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ABSTRACT 

This completion report summarizes the drilling, well construction, well development, and related 
activities for Characterization wells R-ll, R-lla, and an offset corehole at the R-ll site. R-lla 
was originally drilled as well R-ll in the Summer of 2003, but had to be plugged and abandoned 
in September 2004; it was renamed R-lla to indicate that it was abandoned. Well R-ll was 
drilled from September 26 to October 2, 2004, to replace R-l1a. Because all of the data 
collection specified in the sampling and analysis plan was collected in R-lla in 2003, no 
geologic, hydrogeologic, or geophysical data were collected during the drilling of R-ll in 2004. 

Characterization well R-ll was installed at Los Alamos National Laboratory for the 
Groundwater Protection Program as part of the implementation of the "Hydrogeologic Work 
Plan." The Department of Energy contracted and directed the installation of R-ll. The well is 
intended to provide hydrogeologic and water quality data for regional groundwater in the vicinity 
of potential contaminant sources in Sandia Canyon. The data will be used to improve the 
conceptual geologic and hydrologic models and improve numerical models of contaminant 
migration in the vadose (unsaturated) zone and the regional aquifer. 

R-ll was drilled and installed from September 26 through October 2, 2004. It was drilled to a 
total depth of 926 feet (ft) below ground surface (bgs) using air-rotary drilling methods. The 
well at R-ll was installed in the regional aquifer with a screened interval from 855 to 
877.9 ft bgs. The regional aquifer was encountered in the Puye Formation; the post-development 
groundwater level on October 7, 2004 was 833.8 ft bgs. No producing zones of perched alluvial 
or intermediate water were encountered in R -11. 
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1.0 INTRODUCTION 

This completion report summarizes the drilling, well construction, well development, and related 
activities for Characterization Wells R-ll, R-lla, and an offset corehole at the R-ll site. R-l1a 
was originally drilled as well R-ll in the Summer of2003, but had to be plugged and abandoned 
in September 2004; it was renamed R-lla to indicate that it was abandoned. Replacement well 
R-ll was drilled from September 26 to October 2, 2004, to replace R-l1 a. All references to 
R-lla in this report refer to the plugged and abandoned well drilled in 2003; all references to 
well R-l1 are for the replacement well drilled and installed in the Fall of2004. 

It should be noted that the geologic, hydrogeologic, and geophysical data presented in this report 
were derived from R-l1a. Because all of the data collection specified in planning documents 
was performed in R -11 a in 2003, no geologic, hydrogeologic, or geophysical data were collected 
during the drilling ofR-ll in 2004. 

R-l1a, R-Il, and the associated corehole were drilled at Los Alamos National Laboratory 
(LANL) for the Groundwater Protection Program as part of the implementation of the 
"Hydrogeologic Work Plan" (LANL 1998). The work was funded and directed by the U.S. 
Department of Energy (DOE). Kleinfelder, Inc. (Kleinfelder), under contract to the U.S. Army 
Corps of Engineers (USACE), was responsible for executing the drilling, installation, testing, 
and sampling activities. 

R-ll is located along East Jemez Road in Sandia Canyon, immediately southwest of the Firing 
Range at Technical Area-72 (Figure 1.0-1). The potential contaminants being investigated in the 
regional aquifer in this area are radionuclides, metals, nitrate, perchlorate, chloride, sulfate, 
fluoride, and excessive total dissolved solids, as indicated in the LANL-prepared Sampling and 
Analysis Plan (SAP) (LANL 2003). The primary potential contaminants of concern are mobile 
solutes such as nitrate, perchlorate, uranium, and tritium. Water quality, geochemical data, 
aquifer characteristics, and geologic information obtained from R-IllR-lla will augment 
knowledge of regional subsurface characteristics and contaminant distribution in the regional 
aquifer dowugradient of potential release sites. 

The information presented in this report was compiled from field reports and activity summaries 
generated by Kleinfelder, LANL, and subcontractor personnel. Original records, including field 
reports, field logs, and survey records, are on file in Kleinfelder's Albuquerque office. Results 
of these activities are discussed briefly and shown in tables and figures contained in this report. 
Detailed analysis and interpretation of geologic, geochemical, and aquifer data will be included 
in separate technical documents to be prepared by LANL. 

2.0 PRELIMINARY ACTIVITIES 

Preliminary activities included the preparation of administrative planning documents and drill 
site preparation activities. 

2.1 Administrative Preparation 

Kleinfelder received contractual authorization to start administrative preparation tasks in the 
form of a notice to proceed on July 11,2003. As part of this preparation, Kleinfelder developed 
a Project Management Plan (Kleinfelder 2003a), a Contractor's Quality Management Plan 

Klein/elder Project No. 37151 February 2005 
Final 



Los Alamos 

SuI",I'•• 

A1bo.1q""rq.... , 

~ ..----""""'1 

-,-_../--,
"'------­

Site Location· 

..-.......---_._--_..- --......__." 
' ilfOrtalldad C "'-.. 

allll Rc-13 
TA-5 

oll . ", 
1500' 0' 1000' 2000' 

~ IIIIJ ! ! 

\, 
-.~---..... 

~ 
I" 
q 

I I~ 
Los Alamos National Laboratory Boundary 

" Production Well • Obsel'llation Well • R-11 Characterization Well • Existing R Characterization Wells 1: 
~ 

K lEI N F E l D E R SITE LOCATION MAP FiGURE:: 

Well R-11 Location I" 


I 

Drawn By: C. Landon Date: February 2005 Sandia Canyon 1 0-1 ~ 

Note: R-ll Weilldentificalion Modified from I P . tN' 37 51 L AI Nat" b • e

Proposed R Characterization Well Location Map raJec a.. 1 Filename: FiGURE 1.0-1 os amos lonal La oratory ~ 

I Provided by Los Alamos National Laboratory I Scale: 1- = 2000' Revision: 2 Los Alamos, New Mexico <: 
C~.~.~ ~ 

i 



Characterization Well R-JJ 

(Kleinfelder 2003b), a Site-Specific Health and Safety Plan (Kleinfelder 2003d), a traffic control 
plan, and a Drilling Plan (Kleinfelder 2003d). The host facility, Facility Management Unit-80, 
signed a Facility-Tenant Agreement to provide access and security controls for site preparation, 
drilling, and well installation activities. No work was begun before all necessary permits and 
access agreements were obtained. 

2.2 Site Preparation 

Enviro Works, Inc., was subcontracted by Kleinfelder to conduct site preparation activities in 
2003. The site was cleared, the access road was improved, and the drill pad and lined borehole­
cuttings containment area were constructed. The site was prepared between August 11 and 15, 
2003. 

The site was initially cleared of vegetation and leveled. An area approximately 50 feet (ft) by 
175 ft was leveled with a front-end loader for the drilling pad. A primary layer of base-course 
gravel was then distributed. A 35-ft wide by 60-ft long by 7-ft deep borehole cuttings 
containment area was excavated along the southern pad boundary. An 80-ft by 25-ft secondary 
containment area was lined with 6-mil polyethylene and surrounded by straw bales. Two 
20,000-gallon (gal.) tanker trailers were placed in the secondary containment area to store 
drilling fluids and development water. Drill pad construction was completed with an additional 
layer of graded and base-course gravel. 

Safety barriers and signs were installed around the borehole cuttings-containment area and at the 
site entrance. Additionally, traffic signs were temporarily installed along the road and a traffic 
control plan was implemented. Office and supply trailers, generators, and safety lighting 
equipment were moved to the site during subsequent mobilization of drilling equipment. Base 
course was also placed on the access road as necessary. Equipment necessary for the completion 
of the drilling project was situated at the work site to provide a safe, secure work site. 
Orientation and placement of the equipment was dependent on physical constraints at the drill 
site. Potable water was trucked from the municipal water standpipe located near the Los Alamos 
Transit Mix on Jemez Road. 

3.0 DRILLING ACTIVITIES 

3.1 Corehole at R-ll 

A corehole was planned as the first phase of drilling at R-I1. The Work Plan specified that it 
would penetrate approximately 50 ft into the Cerros del Rio Basalt, or approximately 347 ft 
below ground surface (bgs). A Strata8tar 8815 auger rig was used for coring; it was equipped 
with a 5-ft long core barrel for 3.0-inch (in.)-diameter continuous core samples and an HQ 
sampler for 2.4-in.-diameter core samples. The goal was to collect continuous rock core samples 
for geologic characterization and to analyze 14 discrete samples for moisture content, anions, 
stable isotopes, radionuclides, metals, and tritium in the upper portion of the corehole. 

The corehole was drilled between August 14 and 26, 2003, to a total depth (TD) of 296.5 ft bgs, 
or approximately 22 ft into the Cerros del Rio Basalt. Drilling was terminated due to refusal at 
that depth. No alluvial or perched intermediate groundwater was encountered during coring 
activities. The corehole was plugged and abandoned by backfilling with a bentonite/cement 
mixture emplaced with a tremie pipe. All 14 samples were successfully collected for 
contaminant analysis. 
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3.2 R-lla 

Well R-lla was located approximately 76 ft east of the corehole location. The objectives of the 
drilling activities were to collect cuttings of encountered geologic formations, to collect 
groundwater samples from significant perched water and the regional aquifer, to provide a 
borehole for geophysical logging, and to install a single-screen monitoring well in the regional 
aquifer. The planned TD was 945 ft bgs, approximately 100 ft into the regional aquifer. 

A Dresser™ T70W drill rig was used to drill R-lla using air-rotary techniques between 
August 26 and September 4, 2003 to a TD of 926.5 ft bgs. The regional aquifer was encountered 
at approximately 826.5 ft bgs during drilling. At the completion of aquifer testing for R-lla, on 
December 7, 2003, the pump became lodged in the stainless-steel well casing at approximately 
750 ft bgs as it was being removed from the well. Attempts to remove the pump caused the well 
casing to separate at approximately 755 to 765 ft bgs. Further attempts to use wash-over casing 
to remove the well casing and pump were thwarted when air circulation was lost at a depth of 
321 ft bgs. Approximately 150 ft of stainless steel casing was removed from the well before 
operations were halted in March 2004. 

Wash-over operations resumed in July 2004 and continued through September 21,2004. All of 
the stainless steel casing was removed from the hole except for approximately 46 ft. The pump 
could not be retrieved from the hole. At this point, DOE made the decision to abandon the well. 
The well was plugged with bentonite and abandoned from September 22 to 25, 2004 according 
to NMED guidelines. 

3.3 R-ll 

Well R-l1 was drilled between September 26 and October 2004, as a replacement well for 
R-lla. R-lla was drilled to a TD of 926.5 ft bgs; R-ll was drilled to a TD of926 ft bgs. R-ll 
was completed with one screened interval from 855 ft to 877.9 ft bgs within the regional aquifer, 
essentially equivalent to the R-lla screened interval of 856.3 to 878.5 ft bgs. Drilling activities 
were performed generally in one 12-hour shift per day, 7 days per week, by the drill crew and 
two site geologists. 

Figure 3.0-1 presents a borehole summary data sheet and graphically depicts the geology 
encountered during drilling activities. A chronology of drilling and other project activities is 
provided as Table 3.0-1. Specific details are discussed below. 

WDC Exploration & Wells (WDC) drilled R-ll using a GEFCO Speedstar 50K drill rig 
equipped with conventional drilling rods, tri-cone bits, down-the-hole hammer bits, air 
compressors, and support equipment. Air-rotary and fluid-assisted air-rotary drilling methods 
were used to drill R-ll. Drilling fluids were used as needed to improve borehole stability, to 
minimize fluid loss, and to facilitate cuttings removal from the borehole. Drilling fluids 
consisted of a mixture of municipal water with QUIK-FOAM® surfactant and EZ-MUD® 
polymer. An approximate tally of the total drilling fluids introduced into the borehole, as well as 
the total drilling fluids recovered, is presented in Table 3.0-2. Depth-to-water CDTW) 
measurements were taken once TD was reached to ensure proper screen placement. DTW 
measurements from R-ll a were referenced in determining the screened interval for R-ll. 
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Table 3.0-1 

Chronology ofActivities for R-ll 


TASK 

NOTES: 

Dates of Activity for R-ll 

a Site preparation activities were completed in August 2003 before drilling R·lla. 

b A groundwater screening sample was collected from R·II a on September 5,2003. 

"Schlumbergerran the geopbysicallogging tools in R·lla on September 6 and 7, 2003. 

d Vidw logs were IUn in R·lla on September 4 and 7,2003. 

e A groundwater sample was collected from R-Ila following development OIl September 26, 2003. 

f Aquifer tests were conducted at R·Il a from December 2 through 5, 2003. 

g"N1>.1ED discharge approval was received in an e-mail dat.ed November 4, 2003 (Appendix F); re-seeding "ill be complete in Spring 2005. 
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Table 3.0-2 

Introduced and Recovered Fluids 


Introduced 

Material 
QUIK-FOAM® 

Amount 
(gal.) 

95 

Potable Water (air 
rotary drilling) 

26,690 

EZ-MUD® 4.25 

Total Introduced 
Fluidsa 

26,789 

Recovered Total Recovered 
Fluidsbb 

94,016 

I 

• "Total Introduced Fluids" represents fluids used during drilling. 

b "Total Recovered Fluids" represents the estimated fluid volume 
recovered during drilling, well development and hydrologic testing. 

On September 25, 2004, WDC mobilized equipment and rigging to drill at the R-ll site. On 
September 26, 13%-inch temporary conductor casing was advanced to 57 ft bgs. On September 
27, the conductor casing was advanced to 60 ft bgs and drilling began. WDC drilled with a 12Y4­
inch diameter tri-cone bit to 144 ft bgs using air-rotary with foam-assisted drilling methods. 

On September 28, the borehole was advanced to 280 ft bgs. The driller noticed a possible 
problem with the bit and tripped out to inspect and replace the bit. 

On September 29, the borehole was advanced to 466 ft bgs. On September 30, the borehole was 
advanced to 570 ft bgs without cuttings returning to the surface (air only). 

On October 1, the borehole was advanced to TD at 926 ft bgs with full air and minimal cuttings 
returning to the surface. WDC began decontaminating the well casing and screen. 

On October 2, WDC tagged the bottom of the borehole at 906 ft bgs, indicating that 20 ft of 
slough was present at the bottom of the borehole. WDC then tripped out the drill string and bit 
to measure the DTW, which was 834.8 ft bgs. WDC ran tremie pipe in the borehole to 
900 ft bgs and began placing couplers on the well casing. 

On October 3, water was measured in the borehole at 834.7 ft bgs and well construction began. 
R-l1 was set with a single screened interval from 855 to 877.9 ft bgs, and a 10/20 sand filter 
pack was placed across the screened interval later that same day. 

On October 4, WDC swabbed the screened interval to settle the filter pack. Additional sand was 
then added to complete the filter pack as designed. The fine sand collar (20/40 sand) and 
transition seal were emplaced that same day. The annulus was backfilled to 833 ft bgs. 

On October 5, the annulus was backfilled to 200 ft bgs. On October 6, backfilling was 
completed up to 78 ft bgs. WDC was able to pull the conductor casing up to 45 from 60 ft bgs 
using the drill rig. Casing jacks were needed to pull the remaining casing. 
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On October 7, casing jacks were brought to the site and the remaining conductor casing was 
removed. On October 8, 2004, the upper 78 ft of the well annulus was filled with concrete. 

4.0 	 SAMPLING AND ANALYSIS OF CORE, BOREHOLE DRILL CUTTINGS, AND 
GROUNDWATER 

Samples of geologic core, geologic cuttings, and groundwater were collected from the R-ll drill 
site in 2003 in accordance with the LANL-prepared SAP (LANL 2003). Samples ofthe geologic 
core were submitted for laboratory chemical analysis; cuttings samples were not submitted for 
contaminant analysis, but up to seven samples may be selected later by LANL personnel for 
mineralogic, petrographic, and geochemical analyses. Groundwater samples from the perched 
intermediate zone and the regional aquifer were submitted for laboratory analysis as discussed 
below. 

Because all of the geologic, hydrogeologic and chemical information specified in the SAP was 
obtained from R-ll a and the corehole, no additional geologic or chemical sampling was 
conducted during the drilling ofR-li. Therefore, the information presented below was obtained 
from the R-lla borehole/well prior to its abandonment. 

4.1 	 Core Sampling 

Fourteen core samples were collected from a 296.5 ft deep corehole that was drilled at the R-lla 
drill site between August 18 and 27, 2003. The core samples were collected from the vadose 
(unsaturated) zone between 5 and 270 ft bgs and analyzed for cations, anions, metals, and 
radionuclides. Approximately 500 to 1,000 grams of core were placed in appropriate sample jars 
and protective plastic bags before they were shipped to LANL' s EES-6 group, Coastal Science 
Laboratories, Inc., and General Engineering Laboratories for laboratory analysis. The results 
will be reported in a separate LANL investigation report for Sandia Canyon. 

4.2 	 Sampling of Borehole Geologic Cuttings 

As drilling conditions permitted, geologic cuttings were collected at approximately 5-ft intervals 
from the discharge line. Portions of the cuttings were sieved (using >#10 and >#35 mesh) and 
placed in chip trays along with unsieved cuttings. The cuttings were examined to determine 
lithologic characteristics and to prepare a lithologic log. An additional aliquot of the >#10 
fraction of cuttings was prepared for all intervals where sufficient returns were available. The 
sieved fractions were placed in labeled plastic bags and submitted to LANL. The remaining 
cuttings were sealed in Ziploc® bags, labeled, and archived in core boxes. Up to seven samples 
may be removed by LANL personnel for mineralogic, petrographic, and geochemical analyses. 
No cuttings samples were submitted for contaminant characterization. However, the 
Radiological Control Technicians screened all cuttings prior to removal from the site. 
Mineralogic, petrographic, and geochemical analytical results will be included in a future LANL 
investigation report. 

