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ABSTRACT 

Characterization Well R-17 was installed in accordance with the “Drilling Work plan for 
Characterization Well R-17 and Intermediate Well LADP-5, Final” (Kleinfelder 2005a). Drilling 
activities were funded and directed by the US Department of Energy and contracted by the US 
Army Corps of Engineers. Kleinfelder, Inc. conducted the drilling, installation and sampling at 
R-17 with technical assistance from Los Alamos National Laboratory personnel. 

R-17 is located in Pajarito Canyon and was installed to evaluate perched intermediate and 
regional groundwater in the west-central region of Los Alamos National Laboratory. A corehole 
was advanced to 300.9 feet (ft) below ground surface (bgs) and the R-17 borehole was drilled to 
a total depth of 1,167 ft bgs. A well was installed with two screened intervals, one from 1,124 to 
1,134 ft bgs and one from 1,057 to 1,080 ft bgs, in the regional aquifer within the Puye 
Formation. The depth to water for the isolated upper screen is approximately 1,036.2 ft bgs; the 
depth to water for the isolated lower screen is 1,037.7 ft bgs.  

Three screening groundwater samples were collected from the open borehole during drilling at   
R-17, two from perched intermediate water at 850 and 857 ft bgs and one from the regional 
aquifer at the borehole total depth. Final groundwater samples were collected from each screened 
interval after the well was installed. The screening and final groundwater samples were 
submitted for anions, cations, perchlorate and metals. High explosives analyses were conducted 
on one of the perched intermediate zone samples and two of the regional aquifer samples.  

Nitrate (as nitrogen) was detected in the perched intermediate groundwater and the regional 
aquifer at concentrations ranging between 0.005 and 0.20 parts per million. Perchlorate and high 
explosives compounds were not detected. 

Post-installation activities included well development, aquifer testing, groundwater sampling and 
wellhead surveying. Dedicated pump installation and wellhead surveying will occur in early 
summer after noise restrictions related to the spotted owl nesting season are lifted. 

 

 



Characterization Well R-17 Completion Report 

Kleinfelder Project No. 49436  Page 1 of 17 May 2006 
   Final 

1.0 INTRODUCTION 

This completion report summarizes the site preparation, drilling, well construction, well 
development and related activities for Characterization Well R-17 drilled in December 2005 at 
Los Alamos National Laboratory (LANL). The well was specified in the Compliance Order on 
Consent (New Mexico Environment Department [NMED] 2005). Drilling activities were funded 
and directed by the US Department of Energy (DOE) and contracted by the US Army Corps of 
Engineers. Kleinfelder, Inc. (Kleinfelder) was responsible for the drilling, installation and 
sampling activities with technical assistance from LANL. Activities were conducted according to 
the “Drilling Work Plan for Characterization Well R-17 and Intermediate Well LADP-5, Final” 
(Kleinfelder 2005a). 

R-17 is located in Pajarito Canyon as shown in Figure 1.0-1. The well was installed to evaluate 
perched intermediate and regional groundwater in the west-central region of LANL (Kleinfelder 
2005a). The R-17 Drilling Work Plan specified that a corehole would be drilled to approximately 
300 feet (ft) below ground surface (bgs) and that a borehole for the R-17 well would be drilled to 
1,370 ft bgs, approximately 250 ft into the regional aquifer. The corehole was advanced to 300.9 
ft bgs. The R-17 borehole was drilled to a total depth (TD) of 1,167 ft bgs. R-17 was installed 
with two screened intervals, one from 1,124 to 1,134 ft bgs and one from 1,057 to 1,080 ft bgs, 
in the regional aquifer within the Puye Formation. Post-installation activities included well 
development, aquifer testing, groundwater sampling and wellhead surveying. Dedicated pump 
installation and wellhead surveying will occur in early summer after noise restrictions related to 
the spotted owl nesting season are lifted. 

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 and will be 
provided to the LANL Records Processing Facility at the completion of the project. This report 
contains brief descriptions of all activities associated with R-17 as well as supporting figures, 
tables and appendices. 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 preparing administrative planning documents and constructing 
the drill site. 

2.1 Administrative Preparation 

Kleinfelder received contractual authorization as a notice to proceed on May 27, 2005. The 
following documents were prepared to guide the implementation of the scope of work for this 
well: Drilling Work Plan (Kleinfelder 2005a), Contractor Quality Management Plan (Kleinfelder 
2005b), Site-Specific Health and Safety Plan (Kleinfelder 2005c) and Storm Water Pollution 
Prevention Plan (Kleinfelder 2005d). 

2.2 Site Preparation 

Site preparation consisted of grading the access road, installing silt fencing to prevent erosion 
and runoff from the drill site, applying base course gravel to the drill pad, preparing the cuttings 
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pit and setting up the exclusion zone. Best management practices, also known as BMPs, were 
installed as specified in the Storm Water Pollution Prevention Plan (Kleinfelder 2005d).  
EnviroWorks, Inc. completed these tasks between October 31 and November 16, 2005. A 
radiation control technician (RCT) from LANL’s Health, Safety, and Radiation Protection 
Group-1 screened the access road and drill site before site preparation activities. A geology 
trailer, generator, compressor and safety lighting equipment were moved to the site during the 
subsequent mobilization of drilling equipment.  

3.0 DRILLING ACTIVITIES 

Spectrum Exploration, Inc. drilled the corehole between November 2 and 18, 2005, with a Delta 
Base 540 track-mounted HQ coring rig to a TD of 300.9 ft bgs. Core recovery was intermittent, 
but core samples were generally collected as specified in the Drilling Work Plan (Kleinfelder 
2005a).  

WDC Exploration & Wells, Inc. (WDC) used a Speedstar 50K rig to drill the R-17 borehole 
between December 1 and 13, 2005, to 1,167 ft bgs. The drill crew and two site geologists 
conducted the drilling in 12-hour shifts, 7 days per week. Depth-to-water (DTW) measurements 
were taken at the beginning and end of most shifts to check for the presence of groundwater. A 
chronology of drilling and associated activities for R-17 is presented in Table 3.0-1. Table 3.0-2 
shows the fluid volumes introduced and recovered during drilling. 

WDC mobilized equipment to the drill site on December 1 and 3, 2005. On December 1, WDC 
began drilling and advanced the borehole with a 12¼-inch (in.) outer diameter (OD) chisel-tooth 
bit to 64 ft bgs. The borehole was enlarged with a 22-in. reamer bit to 24 ft bgs so that surface 
casing could be set. On December 2, the hole was reamed to 30 ft bgs and 16-in. OD surface 
casing was cemented to 28.2 ft bgs.  

On December 3, the crew drilled from 64 to 164 ft bgs with the 12¼-in. OD chisel tooth bit and 
tripped out the drill string in order to run video logs. Video logs were run on the afternoon of 
December 3 and the morning of December 4. Drilling fluid was noted at approximately 160.1 ft 
bgs in both video runs, but no water was observed entering the borehole. After the video log run 
on December 4, the drill crew added one supersack of bentonite chips to seal off the interval 
between 139 and 147 ft bgs where circulation had been lost. The borehole was advanced from 
164 to 503 ft bgs. 

On December 5, drilling resumed, but the drilling rate became very slow at 520 ft bgs. The crew 
tripped the drill string out of the hole and replaced the chisel-tooth bit with a 12¼-in. OD down-
the-hole-hammer bit; drilling resumed and the borehole was advanced to 645 ft bgs. On 
December 6, the drill crew advanced the borehole to 885 ft bgs, then tripped out the drill string in 
preparation for running a video log. On the morning of December 7, DTW was measured at 
845.7 ft bgs and LANL personnel obtained a video log of the borehole to 842 ft bgs. Geologists 
collected a water sample from approximately 857 ft bgs. 

On December 8, a gamma log was run in the borehole to approximately 881 ft bgs and a second 
groundwater sample was collected for high explosives (HE) analysis. On December 9, DTW was 
measured at 854.7 ft bgs; induction and gamma logs were run to approximately 868 ft bgs. The 
drill crew departed for scheduled days off.  
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On the morning of December 13, geologists measured water at 853.35 ft bgs. The drill crew 
tripped in the hammer bit and drilled from 885 to the final borehole TD of 1,167 ft bgs. The 
following morning, 17 ft of slough had accumulated in the borehole and DTW was measured at 
1,038.65 ft bgs. 

Table 3.0-2 
Introduced and Recovered Fluids 

Material Amount (gallons) 
QUIK-FOAM® 74 
EZ-MUD® 38 
Defoamer 3 

Potable Water  5,850 

Introduced 

Total Introduced Fluidsa 5,965 
Recovered Total Recovered Fluidsb 51,508 
aFluids introduced during drilling. 
bEstimated fluid volume recovered during drilling, well development and aquifer testing. 

 

4.0 SAMPLING ACTIVITIES 

This section describes the core, cuttings and groundwater sampling at R-17. Sampling activities 
were generally conducted in accordance with the Drilling Plan (Kleinfelder 2005a). 

4.1 Core Sampling 

Lithologic core was collected from the corehole with an HQ3 3.9-in. inner diameter (ID) core 
barrel to 232.9 ft bgs. Drillers switched to a 2-in. OD split-spoon sampler below 232.9 ft bgs in 
an effort to improve core recovery. The Drilling Plan specified that core samples were to be 
collected for laboratory analysis every 10 ft to a depth of 100 ft bgs and at 50-ft intervals 
thereafter. Radiological screening samples were to be collected every 50 ft.  

Table 4.1-1 shows the core samples collected and submitted for laboratory analysis. The core 
from R-17 was labeled and archived in core boxes and submitted to the Field Support Facility. 
LANL RCTs screened all cuttings before they were removed from the site. 

4.2 Cuttings Sampling 

Bulk cuttings were collected in plastic bags from the R-17 borehole at 10-ft intervals from 0 to 
500 ft bgs. From 500 to 1,167 ft bgs, bulk cuttings and sieved cuttings were collected at 5-ft 
intervals and processed in the following manner. Approximately 500 to 700 milliliters (mm) of 
bulk cuttings were collected from the discharge hose, sealed in Ziploc® bags, labeled and 
transferred to the LANL geology task leader. Sieved fractions (>#10 and >#35 mesh) were 
placed in chip trays along with unsieved (whole rock) cuttings. 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. LANL RCTs screened all cuttings before they were 
removed from the site.  
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Table 4.1-1 
Core Samples 

Sample Number Date 
 

Sampled 
Interval 
 (ft bgs) 

Rad 
Screening 

Anions, 
Moisture, 
N14N15 a 

H3 b D2H + 
O18O16 c 

Metals Am241 + GS + 
ISO Pu + 

Sr90 d 
GW17-06-64539 11/3/05 23.1-25.5 X X X X X X 
GW17-06-64540 11/3/05 30.0-32.5 X X X X X X 
GW17-06-64541 11/3/05 39.3-41.6 X X X X X X 
GW17-06-64542 11/4/05 53.0-55.3 X X X X X X 
GW17-06-64543 11/4/05 63.0-63.7  X  X   
GW17-06-64544 11/4/05 83.0-85.2 X X X X X X 
GW17-06-64545 11/4/05 93.0-95.2 X X X X X X 
GW17-06-64546 11/4/05 100.0-102.2 X X X X X X 
GW17-06-64547 11/15/05 163.4-163.5 X X X X X X 
GW17-06-64548 11/15/05 207.9-208.2  X     
GW17-06-64549 11/17/05 247.9-250.1 X X X X X X 
GW17-06-64550 11/18/05 297.9-300.0 X X X X X X 

anitrogen 14 and 15 isotopes; btritium; cdeuterium and oxygen isotopes; damericium-241, gamma spectroscopy, 
plutonium isotopes and strontium-90 
 
4.3 Water Sampling 

Three screening groundwater samples were collected with bailers from standing water in the 
open borehole during drilling at R-17, two from perched intermediate water at 850 and 857 ft 
bgs, and one from the regional aquifer. Final groundwater samples were collected from each 
screened interval after the well was installed. The screening and final groundwater samples were 
submitted to the LANL Earth and Environmental Sciences Division, Group 6 (EES-6) for anions, 
cations, perchlorate and metals analyses. HE analyses were conducted on one of the perched 
intermediate zone sample and two of the regional aquifer samples. Table 4.3-1 summarizes the 
sample numbers, dates, collection depths and analyses for the groundwater samples.  

Table 4.3-1 
Groundwater Samples  

Sample 
Number 

Date Sample 
Depth 
(ft bgs) 

Borehole 
Depth 
(ft bgs) 

Analyses Water-bearing Unit 

EU0507GR1701 12/7/05 857 885 Anions (+ClO4
 b), cations, 

metals 
Puye Formation  

(perched intermediate zone) 

EU0507GR1702 12/8/05 850 885 HE Puye Formation  
(perched intermediate zone) 

EU0507GR1703 12/14/05 1,060 1,167 Anions (+ ClO4), 
cations, metals, HE  

Puye Formation 
 (regional aquifer – open hole) 

EU0507GR1704 1/13/06 1,112.3 1,140.9 a Anions (+ ClO4), 
cations, metals, HE 

Puye Formation 
(Lower Screen-Completed Well) 

EU0507GR1706 2/24/06 1,061.4 1,140.9 a Anions (+ ClO4), 
cations, metals 

Puye Formation 
(Upper Screen-Completed Well) 

aDepth of completed well; bPerchlorate 
 
5.0 COREHOLE AND BOREHOLE LOGGING 

Natural gamma and induction logs were run in the corehole from 0 to 185.7 ft bgs after total 
depth was reached and the corehole had been backfilled with bentonite pellets to 186 ft bgs.  
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Video, gamma/induction and Schlumberger geophysical logs were run at the R-17 borehole. 
Table 5.0-1 summarizes the dates and types of logging. A DVD of the December 15, 2005, video 
is included in Appendix A. Appendix B contains the Schlumberger geophysical logging report. 
The Excel spreadsheets and charts from gamma and induction corehole and borehole logs are 
included in Appendix B on the report CD. 

Table 5.0-1 
Corehole and Borehole Logging 

Operator Date Tools Cased 
Footage
 (ft bgs) 

Open hole 
Interval  
(ft bgs) 

Logged 
Interval 
(ft bgs) 

Remarks 

Kleinfelder 11/19/05 Gamma/ 
induction 

0-26 26-185.7 26-185.7 Corehole geophysical logs. 

LANL 12/3/05 Video 0-28.2 28.2-162 0-160.5 Borehole wet from 139 to 147 ft bgs; 
fluid at 160.1. No water observed 
entering borehole. 

LANL 12/4/05 Video 0-28.2 28.2-161.7 28.8-160.2 Fluid observed at 160.2 ft bgs; No 
water observed entering borehole. 

LANL 12/7/05 Video 0-28.2 28.2-885 0-842 Standing water at 842 ft bgs. Water at 
495-506, 518 and 584 ft bgs. 

Kleinfelder 12/8/05 Gamma 0-28.2 28.2-881.3 0-881.3 None 
Kleinfelder 12/9/05 Induction/ 

gamma 
0-28.2 28.2-868 0-868 None 

Schlumberger 12/14/05 Geophysics 0-28.2 28.2-1,150 30-1,150 Triple LithoDensity, Compensated 
Neutron, Array Induction, Natural 
Gamma Ray, Formation MicroImager, 
Combinable Magnetic Resonance, 
Caliper, Elemental Capture Sonde 

LANL 12/15/05 Video 0-28.2 28.2-1,150 0-1,039.1 Standing water observed at 1,039.1 ft 
bgs. Noticeable flow at 513, 529, 560, 
670 and 840 ft bgs, e.g., 0.5-1 gpm. 

 

6.0 HYDROGEOLOGY 

This section contains a brief description of the hydrogeologic features encountered at R-17. The 
stratigraphy section discusses geologic units at R-17 as identified by the site geologists and 
LANL’s EES-6 staff. The groundwater section describes groundwater encountered at R-17 based 
on drilling observations, open-hole video logging and water level measurements. 

6.1 Stratigraphy  

This section presents a brief summary of the lithology encountered at R-17. The following 
formations were present in order of youngest to oldest: Quaternary Alluvium, Unit 1g of the 
Tshirege Member of the Bandelier Tuff, Tsankawi Pumice Bed, Cerro Toledo interval, Otowi 
Member of the Bandelier Tuff, Guaje Pumice Bed of the Otowi Member, upper Puye Formation, 
Tschicoma dacite lavas and breccias, and lower Puye Formation. Figure 6.1-1 summarizes the  
R-17 stratigraphy and Appendix C presents a detailed lithologic log. 
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Quaternary Alluvium, Qal (0 to 24.7 ft bgs) 

The surficial alluvial deposits were primarily unconsolidated, yellowish brown, medium gray or 
light brown silty/clayey sand and gravel. The sand was composed of subangular to rounded felsic 
crystals with minor amounts of silt/clay and gravel. The gravel deposits were poorly sorted, 
subangular to rounded and predominantly intermediate composition volcanic lithics. 

Tshirege Member of the Bandelier Tuff, Qbt 1g (24.7 to 124.7 ft bgs) 

The Tshirege Member was present from 24.7 to 124.7 ft bgs and was primarily a yellowish 
brown, very pale orange or grayish orange poorly welded tuff. It was composed of felsic crystals 
and vitric pumice fragments in a fine to coarse ash matrix.  

Tsankawi Pumice Bed, Tshirege Member of the Bandelier Tuff, Qbtt (124.7 to 126.3 ft bgs) 

The Tsankawi Pumice Bed of the Tshirege Member of the Bandelier Tuff was present between 
124.7 and 126.3 ft bgs. It was composed of very pale orange vitric, fibrous pumice with common 
subhedral felsic phenocrysts. 

Cerro Toledo Interval, Qct (126.3 to 147 ft bgs) 

The Cerro Toledo interval was encountered from 126.3 to 147 ft bgs and contained yellowish 
brown gravelly siltstone/claystone and sandy conglomerate. The siltstone and claystone deposits 
are typically non-indurated and moderately to poorly sorted, with between 15 and 45% 
subangular pumice and intermediate composition volcanic gravel, up to 45 mm in size. The 
conglomerate was pale yellowish brown, moderately sorted and composed of felsic sand and 
gravel composed of pumice with minor intermediate composition volcanic clasts. 

Otowi Member of the Bandelier Tuff, Qbo (147 to 495.5 ft bgs) 

The ash flows of the Otowi Member of the Bandelier Tuff were present from 147 to 495.5 ft bgs. 
The pale orange, yellowish brown and yellowish gray, poorly welded tuff contained 5 to 50% 
intermediate composition volcanic lithic fragments and 2 to 95% vitric pumice fragments in a 
fine ash matrix. Trace amounts of obsidian were observed in both core and cuttings collected 
within the Otowi Member interval.  

Guaje Pumice Bed, Otowi Member of the Bandelier Tuff, Qbog (495.5 to 504.5 ft bgs) 

The Guaje Pumice Bed was present from 495.5 to 504.5 ft bgs. The pumice was white to very 
light gray and contained 85 to 95% white, vitric pumice and 5 to 15% intermediate composition 
volcanic lithics in a fine ash matrix.  

Upper Puye Formation, Tpf (504.5 to 565 ft bgs) 

An upper sequence of the sedimentary Puye Formation, from 504.5 to 565 ft bgs, contained 
fanglomerate deposits of medium light gray volcaniclastic gravel that was subangular to 
subrounded, poorly sorted and poorly indurated. The formation also contained between 15 and 
20% sand and 15 to 20% silt/clay. 
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Tschicoma Dacite, Tt2 (565 to 740 ft bgs) 

Tschicoma dacite lavas were present from 565 to 683 ft bgs and were underlain by Tschicoma 
dacite breccias to 740 ft bgs. The dacite lavas consisted of predominantly light to medium gray 
dacite with an aphanitic groundmass and 1 to 3% pale yellowish brown to dark greenish 
brown/black pyroxene phenocrysts. The underlying brecciated zone contained oxidized moderate 
reddish brown dacite with trace vesicles. 

Lower Puye Formation, Tpf (740 to 1,167 ft bgs) 

A lower sequence of the Puye Formation was present from 740 ft bgs to the TD of 1,167 ft bgs 
and consisted of gravel and sandy gravel in the upper 175 ft, followed by 85 ft of gravelly 
silty/clayey sand, then another 50 ft-thick sequence of gravel and a lower gravelly silty/clayey 
sand. The gravel deposits were light brownish to medium gray, poorly sorted and composed 
predominantly of intermediate composition volcanics. The silt/clayey sand deposits were 
brownish gray, medium gray and grayish orange, moderately to poorly sorted and poorly 
indurated with 5 to 25% intermediate composition volcanic gravel.  

6.2 Groundwater 

Alluvial groundwater was encountered during coring at approximately 18.4 ft bgs; water rose in 
the corehole and was measured at 10.4 ft bgs. Surface casing was set to 20.9 ft bgs which sealed 
off the alluvial water zone. 

During video logging of the R-17 borehole on December 3, 2005, a slightly wet zone was noted 
from 139 to 146 ft bgs (in the Cerro Toledo interval) on the borehole walls; however, by the 
following morning, no moisture was observed in that zone during a second video log run. On the 
December 7 video log, at the borehole depth of 885 ft bgs in the lower Puye Formation, perched 
intermediate water was observed to be entering the borehole from 495 to 506 ft bgs and at 518 ft 
bgs (within the upper Puye Formation), and at 584 ft bgs (in the Tschicoma dacitic lavas); 
standing water was observed at 842 ft bgs in the lower Puye Formation. The source of the 
standing water in the borehole is uncertain. 

On December 14, the day after the borehole TD was reached, the depth to the regional aquifer 
was measured at 1,038.65 ft bgs. On the December 15 video log, with a borehole TD of 1,150 ft 
bgs (17 ft of slough had accumulated at the bottom of the hole), standing water was observed at 
1,039.1 ft bgs in the lower Puye Formation; water was observed entering the borehole at 513, 
529 and 560 ft bgs (within the upper Puye Formation), at 670 ft bgs (within the Tschicoma 
dacitic lavas) and 840 ft bgs (in the lower Puye Formation). Estimated flow rates in those zones 
ranged from approximately 0.5 to 1 gallon per minute. 

