Thoren, Wilson, Woodward SITE GEOLOGIST: Everett 

g 
c 
0 

l 
iii 

6990 
6985 
6980 
6975 
6970 
6965 
6960 
6955 
6950 
6945 
6940 
6935 
6930 
6925 
6920 
6915 
6910 
6905 

-.ci. 
....:E 
Ea> m:::: -m 

:;!::....; 
CE 
~~ 
~§ 
(.,)~ 

Lithology 

UNIT 1V TSHIREGE MEMBER, BANDELIER TUFF: 
(236-290') Transitional contact with Obt2 based on 
natural gamma log 

UNIT 1G TSHIREGE MEMBER, BANDELIER TUFF: 
(290-350') First vitric pumice at 290 ft. 
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~~~ TSANKAWI PUMICE BED: (350.362") 20 II thick ~ 

~~~~ '-:pu=mi=ce=-fa-=11""'. c-==::::-::-=:::-;-::.,...-,=:-=::::7"""------.1 ~ 
6880 CERRO TOLEDO INTERVAL: (362·582') 

Qbt1v 

Qbt1g 

Qbt-t 

6875 PradomlnanUy Intermediate composition volcanic sand ~ 
6870 and gravel; 572-582 II appear to be reworked Otowi ~ 
6865 basesd on cuttings and natural gamma geophysical log. ~~~ Oct 

686o V// 

~~ ~ 
~~~g ~~V// 
6825 ~ 

!if& ~~ 6805 ~ 

!~~& ~~ 6785 V// 
6780 ~~ 
6775 ~ 

~ ~~~ 6765 ~ 6760 
6755 
6750 ~~ 
~~:g ~/ 6735~------L-~~----------~---------~-----------------------------~~~·///~/~~ 
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Progress Report for CdV-R-15-3 

LOSALAMOSNATIONALLABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TA/OU: TA-15 Page 3 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4/25/00 

DRILLING EO/METHOD: CME-750/Foremost DR24 SAMPLING EO/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P .I.: Vaniman TOTAL DEPTH= 1722 ft bgs 

DRILLER: Jotmson/Brown,Thoren, Wilson, Woodward 

-¢:: -= c: 
.2 -..c a; a. > 

Q) Q) 
0 jjj 

520 6730 
525 6725 
530 6720 
535 6715 
540 6710 
545 6705 
550 6700 
555 6695 
560 6690 
565 6685 
570 6680 
575 6675 
580 6670 
585 6665 
590 6660 
595 6655 
600 6650 
605 6645 
610 6640 
615 6635 
620 6630 
625 6625 
630 6620 
635 6615 
640 6610 
645 6605 
650 6600 
655 6595 
660 6590 
665 6585 
670 6580 
675 6575 
680 6570 
685 6565 
690 6560 
695 6555 
700 6550 
705 6545 
710 6540 
715 6535 
720 6530 
725 6525 
730 6520 
735 6515 
740 6510 
745 6505 
750 6500 
755 6495 
760 6490 
765 6485 
770 6480 
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SITE GEOLOGIST: Everett 
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Lithology (/.) 0 
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~ :5 
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CERRO TOLEDO INTERVAL: (362-682') 

~ Predominantly intennedlate composition volcanic sand 
and gravel; 572-682 ft appear to be reworked Otowi 
basesd on cuttings and natural gamma geophysical log. 

~ Oct 

~ % 
OTOWI MEMBER OF BANDELIER TUFF; (582-750') ·"·-'" 
Possible perched water at 598-611 ft. ~-'1 ~ 
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1\1\1111.1\A 
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1\1\11.1\1\A 
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Progress Report for CdV-R-15-3 

LOSALAMOSNATIONALLABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TA/OU: TA-15 Page4 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4/25/00 
DRILLING EO/METHOD: CME-750/Foremost DR24 SAMPLING EQ/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.L: Vaniman TOTAL DEPTH = 1722 ft bgs 
DRILLER: Johnson/Brown, Thoren, Wilson, Woodward SITE GEOLOGIST: Everett 

- ~ 0 I c:i. "0 ~ coo 15 "'""'E $ 5o a... 
E CD (.) CD ...., (.) .0 
<ll:t:: ~ 0. -g .!!l <( :52 E g -m 

8 em~~ ro- Cl >-'*~:;. Lithology C/) CE C...o---o ~...c 0 
g c c --- ....1 (.) 