4.3 	 Water Sampling 

A screening fluid sample was collected on September 5, 2003, from a potential perched 
intermediate groundwater zone encountered in borehole R-l1a at 790 ft bgs. Due to the small 
volume of water collected, that sample was analyzed for only metals, anions, cations and tritium. 
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A groundwater sample was collected from the regional aquifer near the end of well development 
from approximately 856.3 to 878.5 ft bgs for chemical and radiochemical analyses on September 
26,2003. The regional water sample was analyzed for inorganic chemicals, total organic carbon 
(TOC), tritium, and other radionuclides. Filtered samples were analyzed for metals, trace 
elements, and major cations and anions; unfiltered samples were analyzed for radionuclides, 
TOC, and stable isotopes. Aliquots of the samples were filtered through a 0.45-micrometer 
Gelman filter. Samples were acidified with analytical-grade nitric acid to a pH of 2.0 or less for 
metal, radionuclide, and major cation analyses. Alkalinity was determined at EES-6 using 
standard titration techniques. 

4.4 Geochemistry of Sampled Waters 

The analytical results for the groundwater samples collected at R-l1a are presented in 
Appendix A. The results are briefly summarized below. 

The primary potential contaminants of concern include mobile solutes such as nitrate, 
perchlorate, uranium, and tritium. Nitrate was measured at 0.06 milligrams per liter (mg/L) in 
the intermediate perched zone sample and at 4.91 mg/L in the regional aquifer. Perchlorate, 
uranium-234, and tritium were reported at concentrations of 0.000782 mg/L, 0.831 mg/L, and 
12.8 +/- 9.66 pi co Curies per liter, respectively, in the regional aquifer. 

Bromide was detected at an elevated level (1.33 mg/L) in the fluid sample from the perched 
intermediate zone and tritium was undetected; these data suggest that the fluid sample collected 
as potential groundwater from the intermediate zone was likely drilling fluid. 

5.0 BOREHOLE LOGGING AT R-llA 

Using LANL-owned and subcontractor-owned tools, Kleinfelder and Schlumberger ran borehole 
logging operations at R -11 a. Therefore, video and geophysical logs were not run at R -11. 

5.1 Video Logging 

On September 4 and 7, 2003, video camera logs were run in borehole R-Ila using downhole 
tools provided by LANL. The video logs were used to look for perched water and aid in 
lithologic contact identification. Table 5.1-1 summarizes the borehole, video and geophysical 
well logs run in R-lla. The video logs of the open borehole were digitized onto digital video 
discs (DVDs) included in Appendix B. 

5.2 Geophysical Logging 

Schlumberger personnel conducted geophysical logging in the R-l1a borehole on 
September 6 and 7, 2003. The purpose of the geophysical logging was to identify geologic and 
hydrogeologic units, with an emphasis on gathering moisture distribution data, identifying water­
bearing zones, measuring capacity for flow (porosity and moisture), and obtaining 
lithologic/stratigraphic data. Secondary objectives included evaluating borehole geometry and 
determining the degree of drilling fluid invasion along the borehole wall. The suite of 
geophysical tools used at R-ll a is shown in Table 5.1-1. The complete geophysical report and 
all logging runs, compiled as a montage, are presented in Appendix C on the attached final report 
compact disc (CD). 
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Table 5.1-1 

Borehole Logging 


Operator Date 

Cased 
Footage 

(ft bgs) 

Open-
Hole 

Interval 
(ft bgs) Remarks Tools 

Kleinfelder September 4, 
2003 

0-59 59-885 Fluid observed at 
790 ft bgs 

Video Camera 

Kleinfelder September 7, 
2003 

0-59 59-926.5 Fluid observed at 
835 ft bgs 

Video Camera 

Schlumberger September 6 
and 7,2003 

0-59 59-926.5 Geophysical logs 
run at TD prior to 
well installation 

-Array Induction Tool 
-Triple detector Litho-Density 
-Natural Gamma Spectroscopy 
-Elemental Capture 
Spectroscopy 
-Epithermal Compensated 
Neutron Tool 
-Fun-Bore Formation Micro-
Imager 
- Calibrated Natural Gamma 

The following information represents the key points from the geophysical logging: 

• 	 The top of the regional aquifer is approximately between 833 and 842 ft bgs, the latter 
depth indicating 100% water saturation. 

• 	 Most of the vadose zone has a water/moisture content less than 15% of total volume. 

Three zones with elevated, but non-producible, water content are found in the vadose zone: from 
368 to 417 ft bgs, from 504 to 540 ft bgs, and from 608 to 623 ft bgs. These zones appear to 
represent either water above or bound within clay sequences. 

6.0 LITHOLOGY AND HYDROGEOLOGY 

A preliminary assessment of the geologic and hydrogeologic features encountered at R-ll/R-11 a 
is presented below. Because the geologic and hydrogeologic data specified in the SAP were 
collected when R-Ila was drilled, no geologic data were obtained during the drilling of R-l1. 
Therefore, this section presents a summary of the data collected from R-lla in 2003. LANL 
EES-6 staff provided preliminary geologic contacts. 

6.1 Stratigraphy and Lithology 

This section presents an overview of the site stratigraphy at R-ll aiR-II. A detailed lithologic 
log was prepared from R-lla borehole drill cuttings and is presented in Appendix D. The air­
rotary drilling technique often results in drill cuttings that are mixtures of all of the geologic units 
in the borehole; therefore, geophysical10gs were also used by EES-6 staff to determine geologic 
contacts at R-lla. The borehole stratigraphy presented below is in the order of younger to older. 
Stratigraphic contacts may be revised upon additional analysis of petrographic, geochemical, 
mineralogical, and geophysical logging data. 
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Alluvium, Qal (0 to 43 ft bgs) 
Unconsolidated alluvium, consisting of abandoned stream channel deposits, was present from 
ground surface to approximately 43 ft bgs. These Quaternary sediments contained brown sandy 
silts, tuffaceous silty sands, and gravels derived from the ignimbrite tuff. 

Colluvium, QC (43 to 98 ft bgs) 
Unconsolidated floodplain and stream channel sediments were present from 43 to 98 ft bgs. 
These Quaternary deposits include tuff blocks, white and pinkish pumice, and angular to 
subangular sand. 

Otowi Member, Bandelier Tuff, Qbo (98 ft to 222 ft bgs) 
Non-welded to moderately welded pumice-rich volcanic tuff representing ash flows of the Otowi 
Member of the Bandelier Tuff were encountered from 98 to 222 ft bgs. Abundant, very pale 
orange, fibrous, vitric pumice fragments were present in the upper portion of this interval. The 
remainder of the interval was lithic-rich and typically contained vitric pumice fragments (up to 
1.8 centimeters), quartz and sanidine phenocrysts, and lithic fragments. 

Guaje Pumice Bed of the Otowi Member, Bandelier Tuff, Qbog (222 ft to 242 ft bgs) 
The Guaje Pumice Bed that forms the basal unit of the Bandelier Tuff was present in the 
borehole from 222 to 242 ft bgs. It is comprised of very pale orange to grayish orange pink air­
fall deposits that are non-welded and typically contained 90-95% vitric pumice fragments (up to 
5 millimeters), 5-30% quartz and sanidine crystals, and 5-10% lithic fragments. 

Puye Formation, Tpf (242 ft to 274 ft bgs) 
No cuttings were returned from this interval for sample examination. However, the processed 
geophysical logs indicate that the interval from 240 to 246 is likely a clay zone underlain by a 
pumice bed from 246 to 255 ft bgs. The interval from 255 to 274 ft bgs is also characterized by 
high clay content, as much as 50% by dry weight. 

Cerros del Rio Basalt, Tb (274 ft to 612 ft bgs) 
R-lla intersected a series of basalt flows of the Pliocene Cerros del Rio basalt from 274 to 
612 ft bgs. Basalt flows in this section were generally porphyritic to weakly porphyritic with 
phenocrysts (5-10%) of olivine, pyroxene, and minor plagioclase in an aphanitic groundmass 
with iron oxide staining. The massive to vesicular basalt flows ranged in color from dark to light 
gray. 

Puye Formation, Tpf (612 ft to 926.5 ft bgs) 
The Puye Formation was encountered from 612 ft bgs to the bottom of the borehole at 926.5 ft 
bgs. The volcaniclastic sediments are comprised of a wide range of deposits, from silty sands to 
coarse gravels. In the interval between 768 to 926.5 ft bgs, the Puye Formation is composed 
predominantly of porphyritic dacite and other intermediate-composition volcanic rocks, with 
minor basalt. 
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6.2 Groundwater Occurrence and Characteristics 

No perched alluvial groundwater was encountered during the drilling of the corehole or the 
borehole at R-11a. Core samples collected from the alluvium and upper portion of the Bandelier 
Tuff were moist, but not saturated. 

Two potential intermediate perched water zones were encountered at approximately 373 and 600 
ft bgs. Approximately 3.9 vertical ft of water was present at the 373-ft level; this amount was 
not enough to allow a sample to be collected. Geophysical logs indicate that the interval 
between 368 and 417 ft bgs represents a rubble zone within the Cerros del Rio basalt sequence 
with an elevated water content (20 - 40% of total volume) that is bound water, not producible 
water. 

DTW was measured at 600.5 ft bgs in the R-lla borehole when the open-hole depth was 
643 ft bgs; however, there was an insufficient volume of water to collect a sample by air lifting 
from the borehole. The hole was advanced to 803 ft bgs, and the scope of work was modified to 
allow drilling to cease and the presence of perched water to be evaluated. A video log was run 
and, although no water was observed to be entering the borehole, fluid was present at 790 ft bgs. 
Several unsuccessful attempts were made to collect a sample with a bailer before approximately 
1 gal. of fluid was collected and submitted for screening analysis. At the time of collection, the 
sample appeared to have a large component of drilling fluid. Analytical results confirm that the 
sample collected at 790 ft bgs was primarily drilling fluid (Section 4.3). 

Geophysical logs of the interval from 608 to 623 ft bgs, where the perched water was first 
observed during drilling, show that water content increased to approximately 10 to 20% in this 
zone. However, the logs show a clay-rich zone from 612 to 623 ft bgs, just above the Puye 
Formation, and the higher water content is likely associated with bound water in the clay. 

The regional aquifer was encountered during drilling at 835.4 ft bgs in the Puye Formation in 
R-11a on September 24, 2003. After TD was reached in the replacement well on October 2, 
2004, the DTW was 834.8 ft bgs; after well completion, the DTW was measured at 833.8 on 
October 7, 2004. 

7.0 WELL DESIGN AND CONSTRUCTION 

DOE, LANL, and the New Mexico Environment Department (NMED) approved the original 
well design for R-11a in September 2003. R-11 was constructed according to the original well 
design from October 3 to October 8, 2004. 

7.1 Well Design 

DOE, LANL, and Kleinfelder analyzed geophysical logs, borehole video logs, borehole geologic 
samples, water level data, and field water quality data to select the screen placement interval. 
The well was designed in accordance with LANL ER SOP-OS.O! (Standard Operating Procedure 
for Well Construction, Revision 3). The well was designed with a single screen to monitor 
potential contaminants in the uppermost productive zone of the regional aquifer. 
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7.2 Well Construction 

R-ll was constructed of 4.5-in. inner diameter (ID)/5.0-in. outer diameter (OD), type A304, 
stainless-steel casing fabricated to American Society for Testing and Materials (ASTM) A312 
standards. External couplings, also of type A304 stainless steel fabricated to ASTM A312 
standards, were used to connect individual casing and screen joints. Two nominal 12-ft lengths 
of 5.27-in. OD, rod-based, 0.020-in. wire-wrapped well screen with 20 ft of screen opening were 
used. The casing and screens were factory-cleaned before shipment and delivery to the site. 
Additional decontamination of the stainless-steel components was performed on site prior to well 
construction using a high-pressure steam cleaner. 

The screened interval for the well was 855 to 877.9 ft bgs. A 23.8-ft-deep sump of stainless-steel 
casing was placed below the well screen. Figure 7.2-1 is an as-built schematic showing 
construction details for the completed well. 

A 2.5-in. OD steel tremie pipe was used to place annular fill to the depths specified in the well 
design. The bottom of the borehole was tagged at 906 ft bgs prior to placing the annular fill, 
indicating that 20 ft of slough had accumulated in the borehole. The borehole was backfilled 
from 906 ft to 886 ft bgs with a mixture of 25% bentonite and 75% 10/20 sand. A primary filter 
pack of 10/20 silica sand was placed across the screened interval from 886 to 850 ft bgs. A fine 
sand collar of 20/40 silica sand was placed above the screened interval from 850 to 846.5 ft bgs. 
A transition seal of 50% 10/20 sand and 50% bentonite chips was placed from 846.5 to 833 ft 
bgs. A seal of 100% bentonite chips was placed and hydrated in lifts of approximately 50 ft 
from 833 ft to 78 ft bgs. The 13%-in. conductor casing was removed before placing the concrete 
surface seal from 78 ft bgs to the ground surface. The seal consisted of 2,500 pounds per square 
inch (psi) concrete with 4% bentonite. Table 7.2-1 summarizes the volumes of annular fill 
materials used to complete R-l1. 

Table 7.2-1 

Annular Fill Materials Used in Well Construction 


Material Volume 
Surface seal: cement slurry 64 ff 
Bentonite chips: annular seal 810.8 ff 
Bentonite chips and 10/20 silica sand mix 

Fine sand collar: 20/40 silica sand 

64.7 ft3 I 

3.0 ft3 

Primary filter: 10/20 silica sand 54.5 ft3 

Potable water 8,940 gal. 

8.0 WELL DEVELOPMENT AND AQUIFER TESTING 

Well R-ll was developed between October 8 and November 22, 2004. Well development 
procedures included bailing, swabbing of the well screen, and extensive pumping. A total of 
85,976 gal. of water was removed during well development activities. Information from the 
aquifer test conducted at R-lla is summarized below. 
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8.1 Well Development 

The primary objective of well development was to remove suspended sediment from the water 
until turbidity was less than 5 nephelometric turbidity units (NTUs) for three consecutive 
samples. Additional water quality parameters measured during development included pH, 
temperature, specific conductance, and TOC; parameters were required to stabilize before 
termination of development procedures. The goal for TOC levels was that they be less than 2.0, 
indicating that all drill foam residues were removed from the welL Table 8.1-1 summarizes the 
volumes ofwater removed during development and the accompanying water quality parameters. 

Table 8.1-1 

Water Removed and Final Water Quality Parameters 


During Well Development and Aquifer Testing 


Method 

(l0/8/04) 

I 

I 
i 

Water 
Removed 

(gal.) pH 

I 

Temperature 
(OC) 

Specific 
Conductance 

(IlS/cm) a 

Turbidity 
(NTU) 

. Total 
Organic 
Carbon 

I 

Bailing/ 
Swabbing 
Screen 

40 NM b NM NM NM 73.1 

(10/9 ­
10/21104) 
Pumping 
Screened 
Interval 

85,936 7.30 20.8 190 1.6 1.81 

Total 85,976 - - I - - I 
• Specific conductance is reported in milJiSiemens per centimeter (mS/cm). 

b NM Not measured 


Development ofR-11 began by bailing and swabbing the screened interval to enhance filter-pack 
development and remove bentonite materials, drilling fluids, and sediment that were introduced 
into the well during drilling and installation. Bailing was conducted by WDC using a 3.5-gal. 
capacity, 3-in. OD by 10-ft long stainless-steel bailer. Bailing continued until water clarity 
visually improved. After bailing approximately 20 gal., the screened interval was swabbed. 
Another 20 gal. were bailed and the screened interval was swabbed again. The swabbing tool 
was lowered into the well and drawn repeatedly across the screened interval for approximately a 
halfhour. Water turbidity was not measured during the bailing and swabbing processes. 

A 7.5-horsepower (HP), 4-inch Grundfos submersible pump was used for the well development. 
The pump intake was placed at 875.5 ft bgs, and 85,936 gal. of water was removed. Water 
samples were collected to measure water quality parameters. Figure 8.1-1 shows the effect of 
well development on the water quality parameters. 
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Figure 8.1-1. Effects of Well Developmeut on Water Quality Parameters 
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8.2 Aquifer Testing 

Background data for the aquifer pump test at R-lla were collected between November 24 and 
December 1, 2003; the aquifer tests were conducted from December 2 to 5, 2003. The complete 
aquifer testing report and aquifer test data are included in Appendix E. The following 
information was determined from the pumping and recovery test on R-l1a: 

• 	 R-ll is completed in a highly transmissive zone of the Puye Formation, with a 
transmissivity of 26,600 gal. per day per foot with a thickness slightly greater than the 
22.2-ft well screen. 

• 	 An analysis of the time-drawdown and recovery curves indicates a strictly increasing 
transmissivity with no discernible boundaries. 

• 	 Average hydraulic conductivity of this portion of the regional aquifer is between 73 
and 160 ft per day. 

• 	 The barometric efficiency of R-ll is 96%, meaning that the magnitude of 
barometrically induced water level change is 96% of the magnitude of the barometric 
change. 

8.3 Dedicated Sampling System Installation 

A 2-HP Grundfos submersible pump was installed in R-II from December 11 to 14,2004. The 
pump is rated at 5 gaL per minute and the intake is set at 850.0 ft bgs. 
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8.4 Wellhead Completion 

On October 2004, a 5-ft wide by 5-ft long by 6-in. thick, reinforced (2,500 psi) concrete pad 
was installed around the well casing to provide long-term structural integrity for the well. A 
brass survey pin was embedded in the northwest comer of the pad. A lO-in. steel casing with 
locking lid protects the well riser. The pad was designed to be slightly elevated, with base 
course gravel graded up around the pad. 

8.5 Geodetic Survey 

The locations of R-ll, R-lla, and the corehole were determined by geodetic survey on 
November 8, 2004, by Lynn Engineering and Surveying, Inc. Coordinates and elevations were 
obtained from LANL Monument #B0006, using a static Global Positioning System. Monument 
#B0006 is located immediately east of the intersection of New Mexico State Road 4, Pajarito 
Road, and Grand Canyon Drive in White Rock, New Mexico. 

The survey located the brass cap monuments and the top of stainless steel casing at R-ll, as well 
as the ground elevation and coordinates of the corehole. Table 8.5-] summarizes the survey 
data; the northing and easting coordinates from R-lla are included for reference. The 
coordinates are New Mexico State Plane Grid Coordinates, Central Zone, North American 
Datum, 1983, expressed in ft. Elevations are expressed in feet above mean sea level relative to 
the National Geodetic Vertical Datum of 1929. 