After the well was installed, the water level from both screened intervals was measured at 
1,038.35 ft bgs. During aquifer testing on January 26, the two screened intervals were isolated by 
a packer; DTW was 1,036.2 ft bgs for the upper screened interval and 1,037.7 for the lower 
screened interval. 

6.3 Preliminary Groundwater Analytical Results  

Nitrate (as nitrogen) was detected in all four samples at concentrations ranging between 0.005 
and 0.20 parts per million (ppm). Perchlorate and HE compounds were not detected. Total 
Organic Carbon (TOC) was measured in samples from the upper and lower screened intervals at 
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<0.1 and 0.73 ppm, respectively. Appendix D contains the analytical data and a brief summary of 
the groundwater samples collected from R-17.  
 
7.0 WELL INSTALLATION  

Data from geophysical logs, drill cuttings and water level measurements were used to design the 
well. The well was installed between December 17, 2005, and January 4, 2006. 

7.1 Well Design 

The R-17 well was designed with two screened intervals in the regional aquifer, one in a zone 
near the top with sufficient yield to sustain well development and one within a deeper water-
bearing zone. The well was designed in accordance with LANL Standard Operating Procedure 
for Well Construction, Revision 3 (LANL 2001). DOE and LANL provided an NMED-approved 
well design to Kleinfelder.  

7.2 Well Construction 

R-17 was constructed of 4.5-in. ID/5.0-in. OD, type A304 stainless steel casing fabricated to 
American Society for Testing and Materials A312 standards. The casing and screen were 
factory-cleaned before shipment and steam-cleaned on-site. The two screened intervals chosen 
for the well were 1,057 to 1,080 ft bgs and 1,124 to 1,134 ft bgs. A 6.9-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 R-17.  

Prior to construction, the borehole bottom was tagged at 1,143 ft bgs, indicating that 24 ft of 
slough had accumulated above the borehole TD of 1,167 ft bgs. Tremie pipe was used to deliver 
the annular fill materials to the annular space. The well casing, screen and sump were lowered 
into the borehole. The primary filter pack of 10/20 silica sand was installed across the lower 
screened interval from 1,143 to 1,119 ft bgs. After emplacement of the filter pack, the drillers 
used a swabbing tool to settle the filter pack along the screened interval. Coarse bentonite chips 
were installed above the primary filter pack to 1,085.5 ft bgs. The primary filter pack for the 
upper screened interval was installed from 1,085.5 to 1,053 ft bgs. The drillers then swabbed the 
filter pack for the upper screened interval.  

As coarse bentonite chips were poured from 1,053 to approximately 856.5 ft bgs, a bridge 
developed at approximately 515 ft bgs in the annular space. The drill crew used a tremie pipe in 
an attempt to dislodge the bridge but was unsuccessful. They then injected air through the tremie 
pipe and were able to pierce the bridge and tag bentonite at 848 ft bgs. They pumped a slurry of 
bentonite chips and water that filled the annular space from 848 to 480 ft bgs. Coarse bentonite 
chips were then placed from 480 to 76 ft bgs.  

Cement was poured from 76 to 31 ft bgs and a cement grout mixture consisting of 95% cement 
and 5% bentonite was poured from 31 to 3 ft bgs. Table 7.2-1 shows the volumes of materials 
used in well construction. The volumes of annular fill materials required for the 31 to 1,053 ft 
bgs interval were greater than the calculated volumes; the additional materials were required in 
zones where the borehole was washed-out or oversized. 

8.0 POST-INSTALLATION ACTIVITIES 

Following well installation, the well was developed and aquifer tests were conducted. Wellhead 
installation, surveying and the permanent sampling system installation have not been completed. 
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Table 7.2-1  
Annular Fill Materials 
Material Volume 

Surface seal: cement grout slurry 32.8 ft3 
Cement seal 54 ft3 
Bentonite seal: bentonite chips 802.1 ft3 
Primary filter: 10/20 silica sand 53.8 ft3 
Potable water  15,620 gallons 

   ft3 = cubic feet 

Site restoration activities will commence when NMED permission to discharge fluids has been 
received. 

8.1 Well Development 

Turbidity, pH, temperature and specific conductance were measured during development. 
Additionally, TOC was measured; the target concentration for TOC was <2.0 ppm, which 
indicates that drilling fluids have been removed from the well. Table 8.1-1 shows the volume of 
water removed during well development of the upper and lower screens and the resultant water 
quality parameters and TOC concentrations. Figures 8.1-1 and 8.1-2 show the water quality 
parameters measured during the course of well development for the lower and upper screened 
intervals, respectively.  

From January 3 to 5, 2006, the development crew swabbed and bailed water from both screened 
intervals to help remove formation fines and filter pack sand from the well. Approximately 445 
gallons (gal.) of water were removed during swabbing and bailing. On January 6, a 3-in. 
Grundfos submersible pump was used for well development. The pump intake was set at 1,133 ft 
bgs and 1,327 gal. of water were removed from both screened intervals. 

A packer was then installed at approximately 1,089 ft bgs and through January 13, the lower 
screen was developed by pumping. A total of 7,331 gal. of water was pumped from the lower 
screened interval. The final TOC concentration was <0.1 ppm. 

Table 8.1-1 
 Final Water Quality Parameters 

Method Water 
Removed 

(gal.) 

pH Temper-
ature 

(°Celsius) 

Specific 
Conductance 

(μS/cm) 

Turbidity 
(NTUs) 

TOC 
(ppm) 

BOTH SCREENS 
Bailing/Swabbing  445 8.1 17.6 115.9 Off scale -- 
Pumping  1,327 8.1 18.4 117.0 Off scale -- 
LOWER SCREEN 
Pumping 7,331 8.01 19.2 104.7 3.8 <0.1 
Aquifer testing 11,549 -- -- -- -- -- 
UPPER SCREEN 
Bailing 50 -- -- -- -- -- 
Pumping 9,404 8.17 19.5 111.4 3.4 0.73 
Aquifer testing 5,034 -- -- -- -- -- 

-- indicates the parameter was not measured. 
μS/cm = microSiemens per centimeter  
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On January 26, 2006, a bridge plug was installed at 1,095 ft bgs and the following day 
approximately 50 gal. of water were bailed from the isolated upper screened interval. Between 
January 30 and February 24, a Grundfos submersible pump was used to remove 9,404 gal. of 
water from the upper screened interval. The final TOC concentration was 0.73 ppm. 
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Figure 8.1-1. Water Quality Parameters During Development – Lower Screen 
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Figure 8.1-2. Water Quality Parameters During Development – Upper Screen 
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8.2 Aquifer Testing 

Aquifer testing was conducted on both screened intervals at R-17 (Appendix E). Key information 
from the aquifer tests on the upper and lower screened intervals are summarized below. 

Upper Screened Interval 

• The barometric efficiency of the aquifer at the upper screened interval is 92 percent.   

• The static water level measured in the upper screened interval was nearly 2 ft higher than 
that in the lower screened interval, suggesting low permeability materials are present 
between the two zones. 

• The computed hydraulic conductivity for the aquifer across the upper screened interval is     
1.7 ft per day. 

Lower Screened Interval 

• The barometric efficiency of the lower screened interval is approximately 45 percent, 
surprisingly less than the upper screened interval barometric efficiency of 92 percent.   

• The hydraulic conductivity of the 10-ft thick lower screened interval is 147 ft per day. 

8.3 Dedicated Sampling System Installation 

The dedicated sampling system has not yet been installed at R-17. A temporary packer from 
1,087 to 1,089 ft bgs separates the two screened intervals and will be replaced when the 
dedicated sampling system is installed. 

8.4 Wellhead Completion 

After noise restrictions related to spotted owl nesting are lifted, a reinforced 2,500 pounds per 
square inch concrete pad, 5-ft wide by 5-ft long by 6-in. thick, will be installed around the well 
casing to provide long-term structural integrity for the well. A brass survey pin will be embedded 
in the northwest corner of the pad. A 10.75-in. OD diameter steel casing with a locking lid will 
be installed to protect the well riser. The concrete pad will be elevated slightly above the ground 
surface, with base course gravel graded up around the edges.  

8.5 Geodetic Survey 

ASTS, Inc. of Albuquerque, New Mexico performed a geodetic survey of the well location and 
the survey data are presented in Table 8.5-1. 

Table 8.5-1 
Geodetic Data for R-17 

Description Northing Easting Elevationa 

Brass cap in R-17 pad pending pending pending 

Top of stainless-steel casing pending pending pending 

Ground surface pending pending pending 
         a Measured in ft above mean sea level (amsl) relative to the National Geodetic Vertical Datum of 1929. 
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8.6 Site Restoration 

Fluids produced during drilling and development were containerized and sampled in accordance 
with the July 12, 2005, “Waste Characterization Strategy Form” prepared for the 2005 well 
drilling program at LANL (Appendix C in Kleinfelder 2005a). Fluid sample results will be 
compared to the State of New Mexico Water Quality Control Commission Regulation 3103 
groundwater standards and applicable Resource Conservation and Recovery Act regulatory 
limits. Water generated during drilling, development and aquifer testing will be discharged in 
accordance with the Workplan Notice of Intent Decision Tree, revised July 15, 2002, and in 
coordination with NMED. Site restoration will include removing the silt fencing and reseeding 
the site. 

Site restoration activities have not begun at R-17. When NMED permission to discharge fluids 
has been obtained, a memorandum will be issued to document discharge approval and site 
restoration activities. 

9.0 DEVIATIONS FROM PLANNED ACTIVITIES 

Appendix F compares the actual drilling and well construction activities at R-17 with the planned 
activities described in the Drilling Work Plan. In general, drilling, sampling and well 
construction were performed as specified. The deviations from planned activities were:  

• Planned Borehole Depth – The Drilling Work Plan called for the borehole to be 
drilled to a target TD of 1,370 ft bgs; it was drilled to a TD of 1,167 ft bgs.  

• Groundwater Analyses – Although not specified in the drilling plan, high explosives 
analyses were added to the analytical suite for four of the samples.  

• Fine Sand Collar – Fine sand collars above the primary filter packs were called for in 
the drilling plan, but were not specified in the LANL well design and, therefore, were 
not installed. 
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1.0 SUMMARY 

This report describes borehole geophysical logging measurements from characterization well    
R-17, done by Schlumberger in December 2005 before well completion.  The report (1) 
summarizes the technology, measurements, and procedures employed; and (2) presents the 
processed results from these measurements and discusses their interpretation.  The logging 
measurements were acquired from 30 to 1,150 feet (ft) below ground surface (bgs), when the 
borehole was open (uncased) from 30 to 1,152 ft (bottom of hole, as measured by the logs), 
drilled with a 12.25 inch (in.) diameter bit size. 

The primary purpose of the geophysical logging was to characterize the geologic/hydrogeologic 
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 and grain density); (3) bulk electrical resistivity at 
multiple radial depths of investigation; (4) neutron induced gamma ray spectroscopy, providing 
bulk concentrations of a number of important mineral-forming elements, as well as hydrogen; (5) 
spectral natural gamma ray, including potassium, thorium, and uranium concentrations; (6) 
bedding and fracture orientation, fracture aperture, 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 are 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-17 provide, overall, good quality results that are 
consistent with each other through most of the borehole.  The quality of some measurements was 
degraded across intervals where the borehole contained large washouts and/or rugose hole 
(potentially across the intervals 508–522, 581–586, 718–816, 1055–1057, 1078–1083, 1094–
1099, and 1123–1152 ft bgs in varying degrees of severity).  The measurements most affected by 
the adverse borehole conditions were ones that have a shallow depth of investigation and that 
require close contact to the borehole wall—the bulk density, photoelectric effect, and the 
porosity measurements (particularly from the magnetic resonance tool).  The greatest impact on 
the log processing was erroneously high air-filled and/or water-filled porosity in the problem 
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zones – as estimated from the logs.  Through the integrated analysis and interpretation of all the 
logs, the individual shortcomings of the specific measurements are reduced.  Thus, the results 
derived from integrated log analysis (e.g., the optimized water-filled porosity log) are the most 
robust single representation of the geophysical log measurements—providing a wealth of 
valuable high-resolution information on the geologic and hydrogeologic environment of the R-
17 locale.   

Important results from the processed geophysical logs in R-17 include the following: 

1. The well standing water level in R-17 was relatively stable throughout the logging 
acquisition, remaining between 1,038 and 1,042 ft bgs for all five logging runs. 

2. The processed logs indicate that the intersected geologic section is fully saturated with 
water from the bottom of the log interval (1,152 ft bgs) to at least 1,065 ft bgs, and likely 
to 1,044 ft bgs, which lies within alluvium/fanglomerate.  The measured porosity across 
this interval is fairly consistent – mostly ranging 25–33% of total rock/sediment volume 
and generally increasing with depth, although it is higher in borehole washouts (as high 
as 48%).  The most productive aquifer zones estimated from the processed logs are 1056–
1058, 1078–1083, 1093–1099, 1100–1110, 1124–1128, 1133–1137, and 1140–1143 ft 
bgs.  The bottom of the borehole (1146–1152 ft bgs) may also be productive, as the logs 
indicate high porosity, but not all the log measurements are available to assess 
productivity.  The borehole contained washouts in some of these zones, which may be 
biasing high some of the porosity estimates. 

3. The processed logs indicate that the alluvium interval from 584 to 682 ft bgs has high 
water saturation and contains possible perched water zones.  The very low porosity zone 
at the bottom of this interval (665 to 681 ft bgs, possibly consisting of a dacite lava) 
appears to be fully saturated from the log results and it is possible this very tight, largely 
impermeable zone acts as a vertical permeability barrier to downward infiltrating water – 
resulting in a perched water zone (or high water content zone) in the more porous 
material lying directly above.  The processed logs also indicate significantly elevated 
water content (peaking at 40% of total rock volume) and, thus, higher water saturation at 
the bottom of the Guaje Pumice Bed (501 to 507 ft bgs).  Likewise, the estimated water 
saturation from the processed logs increases significantly across the interval from 136 to 
148 ft bgs, corresponding to a large increase in water content (compared to the section 
directly below) and decrease in porosity – the latter possibly acting as a vertical 
permeability barrier.  Also at the top of the borehole the processed logs indicate a zone 
with increased water content and saturation at 44 to 52 ft bgs. 

4. The geophysical log results clearly delineate that the saturated/water-filled section of the 
borehole (1,044 to 1,052 ft bgs) consists of fanglomerate.  The fanglomerate sequence 
extends into the unsaturated, retaining similar physical property characteristics, up to 681 
ft bgs.  In the interval from 665 to 681 ft bgs the log results clearly show a significant 
decrease in porosity to close to zero, with little change in the matrix geochemical makeup 
from the surrounding fanglomerate deposits – possibly representative of a dacite lava.  
Above this tight zone the log results suggest a continuation of fanglomerate deposits up 
to 508 ft bgs.  The geophysical log response in the zone 499 to 508 ft bgs is characteristic 
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of the Guaje Pumice Bed, with very high total porosity (53–56% of total rock volume), 
high water-filled porosity at the bottom (40%) that decreases in the upward direction, and 
a large increase in thorium and uranium concentrations.  The pumice bed is overlain by a 
thick section of slightly less-porous volcanic tuff.  The log results suggest volcanic tuff 
extends to near the top of the log interval (30 ft bgs), although the top section may also 
consist of surface alluvium containing reworked tuff. 

2.0 INTRODUCTION 

Geophysical logging services were performed in characterization well R-17 by Schlumberger in 
December 2005 before initial well completion.  The purpose of these 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 assist in overall decision-making. 

The primary geophysical logging tools used by Schlumberger in well R-17 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, as well as micro-resistivity 
and borehole diameter; 

• Array Induction Tool (AIT*), which measures formation electrical resistivity at five 
depths of investigation and borehole fluid resistivity to evaluate drilling fluid invasion 
into the formation (a qualitative indicator of permeability and water saturation), 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 
to evaluate geologic bedding and fracturing, including strike and dip of these features and 
fracture apertures, and rock/sediment texture; 

                                                 

∗Mark of Schlumberger 
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• General Purpose Inclinometry Tool (GPIT*), which measures borehole deviation and 
azimuth in open-hole 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 neutron-induced spectral 
gamma ray activity; this determines elemental weight fraction concentrations of a number 
of key rock-forming elements used to characterize geochemistry, mineralogy, and 
lithology of the formation. 

 

In addition, calibrated gross gamma ray (GR) was recorded with every service for the purpose of 
correlating depths between the different logging runs.  Table 2.1 summarizes the geophysical 
logging runs performed in R-17. 

Table 2.1 
Geophysical logging services, their combined tool runs and intervals logged,  

as performed by Schlumberger in borehole R-17 
Date of 
Logging Borehole Status 

Run 
# Tool 1 

Tool 
2 

Tool 
3 Tool 4 

Depth 
Interval  

14-Dec-2005 Open hole below 30 ft 
Bit size of 12.25 in.  

Steel surface casing 
above 30 ft. Casing ID of 
15.5 in. 

1 TLD 
(Bottom) 

CNT GR 
(Top) 

  30–1,150 ft 

Same Same 2 AIT TLD NGS  30–1,150 ft 

Same Same 3 ECS GR   30–1,146 ft 

Same Same 4 CMR GR   58–1,146 ft 

15-Dec-2005 Same 5 FMI GR   30–1,150 ft 

 
A more detailed description of these geophysical logging tools can be found on the 
Schlumberger website (http://www.hub.slb.com/index.cfm?id=id11618). 

3.0 METHODOLOGY 

This section describes the methods Schlumberger employed for geophysical logging of Well     
R-17, including the following stages/tasks: 

• Measurement acquisition at the well site 
• Quality assessment of logs 
• Reprocessing of field data 
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3.1 Acquisition Procedure 

Once the well drilling project team notified Schlumberger that R-17 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, 
including: 

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

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

3. Threading the wireline cable through the sheaves 

4. Attaching to the end of the cable the appropriate sonde(s) for the first run 

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 CNT/ECS and TLD, respectively) the 
sources were taken out of their carrying shields and placed in the appropriate tool source-holding 
locations using special source-handling tools just before lowering the tool string.  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.  Any post-
logging measurement checks were performed as part of log quality control and assurance. The 
tool string was cleaned as it was pulled out of the hole, separated, and disconnected. 

The second tool string was attached to the cable for another logging run, followed by subsequent 
tool strings and logging runs.  After the final logging run was completed, the cable and sheave 
wheels were rigged down. 

Before departure, the logging engineer printed field logs and created a compact disc containing 
the field log data for on-site distribution and sent the data via satellite to the Schlumberger data 
storage center.  The Schlumberger data processing center 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 
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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 chemical and physical properties. 

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, both with known physical properties.  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 confirm the validity of the measurements directly before acquisition and to ensure that 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 
web page (http://www.hub.slb.com/index.cfm?id=id11618). 

3.3 Processing Procedure 

After the geophysical logging job was completed in the field and the data was archived, the data 
was downloaded to the Schlumberger processing center.  There, the data were processed in the 
following sequence: (1) the measurements were corrected for near-wellbore environmental 
conditions and the measurement field processing for certain tools (CMR and ECS) was redone 
using better processing algorithms and parameters, (2) the log curves from different logging runs 
were depth matched and spliced, and (3) the near-wellbore substrate lithology/mineralogy and 
pore fluids were modeling 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. 
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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 (not applicable for this well since the 
top of all logs is below the surface casing), and (to a much lesser extent) pressure, temperature, 
and fluid salinity.  Basically, these environmental corrections entail subtracting from the 
measurement response the known influences of the set of prescribed borehole conditions.  In     
R-17, the log measurements requiring these corrections are the CNT porosity, 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 holes.  In water/mud-
filled holes, both the CNT epithermal and thermal neutron measurements are valid, but the 
thermal neutron porosity has better statistical precision.  Both epithermal and thermal neutron 
porosity measurements were made in R-17 since the borehole was partly water-filled (below 
1,040 ft during the CNT logging) and partly air-filled (above 1,040ft during the logging).  
Epithermal neutron porosity was processed at the field site for borehole fluid type (air versus 
water) and other environmental conditions and didn’t require any further processing.  The 
thermal neutron porosity measurement was reprocessed for borehole conditions, although the 
results were very similar to the field logs.  For further processing and analysis (e.g., integrated 
log analysis), the reprocessed thermal neutron porosity log was used. 

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 this unwanted 
contribution from the raw normalized yield, 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 casing/fluid change.  The ECS 
logs did not require any casing corrections since the log interval was entirely in uncased 
borehole.  At the time of the ECS logging in R-17 the borehole contained water from bottom to 
1,040 ft; no hydrogen correction was required in the air-filled section above 1,040 ft and the 
difference between the hydrogen yield above and below this depth was used to determine the 
baseline borehole hydrogen correction to apply below.   

The NGS spectral gamma ray is affected by the material (fluid, air, and 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-17 were reprocessed to fully account 
for the environmental effects of the borehole fluid (water below 1,040 ft and air above) and hole 
size. 

The measurements cannot be fully corrected for borehole washouts or rugosity since the specific 
characteristics (e.g., geometry) of these features are unknown and their effects on the 
measurements are often too significant to account for.  Thus, the compromising effects of these 
conditions on the measurements should be accounted for in the interpretation of the log results. 
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3.3.2 Depth-Matching and Splicing 

Once the logs were environmentally corrected for the conditions in the borehole and the raw 
measurement reprocessing was completed, the logs from different tool runs were depth-matched 
to each other using the TLD-CNT tool run as the base reference.  Gross gamma ray was used as 
the common correlation log measurement for depth-matching the different runs.  The depth 
reference for all the processed logs is ground surface. 

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-wellbore substrate lithology/mineralogy and pore fluids.  This analysis was 
performed using the Elemental Log Analysis (ELAN∗) program (Mayer and Sibbit, 1980; 
Quieren et al, 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 itself1.  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-17 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 report 
CD), 3rd track from the right (inclusive of the depth track).  In addition, the ELAN program 
provides a direct comparison of the modeled versus the actual measured geophysical logs, as 
well as a composite log of all of the key ELAN-derived results.  To make best use of all the 
measurement data and to perform the analysis across as much of the well interval as possible (24 
to 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 all of the tool measurements shown in Table 3.1 and 
the ELAN modeled versus measured log display 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, above 58 ft bgs and below 1,045 ft bgs capillary bound 
water had to be removed because no CMR measurement is available (CMR has the only 
measurement that is independently sensitive to bound water). 