0 ::J (I] ::J (/) .Q "6> ~ CD coo. (.) '5> 
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c::-, c:: Cl e>o>o L-CI) ::c 0 ...c CD > 1:: .£ 15 ·- CD 
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15 ..... CD E CJ)' 0. 0. > L- 0 ,_ 0 CD ...C...., --0> e :5 CD CD 0 (.) 0 ::J coC!)~e o ....... 
0 iii Ul!? (.) (.) C!)_<(a... ~c:: C!) :::J 

775 6475 GUAJE PUMICE BED: (750-800') 38ft thick pumice A 

""'"'""'"' a~ 780 6470 fall. AA/\AI\1\ 

785 6465 """""'/\. 
790 6460 Al\1\1\1\1\ 

A./\1\1\/1.11 795 6455 A"t/"A" 800 6450 PUYE FORMATION: (800-963') Sand and gravel of OJ 805 6445 intermediate volcanic composition. 810 6440 
815 6435 

~~ 
820 6430 
825 6425 
830 6420 
835 6415 
840 6410 
845 6405 

~9 850 6400 
Tpf 855 6395 

860 6390 
865 6385 oq 870 6380 
875 6375 

oj 
880 6370 
885 6365 
890 6360 
895 6355 oq 900 6350 

Tpf 905 6345 
od 910 6340 

915 6335 

OJ 920 6330 
925 6325 
930 6320 

. 935 6315 
0( 940 6310 

945 6305 
950 6300 0( Tpf 955 6295 
960 6290 
965 6285 BASALT OF THE CERROS DEL RIO VOLCANIC )( X; 

)J\ )J\ ~ 970 6280 FIELD, UNDIVIDED: (963-990') Olivine phenocrysts :< ><I 

975 6275 present X Y, ~ 
X .'( ~ 980 6270 X X X Xi Tb 985 6265 X X 1 

990 6260 PUYE FORMATION: (990-1012') Basaltic debris flow I( __ ) J 995 6255 based on open borehole video. Both olivine rich and 1000 6250 olivine poor basatt clasts present 0 ~ Tpf(?) 1005 6245 
1010 6240 
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Progress Report for CdV-R-15-3 

LOSALAMOSNATIONALLABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TAIOU: TA-15 Page 5 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4125/00 

DRILLING EQ/METHOD: CME-750/Foremost DR24 SAMPLING EQ/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.l.: Vaniman TOTAL DEPTH= 1722 ft bgs 

DRILLER: Johnson/Brown,Thoren, Wilson, Woodward 
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1015 6235 
1020 6230 
1025 6225 
1030 6220 
1035 6215 
1040 6210 
1045 6205 
1050 6200 
1055 6195 
1060 6190 
1065 6185 
1070 6180 
1075 6175 
1080 6170 
1085 6165 
1090 6160 
1095 6155 
llOO 6150 
1105 6145 
1110 6140 
1115 6135 
1120 6130 
1125 6125 
1130 6120 
1135 6115 
1140 6110 
1145 6105 
1150 6100 
1155 6095 
1160 6090 
1165 6085 
1170 6080 
1175 6075 
1180 6070 
1185 6065 
1190 6060 
1195 6055 
1200 6050 
1205 6045 
1210 6040 
1215 6035 
1220 6030 
1225 6025 
1230 6020 
1235 6015 
1240 6010 
1245 6005 
1250 6000 
1255 5995 
1260 5990 
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SITE GEOLOGIST: Everett 
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PUYE FORMATION: (1012-120T) Gravel and coarse 0\ 
sand of intermediate volcanic composition. Colors 

varied and Included medium gray (N5) and medium 

0( dark gray (NS). 
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PUYE FORMATION: (1207-1232') Rne to madlum 0 sand of intennediate volcanic composition. 

0( 
PUYE FORMATION: (1232-1262') Gravel and coarse 

0( sand of lntennediate volcanic composition. 

0( Tp 
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Progress Report tor CdV-R-15-3 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TAIOU: TA-15 Page 6 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4/25/00 
DRILLING EO/METHOD: CME-750/Foremost DR24 SAMPLING EQ/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.l.: Vaniman TOTAL DEPTH= 1722 ft bgs 
DRILLER: Johnson/Brown, Thoren, Wilson, Woodward SITE GEOLOGIST: Everett 
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5985 PUYE FORMATION: (1262·1272') Fine to medium 0 5980 sand of intennediate volcanic composition. 

)o' 5975 
5970 PUYE FORMATION: (1272-1262') Gravel and coarse 

,t~ 5965 sand of lnlennediate volcanic composition. 
5960 \ 5955 

PUYE FORMATION: (1282-1317') Fine to medium 0 5950 
5945 sand oflntennediate volcanic composition. 