Table 8.5-1 

Geodetic Data for R-lla and R-ll 


I 
• Corehole 

Description Northing 

1769363.0998 

Easting 

1639961.5726 

Elevation" 

6673.20 

I 

I Brass cap in R-II pad 

i Top of stainless-steel casing. R-II 

1769353.57 

1769351.77 

i 1639959.31 

1639960.91 

6673.72 

6676.46 

I 
I 

• Former location ofR-lla 
L .. 

1769344.0238 1640034.7654 Not Applicable 
I 

a Measured in ft above mean sea level relative to the National Geodetic Vertical Datum of 1929. 

8.6 Site Restoration 

Fluids and cuttings produced during drilling and development of R-lla were sampled in 
accordance with the "Notice of Intent to Discharge, Hydrogeologic Work Plan Wells," and filed 
with the NMED. Approval to discharge drilling and development water was received from 
NMED on November 4, 2003. A copy of the NMED discharge approval is included in 
Appendix F. The analytical results are included in Appendix F on the final report CD. 

The R-l1 drill site has been partially restored at the time of this writing. The liner has been 
removed and the cuttings pit berms have been partially graded. The site has been partially re­
seeded. The site will be completely restored and re-seeded in the Spring of 2005. 

9.0 DEVIATIONS FROM THE SAP 

Appendix G compares the actual characterization activities that were performed at R-l1 with the 
planned activities described in the "Hydrogeologic Work Plan" (LANL 1998), and the R-ll 
SAP. Highlights are discussed below. 
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• 	 Planned depth the SAP stated that the approximate depth of the well would be 
945 ft bgs, or 100 ft into the regional aquifer. The actual TD of the replacement well 
R-II was 926 ft, with the regional water surface at approximately 833.8 ft bgs. 

• 	 Planned depth for the corehole the SAP stated that coring would extend 50 ft into the 
Cerros del Rio Basalt. The borehole was terminated at 296.5 ft bgs, approximately 22 ft 
into the Cerros del Rio Basalt, due to bit refusal. 
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Appendix A 

Groundwater Analytical Results 
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Groundwater samples were analyzed by EES-6 using techniques specified in the U.S. 
Environmental Protection Agency SW-846 manual. Bromide, chloride, fluoride, nitrate, nitrite, 
oxalate, perchlorate, phosphate, and sulfate were analyzed using Ion Chromatography (IC). The 
method detection limit (MDL) for perchlorate using IC is 0.002 parts per million (ppm) or mg/L 
(2 parts per billion [ppb] or 2 micrograms per liter [J..LglL]). Calcium, magnesium, potassium, 
silica, and sodium were analyzed using inductively coupled (argon) plasma em,ission 
spectroscopy (ICPES). Aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, 
cobalt, copper, iron, lead, manganese, mercury, nickel, selenium, silver, thallium, vanadium, 
uranium, and zinc were analyzed by ICPES also. 

Radionuclide activity in groundwater was determined by direct counting for tritium; alpha 
spectrometry for americium, plutonium, and uranium isotopes; gas proportional counting for 
strontium-90; and gamma spectrometry for cesium-137 and other gamma-emitting isotopes. 
Contract laboratories performing this work were General Engineering Laboratories (GEL) 
(radionuclides) and the University of Miami (low-level tritium). Perchlorate was also analyzed 
by GEL using the liquid chromatography/mass spectrometry (LC/MS) method. This method is 
more sensitive than the IC method, having an MDL of 0.000100 milligrams (mg)1L (0.100 J..LglL) 
and a reporting limit or quantitation limit (QL) of 0.000400 mgIL (OAOO J..LglL). Stable isotopes 
of oxygen (oxygen-I 8 and oxygen-I6, ( 180) and hydrogen (hydrogen and deuterium, oD) were 
analyzed by Geochron Laboratories (Cambridge, Massachusetts) using isotope ratio mass 
spectrometry (IRMS). Stable isotopes of nitrogen (nitrogen-IS and nitrogen-14, 015N) were 
analyzed by Coastal Science Laboratories, Inc. (Austin, Texas), using IRMS. The precision 
limits (analytical error) for major ions and trace elements were generally less than ±1O% using 
ICPES and ion chromatography plasma mass spectroscopy. 

Results of screening analyses for the two fluid samples collected from approximately 790 feet 
below ground surface (ft bgs) and from 856.3 to 878.5 ft bgs (regional aquifer) in R-lla are 
provided in Tables 4.1-1 and 4.1-2. 
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Table 4.1-1 

Hydrochemistry of Perched Groundwater and the Regional Aquifer 


Samples at Well R-lla (Filtered Samples) 


Depth (feet) 790 . 856.3 to 878.5 

Geologic Unit Cerros del Rio Basalt Puye Formation I 

Date Sampled 09105/03 09126/03 I 

pH 6.72 (Lab) 8.03 (Field) I 
Temperature (0C) Not reported 23.5 i 

i Specific Conductance (IlS/cm) Not reported Not reported 

Turbidity (NTU) Borehole sample 7.39 

Alkalinity (ppm CaCOiL) 51.9 70.6 

AI (ppm) 0.077 1.31 

Sb (ppm) 0.001 [0.001], U 

As (ppm) 0.0011 0.0014 I 
B (ppm) 0.074 0.034 

Ba(ppm) 0.18 0.039 

Be (ppm) [0.001], U [0.001], U 

HC03 (ppm)" 63.3 86.1 

Br (ppm) 1.33 0.04 

Cd (ppm) [0.001], U [0.001], U 

Ca(ppm) 43.8 19.1 
! CI (ppm) 7.55 3.50 

CI04 (mg/L) (LC/MSIMS) Not analyzed 0.000782 

CI04 (ppm) (IC) Not discernible 0.0023 

Cr (ppm) 0.0083 0.0015 

Co (ppm) 0.0012 [0.001], U 

Cu (ppm) 0.015 0.0027 

F (ppm) 0.4 0.41 

Fe (ppm) [0.01], U 0.32 

Pb (ppm) 0.0051 0.0005 

Mg (ppm) 10.5 5.71 

Mn (ppm) 0.21 0.070 

Hg (ppm) [0.00005], U 0.00005 

Mo (ppm) 0.048 0.0027 

Ni (ppm) 0.011 [0.001], U 

N03 (ppm) (as N) 0.06 4.91 
i 

I NOz (ppm) (as N) 0.50 0.01 

CZ0 4 (ppm) (oxalate) 0.42 [O.OIJ, U 

P04 (ppm) (as P) 0.53 0.01 

K (ppm) 10.5 1.36 

I 

I 
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Table 4.1-1 

Hydrochemistry of Perched Groundwater and the Regional Aquifer 


Samples at Well R-lla (Filtered Samples) (continued) 


Depth (ft) 790 856.3 to 878.5 

Geologic Unit Cerros del Rio Basalt Puye Formation 

Date Sampled 09/05/03 09/26/03 

Se (ppm) 0.001 [0.001], U 

Ag (ppm) 

Na (ppm) 

SiOz (ppm)b 

[0.001], U 

27.3 

50.7 

[0.001], U 

12.9 

79.2 

! 

Sr (ppm) 

S04 (ppm) 

0.25 

73.4 

0.086 

7.41 

Tl (ppm) [0.001], U [0.001], U 

U (ppm) 

V (ppm) 

Zn (ppm) 

TDS (ppm) (calculated) 

0.0005 

0.017 

0.027 

294 

0.0009 

0.008 

0.023 

241 

Note: U -Ilot detected 
·C = degrees Celcius 
IC = ion chromotography 
NTU = nephelometric turbidity unit 
ppm parts per million 
IJ,S/cm = microSeimens per centimeter 

"Bicarbonate concentrations were calculated from measured alkalinity. 
bSilica concentrations were calculated from measured silicon (JCPES). 
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Table 4.1-2 

Hydrochemistry of Perched Groundwater and the Regional Aquifer Samples 


at Well R-l1a (Unfiltered Samples) 


Depth (ft) 
Geologic Unit 
Date Sampled 

790 
Cerros del Rio Basalt 

09/05/03 

856.3 to 878.5 
Puye Formation 

09/26/03 
Tritium (pCi/L) [6.44], U 12.80±9.66 

Am-241 (pC ilL) 

Cs-137 (pCi/L) 

Pu-238 (pC ilL) 

Not conducted 

Not conducted 

Not conducted 

[0.020], U 

[1.70], U 

[0.0214J, U 

I Pu-239,240 (pC ilL) Not conducted [0.007], U 

Sr-90 (pCilL) 

U-234 (pCi/L) 

Not conducted 

Not conducted 

[-0.0008], U 

0.831 

U-235 (pCi/L) Not conducted 0.0954 

U-238 (pCi/L) Not conducted 0.380 

TOC (ppm) 

&'5N (%0) 

&D (%0) 

&180 (%0) 

Not conducted 

Not conducted 

Not conducted 

Not conducted 

1.95 

+0.5,+0.7 

-73 

-10.4 

Note: U = not detected; %0 = per mil, NTU = nephelometric turbidity unit, ppm parts per million, pCi/L pico curies per liter, and 
TOe =total organic carbon. Standard deviation is I sigma. 
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Appendix B 

Borehole Video Logs 
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1.0 SUMMARY 

This report describes the borehole geophysical logging measurements acquired in 
characterization well R-ll by Schlumberger in September 2003 before well completion. It also 
presents the processed results from these measurements and discusses their interpretation. The 
logging suite was acquired from 12 to 928 feet below ground surface (ft bgs), when the borehole 
was open (uncased) below 58 ft bgs, drilled with a 12.25-inch (in.) diameter bit size, and 
contained approximately 12.6-in. inner diameter steel casing above 58 ft bgs (as measured by the 
logs). 

The primary purpose of the geophysical logging was to characterize the geologiclhydrogeologic 
section intersected by the well, with emphasis on determining regional aquifer groundwater level, 
perched groundwater zones, moisture content, capacity for flow, and the stratigraphy/mineralogy 
of geologic units. A secondary purpose of the geophysical logging was to evaluate the borehole 
conditions such as borehole diameter versus depth, deviation versus depth, and degree of drilling 
fluid invasion. These objectives were accomplished by measuring, nearly continuously, along 
the length of the well (1) total and effective water-filled porosity and pore size distribution, from 
which an estimate of hydraulic conductivity is made, (2) bulk density (sensitive to total water­
plus air-filled porosity), (3) bulk electrical resistivity at multiple depths of investigation, (4) bulk 
concentrations of a number of important mineral-forming elements, (5) spectral natural gamma 
ray, including potassium, thorium, and uranium concentrations, (6) bedding orientation and 
geologic texture, (7) borehole inclination and azimuth, and (8) borehole diameter. 

Preliminary results of these measurements were generated in the logging truck at the time the 
geophysical services were performed and documented in field logs provided on site. However, 
the measurements presented in the field results are not fully corrected for borehole conditions and 
are provided as separate, individual logs. The field results were reprocessed by Schlumberger to 
(1) correct/improve the measurements, as best as possible, for borehole/formation environmental 
conditions, (2) perform an integrated analysis of the log measurements so that they are all 
coherent, and (3) combine the logs in a single presentation, enabling integrated interpretation. 
The reprocessed log results provide better quantitative property estimates that are consistent for 
all applicable measurements, as well as estimates of properties that otherwise could not be 
reliably estimated from the single measurements alone (e.g. total porosity inclusive of all water 
and air present, water saturation, mineralogy). 

The geophysical log measurements from Well R-ll provide good quality results that are 
consistent through much of the borehole, although the quality of some measurements was 
degraded across intervals where the borehole contains large washouts. The measurements most 
affected by the adverse borehole conditions have a shallow depth of investigation and require 
close contact to the borehole wall - the bulk density, photoelectric effect, and the porosity 
measurements. The greatest impact on the log processing was erroneously high estimated air­
filled and/or water-filled porosity in the problem zones. Through the integrated analysis and 
interpretation of all the logs, the individual shortcomings of the specific measurements are 
reduced. Thus, the integrated log analysis results (e.g. the optimized water-filled porosity log) 
are the most robust single representation of the geophysical log results - providing a wealth of 
valuable high resolution information on the geologic and hydrogeologic environment of the R-ll 
locale. 
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Important results from the processed geophysical logs in R-il include the following: 

I. 	 The top of the regional aquifer likely lies between 833 ft bgs (well water level at time of 
logging) and 842 ft bgs (estimated 100% water saturation) below ground surface. Water­
filled porosity, moveable (producible) water content, and estimated hydraulic 
conductivity are very high, from 833 ft bgs to the bottom of the log interval (924 ft bgs). 

2. 	 Most ofthe vadose zone (above 833 ft bgs) has a water/moisture content less than 15% of 
total volume. 

3. 	 Elevated water content (20-40% of total volume) occurs in the interval from 368­
417ft bgs, but all the water is bound (not producible). This interval appears to be 
underlain by a clay-rich zone and is part of a rubble zone (368-402 ft bgs) within the 
basalt lava sequence. 

4. 	 Slightly higher water content (10-20% of total volume) and moveable water volume (7­
10%) occurs in the interval from 504-540 ft bgs within the basalt sequence. The interval 
appears to be underlain by a clay-rich zone. 

5. 	 Slightly higher water content (10-20%) and moveable water volume (5-7%) occurs in the 
interval from 608--623 ft bgs, spanning the bottom of the basalt sequence and the top of 
the Puye Formation (contact at approximately 612 ft bgs). The interval appears to be 
underlain by a clay-rich zone. 

6. 	 High water content (30-35%), moveable water volume (20-28%), and overall porosity 
(65%) occurs in the pumice-rich intervals of 220-242 ft bgs and 245-255 ft bgs at the 
bottom of Bandelier Tuff (likely comprising the Guaje Pumice Bed). Both these intervals 
appear to be underlain by clay beds. However, the water may have been introduced from 
the drilling process. 

2.0 INTRODUCTION 

Geophysical logging services were run in characterization well R-il by Schlumberger in 
September 2003, before initial well completion. The purpose ofthese services was to acquire in­
situ measurements to help characterize the borehole, near-borehole, and abutting geologic 
formation environment. The primary objective of the geophysical logging was to provide in-situ 
evaluation of formation properties (hydrogeology and geology) intersected by the well. This 
information was (and is) used by scientists, engineers, and project managers in the Los Alamos 
Characterization and Monitoring Well Project to design the well completion, to better understand 
subsurface site conditions, and to assist in overall decision-making. 
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The primary geophysical logging tools used by Schlumberger in well R-ll were the 

• 	 Combinable Magnetic Resonance (CMR*) tool, which measures the nuclear magnetic 
resonance response of the formation to evaluate total and effective water-filled porosity of 
the shallow formation and to estimate pore size distribution and in situ hydraulic 
conductivity; 

• 	 Compensated Neutron Tool (CNT'), which measures volumetric water content of the 
formation to evaluate moist/porous zones; 

• 	 Triple detector Litho-Density (TLD*) tool, which measures formation bulk density and 
photoelectric factor to estimate total porosity and lithology; 

• 	 Array Induction Tool, (AIT*), which measures formation electrical resistivity at five 
depths of investigation to evaluate drilling fluid invasion into the formation, presence of 
moist zones far from the borehole wall, and presence of clay-rich zones; 

• 	 Formation Micro-Imager (FMI*) tool, which measures electrical conductivity images of 
the borehole wall in fluid-filled open-hole and borehole diameter with a two-axis caliper 
for evaluating geologic bedding and fracturing, including strike and dip of these features 
and fracture apertures, and rock texture; 

• 	 General Purpose Inclinometry Tool (GPIT*), which measures borehole deviation and 
azimuth in OH to evaluate borehole position versus depth and to orient FMI images; 

• 	 Natural Gamma Spectroscopy (NGS) tool, which measures gross natural gamma and 
spectral natural gamma ray activity, including potassium, thorium, and uranium 
concentrations to evaluate geology/lithology, particularly the amount of clay and 
potassium-bearing minerals; and 

• 	 Elemental Capture Spectroscopy (ECS*) tool, which measures elemental weight-percent 
concentrations of a number of elements to characterize mineralogy and lithology of the 
formation. 

In addition, calibrated gross gamma ray (GR) was recorded with every service except the NGS to 
depth match the logging runs to each other. Table 2.1 summarizes the geophysical logging runs 
performed in R-ll. 

'Mark of Schlumberger 
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Table 2.1 

Geophysical logging services, their combined tool runs and intervals logged, 


as performed by Schlumberger in borehole R-11 


lDate of I Run I I Tool I Depth Interval i 

i Logging Borehole Status # Tool 1 Tool 2 3 (ft bgs) 

I 6-Sept-2003 Open hole below 58 ft bgs 1 TLD CNT None 12-920 
Bit size of 12.25 in. I 

• Steel casing above 58 ft bgs. I 

Casing In of -12.5 in. 
 i I 

7-Sept-2003 Same 	 2 NGS AIT None 30-916 

I Same Same 	 ,)" CMR ECS GR 55-928I I 
FMISame 	 4 GPIT GR 830-923I Sam~ 

A more detailed description of these geophysical logging tools can be found on the Schlumberger 
website (http://www.hub.slb.comlindex.cfm?id=idl1618). 

3.0 METHODOLOGY 

This section describes the methods Schlumberger employed while running geophysical logging 
services in Well R-l1, including the following stages/tasks: 

• 	 Measurement acquisition at the well site 

• 	 Quality assessment of logs 

• 	 Reprocessing of field data 

3.1 Acquisition Procedure 

Once the well drilling project team notified Schlumberger that each well was ready for 
geophysical well logging, the Schlumberger district in Farmington, NM, mobilized a wireline 
logging truck, the appropriate wireline logging tools and associated equipment, and crew to the 
job site. Upon arriving at the LANL site, the crew completed site entry paperwork and received a 
site-specific safety briefing. 