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 

                                                 

∗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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representative of Los Alamos area geology and it’s volcanic origins.  For the ELAN analysis, the 
log interval from 30 to 507 ft bgs was assumed to be tuff or pumice, and a mineral suite 
considered representative of this volcanic tuff, based on LANL cuttings mineral analysis, was 
used (primary “minerals” silica glass/cristobalite/tridymite [indistinguishable from the log 
measurements], quartz, potassium feldspar, and montmorillinite, with accessory minerals augite, 
calcite, and pyrite).  The results of laboratory analyses of Bandelier Tuff and Puye Formation 
samples from around the LANL site were also used to constrain the proportion of quartz versus 
the combination of glass/cristobalite/tridymite in the ELAN analysis.  The log interval 507 to 
1,152 ft bgs were assumed to be in the Puye Formation, or fanglomerate/alluvium with similar 
composition, and a mineral suite considered representative of this geology, based on LANL 
cuttings mineral analysis, was used (primary “minerals” silica glass/cristobalite/tridymite 
[indistinguishable from the log measurements], plagioclase and potassium feldspar; quartz at a 
defined small fraction of the silica glass content; variable amounts of montmorillinite clay; with 
possible accessory/trace minerals biotite, hematite, augite, hypersthene, heavy mafic minerals, 
and pyrite).   

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, despite the obvious 
influence on the log response of borehole washouts.  There is no way to objectively correct for 
the adverse effect on the log measurements from these borehole conditions; therefore the 
decision was made to perform the ELAN analysis so as to honor the log measurements.  
Accordingly, 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.  
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Table 3.1 
Tool measurements, volumes, and respective parameters used in the R-17 ELAN analysis 
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Bulk density  
(g/cc) 

–0.19 1.00 1.00 3.55 5.161 2.68 2.33 4.4 3.08 2.02 3.04 4.99 2.54 2.71 2.64 

Thermal 
neutron poro. 
(nonlinear)  
(ft3/ft3) 

0 1.00 1.00 0.036 0.126 -0.01 -0.03 0.07 0.015 0.65 0.15 0.01 -0.01 0.0 -0.02 

Epithermal 
neutron poro. 
(ft3/ft3) 

0 1.00 1.00 0.012 0.055
6 

-0.01 0.0 0.022 -0.01 0.5 0.14 0.165 -0.01 0.0 -0.05 

Volumetric 
photoelectric 
effect  
(unitless) 

0 0 0.40 20.2 107.3 7.32 4.2 83 23.8 4.4 21.6 82.1 7.3 14.1 4.78 

Total CMR 
porosity 
(ft3/ft3) 

0 1.0 1.0 0 0 0 0 0 0 0.5 0 0 0 0 0 

CMR bound 
fluid volume 
(ft3/ft3) 

0 1.0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 

Resistivity  
(ohm-m) 

Very 
high 

9.76 4.88 Very 
high 

Very 
high 

Very 
high 

Very 
high 

Very 
high 

Very 
high 

Com-
puted 

Very 
high 

Very 
high 

Very 
high 

Very 
high 

Very 
high 

Dry weight 
silicon  
(lbf/lbf) 

0.0 0.0 0.0 0.24 0.0 0.247 0.468 0.184 0.225 0.242 0.178 0.0 0.3 0.0 0.468 

Dry weight 
calcium  
(lbf/lbf) 

0.0 0.0 0.0 0.0 0.0 0.09 0.0 0.0 0.10 0.012 0.007 0.0 0.0 0.405 0.0 

Dry weight 
iron  
(lbf/lbf) 

0.0 0.0 0.0 0.20 0.699 0.023 0.0 0.22 0.112 0.02 0.199 0.466 0.015 0.0 0.0 

Dry weight 
aluminum  
(lbf/lbf) 

0.0 0.0 0.0 0.0 0.0 0.162 0.0 0.0 0.018 0.103 0.081 0.0 0.104 0.0 0.0 

Dry weight 
sulfur  
(lbf/lbf) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.535 0.0 0.0 0.0 

Dry weight 
titanium  
(lbf/lbf) 

0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.0 0.048 0.001 0.016 0.0 0.0 0.0 0.0 

Wet weight 
potassium  
(lbf/lbf) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.003 0.004 0.070 0.0 0.12 0.0 0.0 

Weight 
hydrogen  
(lbf/lbf) 

0.0 0.111 0.111 0.0 0.0 0.0 0.01 0.0 0.0 0.022 0.003 0.0 0.0 0.0 0.0 

Wet weight 
thorium 
(ppm) 

0 0 0 13.5 0 1.75 2 4 13.5 24 25 0 5 0 0 

Clay bound 
water volume 
(ft3/ft3) 

0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 

Magnetic field 
variation 
(mT) 

0 0 0 0 10 0 0 2 0 0 0 1 0 0 0 
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gAPI = gamma ray API (American Petroleum Institute) standard unit  ohm-m = ohm x meters 
ft3 = cubic feet   mT = milli-Tesla   g/cc = grams per cubic centimeter 
ppm = parts per million  lbf = pounds force 

4.0 RESULTS 

Preliminary results from the wireline geophysical logging measurements acquired by 
Schlumberger in R-17 were generated in the logging truck at the time the geophysical services 
were performed and were documented in the field logs provided on site.  However, the 
measurements presented in the field results are not fully corrected for undesirable (from a 
measurement standpoint) borehole and geologic conditions and are provided as separate, 
individual logs.  The field log results have been processed (1) to correct/improve the 
measurements, as best as possible, for borehole/formation environmental conditions, and (2) 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.   

The processed log results are presented as continuous curves of the processed measurement 
versus depth and are displayed as (1) a one-page, compressed summary log display for selected 
directly related sets of measurements (see Figures 4.1, 4.2, and 4.3); and (2) an integrated log 
montage that contains all the key processed log curves, on depth and side by side (see report 
CD).  The summary log displays address specific characterization needs, such as moisture 
content, water saturation, and lithologic changes.  The purpose of the integrated log montage is 
to present, side by side, all the most salient processed 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-17 are described below. 

4.1.1 Well Fluid Level 

The standing water level in R-17 was stable during the December 15–16, 2005 logging, 
remaining between 1,038 and 1,042 ft bgs for all five logging runs. 

4.1.2 Regional Aquifer 

The processed geophysical logs definitively indicate fully-water saturated conditions below 
1,065 ft bgs.  The estimated pore volume water saturation (fraction of the total pore volume 
containing water) computed from the ELAN analysis is very high (90–100%, mostly above 
100%) from 1,065 ft bgs to the bottom of the log interval (1,152 ft bgs).  The water saturation is 
also high in the interval directly above (1,044 to 1,065 ft bgs), ranging 65–100%, compared with 
primarily 30–60% in the interval above (682 to 1,042 ft bgs). 

These overall results suggest that the regional aquifer groundwater level likely resides at a depth 
close to 1,044 ft bgs in this location, with the regional aquifer itself below. 
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The log-derived estimates of water-filled and total porosity2, which are equivalent in the fully-
water saturated section, vary considerably (22–48%), but predominantly range 25–33% across 
the section of the log interval that intersects the apparent Regional Aquifer (1,044–1,152 ft bgs).  
The highest porosity anomalies are associated with borehole washouts.  Key hydrogeologic 
characteristics observed from the processed continuous logs across this depth section are 
described below, zoned based on intervals that have similar characteristics (referenced to depth 
below ground surface): 

• 1,044–1,048 ft bgs: This zone has relatively low total and water-filled porosity (22–
25% and 22% of total rock volume, respectively, as estimated from the ELAN 
integrated log analysis), although a significant portion of the pore space appears to be 
effective (estimated effective porosity of about 15% of total rock volume).  The water 
saturation estimate from the ELAN analysis varies from 80% to 92% of total rock 
volume.  Based on the ELAN results and visual inspection of the FMI electrical 
image log, this interval is composed of fairly large-grained and well-sorted alluvial 
sediments. 

• 1,048–1,052 ft bgs: This zone has higher total and water-filled porosity (32% and 
27% of total rock volume, respectively) than the zone above.  Water saturation, as 
estimated from the ELAN analysis, varies from 75% to 90% of total rock volume.  
Estimated moveable water content is high (approximately 20–30% of total rock 
volume).  Based on the ELAN results and FMI image log, this interval is a 
continuation of the alluvium sequence from above, with a well-sorted large grain size.  

• 1,052–1,055 ft bgs: This thin zone has a similar total porosity (32% of total rock 
volume) as the zone above, but the water content is lower (low of 25% of total rock 
volume) – resulting in a lower water saturation estimate (low of 62% of total rock 
volume).  Estimated moveable water content is also lower (15% of total rock volume) 
and the presence of fine-grained material (likely clay) is indicated by the ELAN 
analysis results and FMI image log (clay is identifiable on the FMI image by lower 
resistivity and darker image color).  

• 1,055–1,057 ft bgs: This thin zone is a characterized by a localized peak in 
total/water-filled and estimated effective porosity (maximum 40% and 25% of total 
rock volume, respectively), with estimated water saturation at 100% of total rock 
volume.  Such a porosity anomaly is normally associated with a borehole washout, 
which causes erroneously high porosity measurements, but the caliper logs do not 
indicate the presence of a washout.  The caliper logs do suggest the borehole is 
rugose and it is possible that the void between large cobbles in the borehole wall is 
causing a localized porosity peak.  

• 1,057–1,060 ft bgs: This zone has relatively high total and water-filled porosity (32% 
and 25–32% of total rock volume, respectively).  Estimated water saturation varies 

                                                 

2 Water-filled porosity (synonymous with volumetric water content) is defined in this report as the fraction of the total rock volume occupied by 
water.  Total porosity is defined as fraction of the total rock volume occupied by water plus air, plus any other fluid or gas (non-solid). 
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from 80% to 100% of total rock volume.  Estimated moveable water content is quite 
high (approximately 12–25% of total rock volume).  Based on the ELAN results this 
interval is a continuation of the alluvium sequence from above, with a well-sorted 
large grain size.  

• 1,060–1,065 ft bgs: This zone has lower total and water-filled porosity (25–30% and 
22–28% of total rock volume, respectively) than the section directly above, resulting 
in a water saturation estimate of approximately 80% of total rock volume. Estimated 
moveable water content ranges 10–15% of total rock volume.  

• 1,065–1,068 ft bgs: This thin zone has lower total porosity (22–25% of total rock 
volume) than the section directly above, with the same water-filled porosity (i.e., the 
processed logs indicate fully-saturated conditions).  Estimated effective porosity 
(moveable water) is approximately 15% of total rock volume.   

• 1,068–1,078 ft bgs: This zone has relatively consistent total/water-filled porosity that 
averages about 27% of total rock volume.  The ELAN analysis results indicate nearly 
full water saturation.  Estimated effective porosity averages about 17% of total rock 
volume.  

• 1,078–1,083 ft bgs: This zone is a characterized by a localized peak in total/water-
filled porosity (maximum 37% of total rock volume), with estimated water saturation 
at 100% of total rock volume.  Estimated effective porosity is fairly low, though, at 
approximately 12% of total rock volume.  Such a porosity anomaly is normally 
associated with a borehole washout, which causes erroneously high porosity 
measurements, but the caliper logs do not indicate the presence of a washout.  

• 1,083–1,093 ft bgs: This zone has uniform total/water-filled porosity that averages 
about 27% of total rock volume, with estimated water saturation of 100% of total 
rock volume.  Estimated effective porosity ranges 10–15% of total rock volume, 
decreasing with depth.  The ELAN analysis results indicate the presence of a minor 
amount of clay at the bottom of the interval.  

• 1,093–1,099 ft bgs: This zone is a characterized by a large peak in total/water-filled 
porosity (maximum 48% of total rock volume), with estimated water saturation close 
to 100% of total rock volume.  Estimated effective porosity is very high (20–30% of 
total rock volume), resulting in a high estimate of hydraulic conductivity.  Such a 
porosity anomaly is normally associated with a borehole washout, which causes 
erroneously high porosity measurements, and the caliper logs do indicate the presence 
of a washout adjacent to the highest porosity peak.  

• 1,099–1,112 ft bgs: This zone has relatively consistent total/water-filled porosity that 
ranges 30–32% of total rock volume, with estimated water saturation of 100% of total 
rock volume.  Estimated effective porosity ranges about 15–20% of total rock 
volume, highest at the bottom.  

• 1,112–1,120 ft bgs: This zone has slightly lower total/water-filled porosity (26–30% 
of total rock volume) than the section directly above, with estimated water saturation 
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of 100% of total rock volume.  Estimated effective porosity averages approximately 
15% of total rock volume.   

• 1,120–1,124 ft bgs: This zone has slightly higher total/water-filled porosity than the 
section directly above, ranging 30–34% of total rock volume, with estimated water 
saturation of 100% of total rock volume.  Estimated effective porosity ranges about 
15–20% of total rock volume, although this estimate is likely biased high by the 
effect of borehole washouts that were present across this interval on the CMR pore 
size measurement.  The ELAN analysis model results and the FMI electrical image 
log suggest that this zone contains some clay.   

• 1,124–1,129 ft bgs: This zone has the same total/water-filled porosity (30–34% of 
total rock volume) as the section directly above, with estimated water saturation of 
100% of total rock volume.  Estimated effective porosity is much lower than the 
above section (less than 10% of total rock volume), but this estimate, as with the one 
for zone above, is not very reliable due to the effect of borehole washouts on the 
CMR pore size measurement.   

• 1,129–1,133 ft bgs: This zone has slightly lower total/water-filled porosity 
(approximately 30% of total rock volume) than the section directly above, with 
estimated water saturation of 100% of total rock volume.  Estimated effective 
porosity is about 20% of total rock volume, although this estimate is likely biased 
high by the effect of borehole washouts on the CMR pore size measurement.  The 
ELAN analysis model results and the FMI electrical image log suggest that this zone 
contains some clay.  

• 1,133–1,137 ft bgs: This zone has slightly higher total/water-filled porosity (30–35% 
of total rock volume) than the section directly above, with estimated water saturation 
of 100% of total rock volume.  Estimated effective porosity is mostly much lower 
than the above section (less than 10% of total rock volume), but this estimate is not 
very reliable due to the effect of borehole washouts on the CMR pore size 
measurement.   

• 1,137–1,141 ft bgs: This zone has slightly lower total/water-filled porosity 
(approximately 30% of total rock volume) than the section directly above, with 
estimated water saturation of 100% of total rock volume.  Estimated effective 
porosity is about 15% of total rock volume, although this estimate is not very reliable 
due to the effect of borehole washouts on the CMR pore size measurement.  The 
ELAN analysis model results and the FMI electrical image log suggest that this zone 
contains some clay.  

• 1,141–1,143 ft bgs: This thin zone has slightly higher total/water-filled porosity (30–
35% of total rock volume) than the section directly above, with estimated water 
saturation of 100% of total rock volume.  Estimated effective porosity is about 15% 
of total rock volume, although this estimate is not very reliable due to the effect of 
borehole washouts on the CMR pore size measurement. 
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• 1,143–1,146 ft bgs: This zone has lower total/water-filled porosity (ranging 
approximately 25–27% of total rock volume) than the section directly above, with 
estimated water saturation of 100% of total rock volume.  Estimated effective 
porosity is less than 15% of total rock volume, although this estimate is not very 
reliable due to the effect of borehole washouts on the CMR pore size measurement.  
The ELAN analysis model results and the FMI electrical image log suggest that this 
zone contains some clay.  

• 1,146–1,152 ft bgs (bottom of logged section): This zone has much higher 
total/water-filled porosity (ranging 33–43% of total rock volume) than the saturated 
section above, with estimated water saturation of 100% of total rock volume.  is 
characterized by unrealistically high total/water-filled and effective porosity 
(maximum of 63% and 60% of total rock volume, respectively).  It is possible these 
porosity values are elevated due to the presence of washouts at the bottom of the 
borehole.  Effective porosity could not be estimated across this interval since the 
depth is below the bottom CMR measurement.  

4.1.3 Vadose Zone Perched Water 

Above 1,044 ft bgs to the surface (the estimated apparent regional aquifer ground water level 
from the processed geophysical logs), the processed geophysical logs indicate highly variable 
total and water-filled porosity, ranging from 0 to 60% and 0 to 40%, respectively, of total rock 
volume.  Most of the zones that have unrealistically high porosity values (above 50% of total 
rock volume) in the form of anomalous peaks contain large borehole washouts, where the 
porosity measurements are severely influenced by the large volume of air-filled borehole 
surrounding the sensors on the logging tools.  However, there are a number of significant zones 
within the volcanic tuff/pumice sequence (above 507 ft bgs) where the processed logs show total 
porosity exceeding 50% of total rock volume, likely representative of true porosity.  The 
estimated water saturation, computed from the processed geophysical logs based on the total and 
water-filled porosity estimates, is highly variable, ranging from 5 to 100%.  Significant zones 
with high water saturation, as estimated from the ELAN integrated log analysis, are described 
below:  

• 584–682 ft bgs: Water saturation ranges 60–100% of total rock volume, mostly 
greater than 80%.  The highest water saturation values are at the bottom of the 
interval (648 to 682 ft bgs), reaching 100% in many places, where the total porosity is 
very low (0–15% of total rock volume).  Correspondingly, water-filled porosity 
(volumetric water content) is low where the total porosity is low, but above the 
bottom tight zone water content reaches as high as 20% of total rock volume (30% 
moveable water) at 641 ft bgs.  A plausible interpretation is that the extremely low 
porosity zone at the bottom (possibly, from the logs, a dacite lava) acts as a vertical 
permeability barrier to downward infiltrating water – resulting in a perched water 
zone (or high water content zone) in the more porous material lying directly above. 

• 501–507 ft bgs: Water saturation increases from approximately 60% of total rock 
volume at the top to 75% at the bottom.  Correspondingly, water-filled porosity 
(volumetric water content) increases from top to bottom, peaking at 40% of total rock 
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volume (10–20% moveable water).  Total porosity is extremely high across this 
interval (55% of total rock volume), likely representative of the Guaje Pumice Bed.  
Directly below this interval the total porosity ranges 18–40% of total rock volume, 
dropping to 18% at 513 ft bgs, and the ELAN analysis results indicate the presence of 
clay.  A plausible interpretation is that the extremely high porosity pumice acts as a 
sponge to downward infiltrating water whose downward movement is 
inhibited/slowed by the relatively lower porosity and more clay rich material directly 
below – resulting in a high water content zone at the bottom of the pumice bed.  

• 136–148 ft bgs: Water saturation reaches 75% to 95% of total rock volume across 
this interval, generally increasing with depth coinciding with a corresponding 
decrease in total porosity (decreasing to 22–30% of total rock volume from 141 to 
148 ft bgs).  Water-filled porosity (volumetric water content) ranges 20–38% of total 
volume, but is mostly capillary bound (immoveable) water according to the processed 
logs.  The water content is considerably higher in this interval and the overlying 
section up to 44 ft bgs (which has much higher total porosity) compared to the section 
directly below (average water-filled porosity of 15%).  A plausible interpretation is 
that the relatively low porosity zone at the bottom of this interval, which the ELAN 
analysis indicates also contains some clay, acts as a vertical permeability barrier to 
downward infiltrating water – resulting in higher water content in the more porous 
material lying directly above. 

• 44–52 ft bgs: Water saturation is higher across this zone compared to the directly 
adjacent section, reaching a high of 80% of total rock volume at 45 ft bgs.  Water 
content is higher as well, peaking at 44% and 35% at 45 and 50 ft bgs, respectively.  
Total porosity is lower across the interval 46 – 49 ft bgs, ranging 35 – 40% of total 
rock volume compared to 50% in the directly surrounding section.  The ELAN 
analysis also suggests the presence of clay across entire interval. It is possible that 
this zone is retaining water infiltrating from above due to the lower porosity and 
presence of finer grained material. 