0( Tp 
5940 
5935 
5930 PUYE FORMATION: (1317·1367') Gravel and coarse IUC 5925 sand of intennediate volcanic composition. 

5920 
5915 0 
5910 0( 5905 
5900 
5895 0( Tp 

5890 
5885 
5880 PUYE FORMATION: (1367-1402') Fine to medium L) ( 
5875 sand of intennediate volcanic composition. 

5870 0 5865 
5860 0( 5855 
5850 
5845 PUYE FORMATION: (1402-1407') Lens of coarse sand ~ Tp 
5840 of intennedlate volcanic composition. 0 5835 I 

0' 5830 PUYE FORMATION: (1407-1417') Fine to medium 
5825 sand of intennediale volcanic composition. ( 5820 
5815 

PUYE FORMATION: (1417 -1427') Very fine grained. 0 5810 
5805 Possible ash. :g:: 
5800 
5795 PUYE FORMATION: (1427-1442') Fine to medium ~ Tp 
5790 sand of intermediate volcanic composition. 0 5785 

PUYE FORMATION: (1442-1447') Gravel and coarse 
sand of lntennediate volcanic composition. 

PUYE FORMATION: (1447-1452') Fine grained sand of 
intermediate volcanic composition. 

PUYE FORMATION: (1452-1467') Gravel and coarse 
sand of intermediate volcanic composition. 
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Progress Report for CdV-R-15-3 

LOS~OSNATIONALLABORATORY 

REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA 

BOREHOLE LOG 

BOREHOLE ID: CdV-R15-3 TA/OU: TA-15 Page 7 of7 

DRILLING COMPANY: Stewart Bro./Dynatec Start Date: 3/17/00 Finish Date: 4/25/00 

DRILLING EQ/METHOD: CME-750/Foremost DR24 SAMPLING EQ/METHOD: None 

GROUND ELEVATION: 7250 ft GEOLOGY P.l.: Vaniman TOTAL DEPTH= 1722 ft bgs 

DRILLER: Johnson/Brown, Thoren, Wilson, Woodward 
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I470 5780 
I475 5775 
I480 5770 
I485 5765 
I490 5760 
I49S S7SS 
I500 S7SO 
IS05 574S 
ISIO S740 
ISIS 573S 
IS20 5730 
IS25 5725 
I530 5720 
IS35 5715 
I540 5710 
I545 5705 
I550 5700 
I555 5695 
IS60 5690 
1565 5685 
1570 5680 
I575 5675 
I580 5670 
158S 5665 
I590 5660 
I595 5655 
1600 5650 
I605 5645 
1610 5640 
1615 S635 
I620 S630 
I625 S625 
1630 S620 
I635 S6I5 
I640 56IO 
I64S S60S 
1650 S600 
I6SS 5595 
1660 5590 
1665 5585 
I670 5580 
1675 5575 
I680 S570 
I685 5565 
1690 S560 
1695 S555 
1700 S550 
1705 554S 
17IO SS40 
1715 5535 
1720 5530 
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SITE GEOLOGIST: Everett 

0 
.J:l 
E 
~ Lithology 0> 
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0 0> :.c 0 
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(.!) ~ 

PUYE FORMATION: (1467-1492') Fine grained sand of 0 intennediate volcanic composition. 

0( 
PUYE FORMATION: (1492-1507') Gravel and coarse 0( sand of intennediate volcanic composition. 

1------<- Tp 
PUYE FORMATION: (1507-1517") Fine grained sand of 0 
lntennediate volcanic composition. io'" !\ I 
PUYE FORMATION: (1517-1527') Minor gravel in 

~ 
1

\ coarse sand of Intermediate volcanic composition. j 

PUYE FORMATION: (1527-1562') Gravel with pumice 0 
and possible ash in medium sand/silt matrix. 0( Tp 

PUYE FORMATION: (1562-1612') Gravel of IU( lntennediate volcanic composition. 

0 
0( 

0( Tp 

PUYE FORMATION: (1612-1622') Gravel and coarse 0 sand of intennediate volcanic composition with pumice. 

'o\ j 
PUYE FORMATION: (1622-1647') Gravel and coarse 

0( sand of lntennediate volcanic composition. 

PUYE FORMATION: (1647-1722') Gravel and coarse \,_/( 
sand of intennediate volcanic composition with pumice Tp 
present 1647-1652'. 0 

I 

~1 oJ Tp 

0\ 
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