After arriving at the well site, the crew proceeded to rig up the wireline logging system, which 
included: 

1. 	 parking and stabilizing the logging truck in a position relative to the borehole that is best 
for performing the surveys; 

2. 	 performing any required environmental protection procedures (e.g., covering the ground 
with plastic liner, where the tools will be assembled, and around the well) as specified in 
the work order; 

3. 	 setting up a lower and an upper sheave wheel (the latter attached to, and hanging above, 
the borehole from the drilling rig/mast truck); 

4. 	 threading the wireline cable through the sheaves; and 
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5. attaching the appropriate sonde(s) for the first run to the end ofthe cable. 

Next, pre-logging checks and any required calibrations were performed on the logging sondes 
and the tool string was lowered into the borehole. If any of the tools required active radioactive 
sources (in this case, a neutron and gamma source for the CNTIECS and TLD, respectively) just 
lowering the tool string, the sources were taken out of their carrying shields and placed in the 
appropriate tool source-holding locations using special source handling tools. The tool string 
was lowered to the bottom of the borehole and brought up at the appropriate logging speed as 
measurements were made. At least two logging runs (one main and one repeat) were made with 
each tool string. 

Upon reaching the surface any radioactive sources were removed from the tools and were 
returned to their appropriate storage shields, thus eliminating any radiation hazards. The tool 
string was cleaned as it was pulled out of the hole. 

The second tool string was attached to the cable for another suite of logging runs. 

After completing of the surveys, any post-logging measurement checks were performed. Before 
departure, the engineer printed the field logs (including calibration summaries) for on-site 
distribution and sent the data via satellite to the Schlumberger data archiving center, who was 
alerted that the data were ready for post-acquisition processing. 

3.2 Log Quality Control and Assessment 

Schlumberger has a thorough set of procedures and protocols for ensuring that the geophysical 
logging measurements are of very high quality. This includes full calibration of tools when they 
are first built, regular recalibrations and tool measurement/maintenance checks, and real-time 
monitoring of log quality as measurements are made. Indeed, one of the primary responsibilities 
of the logging engineer is to ensure, before and during acquisition, that the log measurements 
meet prescribed quality criteria. 

A tool specific base calibration that directly relates the tool response to the physical measurement 
using the designed measurement principle is performed on all Schlumberger logging tools when 
first assembled in the engineering production centers. This is accomplished through a 
combination of computer modeling and controlled measurements in calibration models with 
known physical parameters. 

The base calibration for most Schlumberger tools is augmented through regular "master 
calibrations" typically performed every one to six months in local Schlumberger shops (such as 
Farmington, NM), depending on tool design. Master calibrations consist of controlled 
measurements using specially designed calibration tanks/jigs and internal calibration devices that 
are built into the tools. The measurements are used to fine-tune the tool's calibration parameters 
and to verify that the measurements are valid. 

In addition, on every logging job, before and after on-site "calibrations" are executed for most 
Schlumberger tools directly before/after lowering/removing the tool string from the borehole. 
For most tools these represent a measurement verification instead of an actual calibration used to 
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confirm the validity of the measurements directly before acquisition and to ensure tllat they have 
not drifted or been corrupted during the logging job. 

All Schlumberger logging measurements have a number of associated depth-dependent quality 
control (QC) logs and flags to assist with identifying and determining the magnitude of log 
quality problems. These QC logs are monitored in real-time by the logging engineer during 
acquisition and are used in the post-acquisition processing of the logs to determine the best 
processing approach for optimizing the overall validity of the property estimates derived from the 
logs. 

Additional information on specific tool calibration procedures can be found on the Schlumberger 
webpage (http://www.hub.slb.com/index.cfm?id=idl1618). Though institutionalized national 
standards (e.g., ASTM) for tool calibration do not exist, Schlumberger has been the leader in 
development of these procedures. In addition, all wells at Los Alamos National Laboratory have 
been logged and evaluated by Schlumberger. 

3.3 Processing Procedure 

After the geophysical logging job was completed in the field and the data were archived, the data 
were downloaded to the Schlumberger processing center. There the data were processed, in the 
stated order, to (1) correct the measurements for near-wellbore environmental conditions and 
redo the raw measurement field processing for certain tools using better processing algorithms, 
(2) depth match and merge the log curves from different logging runs, and (3) model the near­
wellbore substrate lithology/mineralogy and pore fluids through integrated log analysis. 
Separately, the FMI electrical image was processed to produce scaled and normalized high­
resolution images that were interpreted to identify geologic features and compute fracture 
apertures. Afterwards an integrated log montage was built to combine and compile all the 
processed log results. 

3.3.1 Environmental Corrections and Raw Measurement Reprocessing 

If required, the field log measurements were processed to correct for conditions in the well, 
including fluid type (water or air), presence of steel casing, and (to a much lesser extent) pressure 
and temperature. Basically, these environmental corrections entail subtracting from the 
measurement response the known influences of the set of prescribed borehole conditions. In 
R-ll, the log measurements requiring these corrections are the CNT porosity, TLD density, ECS 
elemental concentrations, and NGS spectral gamma ray logs. 

Two CNT neutron porosity measurements are available - one that measures thermal (slow) 
neutrons, and one that measures epithermal (fast) neutrons. Measurement of epithermal neutrons 
is required to make neutron porosity measurements in air-filled hole. In water/mud-filled hole 
both the CNT epithermal and thermal neutron measurements are valid, but the thermal neutron 
porosity has better statistical precision. The version of the CNT used in R-ll (version "G") 
measures both thermal and epithermal neutrons by using different sets of detectors. The CNT 
epithermal neutron moisture content measurement in air-filled hole is derived using an entirely 
different processing algorithm than applied in water-filled hole; this processing is performed in 
the field. The CNT thermal neutron porosity measurement was reprocessed for borehole 
conditions in the water-filled section of the borehole (below 832 ft bgs), although the results 
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were very similar to the field logs. Thus, for further processing and analysis (e.g. ELAN 
analysis), the field processed epithermal neutron moisture content log was used above 832 ft bgs 
and the reprocessed thermal neutron porosity log was used below. 

The standard open-hole processing algorithm used for the TLD density measurement is 
influenced by the steel density in a cased hole. A cased-hole density algorithm was applied to the 
raw TLD field measurements to try to eliminate the casing response. While the algorithm can 
account for the casing, it cannot account for air- or water-filled gaps in the annulus between the 
casing and the formation that cause erroneously low bulk-density readings. 

The raw ECS elemental yield measurements include the contribution of iron from steel casing 
and hydrogen from fluid in the borehole. The processing consists of subtracting these unwanted 
contributions from the raw normalized yields, then performing the normal elemental yields-to­
weight-fraction processing. The contribution to subtract is a constant baseline amount (or zoned 
constant values if there are bit/casing size changes), usually determined by comparing the 
normalized raw yields in zones directly below/above the borehole fluid/casing change. The ECS 
log in R-ll has a very short (a few feet) cased-hole section; thus, no casing correction was 
required. The ECS hydrogen measurement was corrected for the water in the borehole below 
832 ft bgs by subtracting a constant baseline from the normalized hydrogen yield so that the 
processed hydrogen weight concentration directly below the water level was approximately equal 
to the concentration directly above. 

The NGS spectral gamma ray are affected by the material (fluid, air, casing) in the borehole 
because different types and amounts of these materials have different gamma-ray shielding 
properties; the NGS measures incoming gamma rays emitted by radioactive elements in the 
formation surrounding the borehole. The processing algorithms try to correct for the damping 
influence of the borehole material. The NGS logs from R-Il were reprocessed to fully account 
for the environmental effects of borehole fluid (water below 832 ft bgs, air above) and casing 
above 58 ft bgs. 

The measurements cannot be corrected for borehole washouts, rugosity, and the annulus material 
(if any) between casing and the formation because the specific characteristics of these features 
(e.g., geometry) are unknown, and their effects on the measurements are too complex to account 
for. Thus, the compromising effects of these conditions on the measurements should be 
accounted for in the interpretation of the log results. 

3.3.2 Depth-Matching 

Once the logs were environmentally corrected for the conditions in the well bore and the raw 
measurement reprocessing was completed, the logs from different tool runs were depth-matched 
to each other using the AIT-NGS tool run as the base reference. Gamma ray was used as the 
common correlation log measurement for depth-matching the different runs. 
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3.3.3 Integrated Log Analysis 

An integrated log analysis, using as many of the processed logs as possIble, was performed to 
model the near-well bore substrate lithology/mineralogy and pore fluids. This analysis was 
performed using the Elemental Log Analysis (ELAN*) program (Mayer and Sibbit, 1980; 
Quieren et aI, 1986) - a petrophysical interpretation program designed for depth-by-depth 
quantitative formation evaluation from borehole geophysical logs. ELAN estimates the 
volumetric fractions of user-defined rock matrix and pore constituents at each depth based on the 
known log measurement responses to each individual constituent by itself!. ELAN requires an 
a priori specification of the volume components present within the formation; i.e., fluids, 
minerals, and rocks. For each component, the relevant response parameters for each 
measurement are also required. For example, if one assumes that quartz is a volume component 
within the formation and the bulk density tool is used, then the bulk density parameter for this 
mineral is well known to be 2.65 grams per cubic centimeter (g/cc). 

The logging tool measurements, volume components, and measurement response parameters 
used in the ELAN analysis for R-l1 are provided in Table 3.1. The final results of the analysis­
an optimized mineral-fluid volume model - are shown on the integrated log montage (see 
Appendix D, CD on inside back sleeve), third track from the right (inclusive of the depth track). 
To make the best use of all the measurement data and to perform the analysis across as much of 
the well interval as possible (12-924 ft bgs.), as many as possible of the processed logs were 
included in the analysis, with less weighting applied to less robust logs. Not aU the tool 
measurements shown in Table 3.1 are used for the entire interval analyzed, as not all the 
measurements, are available, or of good quality, across certain sections of the borehole. To 
accommodate fewer tool measurements certain model constituents are removed from the analysis 
in some intervals. Most notably, within the cased interval (above 58 ft bgs) many ofthe minerals 
had to be removed from the model due to the absence ofmany of the logs. 

The ELAN analysis was performed with as few constraints or prior assumptions as possible. A 
considerable effort was made to choose a set of minerals or mineral types for the model that is 
representative of Los Alamos area geology and it's volcanic origins. No prior assumption is 
made about water saturation, where the boundary between saturated and unsaturated zones lies 
(e.g., the depth to the top of the regional aquifer or perched zones). Thus, the presence and 
amount of air in the pore space is unconstrained. Total porosity and water-filled porosity are also 
left unconstrained throughout the analysis interval. Thus, interpretations should be made from 
the ELAN results with the understanding that the mineral-fluid model represents a 
mathematically optimized solution that is not necessarily a physically accurate representation of 
the native geologic formation. Within this context, the ELAN model is a robust estimate of the 
bulk mineral-fluid composition that accounts for the combined response from all the geophysical 
measurements. 

"Mark of Schlumberger 

1Mathematically, this corresponds to an inverse problem - solving for constituent volume fractions from an (over)determined 

system of equations relating the measured log results to combinations of the tool measurement response to individual constituents 
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Table 3.1 
Tool Measurements, Volumes, and Respective Parameters Used in the R-ll ELAN Analysis 
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4.0 RESULTS 

The final log results from the borehole geophysical logging performed by Schlumberger in R-ll 
have been processed, if required, to correct for the well environment and to depth match the logs 
from different tool runs in the well. Additional logs were generated from integrated analysis of 
processed measured logs, providing valuable estimates of key geologic and hydrologic 
properties. In the following description of the results, an attempt is made to organize the 
discussion based on the evaluation needs addressed by the logs instead of describing each log 
independently. 

The log results are presented as continuous curves of the processed measurement versus depth 
and are displayed as (l) summary log displays for selected directly related sets of measurements 
(see Figures 4.1, 4.2, 4.3) and (2) an integrated log montage that contains all the final log curves, 
on depth and side by side (see Appendix D, CD on inside back sleeve). The summary log 
displays address specific characterization needs, such as moisture content and water saturation. 
The purpose of the integrated log montage is to present, side by side, all of the most salient 
reprocessed logs and log-derived models, depth matched to each other, so that correlations and 
relationships between the logs can be identified. 

Important results from the processed geophysical logs in R-ll are described below. 

4.1 Well Water Level 

The well water level in R-ll was measured at 833 ft bgs using a number of different logging 
tools. This same depth was measured at different times over the duration of the logging 
(approximately 18 hours), suggesting that the water level was relatively stable during that time 
period. 

4.2 Regional Aquifer 

The processed log results strongly suggest that R-ll penetrates the regional aquifer below the 
well water level measured at the time of logging (833 ft bgs). The water content and porosity 
from 833 ft bgs to the bottom of the log interval (924 ft bgs) are very high (40% and higher of 
total volume), as are the estimated moveable-water fraction and water saturation. 

The exact top depth of the regional aquifer is difficult to pinpoint. While the top may correspond 
to the well water level (833 ft bgs), the log results suggest that it may reside a little deeper at 842 
ft bgs, where there is a significant increase in water content and estimated water saturation tops 
out at 100% of the pore volume. 

Very high effective porosity and, thus, water flow capacity is estimated from the processed log 
results in the interval 842-924 ft bgs (bottom of log interval). There are significant borehole 
washouts and rugosity across this zone. The log measurements used to derive these estimates 
(primarily from the CMR tool) are adversely affected by the these borehole conditions, causing 
the estimates to be elevated. However, despite the diminished log quality, it is likely that this 
zone does have significant moveable/producible water. The estimated hydraulic conductivity is 
very high across this interval. 
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4.3 Vadose Zone Perched Water 

The processed logs show that most of the vadose zone (above 833 ft bgs) has a water/moisture 
content less than 15% by total volume (see Figure 4.1). 

Elevated water content (20-40% of total volume) and total air-plus-water porosity (30-50% of 
total volume) occur in the interval from 368-417 ft bgs, but all the water is bound (not 
producible). The zone from 368-402 ft bgs appears to be a rubble zone within the basalt lava 
sequence occurring across this section of the borehole. The ELAN analysis predicts that the 
bottom of the rubble zone contains 20% clay (dry weight, fraction), suggesting that the water 
may be pooling on top of the lower-permeability clay. However, the borehole is significantly 
washed out across this whole interval, and the water/moisture may have been introduced from the 
drilling process. 

The interval from 504-540 ft bgs contains slightly higher water content (10-20% of total 
volume), moveable water (7-10%), and total porosity (30-40%) than the surrounding sections of 
the basalt sequence. Again, the ELAN analysis predicts that the interval is underlain by more 
clay-rich zone, and that the whole interval contains small amounts of clay. 

Another slight increase in water content (10-20%) and moveable water volume (5-7%) occurs in 
the interval from 608-623 ft bgs, spanning the bottom of the basalt sequence and the top of the 
Puye Formation (contact at approximately 612 ft bgs). Once again, a clay-rich zone is predicted 
by the ELAN analysis from 612-623 ft bgs. The elevated moveable water volume occurs above 
this zone; the higher overall water content within the zone is likely associated with bound water 
in the clay. 

The intervals of 220-242 ft bgs and 245-255 ft bgs, located within the volcanic tuff/pumice 
sequence comprising the upper part of the borehole, have high total porosity (65%), water 
content (30-35%), and moveable water (20-28%). Each of these intervals is underlain by zones 
with substantial amounts of clay (greater than 30% dry weight), as predicted by the ELAN 
analysis. This is a characteristic log response in most of the logged LANL wells that intersect 
this sequence of the Los Alamos area geologic section (the bottom of Bandelier Tuff and the 
Guaje Pumice Bed). The resistivity logs across these moist intervals show a very large 
separation between the shallow and deep reading measurements the shallow reading much 
lower than the deep possibly indicating that the water is present only next to the borehole. If 
this is the case, the water was likely introduced by the drilling process and preferentially 
collected in these very porous zones. 

The interval between the basalt sequence and the predicted top of the regional aquifer (61 
833 ft bgs), which lies within the Puye Formation, has high total porosity (30-40% of total 
volume), but low water content (15% or less) and moveable water volume (3% or less). The 
ELAN analysis predicts the presence of consistent, minor amounts of clay across the interval (5­
20%). Likely, the water present in this section is mostly clay-bound water. 
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4.4 Geology 

The processed geophysical log results clearly delineate the geologic material intersected by R-l1 
below the casing (60-924 ft bgs). The generalized geologic stratigraphy observed from the logs 
across this interval is as follows (depth below ground surface): 

• 	 60-222 ft bgs: Rhyolitic volcanic tuff - characterized by high total porosity (45-50% 
of total volume), high silica content (~40% dry weight), and consistent minor 
amounts ofclay (5% or less dry weight) 

• 	 222-240 ft bgs: Pumice bed - characterized by extremely high total porosity (70%) 

• 	 240-246 ft bgs: Clay bed characterized by high clay content (30% dry weight) and 
lower total porosity (38%) 

• 	 246-255 ft bgs: Pumice bed - characterized by extremely high total porosity (70%) 

• 	 255-274 ft bgs: Clay bed - characterized by high clay content (as high as 50% dry 
weight) and lower total porosity (40%) 

• 	 274-320 ft bgs: Porous basalt lava flow characterized by high mineral contents of 
plagioclase (40-50% dry weight), pyroxene (20%), and heavy mafic minerals (15­
20%); 30-40% total porosity 

• 	 320-369 ft bgs: Low-porosity basalt lava flow - characterized by high mineral 
contents of plagioclase (40-50% dry weight), pyroxene (20%), and heavy mafic 
minerals (15-20%); 20% total porosity 

• 	 369-402 ft bgs: High-porosity rubble zone within basalt lava flow - characterized by 
high mineral contents of plagioclase (40-50% dry weight) and pyroxene (20-35%), 
the relative absence of heavy mafic minerals, the presence of up to 20% dry weight 
clay, and high total porosity (40-50%) 

• 	 402-612 ft bgs: Low-porosity basalt lava flow characterized by high mineral 
contents of plagioclase (40-50% dry weight), pyroxene (20%), and heavy mafic 
minerals (15-20%); 20% total porosity, with isolated zones as high as 40% 

• 	 612-834 ft bgs: Heterogeneous, high-porosity fanglomerate - characterized by high 
mineral contents of silica (30-40% dry weight) and alkali feldspar (30-40%), minor 
to moderate amounts of clay (5 - 25% dry weight), and 30-40% total porosity 

• 	 834-924 ft bgs: Heterogeneous, high-porosity fanglomerate - characterized by high 
mineral contents of silica (30-40% dry weight) and alkali feldspar (30-40%), variable 
amounts of plagioclase (0 - 40% dry weight), absence of clay (5-25% dry weight), 
and 3 45% total porosity 
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4.5 Summary Logs 

Three summary log displays have been created: 

• 	 Porosity summary log to highlight hydrologic information obtained from the log 
results (Figure 4.1) 

• 	 Density and clay content summary log to highlight the geologic rock matrix 
information obtained from the log results (Figure 4.2) 

• 	 Spectral natural gamma ray summary log to highlight the geologic stratigraphy and 
correlation information obtained from the log results (Figure 4.3) 

4.6 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for R-ll. The montage is 
provided on the Appendix D CD found on the inside back sleeve of this report. A description of 
each log curve in the montage follows---organized under the heading of each track, starting from 
track 1 on the left-hand side of the montage. Note that the descriptions in this section focus on 
what the curves are and how they are displayed; the specific characteristics and interpretations of 
the R-ll geophysical logs are provided in the previous section. 