4.1.4 Geology 

The processed geophysical log results clearly delineate the geologic material and most of the 
formation contacts intersected by R-17 across the log interval (from 30 to 1,152 ft bgs).  The 
generalized geologic stratigraphy observed from the logs across the measured interval is as 
follows (depth below ground surface): 

• 30–44 ft bgs (top of processed log interval): Very high porosity silicon, 
potassium, and thorium rich material (likely volcanic tuff or derived from 
volcanic tuff) – characterized by very high total porosity (50–56% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
minor amounts of quartz, augite (or similar minerals) and calcite (or other calcium-
bearing minerals); and variably minor amounts of clay (near the bottom)  

• 44–50 ft bgs: High porosity silicon rich material containing clay (likely volcanic 
tuff derived from volcanic tuff) – characterized by high total porosity (40–45% of 
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total rock volume) that is nonetheless lower than the surrounding section; high silica 
glass/tridymite/cristobalite and potassium feldspar content; minor amounts of quartz, 
augite (or similar minerals) and calcite (or other calcium-bearing minerals); and 
variably minor to moderate amounts of clay throughout 

• 50–135 ft bgs: Homogeneous, very high porosity silicon, potassium, and thorium 
rich material (likely volcanic tuff) – characterized by uniformly very high total 
porosity (45–55% of total rock volume); high silica glass/tridymite/cristobalite and 
potassium feldspar content; and minor amounts of quartz, augite (or similar minerals) 
and calcite (or other calcium-bearing minerals) 

• 135–149 ft bgs: Variable, moderate porosity silicon rich material containing clay 
(likely volcanic tuff or derived from volcanic tuff)  – characterized by moderate, 
highly varying total porosity (25–37% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; minor amounts of quartz, 
augite (or similar minerals) and calcite (or other calcium-bearing minerals); and 
variably minor to moderate amounts of clay 

• 149–263 ft bgs: Homogeneous, high to very high porosity volcanic tuff – 
characterized by uniform, high total porosity that decreases with depth (38–48% of 
total rock volume); high silica glass/tridymite/cristobalite and potassium feldspar 
content; minor amounts of quartz, augite (or similar minerals) and calcite (or other 
calcium-bearing minerals); and variably trace amounts of clay 

• 263–373 ft bgs: Homogeneous, very high porosity volcanic tuff – characterized by 
consistently very high total porosity (40–45% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; minor amounts of quartz, 
augite (or similar minerals) and calcite (or other calcium-bearing minerals); and 
variably trace amounts of clay 

• 373–482 ft bgs: Variable, very high porosity volcanic tuff – characterized by 
variable, very high total porosity (42–48% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; and minor amounts of 
quartz, augite (or similar minerals) and calcite (or other calcium-bearing minerals) 

• 482–499 ft bgs: Very high porosity volcanic tuff/pumice – characterized by very 
high total porosity (42–52% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; and minor amounts of 
quartz, augite (or similar minerals) and calcite (or other calcium-bearing minerals) 

• 499–508 ft bgs: Extremely high porosity volcanic tuff/pumice – characterized by 
extremely high total porosity (53–56% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; and minor amounts of 
quartz, augite (or similar minerals) and calcite (or other calcium-bearing minerals) 

• 508–522 ft bgs: Variably moderate to high porosity, heterogeneous alluvium 
containing clay (likely fanglomerate) – characterized by highly variable total 
porosity (20–44% of total rock volume, but highest porosity likely associated with 
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washouts); high silica glass/tridymite/cristobalite and potassium feldspar content; 
variably moderate plagioclase feldspar content; variably minor to small amounts of 
clay and augite; and variably trace to minor amounts of quartz, hypersthene, biotite, 
hematite and/or heavy mafic minerals 

• 522–580 ft bgs: Variably low to moderate porosity, heterogeneous alluvium 
containing clay (likely fanglomerate) – characterized by highly variable low to 
moderate total porosity (18–27% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably moderate 
plagioclase feldspar and augite content; variably minor to small amounts of clay with 
a peak at 532 ft bgs; and variably trace to minor amounts of quartz, hypersthene, 
biotite, hematite and/or heavy mafic minerals 

• 580–586 ft bgs: Large borehole washout in alluvium, possibly containing clay 
(likely fanglomerate) – characterized by unrealistically high total porosity (60% of 
total rock volume, elevated due to presence of washout); moderate silica 
glass/tridymite/cristobalite, plagioclase and potassium feldspar, and clay content; and 
variably trace to minor amounts of quartz, hypersthene, biotite, hematite and/or heavy 
mafic minerals 

• 586–632 ft bgs: Variably low porosity, heterogeneous alluvium (likely 
fanglomerate) – characterized by variably low total porosity (12–25% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
variably moderate plagioclase feldspar and augite content; variably minor to small 
amounts of clay with a peak at 532 ft bgs; and variably trace to minor amounts of 
quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 632–648 ft bgs: Variably moderate porosity alluvium (likely fanglomerate) – 
characterized by consistently varying moderate total porosity (17–26% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
variably moderate plagioclase feldspar and augite content; and variably trace to minor 
amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 648–665 ft bgs: Very low porosity, heterogeneous silicon and potassium rich 
material (possible dacite lava) – characterized by extremely low total porosity (8–
15% of total rock volume); high silica glass/tridymite/cristobalite and potassium 
feldspar content; variably moderate plagioclase and augite content; and variably trace 
to minor amounts of clay, quartz, hypersthene, biotite, hematite and/or heavy mafic 
minerals 

• 665–681 ft bgs: Extremely low porosity, heterogeneous silicon and potassium 
rich material containing clay (possible dacite lava) – characterized by very low 
total porosity (2–7% of total rock volume); high silica glass/tridymite/cristobalite and 
potassium feldspar content; variably moderate plagioclase and augite content; minor 
amounts of clay; and variably trace to minor amounts of quartz, hypersthene, biotite, 
hematite and/or heavy mafic minerals 
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• 681–732 ft bgs: Variably moderate to high porosity, heterogeneous alluvium 
containing clay (likely fanglomerate) – characterized by variably moderate to high 
total porosity (27–38% of total rock volume); moderate silica 
glass/tridymite/cristobalite and potassium and plagioclase feldspar content; small to 
moderate amounts of clay, generally increasing with depth; small amounts of augite; 
and variably trace to minor amounts of quartz, hypersthene, biotite, hematite and/or 
heavy mafic minerals 

• 732–738 ft bgs: Highly variable, very high porosity alluvium containing clay 
(likely fanglomerate) – characterized by highly variable total porosity (25–46% of 
total rock volume, the peaks possibly elevated due to borehole washouts); moderate 
clay, plagioclase and potassium feldspar content, small amounts of silica 
glass/tridymite/cristobalite and augite; and variably trace to minor amounts of quartz, 
hypersthene, biotite, hematite and/or heavy mafic minerals 

• 738–747 ft bgs: Low porosity alluvium containing clay (likely fanglomerate) – 
characterized by low total porosity (18–23% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably minor to small 
amounts of clay; small amounts of plagioclase feldspar and augite; and variably trace 
to minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic 
minerals 

• 747–808 ft bgs: Highly variable, low to high porosity, heterogeneous alluvium 
(likely fanglomerate) – characterized by highly variable total porosity (13–43% of 
total rock volume, the peaks likely elevated due to borehole washouts); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably moderate 
plagioclase feldspar and augite content; variably minor amounts of clay; and variably 
trace to minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic 
minerals 

• 808–849 ft bgs: Highly variable, moderate porosity, heterogeneous alluvium 
(likely fanglomerate) – characterized by variable moderate total porosity (25–35% 
of total rock volume); high silica glass/tridymite/cristobalite and potassium feldspar 
content; variably moderate plagioclase feldspar and augite content; variably minor to 
moderate amounts of clay, especially in the zone 822–833 ft bgs; and variably trace to 
minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 849–967 ft bgs: Highly variable, low porosity alluvium (likely fanglomerate) – 
characterized by variable low total porosity (13–28% of total rock volume); high 
silica glass/tridymite/cristobalite and potassium feldspar content; variably minor to 
moderate plagioclase feldspar and augite content; minor to small amounts of clay; 
and variably trace to minor amounts of quartz, hypersthene, biotite, hematite and/or 
heavy mafic minerals 

• 967–1,012 ft bgs: Moderate porosity, relatively homogeneous alluvium (likely 
fanglomerate) – characterized by moderate total porosity (22–32% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
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variably minor amounts of plagioclase feldspar, augite, and clay; and variably trace to 
minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,012–1,026 ft bgs: Relatively high porosity and homogeneous alluvium (likely 
fanglomerate) – characterized by relatively high total porosity (28–32% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
variably minor amounts of plagioclase feldspar, augite, and clay; and variably trace to 
minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,026–1,048 ft bgs: Moderate porosity, relatively homogeneous alluvium (likely 
fanglomerate) – characterized by variable moderate total porosity (23–33% of total 
rock volume); high silica glass/tridymite/cristobalite and potassium feldspar content; 
variably minor amounts of plagioclase feldspar, augite, and clay; and variably trace to 
minor amounts of quartz, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,048–1,061 ft bgs: Variably high porosity alluvium (likely fanglomerate) – 
characterized by high total porosity (33–40% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably minor to 
moderate plagioclase feldspar and augite content; trace to minor amounts of clay, 
especially at 1,054 ft bgs; and variably trace to minor amounts of quartz, hypersthene, 
biotite, hematite and/or heavy mafic minerals 

• 1,061–1,079 ft bgs: Moderate porosity alluvium (likely fanglomerate) – 
characterized by moderate total porosity (22–30% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably minor to 
moderate amounts of plagioclase feldspar and augite; and variably trace to minor 
amounts of quartz, clay, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,079–1,084 ft bgs: High porosity alluvium (likely fanglomerate) – characterized 
by high total porosity (37% of total rock volume, possibly elevated due to borehole 
washout); high silica glass/tridymite/cristobalite and potassium feldspar content; 
moderate amounts of plagioclase feldspar and augite; and variably trace to minor 
amounts of quartz, clay, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,084–1,095 ft bgs: Moderate porosity alluvium (likely fanglomerate) – 
characterized by moderate total porosity (27% of total rock volume); high silica 
glass/tridymite/cristobalite and potassium feldspar content; variably minor to 
moderate amounts of plagioclase feldspar and augite; and variably trace to minor 
amounts of quartz, clay, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,095–1,099 ft bgs: Very high porosity alluvium (likely fanglomerate) – 
characterized by very high total porosity (48% of total rock volume, likely elevated 
due to presence of borehole washout); high silica glass/tridymite/cristobalite and 
potassium feldspar content; moderate amounts of plagioclase feldspar and augite; and 
variably trace to minor amounts of quartz, clay, hypersthene, biotite, hematite and/or 
heavy mafic minerals 
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• 1,099–1,119 ft bgs: Relatively high porosity and homogeneous alluvium (likely 
fanglomerate) – characterized by relatively high total porosity (28–32% of total rock 
volume); high silica glass/tridymite/cristobalite and potassium feldspar content; small 
amounts of plagioclase feldspar and augite; and variably trace to minor amounts of 
quartz, clay, hypersthene, biotite, hematite and/or heavy mafic minerals 

• 1,119–1,124 ft bgs: High porosity alluvium (likely fanglomerate containing clay) 
– characterized by high total porosity (32–35% of total rock volume); high silica 
glass/tridymite/cristobalite content; variably minor to small amounts of plagioclase 
and potassium feldspar; small amounts of clay; and variably trace to minor amounts 
of augite, hypersthene, biotite, heavy mafic minerals, and/or quartz 

• 1,124–1,129 ft bgs: High porosity alluvium (likely fanglomerate) – characterized 
by high total porosity (30–33% of total rock volume); high silica 
glass/tridymite/cristobalite content; moderate plagioclase feldspar content; and 
variably trace to minor amounts of augite, clay, hypersthene, biotite, heavy mafic 
minerals, and/or quartz 

• 1,129–1,134 ft bgs: Moderate porosity alluvium (likely fanglomerate containing 
clay) – characterized by moderate total porosity (25–30% of total rock volume); high 
silica glass/tridymite/cristobalite content; small to moderate clay content; minor to 
small amounts of plagioclase feldspar and augite; and variably trace to minor 
amounts of augite, hypersthene, biotite, heavy mafic minerals, and/or quartz 

• 1,134–1,137 ft bgs: High porosity alluvium (likely fanglomerate) – characterized 
by high total porosity (32–35% of total rock volume); high silica 
glass/tridymite/cristobalite content; moderate plagioclase feldspar content; and 
variably trace to minor amounts of augite, clay, hypersthene, biotite, heavy mafic 
minerals, and/or quartz 

• 1,137–1,146 ft bgs: Variably moderate to high porosity alluvium (likely 
fanglomerate containing clay) – characterized by variable, high total porosity (28–
35% of total rock volume); high silica glass/tridymite/cristobalite content; moderate 
plagioclase feldspar content; variably minor to small amounts of clay; and variably 
trace to minor amounts of augite, hypersthene, biotite, heavy mafic minerals, and/or 
quartz 

• 1,146–1,152 ft bgs (bottom of log interval): Very high porosity alluvium (likely 
fanglomerate) – characterized by relatively high total porosity (33–43% of total rock 
volume, possibly elevated due to borehole washouts); high silica 
glass/tridymite/cristobalite content; moderate plagioclase feldspar content; and 
variably trace to minor amounts of augite, hypersthene, biotite, heavy mafic minerals, 
and/or quartz 
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4.2 Summary Logs  

Three summary log displays have been generated for R-17 to highlight the key hydrogeologic 
and geologic information provided by the processed geophysical log results:  

• Porosity summary log showing continuous hydrogeologic property logs, including 
total and moveable water content and water saturation; highlights hydrologic 
information obtained from the integrated log results (Figure 4.1) 

• Density and clay content summary showing a continuous logs of formation bulk 
density and estimated grain density, as well as photoelectric factor (sensitive to 
mineralogy) and estimated clay volume, highlights key geologic rock matrix 
information obtained from the log results (Figure 4.2) 

• Spectral natural gamma ray and lithology summary showing a high vertical 
resolution, continuous volumetric analysis of formation mineral and pore fluid 
composition (based on an integrated analysis of the logs), and key 
lithologic/stratigraphic correlation logs from the spectral gamma ray measurement 
(concentrations of gamma-emitting elements); highlights the geologic lithology, 
stratigraphy, and correlation information obtained from the log results (Figure 4.3) 
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Figure 4.1. Summary of porosity logs in R-17 borehole from processed geophysical logs, 

interval of 30 to 1,152 ft bgs, with caliper, gross gamma, spontaneous potential, 
water saturation, water hydraulic conductivity, and transmissivity logs also 
displayed.  Porosity, water saturation, and hydraulic conductivity logs are 
derived from the ELAN integrated log analysis. 
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Figure 4.2. Summary of bulk density and volume clay logs in R-17 borehole from processed 

geophysical logs, interval of 30 to 1,152 ft bgs. Also shown are caliper, gross 
gamma, apparent grain density, and total porosity logs (the latter two derived 
from the ELAN analysis). 
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Figure 4.3. Summary of spectral natural gamma ray logs and ELAN mineralogy/lithology 

and pore fluid model volumes derived from the ELAN integrated log analysis 
for R-17 borehole, interval 30 to 1,152 ft bgs.  Caliper log is also shown. 
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4.3 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for R-17.  The montage is 
provided on the report CD.  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-17 geophysical logs are provided in the 
previous section 

4.3.1 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 TLD-CNT logging run.  All the geophysical logs 
are depth-matched to the gross gamma log acquired with this logging run. 

4.3.2 Track 2–Basic Logs 

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

• gamma ray (thick black), recorded in American Petroleum Institute gamma ray 
standard units (gAPI) and displayed on a scale of 0 to 300 gAPI units; 

• two orthogonal 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 10 to 25 in.;  

• borehole deviation displayed as a tadpole every ten 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. 

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).  

4.3.3 Track 3–Resistivity 

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

The six resistivity logs from the AIT that are displayed are 

• Borehole fluid resistivity (solid orange curve)–only valid in water-filled hole  
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• Bulk electrical resistivity at five median depths of investigation–10 in. (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 2-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) – only valid in the fluid-filled, uncased section of 
the borehole. 

4.3.4 Track 4–Porosity 

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

• CNT epithermal neutron porosity (solid light blue curve) – epithermal neutron 
porosity processed for zoned air-filled and water-filled hole; 

• CNT water-filled thermal neutron porosity (solid sky blue curve) – thermal neutron 
porosity valid only in the fluid-filled borehole; 

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

• CMR effective water-filled porosity (dashed green); 

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

• Total porosity derived from bulk density and ELAN water-filled porosity using a 
grain density of 2.55/2.65 g/cc (dotted red curve), 2.35/2.45 g/cc (long-dashed red 
curve), and 2.45/2.55 g/cc (dashed red curve)–with red shading between the 2.35/2.45 
g/cc and 2.55/2.65 g/cc porosity curves to show the range (the highest grain density 
range used across the fanglomerate/alluvium interval [508–1,152 ft], and the lowest 
grain density range used across the tuff/pumice interval [30–508 ft]); 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. 

4.3.5 Track 5–Density  

The fifth track displays the 
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• bulk density (thick solid maroon curve) on a scale of 1 to 3 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 2.4 to 3.2 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 that the density processing algorithm had to perform a 
major correction to the bulk density calculation). 

4.3.6 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 percent weight fraction and on a scale of -
5% to 5%; 

• 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 0 
ppm. 

4.3.7 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 
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 

• High vertical resolution 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); 

• High vertical resolution 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; 
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• 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 magnetic field variation (dotted yellow) – representing the variation in the 
measured magnetic field versus the baseline magnetic field used for the logging (used 
as an indicator of the presence of magnetic minerals which requires a lower T2 
cutoff) 

• 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. 

4.3.8 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 binned 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 

In addition, hydroxyl hydrogen is approximated as the difference between the CMR total 
porosity and environmentally corrected thermal neutron porosity (shaded as diagonal purple 
stripes). 

4.3.9 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:  

• T2 logarithmic mean (solid blue curve) and  

• T2 cutoff time used for differentiating between bound and free water (solid red line) – 
chosen as 33 ms 

4.3.10 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.  
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The remaining aspects of the display are the same as in Track 9, except that the high vertical 
resolution T2 logarithmic mean is shown as a solid white curve and the T2 cutoff is displayed as 
a solid black line. 

4.3.11 Track 11–CMR Hydraulic Conductivity 

Track 11 displays several estimates of hydraulic conductivity (K) derived from the CMR 
measurement and the ELAN integrated log analysis (the latter primarily sensitive to the CMR 
measurement of moveable water), presented on a logarithmic scale of 10-4 to 106 gallons per day 
per feet squared (gal./day/ft2): 

• A K-versus-depth estimate derived from using the SDR permeability equation applied 
to the processed CMR results, converted to hydraulic conductivity (dashed purple 
curve); 

• A K-versus-depth estimate derived from using the Timur-Coates permeability 
equation with total and moveable water content derived from the ELAN analysis, 
converted to hydraulic conductivity (solid blue curve); and 

• An intrinsic K-versus-depth estimate (assuming full saturation) using the Timur-
Coates permeability equation with total porosity and matrix mineral weight fraction 
values derived from the ELAN analysis, converted to hydraulic conductivity (dotted 
cyan). 

In addition, an estimate of cumulative transmissivity from the bottom of the log interval  is 
display (bold dashed-dotted green curve) – computed by integrating from bottom to top the 
ELAN Timur-Coates hydraulic conductivity estimate. 

4.3.12 Track 12– FMI Image (Dynamic Normalization) 

Track 12 displays the FMI image, 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 interpreted planar bedding features (thin blue sinusoids). 

4.3.13 Track 13– FMI Bedding and Fractures 

Track 13 displays the interpreted planar bedding features picked from the FMI image, shown in 
two ways: 

• Individually, as tadpoles at the depths the bedding plane or fracture plane crosses the 
midpoint of the borehole – where the “heads” (circles/triangles) represent the dip 
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angle, and the “tails” (line segments) represent the true dip azimuth (direction the bed 
is dipping towards).  Bedding features are shown as circular headed blue tadpoles. 

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

4.3.14 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.)  Also shown is the high-resolution scaled resistivity from one of the FMI 
pads. 

4.3.15 Track 15– High Resolution Porosity 

Track 15 displays the high resolution thermal neutron porosity log (solid dark blue), the high 
resolution CMR total porosity (solid light blue), and the high resolution density porosity (dotted 
red), the latter computed using the matrix grain density computed from the ELAN integrated log 
analysis and pore fluid density of 1.0 g/cc.  The epithermal neutron porosity log from above the 
well water level is spliced to the high resolution thermal neutron porosity, since thermal neutron 
porosity is not valid in air-filled borehole.  All these logs have an approximately 8 in depth 
resolution (except the epithermal neutron porosity log, since there is no high resolution log) and 
have been depth-matched to the FMI image.  Where the density porosity is greater than the 
neutron porosity the area between the two logs is shaded yellow.  The yellow shading is an 
indication of possible air in the pore space (less than 100% water saturation).  

4.3.16 Tracks 16 to 20 – Geochemical Elemental Measurements 

The narrow tracks 18 to 22 present the geochemical measurements iron (Fe) and silicon (Si), 
sulfur (S) and calcium (Ca), estimated aluminum (Al) and potassium (K), titanium (Ti) and 
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (Cl) — from left to right respectively, in 
units of dry matrix weight fraction (except K and H in wet-weight fraction, and Cl in ppk). 

4.3.17 Track 21 – ELAN Mineralogy Model Results (Dry Weight Fraction) 

Track 23 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) 

• Hematite (orange with small black dots) 

• Quartz (yellow with closely spaced small black dots) 

• Combined silica glass, tridymite, and cristobalite (yellow with widely spaced large 
black dots) 
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• Orthoclase or other potassium feldspar (lavender) 

• Labradorite or similar plagioclase feldspar (pink) 

• Biotite (light green) 

• Pyrite (orange-tan with black squares) 

• Hypersthene (purple) 

• Augite (maroon) 

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

• Calcite (cyan) 

4.3.18 Track 22–ELAN Mineralogy and Pore Space Model Results (Wet Volume Fraction) 

Track 24 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) 

• Hematite (orange with small black dots) 

• Quartz (yellow with closely spaced small black dots) 

• Combined silica glass, tridymite, and cristobalite (yellow with widely spaced large 
black dots) 

• Orthoclase or other potassium feldspar (lavender) 

• Labradorite or similar plagioclase feldspar (pink) 

• Biotite (light green) 

• Pyrite (orange-tan with black squares) 

• Hypersthene (purple) 

• Augite (maroon) 

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

• Calcite (cyan) 

• Air (red) 

• Moveable water (white) 

• Capillary-bound water (light blue) 

• Moved air (orange) 

• Moved water (blue) 
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4.3.19 Track 23–Summary Logs 

Track 25, 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);  

• 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 ELAN-estimated 
porosity using a grain density of 2.55/2.65 g/cc (dotted light blue curve), 2.35/2.45 
g/cc (long-dashed light blue curve), and 2.45/2.55 g/cc (dashed light blue curve) – 
with light blue shading between the 2.35/2.45 g/cc and 2.55/2.65 g/cc porosity curves 
to show the range (the highest grain density range used across the 
fanglomerate/alluvium interval [508–1,152 ft], and the lowest grain density range 
used across the tuff/pumice interval [30–508 ft]); 

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

• Predicted cumulative volumetric flow rate from bottom during pumping (dotted light 
green line coming from left-hand side at bottom of logged interval) – computed using 
the Thiem steady state well flow equation with the ELAN Timur-Coates hydraulic 
conductivity estimate and a number of assumptions about well size, pulled 
drawdown, and aquifer horizontal extent; 

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

The porosity scale is from 0 to 1 total volume fraction, left to right; the water saturation scale is 
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 predicted cumulative flow 
rate is on a scale of 0 to 1,000,000 gallons per day (gal/day) 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. 
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4.3.20 Track 24–Depth 

The final track on the right, the 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 TLD-
CNT logging run. 
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Silty/clayey sand, moderate yellowish brown (10YR 5/4), 
moderately sorted, non-indurated.  Composed of: 60-70% sand, 
predominantly felsic crystals, trace mafic crystals, trace 
intermediate composition volcanics (inter. comp. volcanics), trace 
tuff, subangular to round; 30-40% silt/clay; trace gravel, inter. 
comp. volcanics, medium gray, up to 8 mm, subrounded.  Damp.  
Trace rootlets, charcoal, and other organic matter.  