4.6.1 Track 1 - Depth 

The first track on the left contains the depth below ground surface in units of feet, as measured 
by the geophysical logging system during the AITH logging run. All the geophysical logs are 
depth-matched to the spectral gross gamma measurement run with the AITH. 

Track 2 - Basic Logs 

The second track on the left (inclusive of the depth track) presents the following basic curves: 

• 	 gamma ray (thick black), recorded in API units and displayed on a scale of 0 to 
300 API units 

• 	 two calipers from the FMI (thin dotted and dashed pink) and one from the TLD (thin 
solid pink) with bit size as a reference (dashed-dotted black) to show washout (pink 
shading), recorded as hole diameter in inches and displayed on a scale of 11 to 26 in. 

• 	 spontaneous potential or SP (dashed red - valid only below the borehole water level), 
recorded in millivolts and displayed on a relative scale 

• 	 bulk chlorinity (dashed green with green shading), recorded in parts per thousand 
(ppk) and displayed on a scale of 5 to 0 ppk (left to right) 

• 	 borehole deviation displayed as a tadpole every 10 feet (light blue dots and connected 
line segments) the "head" marks the angular deviation from vertical at that 
particular depth, on a scale of 0 to 5 degrees, and the "tail" shows the azimuth of the 
deviation, true north represented by the tail facing straight towards the top of the page. 
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Figure 4.1. 	 Summary porosity logs in R-ll borehole from processed geophysical logs, interval from 12­
924 ft bgs, with caliper, gross gamma, apparent chlorinity, and water saturation logs. Porosity 
and water saturation logs are derived from the ELAN integrated log analysis. 
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Figure 4.2. 	 Summary bulk density and volume clay logs in R-ll borehole from processed geophysical logs, 
interval of 12-924 ft bgs. Also shown- caliper, gross gamma, apparent grain density, and total 
porosity logs. 
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Figure 4.3. Summary spectral natural gamma ray logs from R-ll borehole, interval from 12-924 ft bgs. 
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Two gamma ray curves from the NGS are 

• 	 total gross gamma (thick solid black curve) and 

• 	 gross gamma minus the contribution of uranium (dashed black). 

4.6.3 Track 3 - Resistivity 

The third track displays the resistivity measurements from the AITH, spanning most of the open­
hole section. All the resistivity logs are recorded in units of ohmmeters and are displayed on a 
logarithmic scale of 2 to 2000 ohm-m. 

Six electrical resistivity logs from the AITH are displayed as 

• 	 Borehole fluid resistivity (solid orange curve) only valid and only displayed in 
water-filled hole (below 833 ft bgs) and 

• 	 Bulk electrical resistivity at five median depths of investigation - lOin. (black solid), 
20 in. (long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 
90 in. (solid purple), each having a two-foot vertical resolution. 

The area between the 10-in. and 90-in. resistivity curves, representing radial variations in bulk 
resistivity (potentially from invasion of drilling fluids), is shaded: 

• 	 blue when the 10-in. resistivity is greater than the 90-in. resistivity (labeled "resistive 
invasive") and 

• 	 yellow when the 90-in. resistivity is greater than the 10-in. resistivity (labeled 
"conductive invasive"). 

A high vertical resolution (-8 in.), shallow-reading (~2 in.) micro-resistivity log from the TLD is 
also displayed in this track (solid pink curve) below 833 ft bgs. 

4.6.4 Track 4 - Porosity 

The fourth track displays the primary porosity log results. All the porosity logs are recorded in 
units of volumetric fraction and displayed on a linear scale of 0.75 (left side) to negative 0.1 
(right side). Specifically, these logs consist of 

• 	 CNT air-filled epithermal neutron porosity (solid sky blue curve) - epithermal 
neutron porosity processed for air-filled hole and, thus, valid (and visible) only in the 
air-filled borehole (above 833 ft bgs); 

• 	 CNT water-filled thermal neutron porosity (dashed light blue curve at bottom) ­
thermal neutron porosity valid (and visible) only in the water-filled borehole (below 
833 ft bgs); 

• 	 CMR total water-filled porosity (solid black); 

• 	 CMR effective water-filled porosity (dashed green); 
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• 	 CMR bound water porosity (light blue area shading) - represented by the area 
between the CMR total and effective water-filled porosities; 

• 	 Total porosity derived from bulk density and neutron porosity using 2.65 glcc grain 
density (thick, long, dashed red), 2.25 glcc (thin, dashed red), and 3.05 glcc (thin, 
dotted red)-with red shading between the 2.25 glcc, and 3.05 glcc curves; and 

• 	 ELAN total water and air-filled porosity (dashed-dotted cyan) - derived from the 
ELAN integrated analysis of all log curves to estimate optimized matrix and pore­
volume constituents. 

4.6.5 Track 5-Density 

The fifth track displays the 

• 	 bulk density (thick solid maroon curve) on a scale of I to 3 grams per cubic 
centimeter (g/cc); 

• 	 photoelectric effect (Pe) (long-dashed black curve) on a scale of 0 to 10 non­
dimensional units; 

• 	 density correction (dashed orange curve) on a scale of -0.75 to 0.25 g/cc; and 

• 	 apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, 
on a scale of 2 to 4 g/cc. 

Grey area shading is shown where the Pe increases above 3 (indicating the presence of heavy, 
possibly mafic, minerals) and orange shading is shown where the density correction is greater 
than the absolute value of 0.25 (indicating the density processing algorithm had to perform a 
major correction to the bulk density calculation). 

4.6.6 Track 6-NGS Spectral Gamma 

The sixth track from the left displays the spectral components of the NGS measurement results as 
wet-weight concentrations: 

• 	 potassium (solid green curve) in units of parts per thousand (Ppk) and on a scale of 
-50 to 50 ppk; 

• 	 thorium (dashed brown) in units of parts per million (ppm) and on a scale of 50 to 
-50 ppm; and 

• 	 uranium (dotted blue) in units of parts per million (ppm) and on a scale of 20 to 
oppm. 

4.6.7 Track 7 - CMR Porosity 

Track 7 displays various CMR water-filled porosities along with measurement quality flags ­
valid only in the open-hole section. The porosity and measurement quality logs are presented on 
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a scale of 0.5 to 0 volume fraction and discrete blocks originating from the left side, respectively. 
Specifically, the CMR logs shown in this track are 

• 	 Total water-filled porosity (solid black curve) - representing the total water volume 
fraction measured by the CMR; 

• 	 Three millisecond (ms) porosity (short-dashed brown) - representing the water 
volume fraction corresponding to the portion of the CMR measured T2 distribution 
that is above 3 ms, a cutoff that is considered to be representative of the break 
between clay-bound water (less than 3 ms) and all other types of water (greater than 3 
ms); 

• 	 Effective water-filled, or free fluid, porosity (solid pink) - representing the water 
volume fraction that is moveable (can flow), based on a 33-ms T2 distribution cutoff 
that is considered representative of the break between bound water (less than 33 ms) 
and moveable water (greater than 33 ms) in clastic rocks; 

• 	 Clay-bound water (brown area shading between total and 3 ms porosity logs) ­
representing the water volume fraction that is bound within clays; 

• 	 Capillary-bound water (pink area shading between 3 ms and effective porosity logs)­
representing the water volume fraction that is bound within matrix pores by capillary 
forces; 

• 	 CMR wait-time flag (red area shading) - activates when there is significant 
measurement response at late T2 times, corresponding to large amounts of completely 
free ("bathtub") water and often associated with washouts or very large pores; 

• 	 CMR measurement noise flag (yellow and orange area shading) - activates when 
there is potentially detrimental amounts of measurement noise detected by the tool, at 
moderate (yellow) and high (orange) levels. 

4.6.8 Track 8 Pore Size Distribution 

Track 8 displays the water-filled pore size distribution as determined by the CMR shown as 
binned water-filled porosities and valid only in the open-hole section. The bimled porosity logs 
are presented on a scale of 0.5 to 0 volume fraction with colored area shading corresponding to 
the different bins: 

• 	 Clay-bound water - brown area shading; 

• 	 Micro pore and small pore water (the sum comprising capillary-bound water) - gray 
and blue area shading, respectively; 

• 	 Medium pore, large pore, and late decay (the sum comprising effective water-filled 
porosity) - yellow, red, and green area shading, respectively. 
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4.6.9 Track 9 - CMR T2 Distribution (Waveforms) 

The CMR T2 distribution is displayed in Track 9 as green waveform traces at discrete depths. 
The horizontal axis, corresponding to relaxation time in milliseconds, is on a logarithmic scale 
from 0.3 to 3000 ms. Also plotted are the 

• 	 T210garithmic mean (solid blue curve) and 

• 	 T2 cutoff time used for differentiating between bound and free water (solid red line)­
a constant 33 ms in this case. 

4.6.10 Track 10 - CMR T2 Distribution (Heated Amplitude) 

Track 10 displays the T2 distribution in another way - on a heated color scale, where 
progressively "hotter" color (green to yellow to red) corresponds to increasing T2 amplitude. 
The remaining aspects of the display are the same as in Track 9, except that the T2 logarithmic 
mean is shown as a solid white curve and the T2 cutoff is not displayed. 

4.6.11 Track 11- CMR Hydraulic Conductivity 

Track 11 displays several estimates of hydraulic conductivity (K) from the CMR measurements, 
valid only in the open-hole section, as well as one derived from the ELAN analysis, presented on 
a logarithmic scale of 10-3 to 107 cm/s multiplied by 106

: 

• 	 A K-versus-depth estimate (dashed purple curve) derived from the Schlumberger-Doll 
Research permeability equation, converted to hydraulic conductivity 

• 	 A K-versus-depth estimate (solid blue curve) derived from the Timur-Coates 
permeability equation applied to a tapered T2 cutoff, converted to hydraulic 
conductivity 

• 	 An intrinsic K-versus-depth estimate (assuming full saturation) (dotted cyan) derived 
from the ELAN analysis, converted to hydraulic conductivity 

4.6.12 Track 12- FMI Image (Dynamic Normalization) 

Track 12 displays the FMI image, measured across the interval from 833-924 ft bgs and 
processed with dynamic normalization so that small-scale electrical resistivity features are 
amplified in the image. (With dynamic normalization, the range of electrical resistivity 
amplitudes - colors in the image - is normalized across a small moving depth window.) The 
image is fully oriented and corresponds to the inside of the borehole wall unwrapped, such that 
the left-hand side represents true north, half-way across the image is south, and the right-hand 
side is north again. The four color tracks in the image correspond to portions of the borehole wall 
contacted by the four FMI caliper pads; the blank space in between is the portion of the borehole 
wall not covered by the pads. 

Also displayed are the interpreted bed boundaries (thin blue sinusoids) and drilling-induced 
fractures (thick purple sinusoids). 
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4.6.13 Track 13 - FMI Bedding and Fractures 

Track 13 displays the interpreted bed boundaries and fractures picked from the FMI image, 
shown in two ways: 

• 	 Individually as blue (bed boundary) and red (drilling-induced fractures) tadpoles at 
the depths the bedding plane or fracture crosses the midpoint of the borehole - where 
the "heads" (circles) represent the dip angle, and the "tails" (line segments) represent 
the true dip azimuth (direction the bed is dipping towards); 

• 	 Summed as dip azimuth rose histograms (green colored fan plots for bed 
boundaries) - where the number of bed boundaries having a dip direction within a 
particular sector are summed, thus highlighting the predominant dip directions. 

4.6.14 Track 14 - FMI Image (Static Normalization) 

Track 14 displays the FMI image again, but in a different way - processed with static 
normalization to highlight larger-scale features and trends. (With static normalization the range 
of electrical resistivity amplitudes colors in the image - is normalized across the entire length 
of the log interval.) Again, the FMI image was measured across the open-hole interval 833­
924 ft bgs. 

4.6.15 Tracks 15 to 19 - Geochemical Elemental Measurements 

The narrow tracks 15 to 19 present the geochemical measurements iron (Fe) and silicon (Si), 
sulfur (S) and calcium (Ca), potassium (K) and estimated aluminum (AI), titanium (Ti) and 
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (CI), from left to right, respectively, in 
units of dry matrix weight fraction (except H wet-weight fraction, CI and K in ppk). 

4.6.16 Track 20 - ELAN Mineralogy Model Results (Dry Weight Fraction) 

Track 20 displays the results from the ELAN integrated log analysis (the matrix portion) 
presented as dry weight fraction of mineral types chosen in the model: 

• 	 Montmorillonite clay (brown/tan) 

• 	 Quartz (yellow with small black dots) 

• 	 Silica glass (orange) 

• 	 Orthoclase or other potassium feldspar (lavender) 

• 	 Labradorite or other plagioclase feldspar (pink) 

• 	 Hypersthene (purple) 

• 	 Hornblende (forest green) 

• 	 Augite (maroon) 
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• 	 Heavy mafic/ultramafic minerals, such as magnetite or olivine (dark green) 

• 	 Pyrite (cross-hatched red). 

4.6.17 Track 21- ELAN Mineralogy-Pore Space Model Results (Wet Volume Fraction) 

Track 21 displays the results from the ELAN integrated log analysis, presented as wet mineral 
and pore-fluid-volume fractions: 

• 	 Montmorillonite clay (brown/tan) 

• 	 Clay-bound water (checkered gray-black) 

• 	 Quartz (yellow with small black dots) 

• 	 Silica glass (yellow with large black dots) 

• 	 Orthoclase or other potassium feldspar (lavender) 

• 	 Labradorite or other plagioclase feldspar (pink) 

• 	 Pyrite (tan with large black squares). 

• 	 Hypersthene (purple) 

• 	 Hornblende (forest green) 

• 	 Augite ( maroon) 

• 	 Heavy mafic minerals, such as magnetite (dark army green) 

• 	 Air (red) 

• 	 Moveable water (white) 

• 	 Capillary-bound water (light blue). 

4.6.18 Track 22 - Summary Logs 

Track 22, the second track from the right, displays several summary logs that describe the fluid 
and air-filled volume measured by the geophysical tools, including water saturation, which show: 

• 	 Optimized estimate of total volume fraction water from the ELAN analysis (solid 
dark blue curve and area shading); 

• 	 Optimized estimate of moveable volume fraction water (effective porosity in fully 
saturated conditions) from the ELAN analysis (dashed cyan curve and green area 
shading); 
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• 	 Optimized estimate of total volume fraction of air-filled porosity from the ELAN 
analysis (solid red curve and dotted red area shading); 

• 	 Optimized estimate of water saturation (percentage of pore space filled with water) 
from the ELAN analysis (dashed-dotted purple curve); 

• 	 Water saturation as calculated directly from the bulk density and geochemical 
estimated porosity using a grain density of 3.05 glcc (dotted light blue curve), 2.65 
glcc (long-dashed light blue curve), and 2.25 glcc (dashed light blue curve)-with light 
blue shading between the 2.25 and 3.05 glcc saturation curves to show the range; 

• 	 Integrated estimated relative water flow from the CMR log that mimics a flow meter 
(spinner) acquired under flowing conditions (solid black line coming from left-hand 
side at bottom of logged interval); and 

• 	 Potential for water flow indicator from the CMR log (block green cross-hatched 
shading coming from the right-hand side of the track). 

The porosity curves scale from 0 to 1 total volume fraction, left to right; the water saturation 
scales from 0 to 1 volume fraction of pore space, from left to right. The relative water flow is on 
a scale of 0 to 1 relative volumetric flow rate from left to right. The flow indicator is a binary­
valued flag that rises to halfway through the first division from the right on the X-axis when the 
CMR measurement indicates a potential for flow. 

4.6.19 Track 23 - Depth 

The final track on the right, same as the first track on the left, displays the depth below ground 
surface in units of feet, as measured by the geophysical logging system during the AITH-NGT 
logging run. 
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Characterization Well R-JJ 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-ll 

I 
Geologic Unit Lithologic Description 

Qal, Note: Core samples are described from 0 to 62.9 ft 

Alluvium bgs. 
Unconsolidated sediments, sandy silt (SM) with gravel, 
brown (lOYR 5/4), Contains 5% organic matter; slightly 
moist. Note: rock core samples described from 0 to 
62.9 ft below ground surface (bgs). 

Unconsolidated sediments, sandy silt (SM) with gravel, 
brown (I0YR 5/4), fine to medium sand, subrounded to 
subangular. Grains consist of quartz, sanidine, 
hornblende, and dacite; weak calcareous cementing; 
slightly moist. 

No core recovery. 

Unconsolidated sediments, sandy silt (SM), brown 
1(10YR 5/4), fine to medium sand. Some orange brown 
clay pockets; I-em-thick calcareous cemented layer at 
13.0 ft bgs. 

No core recovery. 

Unconsolidated sediments, sandy silt (SM) with gravel, 
'brown (lOYR 5/4), fine to coarse sand, subrounded to 
I~UbangUlar. Grains consist of quartz and sanidine; local 
dacite pebbles up to 2 cm; slightly moist to moist. 

iNo core recovery. 

Unconsolidated sediments, sandy silt with clay (ML), 
brown (lOYR 5/4), fine sand, medium plasticity. 
r-
No core recovery. 

Unconsolidated sediments, sandy silt with clay 
(MLlSM), brown (IOYR 5/4), fine to coarse sand 
occurring in thin lenses. Interbedded sandy silts with 
clay and silty sand with clay; sand grains consist of 
quartz and sanidine; moist. 

Unconsolidated sediments, silty sand with clay 
(SM/SC), brown (lOYR 5/4), fine to medium sand. 
Sand grains consist ofquartz, sanidine, amphibole 
crystals, and volcanic Iithics. 

No core recovery. 

Very little core recovered. Larger blocks at 43.0 ft 
indicate stratigraphic top of the colluvium. 

Qc, Colluvial boulder, volcanic tuff, light gray (5YR 611), 
Colluvium moderately welded. white and pinkish pumices, quartz 

land sanidine phenocrysts, volcanic lithics in fine ash 
imatrix; pumices mostly devitrified. 

iNo core recovery. 

Sample Interval 

(ft) 

0-3.5 

3.5-9.8 

9.8-13.0 

13.0-16.6 

16.6-18.0 

18.0-21.3 

21.3-23.0 

23.0-25.5 

25.5-28.0 

28.0-31.7 

31.7-33.0 

33.0-38.0 

38.0-43.0 

43.0-47.8 

47.8-48.0 

Elevation Range i 
(ft above msl) 

6673.2-6669.7 

6669.7-6663.4 

6663.4-6660.2 

6660.2-6656.6 

6656.6-6655.2 

6655.2-6651.9 

6651.9-6650.2 

6650.2-6647.7 

6647.7-6645.2 

6645.2-6641.5 

6641.5-6640.2 

6640.2-6635.2 

6635.2-6630.2 

6630.2-6625.4 

6625.4-6625.2 
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Characterization Well R-JJ 

.--.......• ­
Sampie Interval 

Lithologic Description (ft) 

Unconsolidated sediments, silty sand (SM), reddish 48.0-48.7 
brown (5YR 5/4). Sand grains angular to subangular 
with gray and pink pumice fragments. 

Colluvial clast, volcanic tuff, light gray (5YR 6/1), 48.7-48.9 
moderately welded. White and pinkish pumices, quartz 
and sanidine phenocrysts, volcanic Iithics in fine ash 
matrix; pumices mostly devitrified. 

Unconsolidated sediments, silty clayey sand (SM/SC), 48.9-50.8 
reddish brown (5YR 4/6), non-welded Sand grains 
with reddish pink pumice fragments up to 5 cm. 

No core recovery. 50.8-53.0 

Colluvial detritus made up of volcanic tuff, light gray to 53.0-55.4 
.white (5YR 8/1), crystal rich, moderately to poorly 
welded. Composed of 15% pumice, 80% quartz and 
Isanidine crystals, 5% volcanic Jithics. 

INo core recovery. 55.4-58.0 

IColluvial detritus made up of volcanic tuff, grayish tan 58.0-62.9 

(lOYR 7/2), crystal rich, moderately welded. 

Composed of 10-15% white pumice (up to I cm), 

abundant quartz and sanidine crystals, minor volcanic 

lithics. 


.... 

• 
Geologic Unit 

Note: Drill cuttings are described from 62.9 to 926.5 
ft bgs. 

Colluvial detritus made up of volcanic tuff, moderate 

yellowish brown (10YR 5/4), lithic poor, pumice rich, 

moderately welded. + IOF (i.e., plus No. 10 sieve-size 

fraction): composed of >80% pumice fragments up to I 

cm. + 35F (i.e., plus No. 35 sieve-size fraction): 60% 

pumice fragments, 40% quartz and sanidine crystals. 


62.9-70 

Colluvial detritus made up of volcanic tuff, grayish 70-75 
orange (JOYR 7/4), pumice rich, moderately welded. 
+ lOF: (very small quantity of sample recovered) 85­
95% pumice fragments, 5-10% lithic fragments. + 35F: 
40-60% pumice fragments, 40% quartz and sanidine 
crystals, 5% lithic fragments. 

Insufficient recovery for chip samples. Small amount of 75-90 
recovered whole rock (WR) sample indicates interval is 
similar to 70-75 ft. 

INo cuttings returned; no sample available for 85-90 
examination. 

Colluvial detritus made up of volcanic tuff, very pale 90-98 
orange (1 OYR 8/2), pumice rich, moderately welded. 
+ lOF: 30-40% pumice fragments (up to I cm), 30-40% 
Iquartz and sanidine crystals, 20% lithic fragments. 
1+35F: 30-40% pumice fragments, 50-60% quartz and 
sanidine crystals, 5-20% lithic fragments. 

• 

Elevation Range 

(ft above msl) 

6625.2-6624.5 

6624.5-6624.3 

6624.3-6622.4 

6622.4-6620.2 

6620.2-6617.8 

6617.8-6615.2 

6615.2-6610.3 

6610.3-6603.2 

6603.2-6598.2 

6598.2-6583.2 

6588.2-6583.2 

6583.2-6575.2 
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Characterization Well R-JJ Completion Report 

Geologic Unit Lithologic Description 
Sample Interval 

(ft) 

Elevation Range 
(ft above msl) 

Qbo, 

Otowi Member, 
Bandelier Tuff 

Volcanic tuff, very pale orange (I OYR 8/2), pumice 
rich, moderately welded. + I OF: 70% pumice fragments 
(up to I cm), vitric, vesicular, 3-5% lithic fragments. 
+35F: 40% pumice fragments, 40% quartz and sanidine 
crystals, 20% lithic fragments. General increase in lithic 
fragments noted in interval 110-115 ft. 

98-125 6575.2-6548.2 

Volcanic tuff, very pale orange (lOYR 8/2), pumice 
rich, lithic rich, moderately welded, vitric. + 1 OF: 60­
70% vitric pumice fragments (up to 1 cm),30-40% 
lithic fragments. +35F: 30-40% vitric pumice 
fragments, 65% quartz and sanidine crystals, 5% lithic 
fragments. 

125-150 6548.2-6523.2 

Interval 130-135 ft contains 25% quartz and sanidine 
crystals, 65% pumice, and 5% lithics in the 35F sample. 

130-135 6543.2-6538.2 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice 
rich, moderately welded. + I OF: 80% pumice fragments 
(up to 1.7 cm), 15% lithic fragments, 5% sanidine and 
qUaIiz crystals. +35F: 40% vitric pumice fragments, 
50% quartz and sanidine crystals, 10% lithic fragments. 

150-175 6523.2-6498.2 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice 
rich, poorly to moderately welded. + I OF: 75% vitric 
pumice fragments (0.2 to 1.8 cm), 20% quartz and 
sanidine crystals, 5% lithic fragments (0.1 to 1.0 cm). 
+35F: 65% pumice fragments, 30% quartz and sanidine 
crystals, 10% lithic fragments. At 195-200 ft pumice 
becomes more vesicular. 

175-200 6500.2-6475.2 

6498.2-6473.2 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice 
rich, poorly to moderately welded, vitric. + 1 OF: 90% 
vitric pumice fragments (0.2 to 1.8 cm), 5% lithic 
fragments, 5% sanidine and quartz crystals. + 35F: 70% 
pumice fragments, 25% quartz and sanidine crystals, 
5% lithic fragments. 

200-215 6473.2-6458.2 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice 
rich, poorly to moderately welded, vitric. + 1 OF: 90% 
vitric pumice fragments (0.2 to l.l cm), 5% lithic 
fragments, 5% sanidine and quartz crystals. +35F: 70% 
pumice fragments, 25% quartz and sanidine crystals, 
5% lithic fragments. 

215-220 6458.2-6453.2 

Qbog, 
Guaje Pumice Bed 

Air-fall tuff, very pale orange (lOYR 8/2), pumice-rich 
lapilli tuff, non-welded. + 1 OF: 90-95% vitric pumice 
fragments (up to 3 mm), 5% volcanic lithic fragments, 
5% quartz and sanidine crystals. +35F: 45% pumice, 
5% lithics, 50% quartz and sanidine crystals. 

Note: The top of the Guaje Pumice Bed is estimated 
to be at 222 ft bgs. 

220-225 6453.2-6448.2 
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Characterization Well R-JJ ,"-,VI""'«;' 

Geologic Unit Lithologic Description 
Sample Interval 

(ft) 
Elevation Range 

(ft above msl) 

Air-fall tuff/tuffaceous sediments very pale orange , 
(IOYR 8/2), pumice-rich lapilli tuff, non-welded. + I OF: 
90-95% vitric pumice fragments (I to 5 mm), 5% 
volcanic lithic fragments, 5% quartz and sanidine 

225-240 64482-6433 2 

crystals. +35F: 65% pumice, 5% lithics, 30% quartz 
iand sanidine crystals. 

Air-fall tuff, grayish orange pink (5YR 7/2), pumice- 240-245 6433.2-6428-2 
rich, non-welded. + I OF: 90% vitric pumice fragments (I 
to 3 mm), 5% volcanic lithic fragments, 5% quartz and 
sanidine crystals. +35F: 30% white pumice, 30% 
orange pumice, 10% lithics, 30% quartz and sanidine 
crystals. 

Tpf, No cuttings returned and no core samples available for 245-280 6428.2-6393.2 
Puye Formation examination. 

Note: Based upon geophysical logs, the Puye 
Formation is estimated to occur between 242 and 
274 ft bgs, 

Tb, Basalt, medium dark gray (N4). WR/+ 10F: weakly 280-285 6393.2-6388.2 

Cerros del Rio Basalt porphyritic with aphanitic groundmass, weakly 
ivesicular, phenocrysts (5%) of olivine and plagioclase; 
Ilocal white amygdaloidal clay. 

Note: The top of Cerros del Rio Basalt is estimated 
.to be at 274 ft bgs. 

Basalt, medium dark gray (N4). WR/+ 10F: weakly I 285-290 6388.2-6383.2 
porphyritic with aphanitic groundmass, moderately 
vesicular, phenocrysts (5%) of olivine and plagioclase; 
local white amygdaloidal clay; iron-oxide staining 
common. 

Basalt, medium light gray (N6). WR/+ I OF: weakly 290-300 6383.2-6373.2 
iporphyritic with aphanitic groundmass, weakly 
ivesicular, plagioclase phenocrysts (up to I %); local 
white clay coating fragments; iron-oxide staining 
common. 

Basalt, medium light gray (N6). WR/+ 10F: weakly 
porphyritic with aphanitic groundmass, vesicular, 
phenocrysts (up to 1-2%) of plagioclase and olivine; 
local weak Iron-oxide staining. 

300-325 6373.2-6348.2 

Basalt, light olive gray (5YR 6/1). WR/+ lOF: 
porphyritic with aphanitic groundmass, moderately 
vesicular, phenocrysts (5-10%) of plagioclase, olivine, 
and pyroxene; local iddingsite replacement after olivine; 
local iron-oxide staining. 

325-350 6348.2-6323.2 

Basalt, medium light gray (N6). WR/+ IOF: weakly 
porphyritic with aphanitic groundmass, moderately 
:vesicular, phenocrysts of plagioclase, olivine, and 
ipyroxene; olivines frequently oxidized or replaced by 
iddingsite; local iron-oxide staining common; small 
iamounts ofclay fillmg some veSIcles. 

350-375 6323.2-6298.2 
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Characterization Well R-JJ 

Sample Interval Elevation Range 
Geologic Unit Lithologic Description (ft) (ft above msl) I 

IBasalt, medium gray (N5). WR/+ IOF: porphyritic with 375-380 6298.2-6293.2 
iaphanitic groundmass, vesicular, phenocrysts (5-10%) 
,of olivine, pyroxene and minor plagioclase; moderate i 
I,iddingsite alteration after olivine; local clay filling some 
vesicles. I 
!No cuttings returned; no sample available for 380--435 6293.2-6238.2 
iexamination. 

IBasalt, medium gray (N5). WR/+ IOF: porphyritic with I 435--451 6238.2-6222.2I 
iaphanitic groundmass, weakly vesicular to massive, . 
olivine and plagioclase phenocrysts (5-15%); olivine 
crystals commonly oxidized or replaced; minor clay 
filling vesicles. 

Basalt, moderately red (5YR 5/4). WR/+ IOF: 451--453 6222.2-6220.2 
porphyritic with aphanitic ground mass, strongly 
vesicular to scoriaceous, olivine and pyroxene 
phenocrysts (5-10%); olivine crystals oxidized or 
replaced. 

Basalt, grayish purplish red (5YR 4/2). WR/+ IOF: 453--468 6220.2-6205.2 
porphyritic with aphanitic groundmass, strongly 
vesicular to scoriaceous, phenocrysts «5%) primarily 
of plagioclase. 

Basalt, dark gray (N3), porphyritic with aphanitic 468--478 6205.2-6195.2 
groundmass, vesicular to massive. WR/+ IOF: 
phenocrysts «30%) of olivine, plagioclase, and 
pyroxene. 

Basalt, dark gray (N3), porphyritic with aphanitic 478-503 6195.2-6170.2 
groundmass, vesicular to massive. WR/+ IOF: 
I;henocrysts (20%) of plagioclase, pyroxene and minor 
olivine. 


iBasalt, dark gray (N3), porphyritic with aphanitic 
 503-523 6170.2-6150.2 I
igroundmass, vesicular to massive. WR/+ IOF: I 
phenocrysts (20%) of plagioclase, pyroxene and 
'olivine. At 518-523 ft basalt is grayish brown (5YR 
6/1). 

Basalt, medium gray (N5), porphyritic with aphanitic 
groundmass, weakly vesicular to massive. WR/+1OF: 
phenocrysts of plagioclase and minor olivine; olivines 
.oxidized or replaced by iddingsite. 

523-553 6150.2-6120.2 

Basalt, medium gray (N5), porphyritic with aphanitic 
groundmass, weakly vesicular to massive. WR/+1OF: 
phenocrysts of olivine, plagioclase and pyroxene. 

553-568 6120.2-6105.2 

iBasalt, medium light gray (N6), porphyritic with 
aphanitic groundmass, massive. WR/+IOF: phenocrysts 
of plagioclase and olivine. 

568-578 6105.2-6095.2 

Basalt, medium light gray (N6), porphyritic with 578-603 6095.2-6070.2 
aphanitic groundmass, massive. WR/+ IOF: phenocrysts 
of plagioclase, olivine, and minor pyroxene. I 
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Characterization Well R-JJ 

.Sample IntervalI Elevation Range '. 

Geologic Unit Lithologic Description (ft) (ft above msl) 

Basalt, medium light gray (N6) with lesser of dusky red 
color (1 OR 2/2), porphyritic with aphanitic groundmass, 

603-{513 I 
I 

6070.2-{5060.2 

vesicular. WR/+1OF: phenocrysts of plagioclase, 
olivine, and trace pyroxene. At 608-610 ft, occurrence 
of medium orange pink (5YR 8/4) clay. 

Tpf, Basalt/clastic sediments (transition interval). Poor 613-{523 6060.2-6050.2 
Puye Formation sample recovery. Basalt, medium gray (N5), porphyritic 

with aphanitic groundmass. Phenocrysts ofolivine and 
I 

plagioclase; clay filling ofvoids common. 

Note: The top of the Puye Formation is estimated to 
jbe at 612 ft bgs. 

Volcaniclastic sediments, silty gravel (GM) with sand, 623-{528 6050.2-{5045.2 
light brown gray (5YR 611). + 1OF: 70% porphyritic 
dacite, 30% basalt; broken fragments and subrounded 
clasts. 

Volcaniclastic sediments, gravel (GW) with sand, light 628-{553 6045.2-{5020.2 
brown gray (5YR 6/1). + 1OF: 80-90% volcanic 
lithologies represented by broken fragments and 
·subrounded clasts. 

INo cuttings returned; no sample available for 653-713 6020.2-5960.2 
iexamination 653 to 713 ft. 

Volcaniclastic sediments, poorly graded sand (SP), 713-728 5960.2-5945.2 
medium light gray (N6). WR: 100% medium- to coarse-
grained sand. 

N olcaniclastic sediments, poorly graded sand (SP), 
i 

728-733 5945.2-5940.2 
!medium light gray (N6). WR: 100% medium- to coarse­
jgrained sand. 

iNo cuttings returned; no sample available for 733-743 5940.2-5930.2 
iexamination. 

IVolcaniclastic sediments, gravel (GW) with sand, light 743-748 5930.2-5925.2 
ibrownish gray (5YR 611), pebble clasts (up to 2.5 cm) 
'are subangular to subrounded. I 
I 
No cuttings returned; no sample available for 748-753 5925.2-5920.2 I 

iexamination. 
i 

IVolcaniclastic sediments, silty sand (SM) with gravel, 753-768 5920.2-5905.2 
pale yellowish brown (IOYR 6/2), fine- to medium­
!grained sand. + 10F: 90% volcanic lithics, gravel clasts 
(up to 1.5 cm) are subangular to subrounded. 

!Clastic sediments, silty sand (SM) with gravel, pale 768-778 5905.2-5895.2 
!yellowish brown (10YR 6/2), broken to subrounded 
ravel cia," (up to 2.0 em) with fine- to medium-
grained sand. + 1OF: clasts made up of porphyritic 
dacite. 
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Characterization Well R-II 

Sample Interval Elevation Range I 
(ft)Lithologic DescriptionGeologic Unit (ft above msl) 

IClastic sediments, sand (SW) with gravel and silt, pale 
yellowish brown (lOYR 6/2), broken to subrounded 
gravel clasts (up to 1.0 cm) with fine- to coarse-grained 
I~and. + I OF: clasts made up of porphyritic dacite, and 
indurated sandstone. 

778-803 5895.2-5870.2 I 

Clastic sediments, gravel (GW) with sand and silt, very 
Ipale orange (I OYR 8/2), subangular to subrounded 
grave) clasts (up to 2.0 cm). + I OF: clasts made up of 
porphyritic dacite and other volcanics. 