0-2.0 Pending 
survey 
data 

Sandy silt/clay, moderate yellowish brown (10YR 5/4) to dusky 
yellowish brown (10YR 2/2), moderately sorted, non-indurated.  
Composed of: 85-95% silt/clay; 5-15% sand, predominantly felsic 
crystals, trace mafic crystals, trace inter. comp. volcanics, trace tuff, 
subangular to round; trace gravel, inter. comp. volcanics, medium 
gray, up to 5 mm, subrounded.  Damp.  Trace rootlets, charcoal, and 
other organic matter. 

2.0-4.0  

Sandy silty/clayey gravel, medium gray (N5), poorly sorted, non-
indurated. Composed of: 45-50% silt/clay; 35-40% gravel, 
predominantly inter. comp. volcanics (medium gray), minor tuff 
(tan), minor pumice (devitrified, pale orange tan), generally 5-10 
mm, up to 60 mm, subrounded; 10-15% sand, predominantly felsic 
crystals with trace pumice (devitrified, white), subangular to round.  
Damp.  Trace rootlets.  Gradational with overlying sandy silt/clay.  

4.0-7.3  

Sandy silty/clayey gravel, medium gray (N5), poorly sorted, non-
indurated.  Composed of: 35-45% silt/clay; 35-40% gravel, 
predominantly inter. comp. volcanics (medium gray), minor tuff 
(tan), minor pumice (devitrified, pale orange), up to 120 mm, 
subrounded to rounded; 15-30% sand, predominantly felsic crystals 
with trace inter. comp. volcanics (medium gray), subangular to 
subrounded.  Wet.   
 
Note: Recovery predominantly gravel; description based on 
observation that drilling process resulted in poor recovery of 
clay/silt fraction.   

7.3-23.1  

Quaternary 
Alluvium 

(Qal) 

Sandy silt/clay, light brown (5YR 5/6), moderately sorted, non-
indurated.  Composed of:  80% silt/clay; 20% sand, predominantly 
felsic crystals with minor inter. comp. volcanics (medium gray), 
and trace mafic crystals (black), subangular to subrounded; trace 
gravel, inter. comp. volcanics, up to 5 mm, subrounded.  Wet.  
Gradational with overlying sandy silty/clayey gravel. 

23.1-24.7  

Tshirege 
Member of the 
Bandelier Tuff 

Unit 1g  
(Qbt 1g) 

Tuff, dark yellowish brown (10YR 4/2), non-welded.  Composed 
of: fine ash matrix; 25-30% felsic phenocrysts, predominantly 
quartz, 1-2 mm, anhedral; 5-15% pumice, vitric, very pale tan, up to 
15 mm, rounded to subrounded, minor felsic phenocrysts, soft, 
easily broken; 5% mafic phenocrysts in groundmass, black, up to 1 
mm, square; trace lithics, inter. comp. volcanics, medium to dark 
gray or reddish brown, 1-2 mm, subrounded.  Damp.  Altered. 
 
Note: The top of the Qbt 1g is 24.7 ft bgs based on core. 
 

• 32.5 – 38.1 ft, No recovery. 
 

24.7-38.2  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tuff, pale yellowish brown (10YR 6/2), poorly welded.  Composed 
of: fine ash matrix; 7-13% felsic phenocrysts, predominantly quartz, 
1-2 mm, subhedral to anhedral; 5-10% pumice, vitric, white to pale 
tan, up to 25 mm, frequent felsic phenocrysts; 1-2% lithics, inter. 
comp. volcanics, medium gray or reddish brown, up to 4 mm, 
subrounded; trace mafic phenocrysts, black or pale green, square, 
some very pale green alteration around phenocrysts.  Dry.  
Gradational with overlying dark yellowish brown, non-welded tuff.  
 
• 41.6 - 44.7 ft, No recovery.  
• 45.4 - 52.1 ft, No recovery.  
• 52.4 - 63.0 ft, No recovery.  
• 63.7 - 65.0 ft, No recovery.  

 

38.2-65.0  

Tuff, grayish orange (10YR 7/4), poorly welded.  Composed of: 
fine ash matrix; 10-15% pumice, vitric, pale tan to pale orange, up 
to 20 mm, rounded to subrounded, frequent felsic phenocrysts 
(clear, up to 3 mm, subhedral), trace mafic phenocrysts; 8-10% 
felsic phenocrysts in groundmass, subhedral to anhedral; 2% lithics, 
inter. comp. volcanics, medium gray or reddish brown, up to 4 mm, 
subrounded to rounded; 1%  mafic phenocrysts, black, up to 1 mm, 
square.  Damp.  Poor recovery.  Description based on available core 
and cuttings. 
• 65.0 - 83.0 ft, No recovery. Borehole cuttings: Tuff, as above, 

lithics up to 20 mm. 
• 86.9 – 88.0 ft, No recovery.  

65.0-89.0  

Tuff, dark yellowish orange (10YR 6/6), poorly welded.  Composed 
of: fine ash matrix; 10-15% felsic phenocrysts, 1-2 mm, subhedral 
to anhedral; 10-15% pumice, vitric, fibrous, pale tan to pale orange, 
up to 14 mm, rounded to subrounded, frequent felsic phenocrysts, 
trace mafic phenocrysts; 1% inter. comp. volcanics, medium gray or 
reddish brown, up to 4 mm, subrounded to rounded; trace mafic 
phenocrysts, black, up to 1 mm, square.  Damp.  Gradational with 
overlying grayish orange tuff. 
• 89.6- 93.0 ft, No recovery. Borehole cuttings: Tuff, as above, 

inter. comp. volcanic lithics up to 25 mm. 
• 103.5-108.0 ft, No recovery.  

 

89.0-120.8  

Tshirege 
Member of the 
Bandelier Tuff 

Unit 1g  
(Qbt 1g) 

Tuff, very pale orange (10YR 8/2), non-welded.  Composed of: fine 
ash matrix; 5-10% pumice, vitric, fibrous, white, up to 15 mm, 
rounded, minor felsic phenocrysts (clear, up to 1 mm); 3-5% felsic 
phenocrysts in groundmass, up to 2 mm, subhedral to anhedral, 
commonly broken; 1% lithics, inter. comp. volcanics, reddish 
brown to black, up to 3 mm, subangular to subrounded; trace mafic 
phenocrysts, brown to black, up to 0.5 mm, square to platy.  Dry.  
Gradational with overlying dark yellowish orange tuff. 

120.8-124.7  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tshirege 
Member of the 
Bandelier Tuff 

Unit 1g  
(Qbt 1g) 

Pumice bed, very pale orange (10YR 8/2), non-welded.  Composed 
of: pumice, vitric, fibrous, very pale orange, up to 25 mm, rounded 
to subrounded, common felsic phenocrysts (clear, 1 mm, 
subhedral), minor mafic phenocrysts (black, up to 0.5 mm, square 
to platy); 15-20% felsic crystals, up to 4 mm, subhedral to broken, 
bipyramidal quartz noted; 1-3% lithics, inter. comp. volcanics, 
reddish brown to dark gray, up to 1 mm, subangular to subrounded.  
Dry.   
 
Note: The top of the Qbtt is 124.7 ft bgs based on core.   
 

124.7-126.3  

Gravelly silty/clayey sandstone, moderate yellowish brown (10YR 
5/4), moderately sorted, non-indurated.  Composed of: 80% sand, 
predominantly felsic composition, subangular to subrounded; 15-
18% gravel, predominantly reworked pumice (vitric, fibrous, white 
to light gray, up to 10 mm, rounded, with minor felsic phenocrysts 
(clear, 1 mm), common inter. comp. volcanics (medium gray to 
reddish brown, up to 15 mm, subangular); 2-5% silt/clay.  Dry.  
 
Note: The top of the Qct is 126.3 ft bgs based on core. 
 

126.3-130.0  Cerro Toledo 
Interval (Qct) 

Pumiceous sandy conglomerate, pale yellowish brown (10YR 6/2), 
moderately sorted, non-indurated. Composed of:  50-60% sand, 
generally coarse grained, predominantly felsic composition (clear, 
minor anhedral crystal development), common pumice (white, 
vitric), subangular to subrounded; 40-50% gravel, predominantly 
pumice (white, vitric, up to 15 mm, generally <5 mm), minor inter. 
comp. volcanics (brownish gray, up to 15 mm, subrounded to 
round); 2-5% silt/clay. Dry.  
 
Note: Base of pumiceous interval was estimated because of poor 
recovery. 
 
• 131.0 - 131.8 ft, Sandy conglomerate to gravelly sandstone, 

core finer grained. 
• 131.8 - 133.0 ft, No recovery.  

 

130.0 -133.0  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Cerro Toledo 
Interval (Qct) 

Gravelly sandy siltstone/claystone to conglomerate 
(cobble/boulders interspersed within clay-rich interval), moderate 
yellowish brown (10YR 5/4), poorly sorted, non-indurated.  
Composed of:  50-90% silt/clay; 0-45% gravel, predominantly inter. 
comp. volcanics (pale red, up to 45 cm, frequent felsic phenocrysts) 
with trace pumice (white, vitric, up to 45 mm, subrounded, 
phenocryst-poor); 5-10% sand, predominantly felsic composition 
(clear, up to 2 mm, subrounded to rounded), common pumice 
(vitric, white, subrounded), trace inter. comp. volcanics (medium 
gray, up to 2 mm, subangular to subrounded).  Damp. 
 
• 139.0 - 140.5 ft, Single dacitic boulder, pale red (10R 6/2), 

common felsic phenocrysts (clear to white, up to 25 mm, 
subhedral to euhedral, feldspar noted). 

• 143.8 - 147.0 ft, No recovery.  Coarse gravel inferred. 
 

133.0-147.0  

Tuff, very pale orange (10YR 8/2), poorly welded.  Composed of:  
fine ash matrix with 5% lithics, inter. comp. volcanics, medium 
gray, up to 2 mm, subrounded; 3% mafic phenocrysts, black, up to 
1mm, platy; 2% pumice, vitric, white to pale orange, up to 3 mm, 
rounded to subrounded, common clay-like appearance; 2% felsic 
phenocrysts in groundmass, clear, up to 1 mm, anhedral.  Dry.   
 
Note: The top of the Qbo is 147.0 ft bgs based on geophysical logs. 
  
• 147.0 - 150.5 ft, No recovery.  
• 150.5 - 152.9 ft, Not attempted.  
• 153.1 - 163.4 ft, No recovery. Borehole cuttings used to 

identify base of lithic/phenocryst-poor tuff 

147.0-163.4  Otowi 
Member of the 
Bandelier Tuff 

(Qbo) 

Tuff, very pale orange (10YR 8/2), poorly welded.  Composed of: 
fine ash matrix; 20-25% lithics, inter. comp. volcanics, dusky 
brown to grayish brown, up to 20 mm, subrounded; 7% felsic 
phenocrysts, predominantly quartz, 1-2 mm, subhedral, trace 
bipyramidal quartz; 3-7% pumice, yellowish orange, up 4 mm, 
subrounded, common felsic phenocrysts; trace mafic phenocrysts, 
black, up to 1mm, rectangular.  Dry.   
 
• 163.6 - 175.0 ft, No recovery. Borehole cuttings used to 

identify base of very pale orange tuff. 
 

163.4-175.0  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tuff, grayish orange pink (5YR 7/2), poorly welded.  Composed of: 
fine ash matrix with 15-20% lithics, inter. comp. volcanics, dark 
gray to dusky brown, up to 50 mm, subrounded; 10-15% pumice, 
vitric, glassy, light gray, up to 30 mm, minor quartz phenocrysts, 
trace manganese/iron (Mn/ Fe) oxide specks; 3-5% felsic 
phenocrysts, up to 2 mm, subhedral; 1% mafic phenocrysts, black, 
up to 1 mm, rectangular; trace obsidian.  Dry.   
 
• 175.0 – 185.0 ft, No recovery. 
• 185.0 – 200.0 ft, No recovery for core and borehole cuttings.  
• 200.0 – 207.9 ft, No recovery. 
• 208.2 - 230.0 ft, No recovery. Borehole cuttings used to 

identify base of grayish orange pink tuff. 
 

175.0-230.0  Otowi 
Member of the 
Bandelier Tuff 

(Qbo) 

Tuff, pale yellowish brown (10YR 6/2), poorly welded.  Composed 
of fine ash matrix with 5-15% felsic phenocrysts, clear to gray, up 
to 2 mm, subhedral to anhedral, bipyramidal quartz noted; 5-10% 
lithics, inter. comp. volcanics, dark gray, up to 15 mm, subangular 
to round; 3-5% pumice, vitric, fibrous, dark yellowish brown to 
yellowish gray to orangish gray, up to 20 mm, rounded to 
subrounded, common felsic phenocrysts, trace mafic phenocrysts, 
trace Mn/Fe oxide specks/ dendritic staining ; 1-2% mafic crystals, 
black, up to 1 mm, square to platy.  Dry.  Trace clay alteration 
zones.  
 
• 230.0 - 237.9 ft, No recovery.  
• 241.9 - 297.9 ft, Variable recovery. 

  

230.0-300.9  
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 Geologic Unit 

 
Lithologic Description 

Lithologic descriptions are from core between 0 and 300.9 ft bgs. 
Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Otowi 
Member of  

the Bandelier 
Tuff 

(Qbo) 

Tuff, yellowish gray (5Y 8/1), poorly welded. 
WR: Fine to coarse ash with variable percentages of felsic 
crystals, pumice, lithics. 
10+F: Pumice, variable percentages noted below, vitric, 
fibrous, white to yellowish gray, trace moderate orange pink, 
up to 20 mm, subrounded to broken, common felsic 
phenocrysts (clear, up to 2 mm, anhedral), trace brown 
staining; lithics, variable percentages noted below, inter. 
comp. volcanics, brownish gray to dark reddish brown, up to 
17 mm, subangular to subrounded. 
35+F: 50-75% felsic crystals, predominantly clear, up to 2 
mm, broken with minor crystal faces, bipyramidal quartz 
noted; 25-35% pumice, vitric, fibrous, white to moderate 
orange pink, up to 2 mm; 10-20% lithics, inter. comp. 
volcanics, as for 10+F, up to 2 mm. 
 

• 300-305 ft, Tuff, as above, 10+F: 70% 
lithics; 30% pumice. 35+F: trace obsidian 
noted (dark gray to black, 1-1.5 mm, 
subrounded). 

• 305-320 ft, Tuff, as above, 10+F: 
Fragments generally larger; 50-70% 
lithics, single fragment of opalescence 
quartz likely from overlying formation; 
30-50% pumice. 

• 320-375 ft, Tuff, as above, 50-70% 
pumice; 30-50% lithics. 35+F:  trace 
obsidian (black, up to 2 mm, rounded and 
broken fragments). No recovery from 
360-365 ft. 

• 380-385 ft, Tuff, as above, 95% pumice; 
5% lithics. 

• 385-390 ft, No recovery. 
• 390-395 ft, Tuff, as above, very pale 

orange (10YR 8/2) with trace moderate 
orange pink (5YR 8/4). 10+F: 85% 
pumice, pale yellow to yellowish orange, 
minor moderate orange pink 
coating/staining, minor Mn/Fe oxide 
staining/specks; 15% lithics; trace 
obsidian (up to 1 mm, round). 

 

300.9-395  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tuff, moderate orange pink (10R 7/4), poorly welded. 
Possible weathered surface/paleosol. 
WR: Ash with trace lithics, felsic crystals, and pumice. 
10+F: 50% pumice, very pale orange to brownish yellow, 
vitric, fibrous, up to 7 mm, trace felsic phenocrysts, common 
Mn/Fe oxide staining/specks, minor moderate orange pink 
clay coating; 50% lithics, inter. comp. volcanics, 
predominantly gray, up to 5 mm, broken/angular. 
35+F: 30-40% felsic crystals, common crystal faces; 30-40% 
lithics as for 10+F; 30-40% vitric pumice as for 10+F. 
 
• 400-405 ft, No recovery. 
• 415-420 ft, Tuff, as above, WR: yellowish gray. 10+F: 

minor to trace moderate orange pink staining. 
 

395-415  Otowi 
Member of  

the Bandelier 
Tuff 

(Qbo) 

Tuff, very pale orange (10YR 8/2) to grayish orange (10YR 
7/4), poorly welded. 
WR: Fine ash with predominantly vitric pumice, trace lithics. 
10+F: 95% pumice, vitric, up to 7 mm, subrounded to broken, 
minor moderate orange pink staining/clay coating decreasing 
down hole; 5% lithics, inter. comp. volcanics, up to 4 mm. 
35+F: 60-70% pumice, as for 10+F; 15-20% felsic crystals; 
15-20% lithics.  
 
• 420-435 ft, No recovery. 
• 440-450 ft, No recovery. 
• 450-460 ft, Tuff, as above, 10+F: 50% lithics, inter. 

comp. volcanics, varied color,  predominantly gray, up 
to 15 mm, angular to subangular; 50% pumice, trace 
moderate orange pink staining/coating. 35+F: marked 
increase in felsic crystals, common crystal faces. 

• 460-495 ft, Tuff, as above, WR: yellowish gray (5Y 8/1) 
to very light gray (N8). 10+F: 70-95% pumice, no 
alteration/staining noted; 5-30% lithics, inter. comp. 
volcanics. 

415-495  

Guaje Pumice 
Bed 

(Qbog) 

Pumice Bed, white (N9) to very light gray (N8), poorly 
welded. 
WR: Fine ash with minor pumice, trace lithics and felsic 
crystals. 
10+F: 85-95% pumice, white to light gray, vitric, fibrous, up 
to 18 mm, subrounded to subangular, minor felsic phenocrysts  
(clear, <1 mm, anhedral); 5-15% lithics, dark gray (N4) to 
brownish gray (5YR 4/1), up to 11 mm, subangular to broken. 
35+F: 15-25% lithics, inter. comp. volcanics,  as for 10+F; 
15-25% felsic crystals (clear to smokey, up to 1 mm, 
predominantly broken). 
 
Note: The top of the Qbog is 495.5 ft bgs based on 
geophysical logs. 
 
• 500-505 ft, Pumice Bed, as above, slight pale yellowish 

orange color. 

495-504  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Puye 
Formation 

(fanglomerate) 
(Tpf) 

Fanglomerate, gravel, medium bluish gray (5B 5/1) to 
medium light gray (N6), moderately sorted, poorly indurated. 
WR: 50-70% gravel, up to 17 mm, 15-20% sand, 15-20% 
silt/clay. 
10+F: 100% gravel, inter. comp. volcanics (varied color, light 
bluish gray to dark yellowish orange to dark reddish brown, 
up to 20 mm, subrounded to broken), trace intermixing of 
white, vitric pumice from overlying formation. 
35+F: 100% sand, composed of predominantly inter. comp. 
volcanics as for 10+F fraction, minor intermixing of felsic 
crystals (clear, broken with minor crystal faces) and trace 
pumice (white, vitric, broken to subrounded) from overlying 
formation. 
 
Note: The top of the Tpf is 504.5 ft bgs based on geophysical 
logs. 
 
• 505-520 ft, Fanglomerate, as above, resistant drilling.  
• 520-525 ft, Fanglomerate, as above, silty/clayey sandy 

gravel. WR: marked increase in silt/clay to 30-35%; 
sand 35-40%; gravel 25-30%, up to 17 mm. 10+F: 
common fragments of siltstone/sandstone (med gray, 
platy, common grains <1 mm of black to dark brown 
biotite, and white specks of possible pumice grains), 
minor fragments of dark gray claystone/siltstone (trace 
lamination noted), trace white claystone fragment. 
35+F: trace claystone fragments as for 10+F. 

• 525-540 ft, No recovery. 
• 540-560 ft, Poor recovery, cuttings collected from hole 

clean-out at 560 ft. Fanglomerate, as above, silty/clayey 
sandy gravel. 10+F: includes trace sandstone fragments 
(moderate orange pink, varied composition of grains, up 
to 4 mm, subrounded). 

• 560-565 ft, No recovery. 
 

504-565  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tschicoma  
Dacite 

(Dacitic Lava) 
(Tt2) 

Dacitic Lava, dark gray (N3) changing to light to medium 
gray (N7 to N6) with pale red (5R 6/2) mottling down hole, 
massive, trace vesicles. 
WR: Dacitic lava fragments highly intermixed with inter. 
comp. volcanics and trace pumice from overlying formations. 
10+F: Dacitic lava fragments, aphanitic groundmass, 1-3% 
pyroxene phenocrysts (pale brownish yellow to pale green to 
dark greenish brown/black, up to 1 mm, subhedral, cleavage 
and trace rectangular crystal development noted); variable 
percentage of intermixing of inter. comp. volcanics clasts 
from overlying formation (varied color, up to 15 mm, 
subangular). 
 35+F: 40-95% dacitic lava fragments as for 10+F; 5-60% 
intermixing of inter. comp. volcanics and felsic crystals from 
overlying formations. 
  
Note: The top of the Tt2 is 565 ft bgs based on geophysical 
logs. 
 
• 565-570 ft, No recovery. 
• 570-580 ft, Dacitic Lava, as above, predominantly 

cuttings from up hole. 
• 580-585 ft, No recovery. 
• 585-605 ft, Dacitic lava, as above, 10+F: decrease in 

intermixing with overlying formation to 50-60%. 
• 605-610 ft, No recovery. 
• 610-660 ft, Dacitic Lava, as above, 10+F: fragments 

pale red mottled light gray, increasing in gray across 
interval; minor white, secondary, vapor phase crystals in 
vesicles/fragment surfaces; decreasing intermixing of 
cuttings from overlying formation, including trace dark 
gray dacitic lava fragments. No recovery from 645- 655 
ft. 

• 660-675 ft, Dacitic Lava, as above, 10+F: predominantly 
light to medium gray with trace moderate red 
mottling/fragments, slight white, secondary, vapor 
phase crystal development along surfaces/vesicles.  

• 675-680 ft, Dacitic Lava, as above, 10+F: trace tan/pale 
red on dacite fragment surfaces.                        

565-680  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Tschicoma  
Dacite 

(Dacitic 
Breccia) 

(Tt2) 

Dacitic Breccia, medium gray (N7) to moderate reddish 
brown (10R 4/6), massive with trace vesicles.  
WR: Dacitic Lava (medium gray) with variable percentage 
of highly oxidized moderate reddish brown dacitic lava 
equivalents; minor intermixing of inter. comp. volcanics and 
pumice from overlying formations. 
 10+F: 75-90% medium gray dacitic lava, slight pale red 
mottling, aphanitic groundmass, trace pyroxene phenocrysts 
(black to pale yellowish green, up to 1.5 mm, anhedral) 
broken fragments up to 15 mm; 10-15% highly oxidized 
moderate reddish brown dacitic lava equivalents, trace to 
highly vesicular, aphanitic groundmass, 1-2% pyroxene 
phenocrysts (black, up to 1.5 mm, anhedral), subangular 
fragments up to 8 mm; trace intermixing of inter. comp. 
volcanics and pumice from overlying formations. 
35+F: 70-95% medium gray dacitic lava as for 10+F; 5-30% 
highly oxidized dacitic lava equivalents as for 10+F; trace 
felsic crystals from up hole (clear to smokey, broken, trace 
crystal faces, trace bipyramidal quartz noted). 
  
Note: The top of the Dacitic Breccia is 683 ft bgs based on 
geophysical logs.  
 
• 680-685 ft, Dacitic Breccia, as above, cuttings primarily 

from intermixing with overlying dacitic lava.  
• 700-705 ft, Dacitic Breccia, as above, marked increase 

in highly oxidized, moderate reddish brown dacite lava 
equivalents (up to 40%). 

• 705-740 ft, No recovery.  
 

680-740  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Puye 
Formation 

(fanglomerate) 
(Tpf) 

Fanglomerate, gravel, pale red (10R 6/2) to light brownish 
gray (5YR 6/1) to medium gray (N5), moderately sorted, 
poorly indurated. 
WR: 60-95% gravel, up to 25 mm; 5-40% sand; trace 
silt/clay. 
10+F: 100% gravel, composed of inter. comp. volcanics 
(varied color, predominantly pale red to medium gray, up to 
25 mm, angular to subrounded surfaces, common felsic 
phenocrysts, trace mafic phenocrysts including hornblende), 
trace oxidized dacite from overlying formation. 
35+F: 100% sand, composed of predominantly inter. comp. 
volcanics as for 10+F, minor intermixing of dacitic lava and 
breccia from overlying formation, trace felsic crystals (clear, 
broken with minor crystal faces) from up hole. 
 
Note: The top of the Tpf is 740 ft bgs based on geophysical 
logs. 
 
• 740-745 ft, Fanglomerate, as above, cuttings are a 

composite of 725-745 ft interval. 10+F: includes trace 
siltstone fragments, tan to pale yellowish brown highly 
intermixed with overlying formation. 

• 745-755 ft, No recovery. 
• 760-770 ft, Fanglomerate, as above, well sorted gravel, 

large clasts up to 20 mm with subrounded surfaces; 
trace intermixing from overlying formation. 

• 770-780 ft, No recovery. 
• 785-795 ft, No recovery. 
• 795-800 ft, Fanglomerate, as above, gravelly silt/clayey 

sand, marked increase in silt/clay and sand (grains 
generally fine to medium). 

• 805-820 ft, No recovery. 
• 825-840 ft, No recovery. 
• 840-845 ft, Fanglomerate, as above, silty/clayey sandy 

gravel. 
• 845-855 ft, Fanglomerate, as above, WR: overall 

decrease in grain size, gravels <5 mm, trace up to 20 
mm; 10-15% sand; trace silt/clay. 35+F: sand, fine to 
coarse grain size. 

• 855-860 ft, No recovery. 
• 865-870 ft, No recovery. 
• 885-915 ft, No recovery. 

 

740-915  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Puye 
Formation 

(fanglomerate) 
(Tpf) 

Fanglomerate, gravelly silty/clayey sand to gravelly sand, 
brownish gray (5YR 5/1) to medium gray (N5), poorly sorted, 
poorly indurated. 
WR: 65-80% sand; 5-25% gravel, up to 8 mm; 5-15% 
silt/clay. 
10+F: 100% gravel, composed of  98-100% inter. comp. 
volcanics (pale red to medium gray, generally <5 mm but up 
to 8 mm, angular to subrounded, common felsic phenocrysts, 
trace hornblende phenocrysts), trace siltstone/sandstone (very 
pale yellow, up to 4 mm, subrounded), trace intermixing of 
oxidized dacitic lava equivalents and pumice from up hole.  
35+F:  100% sand, generally medium grain size, composed of 
98% inter. comp. volcanics as for 10+F, trace 
siltstone/sandstone, trace intermixing of felsic crystals from 
up hole (clear, broken with common crystal faces). 
 
• 925-945 ft, Fanglomerate, as above. No recovery. 

Returns from hole clean-out at 945 ft. 
• 945-965 ft, Fanglomerate, as above, gravel. No 

recovery. Returns from hole clean-out at 965 ft. 
• 980-985 ft, Fanglomerate, as above, very poor recovery; 

comparable lithology/grain size to hole clean-out (see 
below). Drilling encountered non-resistant intervals 
with trace resistant zones. 

• 965-987 ft, Fanglomerate, as above, sandy silt. Returns 
from hole clean-out at 987 ft. WR: predominantly 
silt/clay with minor fine-grain sand. 35+F: 
predominantly fine-grain sand. 

• 990-1000 ft, Fanglomerate, as above, silty/clayey sand. 
WR: 50% fine grain sand; 50% silt/clay; trace fine 
gravel. 10+F: few returns. 35+F: predominantly fine to 
medium grain sand. 

 

915-1000  
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 Geologic Unit 
 

Lithologic Description 
Lithologic descriptions are from core between 0 and 300.9 ft bgs. 

Below 300.9 ft bgs, descriptions are from cuttings. 

Interval  
(ft) 

Elevation 
(msl) 

Fanglomerate, gravel, light brownish gray (5YR 6/1) to 
medium light gray (N6), moderately sorted, poorly indurated. 
WR: variable percentages of constituents, 55-100% gravel, up 
to 25 mm; 0-45% sand, generally fine to medium grained; 0-
5% silt/clay. 
10+F: 100% gravel, composed of inter. comp. volcanics (pale 
red to light gray to dark gray, up to 25 mm, angular to 
subrounded, common felsic phenocrysts, trace hornblende and 
biotite phenocrysts). 
35+F: 100% sand, fine to coarse, composed of inter. comp 
volcanics as for 10+F, trace felsic crystals (clear, up to 1 mm, 
broken). 
 
• 1010-1020 ft, No recovery. 
• 1020-1025 ft, Fanglomerate, as above, gravelly sandy 

silt/clay. WR: 50% silt/clay; 45-50% sand; 5% gravel, 
up to 5 mm. 

• 1025-1040 ft, Fanglomerate, as above, drilling 
encountered non-resistant interval. 

• 1030-1045 ft, No recovery. 
• 1045-1075 ft, Fanglomerate, as above, silty/clayey sandy 

gravel to gravelly silty/clayey sand. WR: increase in 
silt/clay and sand fraction. 

• 1075-1085 ft, No recovery. 
• 1095-1110 ft, Fanglomerate, as above, silty/clayey sandy 

gravel to gravelly silty/clayey sand. WR: increase in 
silt/clay and sand fraction. 

• 1120-1145 ft, No recovery. 

1000-
1145 

 Puye 
Formation 

(fanglomerate) 
(Tpf) 

Fanglomerate, gravelly silty/clayey sand, grayish orange 
(10YR 7/4), moderately to poorly sorted, poorly indurated. 
WR: 65-70% sand; 15-20% silt/clay; 10-15% gravel, up to 10 
mm. 
10+F: 100% gravel, composed of inter. comp. volcanics 
(varied color, pale red to gray to pale yellow, trace reddish 
brown, <10 mm, angular with trace rounded surface). 
35+F: 100% sand, fine to coarse, as for 10+F. 
 
• 1150-1155 ft, Fanglomerate, as above, silty/clayey sandy 

gravel. WR: decrease in sand and silt/clay. 
• 1155-1160 ft, Fanglomerate, as above, poor returns. 
• 1160-1165 ft, Fanglomerate, as above, silty/clayey sandy 

gravel, grayish orange (10YR 8/2) to pale yellowish 
orange (10YR 8/6). WR: increase in silt/clay. 

• 1165-1167 ft, Fanglomerate, as above, sandy silt/clay, 
grayish orange (10YR 8/2) to pale yellowish orange 
(10YR 8/6). WR: marked decrease in gravel (0-5%) and 
sand (15-20%). 

1145-
1167 

 

 Total Borehole Depth  = 1167 ft bgs.   
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Classification System 
Field geologists used principles identified in the AGI Data Sheets (Dutro, J. T, et al., 1989) to describe lithology. Specifically, 
AGI Data Sheets 32.1 and 32.2 as well as 29.1 (the modified Wentworth scale for grain-size classification) were used for 
sedimentary units. The AGI approach was augmented by the classification system presented in Sedimentary Petrology, An 
Introduction to the Origin of Sedimentary Rocks (Tucker, 1991).  

Groundwater Occurrences 
Please refer to Section 6.1.2 of the report for a description of groundwater occurrences. 

 
Notes 
Zones with no core or cuttings recovery greater than 5 ft thick are noted.  Additionally, zones with no recovery that occur at 
gradational changes or geologic contacts are noted. In zones where no core was recovered, borehole drill cuttings were used to 
identify significant lithologic changes or contacts. Inconsistencies between drill cuttings and core are noted. 
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1.0 SAMPLING AND ANALYSIS OF GROUNDWATER AT R-17 

Perched intermediate and regional aquifer groundwater were encountered at R-17. Three 
screening samples were collected during drilling, two from perched intermediate water at 850 
and 857 feet (ft) below ground surface (bgs) and one from the regional aquifer at the borehole 
total depth (1060 ft). Two final samples were collected from each screened interval in the 
completed well. The samples were analyzed for cations, anions, perchlorate, and metals. 
Additionally, high explosives (HE) analyses were conducted on one of the perched intermediate 
zone samples and two of the regional aquifer samples. During development of the two-screened 
intervals, water samples were also submitted for total organic carbon (TOC) analyses. 

1.1 Analytical Techniques 

Groundwater samples were filtered prior to analysis for metals, trace elements, and major cations 
and anions. Aliquots of the samples were filtered through 0.45-micrometer Gelman filters. 
Samples were acidified with analytical grade nitric acid to a pH of 2.0 or less for metal and 
major cation analyses. Total carbonate alkalinity was measured at Los Alamos National 
Laboratory’s Earth and Environmental Sciences Group 6 (EES-6) using standard titration 
techniques. Samples collected for HE and TOC analyses were not filtered. 

Groundwater samples were analyzed by EES-6 using techniques specified in the US 
Environmental Protection Agency SW-846 manual. Ion chromatography (IC) was the analytical 
method for bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate, phosphate, and 
sulfate. The instrument detection limits (IDLs) for perchlorate analyses were 0.01, 0.005 and 
0.0005 parts per million (ppm). The IDL for HE analyses was 0.01 ppm using liquid 
chromatography. 

Inductively coupled (argon) plasma optical emission spectroscopy (ICPOES) was used for 
analyses of calcium, magnesium, potassium, silica, and sodium. Aluminum, antimony, arsenic, 
barium, beryllium, cadmium, cesium, chromium, cobalt, copper, iron, lead, lithium, manganese, 
mercury, nickel, rubidium, selenium, silver, thallium, thorium, tin, vanadium, uranium, and zinc 
were analyzed by inductively coupled (argon) plasma mass spectrometry (ICPMS). The 
precision limits (analytical error) for major ions and trace elements were generally less than 
±10% using ICPOES and ICPMS.  

1.2 Analytical Results 

Analytical results for groundwater samples collected at R-17 are provided in Table 1.2-1. High 
explosives analytical results are presented in Table 1.2-2. Perchlorate was not detected in the 
four groundwater samples. Nitrate (as N) was detected in all four samples at concentrations 
ranging between 0.005 and 0.20 ppm. No HE compounds were detected in any of the samples. 
Total organic carbon was measured in samples from the upper and lower screened intervals at 
<0.1 and 0.73 ppm, respectively, near the end of development. 
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Table 1.2-1. Hydrochemistry of Perched Intermediate and Regional Aquifer Groundwater 
from R-17 (Filtered) 

SAMPLE ID EU0507GR1701 EU0507GR1703 EU0507GR1704 EU0507GR1706 
WATER-BEARING 
ZONE 

Perched 
intermediate 

Regional aquifer Regional aquifer Regional aquifer 

SAMPLE TYPE Borehole Borehole Developed Well Developed Well 
DEPTH (ft bgs) 857 1060 1112 (lower screen) 1061 (upper screen) 
GEOLOGIC UNIT Puye Formation Puye Formation Puye Formation Puye Formation 
DATE 12/07/2005 12/14/2005 01/13/2006 02/24/2006 
Charge Balance (%) +7.08 +13.12 -2.56 -5.07 
Turbidity (NTU) Not measured Not measured Not measured Not measured 
Temperature (C°) Not measured Not measured Not measured Not measured 
Specific Conductance 
(μS/cm) Not measured Not measured Not measured 111.4 
pH (Field) Not measured Not measured Not measured 8.17 
pH (Lab) 7.11 6.75 7.31 7.47 
Ag (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Al (ppm) 0.070 0.511 0.011 0.012 
Alkalinity  
(ppm CaCO3/L) 92.6 85.2 58.4 57.6 
As (ppm) 0.010 0.0009 0.0012 0.0007 
B (ppm) 0.045 0.678 0.022 U [0.002] 
Ba (ppm) 0.002 0.667 0.022 0.035 
Be (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Br (ppm) 0.12 0.38 0.03 0.03 
Ca (ppm) 0.41 0.66 6.57 8.48 
Cd (ppm) 0.003 U [0.001] U [0.001] U [0.001] 
Cl (ppm) 5.60 18.50 2.47 2.54 
ClO4 (ppm) U [0.005] U [0.01] U [0.0005] U [0.0005] 
Co (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
CO3 (ppm) 0 0 0 0 
Cr Total (ppm) U [0.001] 0.0065 0.0012 0.0016 
Cr(VI) (ppm) Not analyzed Not analyzed Not analyzed 0.0016 
Cs (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Cu (ppm) 0.0050 0.0036 0.0021 0.0048 
F (ppm)  0.51 0.34 0.17 0.21 
Fe (ppm) 0.03 4.77 0.03 0.14 
HCO3 (ppm) 113 104 71.2 70.3 
Hg (ppm) U [0.00005] U [0.00005] U [0.00005] U [0.00005] 
K (ppm)  0.86 2.24 2.35 1.48 
Li (ppm) 0.022 0.018 0.023 0.023 
Mg (ppm) 0.11 0.29 2.13 2.52 
Mn (ppm) 0.003 0.025 0.006 0.017 
Mo (ppm) 0.0199 0.0168 0.0018 0.0013 
Na (ppm) 69.53 72.58 15.81 11.71 
Ni (ppm) 0.0030 0.0057 U [0.001] U [0.001] 
NO2(as N) (ppm) U [0.002] 0.36 U [0.002] U [0.002] 
NO3(as N) (ppm) 0.005 0.070 0.20 0.19 
C2O4 (ppm)(oxalate) 0.11 U [0.01] U [0.01] U [0.01] 
Pb (ppm) U [0.0002] 0.0013 U [0.0002] 0.0004 
PO4 (ppm) U [0.01] 0.23 0.05 0.07 
Rb (ppm) 0.0014 0.0011 0.0061 0.0033 
Sb (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Se (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
SiO2 (ppm) 68.2 66.4 78.7 67.7 
SO4 (ppm) 30.2 9.64 3.11 3.25 
Sn (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Sr (ppm) 0.003 0.006 0.035 0.042 
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Th (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
Ti (ppm) 0.002 0.017 U [0.002] U [0.002] 
Tl (ppm) U [0.001] U [0.001] U [0.001] U [0.001] 
U (ppm) U [0.0002] U [0.0002] 0.0004 0.0004 
V (ppm) 0.003 0.006 0.007 0.005 
Zn (ppm) 0.01 0.06 0.19 0.22 
TDS (calculated) 288.9 283.5 183.8 169.6 

Notes:  U = Undetected at the IDL shown in brackets. NTU = Nephelometric turbidity unit.  Bicarbonate (HCO3) 
concentrations were calculated from measured total carbonate alkalinity. Silica was calculated from concentration of 
silicon. 

 
 

Table 1.2-2. High Explosive Analytical Results of Perched Intermediate and                
Regional Aquifer Groundwater from R-17 

SAMPLE NUMBER EU05070GR1702 EU05070GR1703 EU05070GR1704 
WATER-BEARING 
ZONE 

Perched intermediate Regional aquifer Regional aquifer  

DEPTH (ft bgs) 850 1060 1112.3 
(lower screen) 

SAMPLE TYPE Borehole Borehole Developed Well 

GEOLOGIC UNIT Puye Formation Puye Formation Puye Formation 
DATE 12/8/2005 12/14/2005 1/13/2006 
HMX (ppm) U [0.01] U [0.01] U [0.01] 
RDX (ppm) U [0.01] U [0.01] U [0.01] 
1,3,5-TNB (ppm) U [0.01] U [0.01] U [0.01] 
1,3-DNB (ppm) U [0.01] U [0.01] U [0.01] 
TNT (ppm) U [0.01] U [0.01] U [0.01] 
NB (ppm) U [0.01] U [0.01] U [0.01] 
2A-4,6-DNT (ppm) U [0.01] U [0.01] U [0.01] 
2,4-DNT (ppm) U [0.01] U [0.01] U [0.01] 

Notes: 
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (Her Majesty’s Explosive) 
RDX = Hexahydro-1,3,5-trinitro-1,3,5,-triazine (Royal Dutch Explosive) 
TNB = 1,3,5-Trinitrobenzene 
DNB = 1,3-Dinitrobenzene 
TNT = 2,4,6-Trinitrotoluene 
NB = Nitrobenzene 
2A-4,6-DNT = 2Amino-4,6-dinitrotoluene 
DNT = 2,4-Dinitrotoluene 
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1.0 R-17 SCREEN 1 PUMPING TEST ANALYSIS 
 
INTRODUCTION 
 
This section describes the analysis of constant-rate test pumping conducted in February 2006 on 
screen 1 in R-17 located in Pajarito Canyon.  The primary objective of the analysis was to 
determine the hydraulic properties of the screen 1 zone as well as its hydraulic connection to 
screen 2.  Consistent with most of the pumping tests conducted for the project, an inflatable 
packer system was used to attempt to eliminate the effects of casing storage on the test data.  
Unfortunately, initial pumping of the well drew the pumping water level into the well screen, 
allowing water in the filter packed annulus just above the well screen to drain into the well, 
trapping air in this zone.  The trapped air was able to expand and contract in response to water 
level changes during pumping and recovery, creating a storage-like effect that precluded analysis 
of the very early test data. 
 
R-17 is completed within the Puye Formation with two well screens.  Screen 1 is 23 feet (ft) 
long, extending from 1057 to 1080 ft below ground surface (bgs), while screen 2 is 10 ft long 
from 1124 to 1134 ft.  Thus, the thickness of intervening sediments is 44 ft. 

At the time of testing, the static water level in screen 1 was 1035.78 ft bgs.  Testing was 
conducted with a bridge plug between the two screens so it was not possible to measure the 
water level in screen 2 at that time.  A month earlier, however, when a pumping test was 
conducted in screen 2, the static water levels measured in screens 1 and 2 were 1035.4 and 
1037.3 ft, respectively, on January 19.  A week later the measured levels were similar, at 1036.2 
and 1037.7 ft, respectively.  Thus, the level in screen 1 ranged from 1.5 to 1.9 ft above that in 
screen 2, indicating a distinct downward gradient and suggesting relatively tight intervening 
sediments. 
 
Testing consisted of brief trial pumping on February 22, followed by a 24-hour constant-rate 
pumping test that was begun on February 23.  Two trial tests were conducted.  Trial 1 was 
conducted at a discharge rate of 3.6 gallons per minute (gpm) for 70 minutes (min.) from       
2:50 pm until 4:00 pm and was followed by 60 min. of recovery until 5:00 pm. 
 
Following trial 1 recovery, trial 2 was conducted for 60 min. from 5:00 pm until 6:00 pm at a 
discharge rate of 3.5 gpm.  Following shutdown, recovery was monitored for 794 min. until    
7:14 am on February 23. 
 
At 9:45 am on February 23, the 24-hour pumping test was begun at a rate of 3.2 gpm.  Pumping 
continued until 9:45 am on February 24.  Following shutdown, recovery/background 
measurements were recorded for 2781 min. until 8:06 am on February 26. 
 
Transducer Errors 
 
As described below, the 30-psi In-Situ transducer used to record water level data seemed to 
malfunction during the test.  Following pumping events, water levels were measured as rising 
above the starting level.  Also, a brief packer deflation/re-inflation event on February 23 showed 
different heads before and after – an impossibility.  This is the same transducer that yielded 
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rather odd data from well R-16r the previous October.  Data from that particular pumping test 
were sent to In-Situ for examination at the time.  It was In-Situ’s opinion that the transducer was 
working properly and that the measured water levels were accurate.  However, in view of the 
recent test data from R-17, it appears that the transducer is defective and should not be used in 
further testing. 
 
BACKGROUND DATA 
 
The background water level data collected in conjunction with running the pumping tests allow 
the analyst to see what water level fluctuations occur naturally in the aquifer and help distinguish 
between water level changes caused by conducting the pumping test and changes associated with 
other causes. 
 
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 hydrograph from the R-17 screen 1 test was compared to 
barometric pressure data from the area to determine if a correlation existed. 
 
Previous pumping tests have demonstrated a barometric efficiency for most wells of between 90 
and 100 percent.  Barometric efficiency is defined as the ratio of water level change divided by 
barometric pressure change, expressed as a percentage.  In the initial pumping tests conducted as 
part of this project, down hole pressure was monitored using a vented transducer.  This 
equipment measures the difference between the total pressure applied to the transducer and the 
barometric pressure, this difference being the true height of water above the transducer. 
 