803-828 5870.2-5845.2 

Volcaniclastic sediments, gravel (GW) with sand and 
silt, very pale orange (lOYR 8/2), broken to subangular 
gravel clasts (up to 1.0 cm). + I OF: clasts made up of 
porphyritic dacite, minor basalt, and other volcanics. 

828-853 5845.2-5820.2 

Volcaniclastic sediments, gravel (GW) with sand and 
silt, very pale orange (lOYR 8/2), subangular to 
subrounded gravel clasts (up to 1.5 cm). + I OF: clasts 
made up of porphyritic dacite, minor basalt, and other 
ivolcanics. 

853-878 5820.2-5795.2 

!Volcaniclastic sediments, poorly graded gravel (GP) 
with sand, pale yellowish brown (IOYR 6/2), 
isubangular to subrounded gravel clasts (up to 2.0 cm). 
+ 1 OF: clasts made up of porphyritic dacite and minor 
diverse volcanic rocks. 

878-898 5795.2-5775.2 

Clastic sediments, silty gravel (GM) with sand, pale 
yellowish brown (I OYR 6/2), subangular to rounded 
gravel clasts (up to 1.0 cm). + IOF: clasts made up of 
quartzite, quartz, porphyritic dacite, and minor basalt. 

898-903 5775.2-5770.2 

Clastic sediments, poorly graded gravel (GP) with sand, 
pale yellowish brown (lOYR 6/2), subangular to 
lrounded gravel clasts (up to 1.5 cm). + I OF: clasts made 
!up of abundant quartz and quartzite; minor diverse 
volcanic rocks. 

903-9265 5770.2-5746.7 

ITOTAL DEPTH OF R-Il a WAS 926.5 FT BOS. 
BOREHOLE R-ll WAS DRILLED TO 926 FT BOS. 

Note: This lithologic log describes core samples collected from the corehole at the R·ll site to 62.9 ft bgs; thereafter, geologic 
cuttings from well R-II a are described. 
Note: American Society for Testing Materials (ASTM) standards were used to describe the texture of drill chip samples for 
sedimentary rocks such as alluvium and the Puye Formation. ASTM method D 2488-90 incorporates the Unified Soil 
Classification System (USCS) as a standard for field examination and description of soils. The following is a glossary of standard 
USCS symbols used in the R-ll lithologic log. 

OW = Well graded gravel SW Well-graded sand ML = Sandy silt OP Poorly graded gravel 

SP = Poorly graded sand SC = Clay OM Silty gravel SM = Silty sand 

Reference: ASTM D 2488·90. Standard Practice and Identification of Soils (Visual-Manual Procedure) 

Note: Cuttings were collected at nominal 5-ft intervals and divided into three sample splits: (I) unsieved, or whole rock (WR), 
sample; (2) + IOF sieved fraction (No. 10 sieve equivalent to 2.0 mm); and (3) +35F sieved fraction (No. 35 sieve equivalent to 
0.50 mm). 


Note: The term "per cent", as used in the above descriptions, refers to per cent by volume for a given sample component. 


Note: Contact locations are based on cuttings retrieval. There is good agreement between this borehole log and the geophysics 

report. However, the geophysics report shows a clay layer from 240-246 bgs that is absent in this log. 
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Appendix E 

Aquifer Testing Report and Aquifer Test Data 
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Characterization Well R-JJ 

R-ll PUMPING TEST ANALYSIS 
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Characterization Well R-JJ 

1.0 INTRODUCTION 

1.1 Field Setup 

Initial background data were collected before initial pump installation on November 20, 2003, 
and continued after the pump was installed. The pump power cable failed on 
November 21, 2003, and the pump and associated equipment were removed and replaced. 
Background data were again collected starting November 23. On November 24, the pump was 
tested again and failed due to a pressure spike. The damaged pump was removed and replaced 
on December 1, 2003, and data collection resumed on the morning of December 2, 2003. 

All discharge water produced during the test and setup activities was contained in a 
20,000-gallon Baker storage tank located 60 feet (ft) east of the well; a tanker truck periodically 
drained this tank during the test to prevent overflow. Water was disposed of in accordance with 
a Notice of Intent (NOI) to discharge filed with the New Mexico Environment Department 
(NMED). 

On Monday December 1, 2003, WDC Exploration and Wells, Inc. (WDC) installed a 4-in. 
diameter, 7.5 horsepower, 3-phase, 480 VAC, Franklin Electric motor and 56-bowl Grundfos 
pump in well R-ll. A I-inch (in.) diameter Schedule 40, steel column pipe with standard 
couplings cOlmected the pump at a depth of 867 ft below ground surface (bgs) to the surface. 
The pump had a 4-ft-long bowls assembly and was capable of pumping 18 gallons per minute 
(gpm) against 1,200 ft of dynamic head. The motor was 1.5 ft long. A non-spring check valve 
was built into the top of the pump, and a spring-loaded check valve was installed half way 
between the pump and ground surface. The pump intakes were located 868 ft bgs, 
approximately 12 ft below the top of the well screen. The static depth to water was 817.47 ft bgs 
on December 2, 2003, before the start of the test. Kleinfelder installed a 30-psi In Situ 
Mini-Troll pressure transducer/data logger into a I-in. PVC slave tube to a depth of 
approximately 855 ft, which was about 35 ft below static water level. 

1.2 Pumping Test Analysis 

This section describes the analysis of the constant-rate pumping test data from R-l1. The 
primary objective of the analysis was to determine the hydraulic conductivity of the screened 
well section in R-l1. 

In the analysis, data were scrutinized from three episodes of data collection - background, 
pumping and recovery. The Thanksgiving weekend shutdown afforded the luxury of collecting 
almost a week of background data from R-l1. Background data scrutinized were those collected 
starting at 3 :00 pm on November 24, 2003, and continuing until 9:05 am on December 1, 2003. 

Following background data collection, the well was pumped at an average rate of 19.2 gpm for 
1441 minutes from 2:15 p.m. on December 2, 2003, until 2:16 p.m. on December 3. Following 
shutdown, recovery data were collected for 42 hours until 8: 16 am. on December 5. 

2.0 BACKGROUND DATA 

Figure E.2-1 shows the background data collected from R-l1. It is apparent from the graph that, 
on any given day, water levels can fluctuate more than a tenth of a foot and even up to half a foot 
as evidenced by the data collected on November 27,2003. 
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Figure E.2-1. Hydrograph of Well R-11 Background Data 
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Characterization Well R-ll 

Background water level fluctuations have several causes, among them barometric pressure 
changes, operation of other wells in the aquifer, earth tides, and long-term trends related to 
weather patterns. The background data hydro graph from R-ll was compared to barometric 
pressure data from the area to determine if a correlation existed. 

Barometric pressure data were obtained from the Los Alamos National Laboratory TA-54 tower 
site from RRES-Meteorology and Air Quality, the monitoring station closest to R-II. The 
TA-54 measurement location is at an elevation of 6,548 ft above mean sea level (amsl), whereas 
the wellhead elevation is 6,672 ft amsl. Furthermore, the static water level in R-II is about 
833 ft bgs, making the water table elevation 5,839 ft amsl. Therefore, the measured barometric 
pressure data from T A-54 had to be adjusted to reflect the pressure at the elevation of the water 
table within R-II. 

The following fonnula was used to adjust the measured barometric pressure data: 

E TA54P. - P exp[- g [E1II1 - - EWT Em] J]wr - TA54 ,
3.281R T1'A54 TWELL 

where 

PWT barometric pressure at the water table inside R-l1 
PTA54 barometric pressure measured at TA-54 
g = acceleration of gravity, in meters per second per second (m/sec2

) (9.80665 m/sec2
) 

R gas constant, in Joules per kilogram (J/Kg)/degree Kelvin (287.04 J/Kg/degree 
Kelvin) 

ERl1 land surface elevation at Rll, in feet (6,672 ft) 
ETA54 elevation of barometric pressure measuring point at TA-54, in feet (6,548 ft) 
EWT elevation of the water level in Rll, in feet (5,839 ft) 
TTA54 air temperature near TA-54, in degrees Kelvin (assigned a value of 40 degrees 

Fahrenheit, or 277.6 degrees Kelvin) 
TWELL = air temperature inside R-ll, in degrees Kelvin (assigned a value of 60 degrees 

Fahrenheit, or 288.7 degrees Kelvin) 

The resulting "water table" barometric pressure data were plotted for approximately the same 
time interval as the background water level collection period. Figure E.2-2 shows the resulting 
pressure curve. A comparison of Figures E.2-1 and E.2-2 shows a high degree of similarity, 
suggesting that most of the background water level fluctuation was attributable to barometric 
pressure changes. 

This idea was tested by correcting the observed barometric pressure change for barometric 
efficiency and fitting the resulting curve to the hydrograph. Figure E.2-3 shows the fit that was 
obtained for a barometric efficiency value of96 percent. 

Figure E.2-3 shows a match between the hydro graph and adjusted barometric pressure data for 
the first four days of data collection, suggesting that barometric pressure fluctuations accounted 
for the observed water level changes during this period. Over the last couple of days of data 
collection, however, there is a separation of the data curves, suggesting a secondary background 
effect. It is presumed that the secondary effect was caused by operation of municipal well PM-3, 
located approximately 0.5 miles east ofR-II. 
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Figure E.2-2. Barometric Pressure at Water Table 
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Figure E.2-3. Comparison of R-11 Hydrograph and Barometric Pressure Change, Adjusted 
For 96 Percent Barometric Efficiency 
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It is apparent that large background water level variations are sufficient to mask the small water 
level changes used to support pumping test interpretation. The magnitude of the background 
"noise" in the R-Il pumping test made test interpretation difficult. Even when barometric 
pressure effects were subtracted out of the data set, the remaining data anomalies were large 
compared to the pumping-test-induced water level changes over time. 

3.0 TIME-DRAWDOWN ANALYSIS 

Figure E.3-1 shows a semi-log plot of the time-drawdown data recorded during the pumping test. 
The resulting curve is highly complex, showing a steep initial trace, a flat middle section, and 
significant water level variation late in the test. The first step in analyzing time-drawdown data 
is to screen out casing storage affected data. These are data points that fall off the theoretical 
response curve because of the time it takes for the pump to evacuate the volume of water stored 
in the well casing. Such data cannot be analyzed. 

The duration of casing storage effects can be calculated using the following equation (Schafer, 
1978). 

s 

where, 

Ie duration of casing storage effect, in minutes 

D inside diameter of well casing, in inches (4.5 in.) 

d outside diameter of column pipe, in inches (1.315 in.) 

Q discharge rate, in gpm (19.2 gpm) 

s drawdown observed in pumped well at time tc, in feet (1.37 ft) 


To use this equation, an initial estimate of tc is made, and the drawdown, s, is read from the 

graph corresponding to tc. Using the selected value of s, a new value of tc is computed. A new 

value of s is read from the graph corresponding to the calculated value of tc, and tc is recomputed. 

This iteration process is continued until convergence is achieved. 


Applying these procedures produced a calculated value of tc of 0.8 minutes. The calculation 

generally produces a conservative value of Ie; i.e., in many tests, the effective value of tc is less 

than the computed value. The casing storage calculation suggests that data earlier than 

0.8 minutes be discarded and that analysis be restricted to later data. 

On Figure E.3-1, the data after 0.8 minutes show a continuing flattening trend. This is typical of 
many pumping tests conducted on R-wells on the Pajarito Plateau, where partially penetrating 
screens are installed in a massively thick aquifer. During pumping, the cone of depression 
expands not only horizontally, but also vertically, throughout the test. As the cone intercepts a 
greater and greater aquifer thickness, the data plot reflects a continuously increasing 
transmissivity by a steadily flattening slope. This complicates the analysis because, for any 
given slope (or transmissivity value), it is not possible to know what the corresponding aquifer 
thickness is (vertical extent of the cone of depression). 
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Figure E.3-1. Well R-11 Drawdown 
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Characterization Well R-JJ 

If an aquitard is encountered at depth, limiting the vertical growth of the cone of depression, the 
data curve may reach a steady slope, reflecting the transmissivity of the aquifer above the 
aquitard. In that case, a definitive transmissivity can be determined, and the hydraulic 
conductivity can be calculated by dividing the transmissivity by the saturated thickness above the 
aquitard (if that dimension is known). If no aquitard is encountered, the curve gets steadily 
flatter, reflecting a continuum of transmissivities corresponding to the effective depth of the cone 
of depression at any given time. It is of note that, in the R-ll test, no stabilized slope was 
achieved; i.e., the cone of depression continued to expand vertically throughout the test. 

Several other characteristics of the time-drawdown graph are worth discussing. Note that 
between about 5 and 25 minutes into pumping, the water level stabilized before resuming its 
downward trend. There are severa1 phenomena that can contribute to this response, including 
pumping rate reductions, delayed yield, and vertical expansion of the cone of depression. 

Note that the flattening of the data curve, followed by a resumption of the downward drawdown 
trend, has the appearance of the classical delayed yield response associated with unconfined 
aquifers. However, as will be discussed later, the recovery data failed to show the same pattern 
and, thus, the observed flattening is more likely related to a combination of vertical growth of the 
cone of depression and pumping rate reductions. It is of note that early in the test, the discharge 
rate gradually declined from 19.5 gpm to 19.2 gpm. Although the cause of the discharge rate 
reduction is not known with certainty, it may be due to heating of the pump motor and/or 
generator soon after startup. A gradual decline in pumping rate, such as observed in R-ll, can 
cause the appearance of water level stabilization on a temporary basis. 

Note also that there is an earlier "ripple" in the data trace between about 1.5 and 5 minutes of 
startup. The cause of this response is not known, but could be related to the incremental 
resistance associated with filling the surface hose (between the well and Baker storage tank), or 
initial pump warming, or a combination of both. As will be seen later, this "ripple" was not 
reproduced on the recovery graph. 

3.1 Semi-Log Analysis 

To estimate aquifer parameters, the data were analyzed using drawdown measurements 
immediately following the casing storage data to minimize the complicating effects of vertical 
growth of the cone of depression, as well as discharge rate fluctuations and background water 
level fluctuations. Figure E.3-2 shows a straight line of best fit constructed through the data, 
starting at a pumping time of about 0.8 minutes. The Cooper-Jacob (1946) method of analysis 
was used to compute a transmissivity value from this slope. According to this method, 
transmissivity is calculated from the tirne-drawdown and recovery graphs using 

T = 264Q 
As' 

and the storage coefficient is calculated from observation well time-drawdown graphs, as 
follows: 
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Figure E.3-2. Well R-11 Early Drawdown 
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Characterization Well R-J1 

where 

T transmissivity, in gallons per day (gpd)/ft 
Q discharge rate, in gpm 
Lis = change in head over one log cycle of the graph, in feet 
S storage coefficient 
to the zero drawdown intercept of the straight line of best fit, in days 
r distance from the pumped well, in feet 

The storage coefficient calculation can only be performed using observation well data and is not 
valid for pumped well data. Therefore, only transmissivity was computed from the R-ll 
pumping test. The resulting transmissivity from the drawdown graph was 26,700 gpd/ft. This 
transmissivity value reflects the properties of the screened sediments between 856.3 and 
878.5 ft bgs (22.2 ft thick), plus some additional (unknown) thickness associated with vertical 
growth of the cone of depression during the first minute or so of pumping. To obtain a hydraulic 
conductivity value, it is necessary to divide the transmissivity by the thickness of affected 
sediments; i.e., something greater than 22.2 ft. Because very early data were used to calculate T, 
it was assumed that vertical growth of the cone of depression was minimal. Thus, as a first order 
approximation, hydraulic conductivity was obtained by dividing Tby the screen length of 22.2 ft. 
The resulting hydraulic conductivity can be thought of as an upper-bound conductivity value for 
the sediments in the vicinity of the well screen. This is because a smaller hydraulic conductivity 
value would have been obtained if the larger sediment thickness a,ssociated with vertical growth 
of the cone of depression had been used in the calculation. Dividing T by the screen length 
yielded an upper bound hydraulic conductivity of 1,200 gpd/square foot (if), or 161 ft per day. 

3.2 Log-Log Analysis 

The data also were analyzed using Theis curve matching, based on the Theis equation (1935). 
Theis curve matching is performed using the Theis type curve - a plot of the Theis well function 
W(u) versus l/u. Curve matching is accomplished by overlaying the type curve on the data plot 
and, while keeping the coordinate axes of the two plots parallel, shifting the data plot to align 
with the type curve, effecting a match position. An arbitrary point, referred to as the match 
point, is selected from the overlapping parts of the plots. Match point coordinates are recorded 
from the two graphs, yielding four values - W(u), l/u, s, and t. Using these match point values, 
transmissivity and storage coefficients are computed as follows: 

T = 114.6Q W(u) and 
s 

S= Tut 
2693r 2 

where 

T 

Q 
s 
W(u) 
S 

= 

transmissivity, in gpd/ft 
discharge rate, in gpm 
match point value, in feet 
match point value 
storage coefficient 
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u match point value 
t == match point value, in minutes 
r distance from pumped well, in feet 

In these equations, W(u) is the Theis well function of u, as follows: 

W(u)= 1~dx 
1/ x 

where 
1.87r 2S 

U=---
Tt 

As before, storage coefficient calculations are invalid unless they are based on observation well 
data. Thus, storage coefficient calculations were not performed. 

For u values less than about 0.05, the Theis equation and Cooper-Jacob equation are 
mathematically equivalent. This criterion is almost always satisfied for pumped well data. 
Therefore, it was expected that the Theis analysis would simply replicate the results obtained 
using the Cooper-Jacob method. 

Figure E.3-3 shows a log-log plot of the data and Theis type curve match. Figure E.3-4 shows an 
expanded scale view of the curve match. As illustrated, when the curve match is performed 
using the same subset of data points that was analyzed by the Cooper-Jacob method, the resulting 
T values are identical. 

4.0 RECOVERY ANALYSIS 

Recovery data were analyzed by the Theis Recovery Method. This is a semi-log analysis method 
analogous to the Cooper-Jacob procedure. 