Subsequent pumping tests, including R-17 screen 1, have utilized non-vented transducers.  These 
devices simply record the total pressure on the transducer, that is, the sum of the water height 
plus the barometric pressure.  This results in an attenuated “apparent” hydrograph in a 
barometrically efficient well.  Take as an example a 90 percent barometrically efficient well.  
When monitored using a vented transducer, an increase in barometric pressure of 1 unit causes a 
decrease in recorded down-hole pressure of 0.9 units, because the water level is forced 
downward 0.9 units by the barometric pressure change.  However, using a non-vented 
transducer, the total measured pressure increases by 0.1 units (the combination of the barometric 
pressure increase and the water level decrease).  Thus, the resulting apparent hydrograph changes 
by a factor of 100 minus the barometric efficiency, and in the same direction as the barometric 
pressure change, rather than in the opposite direction. 
 
Barometric pressure data were obtained from the Los Alamos National Laboratory TA-54 tower 
site from the Environmental Division-Meteorology and Air Quality (ENV-MAQ).  The TA-54 
measurement location is at an elevation of 6548 ft above mean sea level (amsl), whereas the 
wellhead elevation is approximately 6926 ft amsl.  The static water level was about 1036 ft bgs, 
making the water table elevation approximately 5890 ft amsl.  Therefore, the measured 
barometric pressure data from TA-54 had to be adjusted to reflect the pressure at the elevation of 
the water table within R-17 screen 1. 
 
The following formula was used to adjust the measured barometric pressure data: 
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where, 
 
PWT = barometric pressure at the water table inside R-17 
PTA54 = barometric pressure measured at TA-54 
g = acceleration of gravity, in m/sec2 (9.80665 m/sec2) 
R = gas constant, in J/Kg/degree Kelvin (287.04 J/Kg/degree Kelvin) 
ER17 = land surface elevation at R-17, in feet (6926 ft) 
ETA54 = elevation of barometric pressure measuring point at TA-54, in feet (6548 ft) 
EWT = elevation of the water level in R-17, in feet (approximately 5890 ft) 
TTA54 = air temperature near TA-54, in degrees Kelvin (assigned a value of 35.2 degrees 

Fahrenheit, or 274.9 degrees Kelvin) 
TWELL = air temperature inside R-17, in degrees Kelvin (assigned a value of 64 degrees 

Fahrenheit, or 290.9 degrees Kelvin) 
 
This formula is an adaptation of an equation provided by ENV-MAQ.  It can be derived from the 
ideal gas law and standard physics principles.  An inherent assumption in the derivation of the 
equation is that the air temperature between TA-54 and the well is temporally and spatially 
constant, and that the temperature of the air column in the well is similarly constant. 
 
The corrected barometric pressure data reflecting pressure conditions at the water table were 
compared to the water level hydrograph to discern the correlation between the two. 
 
IMPORTANCE OF EARLY DATA 
 
When pumping or recovery first begins, the vertical extent of the cone of depression is limited to 
approximately the well screen length, the filter pack length or, the aquifer thickness in relatively 
thin permeable strata.  For many pumping tests on the plateau, the early pumping period is the 
only time that the effective height of the cone of depression is known with certainty.  Thus, the 
early data often offer the best opportunity to obtain hydraulic conductivity information, because 
conductivity would equal the earliest-time transmissivity divided by the well screen length. 

Unfortunately, in many of the pumping tests, casing storage effects dominate the early-time data, 
hindering the effort to determine the transmissivity of the screened interval.  The duration of 
casing storage effects can be estimated using the following equation (Schafer, 1978). 

(2) 
( )
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Q
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226.0 −
=  

where, 
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tc = duration of casing storage effect, in minutes 
D = inside diameter of well casing, in inches 
d = outside diameter of column pipe, in inches 
Q = discharge rate, in gpm 
s = drawdown observed in pumped well at time tc, in feet 
 
Drainage and refilling of the filter pack also can cause a storage effect.  This was applicable to 
the R-17 pumping test because during initial testing, air became trapped in the filter packed 
annulus above the top of the well screen.  The reason this occurred is that when the pump is first 
started, with the drop pipe empty, it operated against negligible head and, therefore, pumped at 
its maximum rate.  Under this condition there was no way to constrain the discharge rate.  In 
screen 1, the initial rate of the pump was sufficient to pull the pumping water level into the well 
screen allowing the filter pack above the pumping level to drain.  Later, when the pumping rate 
was reduced and the water level rose above the top of the screen, air in the filter pack behind the 
blank casing above the screen became trapped.  Subsequently, the trapped air was able to expand 
and contract when head changes were induced by pumping and recovery, causing a storage 
effect. 
 
The above formula can be modified to account for the filter pack drainage and refilling as 
follows: 
 

(3) 
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Q
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t OWy
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=  

 
where, 
 
Sy = short-term specific yield of filter pack material (typically 20 percent) 
DW = diameter of borehole, in inches 
dO = outside diameter of well casing, in inches 
H = the change in water level within the filter pack behind the casing at time tc, in feet 
 
A formula for H was derived as follows: 
 

(4) 
( ) ( )( )LhLhAhLLhAhhH '4'4'5.0 −+++−++−−=  

 
where, 
 
h = head rise above top of screen prior to pump starting (or prior to stopping for recovery), 

in feet 
h’ = head rise above top of screen at time tc, in feet 
A = atmospheric pressure, in feet of water 
L = height of top of filter pack above top of well screen, in feet 
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Equations (3) and (4) were used to compute tc to guide the analysis of the pumping and recovery 
data. 
 
TIME-DRAWDOWN METHODS 
 
Time-drawdown data can be analyzed using a variety of methods.  Among them is the Cooper-
Jacob method (1946), a simplification of the Theis equation (1935) that is mathematically 
equivalent to the Theis equation for pumped well data.  The Cooper-Jacob equation describes 
drawdown around a pumping well as follows: 
 

 (5) 
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T
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=  

where, 

s = drawdown, in feet 
Q = discharge rate, in gpm 
T = transmissivity, in gallons per day per foot (gpd/ft) 
t = pumping time, in days 
r = distance from center of pumpage, in feet 
S = storage coefficient (dimensionless) 

The Cooper-Jacob equation is a simplified approximation of the Theis equation and is valid 
whenever the u value is less than about 0.05, where u is defined as follows: 
 

(6) 

Tt
Sru

287.1
=

 
 
For small radius values (e.g., corresponding to borehole radii), u is less than 0.05 at very early 
pumping times and, therefore, is less than 0.05 for most or all measured drawdown values.  Thus, 
for the pumped well, the Cooper-Jacob equation usually can be considered a valid approximation 
of the Theis equation. 
 
According to the Cooper-Jacob method, the time-drawdown data are plotted on a semilog graph, 
with time plotted on the logarithmic scale.  Then a straight line of best fit is constructed through 
the data points and transmissivity is calculated using: 
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where, 
 
T = transmissivity, in gpd/ft 
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Q = discharge rate, in gpm 
Δs = change in head over one log cycle of the graph, in feet 
 
Another analytical procedure used in the analysis was the Hantush-Jacob leaky method.  In this 
method, recharge to the pumped aquifer is assumed to be provided via vertical leakage across the 
underlying or overlying aquitards.  According to this method: 

(8) 
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In this equation, the function W is the Hantush well function for leaky aquifers and B is the 
leakage factor, defined as: 

(9) 

l
TB =  

In this equation, l is the leakance, defined as: 

(10) 

'
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where, 

K’ = vertical hydraulic conductivity of the aquitard 

b’ = thickness of the aquitard 

RECOVERY METHODS 
 
Recovery data were analyzed using the Theis Recovery Method.  This is a semi-log analysis 
method similar to the Cooper-Jacob procedure. 
 
In this method, residual drawdown is plotted on a semi-log graph versus the ratio t/t’, 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: 
 

(11) 
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Δ
=

264  

 
The recovery data are particularly useful compared to time-drawdown data.  Because the pump is 
not running, spurious data responses associated with dynamic discharge rate fluctuations are 
eliminated.  The result is that the data set is generally “smoother” and easier to analyze. 
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SPECIFIC CAPACITY METHOD 
 
The specific capacity of the pumped well can be used to obtain a lower-bound value of hydraulic 
conductivity.  The hydraulic conductivity is computed using formulas that are based on the 
assumption that the pumped well is 100 percent efficient.  The resulting hydraulic conductivity is 
the value required to sustain the observed specific capacity.  If the actual well is less than 100 
percent efficient, it follows that the actual hydraulic conductivity would have to be greater than 
calculated to compensate for well inefficiency.  Thus, because the efficiency is unknown, the 
computed hydraulic conductivity value represents a lower bound.  The actual conductivity is 
known to be greater than or equal to the computed value. 
 
For fully penetrating wells, the Cooper-Jacob equation can be iterated to solve for the lower-
bound hydraulic conductivity.  This approach was used for screen 1.  It was not known for 
certain whether the zone contributing to screen 1 was fully penetrated or not, because the vertical 
distribution of conductivity was not known.  However, there clearly were tight intervals 
separating individual aquifer zones based on the different heads observed in screen 1 and screen 
2.  Furthermore, there was no information available to resolve the question of which portions of 
the borehole contained permeable versus tight sediments.  Finally, if the permeable thickness 
was assumed to extend beyond the limits of the well screen, lower-bound transmissivity 
estimates calculated from specific capacity significantly exceeded conventionally derived values, 
resulting in a contradiction.  Therefore, full penetration of the permeable zone was assumed. 
 
To apply this procedure, a storage coefficient value must be assigned.  Confined conditions were 
assumed because the static water level rose well above the screen interval.  Storage coefficient 
values for confined conditions can be expected to range from about 10-5 to 10-3, depending on 
aquifer thickness (Driscoll, 1986).  The calculation result is not particularly sensitive to the 
choice of storage coefficient value, so a rough estimate of the storage coefficient is generally 
adequate to support the calculations.  A value of 5 x 10-4 was used for the calculations presented 
below. 

Computing the lower-bound estimate of hydraulic conductivity can provide a useful frame of 
reference for evaluating the other pumping test calculations. 
 
R-17 SCREEN 1 DATA ANALYSIS 
 
This section presents the data obtained from the R-17 screen 1 pumping test and the results of the 
analytical interpretations.  Analyses were applied to recovery data following trial 1, pumping and 
recovery data from trial 2, the 24-hour constant-rate pumping data, and the subsequent recovery 
data.  There also is a discussion of the background data recorded before and after the constant-
rate pumping test. 
 
Background Data 
 
Water level data collected following the pumping test were plotted along with barometric 
pressure data on Figure 1.  Apparent on the hydrograph is that water levels continued to show 
recovery from the testing throughout the monitoring period. 
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The data on Figure 1 showed little apparent pressure change in response to changes in barometric 
pressure, signifying a barometrically efficient zone.  However, the ongoing recovery made it 
difficult to quantify the barometric efficiency. 
 
A more extensive water level record was available for screen 1 from a pumping test conducted a 
month earlier on screen 2.  The data from that test were used to support determination of 
barometric efficiency.  Figure 2 shows a comparison of the screen 1 hydrograph from that event.  
The small observed change in aquifer pressure confirms the high barometric efficiency. 
 
The hydrograph data were corrected for barometric efficiency and plotted on Figure 3.  An 
assumed barometric efficiency of 92 percent provided a good match between the aquifer pressure 
and barometric pressure. 
 
Trial Testing 
 
Following pump installation, the well was pumped briefly (trial testing) to evaluate well 
capacity, fill the drop pipe in preparation for subsequent testing, and generate some useful data.  
Trial 1 was conducted on February 22 at a discharge rate of 3.6 gpm for 70 min. from 2:50 pm 
until 4:00 pm and was followed by 60 min. of recovery until 5:00 pm. 
 
Trial 2 was conducted at a rate of 3.5 gpm for 60 min. from 5:00 pm until 6:00 pm.  Following 
shutdown, recovery was monitored for 794 min. until 7:14 am on February 23. 
 
Trial 1 
 
Figure 4 shows recovery from the trial 1 pumping event.  The early data on the graph showed the 
filter pack storage effect described earlier, with a computed storage duration of 4.0 min..  The 
subsequent data yielded a calculated transmissivity of 300 gpd/ft.  Using the well screen length 
of 23 ft as the aquifer thickness, the hydraulic conductivity was computed as 13.0 gpd/ft2, or 1.74 
ft per day.  The late recovery data showed a flattening of the slope consistent with leakage 
contribution from above and/or below the screened interval. 
 
Close inspection of the graph shows that the storage effect appeared to persist longer than 
predicted by the theoretical calculation.  This could result from the fact that the ‘refill’ porosity is 
likely greater than the ‘drainage’ porosity.  During pumping, a given amount of water, say 20 
percent of the filter pack volume, drains rapidly and causes the observed storage effect.  As 
pumping continues, however, additional water drains slowly from the pack at a rate too slow to 
contribute to a noticeable storage effect on the data, but enough to increase the total drained 
porosity to more than 20 percent.  During recovery, it is likely that most of the drained pores 
refill rapidly, thus making the observed storage effect during recovery greater than that during 
initial pumping. 
 
Note that the apparent recovered water level was significantly higher than the starting static 
level.  This was a strong indication that the transducer had malfunctioned and was producing 
erroneous data.  The background data showed that such water level discrepancies could not be 
explained by barometric pressure changes because changes in barometric pressure did not 
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significantly affect the water levels.  These data also showed that these effects could not have 
been caused by other pumping wells in the aquifer because such effects did not appear in the 
background signal. 
 
Trial 2 
 
Figure 5 shows time-drawdown data from the trial 2 test.  The early data showed a filter pack 
storage duration of 2.6 min..  The subsequent data yielded a transmissivity of 300 gpd/ft and a 
hydraulic conductivity of 13.0 gpd/ft2, or 1.74 ft per day.  Again, the curve showed steady 
flattening, consistent with leakage. 
 
The Hantush-Jacob leaky analysis was applied to the drawdown data to quantify the leakage 
factor.  The screen 2 zone was known to be far more transmissive than the pumped interval and 
separated from it by tight intervening sediments.  Thus, the leaky model was appropriate for the 
hydrologic setting. 
 
Figure 6 shows the leaky curve matching analysis.  The calculations showed a transmissivity of 
37.9 ft2/day (280 gpd/ft) and a hydraulic conductivity of 1.65 ft per day.  The leakage factor 
calculation revealed a B value of 49 ft and a leakance of 0.016 inverse days for the 44 ft of 
formation separating screens 1 and 2.  This corresponded to an average vertical hydraulic 
conductivity of 0.69 ft per day.  Note that the actual sediments may consist of alternate layers of 
higher and lower conductivity, so the calculated value represents an effective average for the 
entire 44-ft-thick interval. 
 
Note also that it is possible that the leakance observed in the pumping test could be contributed 
from both above and below the screen 1 interval.  Accordingly, the actual vertical hydraulic 
conductivity of the sediments between screens 1 and 2 would be the value computed above 
multiplied by the percentage contribution from below screen 1.  There is no way to determine the 
source of the leakage and the proportional contributions from the available data. 
 
Figure 7 shows recovery data from trial 2.  Data following the filter pack storage portion of the 
curve supported a transmissivity calculation of 260 gpd/ft and hydraulic conductivity of 11.3 
gpd/ft2, or 1.51 ft per day.  Again the apparent water level rose to level well above the original 
static water level measurement, suggesting transducer problems. 
 
Note that the theoretical storage time calculations for trial 2 seemed to fit the pumping data, but 
appeared to underestimate the recovery time.  As stated earlier, this may be attributable to the 
effective short-term refill porosity being greater than the short-term drainable porosity. 
 
24-Hour Constant-Rate Pumping Test 
 
The 24-hour pumping test was started at 9:45 am on February 23 and continued until 9:45 am on 
February 24.  The discharge rate for the test was 3.2 gpm.  Following shutdown, 
recovery/background measurements were recorded for 2781 min. until 8:06 am on February 26. 
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Packer Deflation 
 
Prior to initiating the pumping test, the packer was deflated for several minutes and then re-
inflated to eliminate any air that may have accumulated in the casing beneath the packer.  Figure 
8 shows the heads measured during this process.  Remarkably, the final head measured after re-
inflation was 0.48 ft lower than the starting head.  In reality, the head could not have declined, so 
the observed change was an artifact of a malfunctioning pressure transducer.  As shown on 
Figure 8, when the packer was deflated the water level rose nearly 14 ft.  This indicated that a 
joint in the drop pipe string had leaked, allowing water to enter the annular space above the 
packer.  The influx of this water when the packer was deflated could have caused a very slight 
temporary rise in apparent static water level, but not a decline as observed. 
 
It appeared as though the sudden stress caused by the water column had somehow changed the 
transducer calibration or affected it in some say, so that it reported a lower head after the stress 
occurred, even though the actual head had not declined. 
 
Figure 9 shows an expanded-scale view of the data recorded just before and after the re-inflation 
event.  The “steps” that are evident on the graph at 12 and 16 min. are anomalous and provide 
more evidence of erroneous data. 
 
Time-Drawdown Analysis 
 
Figure 10 shows the drawdown measured in R-17 screen 1 during the 24-hour test.  The 
calculated filter pack storage time was 2.9 min..  The first slope immediately following this time 
yielded a transmissivity of 230 gpd/ft and an average hydraulic conductivity of 10 gpd/ft2, or 
1.34 ft per day.  The curve then flattened, consistent with leakage effects. 
 
There were two significant anomalies on the drawdown graph, however.  First, after about 460 
min. the water level appeared to rise several ft over the next several hours.  During this period, 
the discharge rate remained constant and, thus, the head change can’t be explained by pumping 
rate changes.  It is probable that this effect was merely a manifestation of a malfunctioning 
transducer. 
 
Second, the data points were not uniformly distributed on the graph, but appeared in “bunches.”  
To illustrate this, an expanded-scale plot was prepared as shown on Figure 11.  This was similar 
to the effect seen in data from R-16r in October 2005 using the same pressure transducer.  The 
conclusion of a malfunctioning pressure transducer seems inescapable. 
 
Leaky analysis was performed on the 24-hour drawdown data as shown on Figure 12.  
Calculations showed a transmissivity of 32.4 ft2/day (240 gpd/ft) and a hydraulic conductivity of 
1.41 ft per day.  The leakage factor calculated from the graph was 89 ft, making the leakance 
0.0041 inverse days.  This yielded an average vertical conductivity over the 44 ft of sediments 
between screens 1 and 2 of 0.18 ft per day, assuming that all of the leakage comes from below.  
If only a portion of the leakage comes from below screen 1, the vertical conductivity would be 
proportionally less. 
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Recovery Analysis 
 
Figure 13 shows the recovery data recorded following the 24-hour test.  The filter pack storage 
duration was estimated at 3.4 min..  The subsequent data suggested a transmissivity of 330 gpd/ft 
and a hydraulic conductivity of 14.3 gpd/ft2, or 1.92 ft per day.  The late data showed significant 
flattening, consistent with leakage effects.  As occurred in the trial tests, the filter pack storage 
effect appeared to be estimated accurately for pumping, but was underestimated slightly for 
recovery, possibly because of short-term porosity differences between drainage and refilling. 
 
The recovery data also showed an apparent final water level nearly 2 ft higher than the starting 
level – a greater discrepancy than had been observed following the trial tests.  The new, higher 
apparent water level may be related to pressure transducer malfunction associated with the 
apparent rise in level observed during the pumping period.  
 
Specific Capacity Data 
 
Specific capacity data were used along with well geometry to estimate lower-bound conductivity 
values for the R-17 screen 1 zone.  In addition to specific capacity, other input values used in the 
calculations included a storage coefficient of 5 x 10-4 and a borehole radius of 0.51 ft. 
 
During trial 1, the well produced 3.6 gpm with 11.23 ft of drawdown after 70 min. of pumping.  
Likewise, during trial 2 the yield was 3.5 gpm with 12.37 ft of drawdown after 60 min..  Finally, 
during the 24-hour test, prior to the anomalous rise in the pumping level, the well produced 3.2 
gpm with 16 ft of drawdown after 463 min..  Iterating the Cooper-Jacob equation on these data 
yielded lower-bound transmissivity values of 390, 340 and 280 gpd/ft, respectively. 
 
The specific capacity derived transmissivity values averaged 340 gpd/ft.  The conventionally 
derived transmissivity values, described previously, averaged 280 gpd/ft.   
While the lower-bound values were somewhat greater than the other values, they were 
nevertheless reasonably consistent and not considered contradictory.  Note that the conventional 
values were based on early data, while the specific capacity values used later data that included 
effects of leakage.  This effect provides a partial explanation of why the values based on specific 
capacity were somewhat greater. 
 
Accuracy of Results 
 
There is some uncertainty about the reliability of the aquifer coefficients calculated from the 
screen 1 pumping test because of the apparent transducer malfunction.  It is possible that the 
transducer functioned properly at times and poorly at other times.  For example, the background 
data appear to comport with expectations and most of the drawdown and recovery graphs show 
about the right response. 
 
Perhaps the least reliable data set is the 24-hour drawdown in which the data points were 
bunched together with gaps between the data clusters and the apparent head rose 5 ft midway 
through the test even though the discharge rate remained constant (Figures 10 through 12).  If the 
transmissivities from this data set are excluded, the remaining conventionally-derived values 
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average 290 gpd/ft, while the corresponding average lower-bound estimate from specific 
capacity becomes 365 gpd/ft. 
 
Nevertheless, the apparent data errors limit the confidence in the calculated aquifer parameters.  
The limitations of the results must be acknowledged in any analysis of site conditions. 
 