In this method, residual drawdown is plotted on a semi-log graph versus tit', where t is the time 
since pumping began, and t' is the time since pumping stopped. A straight line of best fit is 
constructed through the data points and T is calculated from the slope of the line, as follows: 

Figure E.4-1 shows the recovery data plot. The early data (right side of the graph) show casing 
storage effects. The casing storage time of 0.8 minutes corresponds to a tit J value of about 
1,800. Therefore, analysis must be restricted to tit' values of 1,800 or less. 

At tit' values less than 1,800, the data curve flattens continuously, reflecting vertical growth of 
the cone of impression associated with well shutdown. As shown on the graph, at a tit' value of 
approximately 30 (50 minutes into recovery), the water level recovery trend had reversed, and 
water levels in the well actually ceased rising and began falling. At late recovery time, it is clear 
that background fluctuations dominated the data response. 

To obtain an upper-bound hydraulic conductivity value, T was computed using early recovery 
data associated with minimal vertical expansion of the cone of impression and the resulting T 
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Figure E.3-3. Log-Log Plot of Well R-11 
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Figure E.3-4. Expanded View of Log-Log Plot 
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Figure E.4-1. Well R-11 Recovery 
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value was divided by the screen length. Figure EA-2 shows the straight line of best fit that was 
used. The resulting T value of 26,500 gpd/ft was similar to the value obtained from the time­
drawdown graph (26,700 gpd/ft). The corresponding upper bound Kvalue was 1,190 gpd/ft2, or 
160 ft per day. 

4.1 Time-Drawdown and Recovery Comparison 

Figure EA-3 shows a comparison plot of drawdown and recovery data. Comparison of the data 
sets is useful to help sort out data anomalies and to clear up questions regarding some of the 
observed data responses. On Figure E.5-3, recovery has been plotted as the difference between 
the measured residual drawdown and the maximum drawdown observed at the end of the test. 

Examination of the graph shows that the steep-flat-steep pattern observed on the time-drawdown 
graph, where water levels appeared to stabilize between 5 and 25 minutes and then resumed a 
downward trend again, was not repeated in the recovery data set. Between 5 and 25 minutes 
after recovery began, water levels continued to rise rather than level off. Because the classical 
delayed yield response was not present in the recovery plot, the cause of the flattening trend, 
followed by a resumed steepening trend, on the time-drawdown graph may have been a 
combination of pumping rate reduction and vertical growth of the cone of depression followed 
by barometric influences and/or other background effects. 

If delayed yield effects were present, they likely were obscured by background and pumping rate 
fluctuations. For example, the steep portion of the time-drawdown curve after 25 minutes 
appears to have been exaggerated by steadily increasing barometric pressure. Likewise, the lack 
of a similar steepening on the recovery graph (followed by stabilization and reversal of water 
levels) may be related to increasing barometric pressure during that period as well. In any event, 
the two plots do not agree and both are affected by background water level trends and/or 
pumping rate changes and, thus, does not support calculation of reliable aquifer parameters. 

Also of note is that the small "ripple" on the time-drawdown plot between 1.5 and 5 minutes was 
not duplicated on the recovery graph. This confirms that the time-drawdown anomaly was 
caused by dynamic influences such as filling the surface hose or warming of the pump and/or 
generator, rather than aquifer conditions. 

Finally, late pumping and late recovery data were dominated by background water level 
fluctuations, primarily barometric pressure induced. The two graphs show very different 
responses because the barometric pressure patterns were quite different during pumping 
compared to recovery as shown on Figure EA-4. 

For example, during pumping, the water levels at late time (1,440 minutes) returned back 
approximately to early time levels (at 10 minutes, for example) as shown on Figure EA-3. This 
is because the barometric pressure at the end of the pumping period was nearly the same as at the 
beginning of the test (Figure EA-4). On the other hand, the late recovery water levels were 
significantly lower than those observed earlier in the recovery period. This is because the 
barometric pressure at the end of the recovery period was substantially greater than that observed 
at the time of pump shutoff (Figure EA-4). 
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Figure E.4-2. Well R-11 Early Recovery 
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Figure E.4-3. Well R-11 Drawdown and Recovery Comparison 
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Figure E.4·4. Barometric Pressure at Water Table During Pumping and Recovery 
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4.2 Recovery Data Corrected for Barometric Pressure 

An attempt was made to correct the recovery data for barometric pressure influences by 
subtracting out the barometric effect and plotting the corrected data. Figure E.4-5 shows a plot 
of the corrected data, along with the actual measurements for comparison. The corrections were 
made by assuming a 96 percent barometric efficiency and mathematically adjusting the observed 
water levels for the barometric effect. 

Although the results show that the corrected data describe a more "normal" looking curve than 
do the actual data, when the data scale is expanded, as shown on Figure E.4-6, it can be seen that 
even the corrected recovery data are still erratic in appearance because of other background 
influences in the aquifer. The remaining background effects are apparently still large enough 
compared to the very small drawdown changes caused by the pumping test that they obscure the 
pumping test data. 

This means that it is not possible to perform transient late time analysis of the R -11 pumping test 
data. However, even if a late-time transmissivity could be obtained, it likely would not be 
possible to know what sediment thickness corresponded to that T value. Thus, it likely would 
not be possible to compute a representative hydraulic conductivity value. 

5.0 SPECIFIC CAPACITY ANALYSIS 

The time-drawdown and recovery data supported determination of an upper-bound hydraulic 
conductivity value as described previously. To help bracket the hydraulic conductivity, the 
observed specific capacity (pumping rate divided by drawdown) of the well was used to identify 
a lower bound hydraulic conductivity value. The lower bound value is obtained by assuming a 
100 percent well efficiency and computing the hydraulic conductivity required to sustain the 
observed specific capacity. The resulting hydraulic conductivity value is a lower-bound estimate 
because any well inefficiency would imply that the actual hydraulic conductivity of the 
sediments must be greater than the computed value. For fully penetrating wells, the Cooper­
Jacob well equation can be used to estimate the hydraulic conductivity. For the assumption of 
full penetration, the Cooper-Jacob equation is iterated and solved for conductivity, as follows: 

K = 264Q log O.3Tt 
sb 

where 

Q discharge rate, in gpm 
K hydraulic conductivity, in gpd/ft2 
s drawdown, in feet 
b aquifer thickness (assumed equal to the screen length for full penetration), in feet 
T = transmissivity (T Kb), in gpd/ft 
t time since pumping began, in days 
rw borehole radius, in feet 
S storage coefficient 

However, the Cooper-Jacob equation (assuming full penetration) ignores the contribution to well 
yield from permeable sediments above and below the screened interval. To account for this 
contribution, it is necessary to use a computation algorithm that includes the effects of partial 
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Figure E.4~6. Well R-11 Corrected Recovery - Expanded View 
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penetration. One such approach was introduced by Brons and Marting (1961) and augmented by 
Bradberry and Rothchild (1985). 

Brons and Marting introduced a dimensionless drawdown correction factor, Sp, approximated by 
Bradbury, et a1. as follows: 

l_L[ b 	 L (L)2 (L)3]-t- In-, -2.948+7.363 -11.447 - +4.675­
_ '11' b b b 
b 

In this equation, L is the well screen length, in feet, and b and rw are as defined above. 
Incorporating the dimensionless drawdown parameter, the conductivity is obtained by iterating 
the following formula: 

- 264Q (1 0.3Tt 2sP JK --- og--+-­
sb r,~S lnlO 

To apply this formula, a storage coefficient value must be assigned. A storage coefficient value 
of 0.1 was used in the calculations, consistent with the expected unconfined conditions in the 
Puye Formation. The analysis also requires assigning a value for the saturated aquifer thickness, 
b, which is generally not known. Fortunately, the calculated value of hydraulic conductivity is 
usually insensitive to the selected aquifer thickness value, so an approximate aquifer thickness 
estimate will suffice. For example, applying the above equation with assumed aquifer thickness 
values of 100 ft, 150 ft, and 200 ft produced hydraulic conductivity values of 74.7 ft per day, 
73.0 ft per day, and 72.9 ft per day, respectively. Thus, based on the specific capacity 
performance ofR-ll, a realistic lower-bound estimate ofhydraulic conductivity is 73 ft per day. 

6.0 PUMPING TEST SUMMARY 

R-ll is completed in a highly transmissive zone of the Puye Formation. The very early pumping 
and recovery data from the R-11 pumping test suggest a transmissivity of 26,600 gpdlft for a 
sediment thickness slightly greater than the 22.2-foot well screen length. Subsequent data 
showed a steady flattening of the time-drawdown and recovery curves, indicating a strictly 
increasing transmissivity with no discemable boundaries. In fact, at late pumping times, the 
drawdown changes due to pumping were so small that they were overwhelmed and obscured by 
background water level fluctuations, precluding any possibility of analyzing the late time data. 

The following information has been determined from the pumping and recovery test on R-l1: 

1. 	 The average hydraulic conductivity of the 22.2-foot screened interval is less than 160 ft 
per day. 

2. 	 The average hydraulic conductivity of the 22.2-foot screened interval is greater than 73 ft 
per day. 

3. 	 The barometric efficiency of R-ll is 96 percent, meaning that the magnitude of 
barometrically induced water level change is 96 percent of the magnitude of the 
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barometric change. (The term barometric efficiency should not be confused with well 
efficiency. These two parameters are entirely unrelated.) 

4. 	 The late-time water level changes caused by pumping (or recovery) are on the order of 
just a few hundredths of a foot and are masked by background fluctuations that can 
approach a significant fraction of a foot. 

5. 	 The steady flattening of the cone of depression suggests a great thickness of permeable 
sediments beneath the well and a large transmissivity over a fairly broad area around the 
well. 

An additional conclusion from this test is that background data collection is particularly crucial 
in helping to understand and interpret the drawdown and recovery data recorded during the test. 
In future pumping tests, there should be a continuing emphasis on collecting a thorough and 
extensive background data set. 
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Appendix F 

NMED Discharge Approval and 


Discharge Media Analytical Results 
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Analytical results for the investigation derived waste samples 

are included in the electronic version ofthe report found on the 


attached CD. 
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-----Original Message----­
From: Chris Vick [mailto:chris vick!iVnmenv.state.nm.us] 
Sent: Wednesday, November 10,20043:16 PM 
To: Bob Beers 
Cc: Karen Menetrey; John Young; Whitacre, Thomas; Enz, Robert D. 
Subject: Land Application of Drilling and Development Water for R-33 and 

Bob-

This email confirms NMED approval for the discharge of drilling and 
development water from Workplan Wells R-33 and R-34. The drilling and 
development water must be discharged as described in the Hydrogeologic 
Workplan NOI dated August 7,2002. The discharge ofthis water must also be 
in accordance with the NOr ammendment dated November 4, 2004. 

If you have any questions and/or concerns please feel free to contact me. 

Sincerely, 

Chris 

Christopher F. Vick 
Environmental Scientist and Specialist 
Groundwater Pollution Prevention Section 
New Mexico Department ofEnvironment 
Harold Runnels Building 
PO Box 26110 
1190 St. Francis Drive 
Santa Fe, NM 87502 
Phone (505) 827-0078 
Fax (505) 827-2965 

Confidentiality Notice: This e-mail, including all attachments, is for the sole use of the intended recipient(s) and 
may contain confidential and privileged information. Any unauthorized review, use, disclosure or distribution is 
prohibited unless specifically provided for under the New Mexico Inspection ofPubJic Records Act or by express 
pennission of the New Mexico Environment Department. If you are not the intended recipient, please contact the 
sender and destroy all copies of this message. 
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Activities Planned Compared with Work Performed 


Kleinfelder Project No. 37151 February 2005 
Final 



Characterization Well R-JJ 

Activities Planned for R-ll Compared with Work Performed 

"Hydrogeologic Workplan" R-ll SAP 
Activity (LANL 1998, 59599) (LANL2003) R-ll Actual Work 

Planned Depth 100 to 500 feet (ft) below 945 ft bgs TO of approximately Total drill depth 926 
ground surface (bgs) into the ) 00 ft through regional water table ft bgs, approximately 
regional aquifer Regional water table expected at I 00 ft into the regional 

-845 ft bgs. aquifer. 

Drilling Methods may include, but are Fluid-assisted, open-hole, air-rotary Same as SAP 
Method not limited to, hollow-stem drilling 

auger (HSA), air­
rotary/Odex/Stratex, air­
rotarylBarber rig, and mud-
rotary drilling 

Amount of 10% of the borehole Coring to terminate after penetrating Total core depth 
Core the top 50 ft of Cerros del Rio basalt, 296.5 ft bgs, I 

but will not exceed 350 ft bgs. approximately 20 ft 
into the Cerros del Rio 
Basalt. Depth less than 
planned due to refusal. 

Lithologic Log Log to be prepared from core, Log to be prepared from cuttings, Same as SAP 
cutting, and drilling geophysical logs, and drilling 
performance. performance. 

Number of A water sample may be Ifperched water is encountered Two fluid samples 
Water Samples collected from each saturated within the unsaturated zone, one were obtained. One 
Collected for zone, five zones assumed. The groundwater sample will be from approximately 
Contaminant number of sampling events after collected within up to three perched 790 ft bgs and one 
Analysis well completion is not specified. zones. Groundwater samples will be from the first encounter 

collected within the regional aquifer with the regional 
at the regional water table and at the aquifer at 826.5 ft bgs. 
borehole TO, iffeasible. 

Water Sample Initial sampling: radiochemistry Groundwater will be analyzed for Unable to conduct all 
Analysis I, II, and III; tritium; general perchlorate, low-detection tritium, analyses planned for 

inorganics; stable isotopes; gamma spectroscopy, americium- the fluid sample from 
volatile organic compounds 241; plutonium-238, plutonium-239, 790 ft bgs due to a 
(VOCs); and metals -240; strontium-90; technetium-99; limited liquid volume. 
Saturated zones: radionuclides uranium-234, uranium-235, and However, the liquid 

(tritium, strontium-90, cesium­ uranium-238; bromide, chloride, was found to be drilling 
137, americium-24 1 , plutonium fluoride, nitrate, nitrite, oxalate, fluid. 
isotopes, uranium isotopes, phosphate, sulfate, uranium, target All planned analyses 
gamma spectrometry, and gross analyte list metals, and stable were conducted on the 
alpha, gross beta, and gross isotopes of hydrogen, oxygen, and regional water sample. 
gamma); stable isotopes nitrogen. 
(hydrogen, oxygen, and, in 
special cases, nitrogen); major 
ions (cations and anions); trace 
metals; and trace elements 

Water Sample Alkalinity, pH, specific Carbonate alkalinity, pH, specific pH, specific 
Field I conductance, temperature, conductance, temperature, turbidity conductance, 
Measurements turbidity temperature, turbidity 
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Activities Planned for R-ll Compared with Work Performed 

"Hydrogeologic Workplan" R-ll SAP 
Activity (LANL 1998, 59599) (LANL2003) R-ll Actual Work 

Number of Twenty samples of core or A minimum of two samples will be Same as SAP 
Core/Cuttings cuttings to be analyzed for collected from each saturated zone 
Samples potential contaminant encountered during drilling, if 
Collected for identification in each borehole. possible. 
Contaminant 
Analysis 

Core/Cuttings Uppermost sample to be Bromine, chlorine, fluorine, iodine; SAP specified up to 15 
Sample analyzed for a full range of nitrate, nitrite, oxalate, phosphate, samples of core would 
Analytes compounds; deeper samples sulfate, perchlorate, arsenic, be collected; 14 core 

will be analyzed for the aluminum, calcium, iron, samples were 
presence of radiochemistry I, II, 
and III analytes, tritium (low­

magnesium, manganese, sodium, 
potassium; 180/160; 2H/IH; nitrogen 

submitted for chemical 
analyses. 

and high-detection levels), and 
metals. Four samples to be 
analyzed for VOCs. 

isotopes; tritium; americium-241; 
plutonium-238, plutonium-239, and 
plutonium-240; strontium-90; 
technetium-99; uranium-234, 
uranium-235, and uranium-238; and 
gamma spectroscopy 

Laboratory Physical properties analyses Not specified in plan No samples submitted 
Hydraulic will be conducted on five core 
Property Tests samples and will typically 

include moisture content, 
porosity, particle density, bulk 
density, saturated hydraulic 
conductivity, and water 
retention characteristics. 

Geology Ten samples of core or cuttings The geology task leader will Seven samples were 
will be collected for determine the number of samples for scheduled for 
petrographic, x-ray fluorescence characterization of mineralogy, characterization. 
(XRF) and x-ray diffraction petrography, and rock chemistry 

based on geologic and hydrologic (XRD) analyses. ..
condItions encountered dunng 
drilling. 
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Activities Planned for R-11 Compared with Work Performed 

"Hydrogeologic Workplan" R-IISAP 
Activity (LANL 1998, 59599) (LANL2003) R-ll Actual Work 

Geophysics In general, open-hole Typical wire line logging service as Compensated Neutron 
geophysics includes caliper, planned: open-hole geophysics Tool: 12-920 ft bgs 
electromagnetic induction, includes array induction imager, Triple Litho-Density: 
natural gamma, magnetic triple lithodensity, combinable 12-920 ft bgs 
susceptibility, borehole color 
videotape (axial and sidescan), 
fluid temperature (saturated), 

magnetic resonance, natural gamma, 
natural gamma spectrometry, 
epithermal compensated neutron log, 

Array Induction 
Imager: 30-916 ft bgs 

single-point resistivity caliper, full-bore formation Elemental Capture 

(saturated), and spontaneous microimager, elemental capture Spectroscopy: 55­

potential (saturated). spectrometer, and borehole 928 ft bgs 

In general, cased-hole videotape. Natural Gamma 

geophysics includes gamma- In general, cased-hole geophysics Spectroscopy: 30­

gamma density, natural gamma, includes triple lithodensity, natural 916 ft bgs 

and thermal neutron. gamma, natural gamma Combinable Magnetic 
spectrometry, epithermal Resonator: 55­
compensated neutron log and 92& ft bgs 
elemental capture spectrometer. Full-Bore Formation 

Micro-Imager: 830­
923 ft bgs 

Water-Level Procedures and methods not Water levels will be determined for Water-level meter 
Measurements specified in "Hydrogeologic each saturated zone by water-level (sounder) used to 

Workplan" I meter or by pressure transducer. measure the regional 
water table 
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