Leakage Effects 
 
Leaky analysis yielded leakance values of 0.016 and 0.0041 inverse days.  Taking the geometric 
mean yields an estimated leakance of 0.008 inverse days.  If it is assumed that the leakage 
contribution from above and below screen 1 are equal, that would make the leakage from below 
0.004 inverse days.  The corresponding vertical hydraulic conductivity would be 0.004 x 44 = 
0.176 ft per day.  Combining this with the average observed head difference between the two 
screen zones (1.7 ft), it is possible to use Darcy’s Law to compute the vertical flux from screen 
zone 1 to screen zone 2.  The hydraulic gradient from the center of screen 1 to the center of 
screen 2 was 1.7/60.5 = 0.028.  The resulting vertical flux calculation yielded a Darcian velocity 
of 0.005 ft per day, or 1.8 ft per year.  The hydraulic parameters computed from the screen 1 
pumping test support this estimate of vertical flux rate at this particular location. 
 
SUMMARY 
 
The following information summarizes the results of the pumping and recovery tests on R-17 
screen 1: 

  

1. The barometric efficiency of the screen 1 interval is approximately 92 percent. 

2. The static water level measured in screen 1 was nearly 2 ft higher than that in screen 2, 
suggesting low permeability materials between the two zones. 

3. The 30-psi In-Situ pressure transducer apparently malfunctioned, producing erroneous 
data.  This was similar to the unusual data response observed in October 2005 when this 
same transducer was used in the testing of R-16r.  While the data errors may be minor in 
some instances, the anomalous data limit the confidence that can be placed in the 
pumping test results. 

4. Initial pump operation against empty drop pipe unavoidably over-pumped the well, 
drawing the pumping level into the well screen and draining the upper portions of the 
filter pack.  This resulted in trapped air in the filter packed annulus behind the blank 
casing above the screen.  During pumping and recovery, the trapped air expanded and 
contracted, causing a storage effect that corrupted the early test data even though an 
inflatable packer had been used to eliminate casing storage effects. 

5. An equation was derived to predict the storage effect duration associated with expansion 
and contraction of the air trapped in the filter pack.  In applying this equation, it appeared 
that the storage duration was greater during recovery than pumping because of ongoing 
slow drainage during pumping that did not affect the pumping data but contributed to a 
greater porosity and short-term effect during refilling. 
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6. The early drawdown and recovery data from testing suggested an aquifer transmissivity 
of the screened interval of about 290 gpd/ft.  Based on the well screen length of 23 ft, the 
computed hydraulic conductivity was 12.6 gpd/ft2, or 1.7 ft per day. 

7. Specific capacity calculations suggested an average lower-bound transmissivity of 365 
gpd/ft.  This was greater than the conventionally derived values, in part because leakage 
effects increased the specific capacity beyond theoretical predictions. 

8. Leaky analysis yielded leakance estimates ranging from 0.0041 to 0.016 inverse days.  
Assuming the leakage to be split evenly from above and below screen 1, calculations 
suggested an estimated vertical flux from the screen 1 interval to the screen 2 interval of 
1.8 ft per year at R-17. 
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2.0 R-17 SCREEN 2 PUMPING TEST ANALYSIS 
 
INTRODUCTION 
 
This section describes the analysis of constant-rate test pumping conducted in January and 
February 2006 on R-17 screen 2 located in Pajarito Canyon.  The primary objective of the 
analysis was to determine the hydraulic properties of the screen 2 zone as well as its hydraulic 
connection to screen 1.  Consistent with most of the pumping tests conducted for the project, an 
inflatable packer system was used to eliminate the effects of casing storage on the test data.  The 
packer also served the purpose of hydraulically isolating the two screen zones during the test. 
 
R-17 is completed within the Puye Formation with two well screens.  Screen 1 is 23 feet (ft) 
long, extending from 1057 to 1080 ft below ground surface (bgs), while screen 2 is 10 ft long 
from 1124 to 1134 ft.  Thus, the thickness of intervening sediments is 44 ft. 
 
Multiple Tests 
 
Two pumping tests were conducted on R-17 screen 2.  The first test (test 1) was conducted from 
January 19 through 26 and included background data collection, two trial tests (trial 1 and trial 2) 
and 24-hour pumping and recovery.  Water levels were monitored both in the pumped screen and 
screen 1.  It was hoped that by monitoring both zones, insight could be gained into the hydraulic 
connection between the two zones. 
 
Upon inspection of the water level data from test 1, it was discovered that water levels in screen 
1 rose during pumping rather than declining.  The cause of the water level rise was attributed to a 
joint leak in the drop pipe string that allowed water to run down the annulus between the well 
casing and drop pipe and recharge screen zone 1. 
 
Because useful data from screen 1 were not generated during test 1, a second test (test 2) was 
planned.  An additional benefit of rerunning the test was the chance to increase the discharge rate 
over that used in test 1.  A small pump was used for test 1, producing a pumping rate of around 3 
gallons per minute (gpm).  This induced a drawdown in screen 2 of only a few inches, because of 
the high transmissivity of the screen 2 zone.  Water level changes caused by barometric pressure 
changes masked subtle pumping effects, making data analysis difficult.  Therefore, a larger pump 
was used for rerunning the test to maximize the induced drawdown. 
 
Test 2 was conducted from February 26 to 28.  It was not necessary to extend the test period to 
obtain background data, as this information had been obtained during test 1.  Test 2 consisted of 
trial testing (trial 3) followed by an 8-hour constant-rate test, both tests conducted at a discharge 
rate of 15.8 gpm. 
 
In order to remedy the drop pipe leak that had occurred during test 1, the pump contractor 
replaced all of the steel couplings on the drop pipe with new ones, hoping this would solve the 
problem.  Unfortunately, the cause of the original leak was a damaged pin connection on one of 
the pipe sections (identified at the conclusion of test 2).  Therefore, changing out the couplings 
had no effect and the leak that occurred during test 1 was repeated in test 2, manifested by a 
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water level rise in screen 1 while pumping screen 2.  Test 2 offered the advantage of a greater 
discharge rate (15.8 gpm versus 3 gpm), but failed to induce measurable drawdown in screen 1.  
Thus, the test data could not be used to evaluate the vertical hydraulic connection between screen 
zones 1 and 2. 
 
Test 1 
 
At the time of testing, the static water levels measured in screens 1 and 2 were 1035.4 and 
1037.3 ft, respectively – a difference of 1.9 ft.  A week later, when the packer was deflated 
following the conclusion of the testing, the water level re-equilibration showed that the water 
levels in the two zones differed by 1.7 ft at that time.  Thus, the level in screen 1 ranged from 1.7 
to 1.9 ft above that in screen 2, indicating a distinct downward gradient and suggesting relatively 
tight intervening sediments. 
 
Testing consisted of brief trial pumping on January 20, followed by a 24-hour constant-rate 
pumping test that was begun on January 23.  Two trial tests were conducted.  Trial 1 was 
conducted at a discharge rate of 3.0 gpm for 120 min. from 7:40 am until 9:40 am and was 
followed by 130 min. of recovery until 11:50 am. 
 
Following trial 1 recovery, trial 2 was conducted for 130 min. from 11:50 am until 2:00 pm at a 
discharge rate of 3.0 gpm.  Following shutdown, recovery/background was monitored for 4060 
min. until 9:40 am on January 23. 
 
At 12:00 pm on January 23, the 24-hour pumping test was begun at a rate of 2.7 gpm.  Pumping 
continued until 12:00 pm on January 24.  Following shutdown, recovery/background 
measurements were recorded for 2700 min. until 9:00 am on January 26. 
 
Test 2 
 
At the time of test 2, the static water levels measured in screens 1 and 2 were 1036.2 and 1037.7 
ft, respectively – a difference of 1.5 ft.  This showed a similar downward head differential to that 
observed a month earlier. 
 
Testing consisted of a single trial test (trial 3) followed by an 8-hour constant-rate test.  Trial 3 
consisted of 30 min. of pumping at 15.8 gpm from 6:00 pm to 6:30 pm on February 26.  
Following trial testing, recovery data were recorded for 785 min. until 7:35 am on February 27. 
 
At 7:35 am on February 27, pumping was initiated.  However, the joint leak in the drop pipe had 
allowed a significant volume of pipe to drain overnight, so the pump was run just long enough to 
refill the drop pipe.   Then, water levels were allowed to re-equilibrate before starting the 
constant-rate test at 8:42 am.  Pumping continued for 8 hours until 4:42 pm.  Following 
shutdown, recovery data were recorded for 838 min. until 6:40 am on February 28. 
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BACKGROUND DATA 
 
The background water level data collected in conjunction with running the pumping tests allow 
the analyst to see what water level fluctuations occur naturally in the aquifer and help distinguish 
between water level changes caused by conducting the pumping test and changes associated with 
other causes. 
 
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 hydrographs from the R-17 screens 1 and 2 tests were 
compared to barometric pressure data from the area to determine if a correlation existed. 
 
Previous pumping tests have demonstrated a barometric efficiency for most wells of between 90 
and 100 percent.  Barometric efficiency is defined as the ratio of water level change divided by 
barometric pressure change, expressed as a percentage.  In the initial pumping tests conducted as 
part of this project, down hole pressure was monitored using a vented transducer.  This 
equipment measures the difference between the total pressure applied to the transducer and the 
barometric pressure, this difference being the true height of water above the transducer. 
 
Subsequent pumping tests, including R-17 screen 2, have utilized non-vented transducers.  These 
devices simply record the total pressure on the transducer, that is, the sum of the water height 
plus the barometric pressure.  This results in an attenuated “apparent” hydrograph in a 
barometrically efficient well.  Take as an example a 90 percent barometrically efficient well.  
When monitored using a vented transducer, an increase in barometric pressure of 1 unit causes a 
decrease in recorded down-hole pressure of 0.9 units, because the water level is forced 
downward 0.9 units by the barometric pressure change.  However, using a non-vented 
transducer, the total measured pressure increases by 0.1 units (the combination of the barometric 
pressure increase and the water level decrease).  Thus, the resulting apparent hydrograph changes 
by a factor of 100 minus the barometric efficiency, and in the same direction as the barometric 
pressure change, rather than in the opposite direction. 
 
Barometric pressure data were obtained from the Los Alamos National Laboratory TA-54 tower 
site from the Environmental Division-Meteorology and Air Quality (ENV-MAQ).  The TA-54 
measurement location is at an elevation of 6548 ft above mean sea level (amsl), whereas the 
wellhead elevation is approximately 6926 ft amsl.  The static water level was about 1038 ft bgs, 
making the water table elevation approximately 5888 ft amsl.  Therefore, the measured 
barometric pressure data from TA-54 had to be adjusted to reflect the pressure at the elevation of 
the water table within R-17 screen 2. 
 
The following formula was used to adjust the measured barometric pressure data: 
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PWT = barometric pressure at the water table inside R-17 
PTA54 = barometric pressure measured at TA-54 
g = acceleration of gravity, in m/sec2 (9.80665 m/sec2) 
R = gas constant, in J/Kg/degree Kelvin (287.04 J/Kg/degree Kelvin) 
ER17 = land surface elevation at R-17, in feet (6926 ft) 
ETA54 = elevation of barometric pressure measuring point at TA-54, in feet (6548 ft) 
EWT = elevation of the water level in R-17, in feet (approximately 5888 ft) 
TTA54 = air temperature near TA-54, in degrees Kelvin (assigned a value of 28.9 degrees 

Fahrenheit, or 271.4 degrees Kelvin) 
TWELL = air temperature inside R-17, in degrees Kelvin (assigned a value of 64 degrees 

Fahrenheit, or 290.9 degrees Kelvin) 
 
This formula is an adaptation of an equation provided by ENV-MAQ.  It can be derived from the 
ideal gas law and standard physics principles.  An inherent assumption in the derivation of the 
equation is that the air temperature between TA-54 and the well is temporally and spatially 
constant, and that the temperature of the air column in the well is similarly constant. 
 
The corrected barometric pressure data reflecting pressure conditions at the water table were 
compared to the water level hydrograph to discern the correlation between the two. 
 
 
IMPORTANCE OF EARLY DATA 
 
When pumping or recovery first begins, the vertical extent of the cone of depression is limited to 
approximately the well screen length, the filter pack length or, the aquifer thickness in relatively 
thin permeable strata.  For many pumping tests on the plateau, the early pumping period is the 
only time that the effective height of the cone of depression is known with certainty.  Thus, the 
early data often offer the best opportunity to obtain hydraulic conductivity information, because 
conductivity would equal the earliest-time transmissivity divided by the well screen length. 
 
Unfortunately, in many of the pumping tests, casing storage effects dominate the early-time data, 
hindering the effort to determine the transmissivity of the screened interval.  The duration of 
casing storage effects can be estimated using the following equation (Schafer, 1978). 

 
(2) 

( )

s
Q

dDtc

226.0 −
=  

where, 

tc = duration of casing storage effect, in minutes 
D = inside diameter of well casing, in inches 
d = outside diameter of column pipe, in inches 
Q = discharge rate, in gpm 
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s = drawdown observed in pumped well at time tc, in feet 
 
In some instances, it is possible to eliminate casing storage effects by setting an inflatable packer 
above the tested screen interval prior to conducting the test.  Therefore, this option has been 
implemented for the R-well testing program, including the R-17 pumping tests.  Implementation 
of the packer was key in obtaining useful data from the R-17 screen 2 pumping tests. 
 
 
TIME-DRAWDOWN METHODS 
 
Time-drawdown data can be analyzed using a variety of methods.  Among them is the Cooper-
Jacob method (1946), a simplification of the Theis equation (1935) that is mathematically 
equivalent to the Theis equation for pumped well data.  The Cooper-Jacob equation describes 
drawdown around a pumping well as follows: 
 

 (5) 

Sr
Tt

T
Qs 2

3.0log264
=  

where, 

s = drawdown, in feet 
Q = discharge rate, in gpm 
T = transmissivity, in gallons per day per foot (gpd/ft) 
t = pumping time, in days 
r = distance from center of pumpage, in feet 
S = storage coefficient (dimensionless) 

The Cooper-Jacob equation is a simplified approximation of the Theis equation and is valid 
whenever the u value is less than about 0.05, where u is defined as follows: 
 

(6) 

Tt
Sru

287.1
=

 
 
For small radius values (e.g., corresponding to borehole radii), u is less than 0.05 at very early 
pumping times and, therefore, is less than 0.05 for most or all measured drawdown values.  Thus, 
for the pumped well, the Cooper-Jacob equation usually can be considered a valid approximation 
of the Theis equation. 
 
According to the Cooper-Jacob method, the time-drawdown data are plotted on a semilog graph, 
with time plotted on the logarithmic scale.  Then a straight line of best fit is constructed through 
the data points and transmissivity is calculated using: 
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(7) 

s
QT

Δ
=

264  

 
where, 
 
T = transmissivity, in gpd/ft 
Q = discharge rate, in gpm 
Δs = change in head over one log cycle of the graph, in feet 
 
 
RECOVERY METHODS 
 
Recovery data were analyzed using the Theis Recovery Method.  This is a semi-log analysis 
method similar to the Cooper-Jacob procedure. 
 
In this method, residual drawdown is plotted on a semi-log graph versus the ratio t/t’, 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: 

(8) 

s
QT

Δ
=

264  

 
The recovery data are particularly useful compared to time-drawdown data.  Because the pump is 
not running, spurious data responses associated with dynamic discharge rate fluctuations are 
eliminated.  The result is that the data set is generally “smoother” and easier to analyze. 
 
 
SPECIFIC CAPACITY METHOD 
 
The specific capacity of the pumped well can be used to obtain a lower-bound value of hydraulic 
conductivity.  The hydraulic conductivity is computed using formulas that are based on the 
assumption that the pumped well is 100 percent efficient.  The resulting hydraulic conductivity is 
the value required to sustain the observed specific capacity.  If the actual well is less than 100 
percent efficient, it follows that the actual hydraulic conductivity would have to be greater than 
calculated to compensate for well inefficiency.  Thus, because the efficiency is unknown, the 
computed hydraulic conductivity value represents a lower bound.  The actual conductivity is 
known to be greater than or equal to the computed value. 
 
For fully penetrating wells, the Cooper-Jacob equation can be iterated to solve for the lower-
bound hydraulic conductivity.  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 penetration.  One such approach was introduced by Brons & 
Marting (1961) and augmented by Bradbury & Rothchild (1985). 
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Brons and Marting introduced a dimensionless drawdown correction factor, sP, approximated by 
Bradbury and Rothschild as follows: 
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In this equation, L is the well screen length, in feet.  Incorporating the dimensionless drawdown 
parameter, the conductivity is obtained by iterating the following formula: 
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To apply this procedure, a storage coefficient value must be assigned.  Confined conditions were 
assumed because the static water level was well above the screen interval and relatively tight 
sediments were known to exist between screens 1 and 2.  Storage coefficient values for confined 
conditions can be expected to range from about 10-5 to 10-3, depending on aquifer thickness 
(Driscoll, 1986).  The calculation result is not particularly sensitive to the choice of storage 
coefficient value, so a rough estimate of the storage coefficient is generally adequate to support 
the calculations.  A value of 5 x 10-4 was used in the calculations presented below. 

The analysis also requires assigning a value for the saturated aquifer thickness, b, which was not 
known for the R-17 screen 2 zone.  However, to determine the hydraulic conductivity it is only 
necessary to assign an aquifer thickness substantially greater than the well screen length.  The 
computed result is not particularly sensitive to the exact thickness, because sediments far above 
or below the screen have little effect on yield and drawdown response.  For the calculations 
presented below, an arbitrary saturated thickness of 40 ft was used. 

Computing the lower-bound estimate of hydraulic conductivity can provide a useful frame of 
reference for evaluating the other pumping test calculations. 
 
 
R-17 SCREEN 2 DATA ANALYSIS 
 
This section presents the data obtained from the R-17 screen 2 pumping tests and the results of 
the analytical interpretations.  Analyses were applied to recovery data following trials 1, 2 and 3, 
as well as pumping and recovery data from the 24-hour constant-rate pumping test (test 1) and 
the 8-hour test (test 2).  There also is a discussion of the background data recorded in screens 1 
and 2. 
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January Background Data 
 
Background aquifer pressure data collected during the January test were plotted along with 
barometric pressure data on Figure 1.  It is clear that the aquifer pressure responded to changes in 
barometric pressure.  Although the peaks in the hydrograph matched those in the barometric 
pressure signal, overall the aquifer pressure did not rise as much as the barometric pressure.  This 
suggested a gradual decline in water levels. 
 
The hydrograph data were re-plotted on Figure 2, corrected for barometric efficiency and the 
water level decline trend.  A reasonable data fit was achieved for an assumed barometric 
efficiency of 45 percent and a background water level decline of 0.06 ft per day. 
 
Figure 3 shows the comparison of barometric pressure and the hydrograph for screen 1.  Evident 
on the graph is that the aquifer pressure changed very little when the barometric pressure 
changed, suggesting high barometric efficiency. 
 
The screen 1 hydrograph data were corrected for barometric efficiency and plotted on Figure 4.  
An assumed barometric efficiency of 92 percent provided a good match between the aquifer 
pressure and barometric pressure. 
 
At first glance, the barometric efficiencies computed for screens 1 and 2 appear to be 
contradictory.  Barometric efficiency can be thought of as a measure of the difficulty with which 
atmospheric pressure changes are transmitted to the aquifer zone.  The screen 1 interval showed 
a high barometric efficiency, implying minimal barometric pressure effects at that depth.  Thus, 
it would be expected that the screen 2 zone should show high barometric efficiency as well.  
However, the presence of the open casing exposing screen 1 to the atmosphere while monitoring 
screen 2 provided a mechanism to transmit barometric pressure effects to the screen 2 zone, just 
44 ft beneath screen 1.  In all likelihood, a well with a single screen completion in the screen 2 
zone would have shown a high barometric efficiency.  So, while the aquifer at large surely has a 
high barometric efficiency, the presence of a conduit connecting the atmosphere to a point within 
44 ft of the screen 2 zone causes a lower barometric efficiency in the vicinity of the well. 
 
January Trial Testing 
 
Following pump installation, the well was pumped briefly (trial testing) to evaluate well 
capacity, fill the drop pipe in preparation for subsequent testing, and generate some useful data.  
Trial 1 was conducted on January 20 at a discharge rate of 3.0 gpm for 120 min. from 7:40 am 
until 9:40 am and was followed by 130 min. of recovery until 11:50 am. 
 
Trial 2 was conducted at a rate of 3.0 gpm for 130 min. from 11:50 am until 2:00 pm.  Following 
shutdown, recovery was monitored for 4060 min. until 9:40 am on January 23. 
 
Trial 1 
 
Figure 5 shows recovery from the trial 1 pumping event.  The water level data recording interval 
was three seconds and the pump stop time was not known to the nearest second.  Therefore, the 
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first data point could have been measured any time within the first three seconds of shutdown.  
For plotting purposes, it was assumed that the first data point corresponded to 1.5 seconds 
following the cessation of pumping. 
 
The early data (first few data points), prior to significant vertical expansion of the cone of 
depression, can be used to quantify an estimate of the transmissivity of the 10-ft screened 
interval.  Calculations showed a transmissivity estimate of 12,200 gallons per day per foot 
(gpd/ft) and a hydraulic conductivity of 1,220 gallons per day per square foot (gpd/ft2), or 163 ft 
per day. 
 
Within the first minute of recovery, the curve flattened as the cone of depression expanded 
vertically, reflecting a greater overall aquifer transmissivity.  Unfortunately, the total thickness of 
the permeable sediments beneath the well was not known.  The very small water level changes at 
late time, combined with data scatter and barometric effects, precluded analysis of the late data. 
 
Trial 2 
 
Figure 6 shows time-drawdown data from the trial 2 test.  The early data showed exaggerated 
drawdown – more than double the subsequent drawdown.  Part of the reason for this likely was 
antecedent drainage of the drop pipe caused by the leaky coupling joint.  Because a portion of the 
pipe had drained, the pump operated against reduced head initially, causing greater than expected 
flow and drawdown briefly.  It is also possible that inertial effects contributed to the observed 
response.  These effects, combined with exceedingly small drawdown changes over time and 
data scatter, precluded data analysis. 
 
Figure 7 shows recovery data from trial 2.  Calculations based on the early response showed a 
transmissivity estimate of 11,900 gpd/ft and a hydraulic conductivity of 1,190 gpd/ft2, or 159 ft 
per day.  Note that the computations were based on tiny water level changes – only a couple 
hundredths of a foot and, thus, it might not be possible to place high confidence in the resulting 
hydraulic parameter values. 
 
The late data showed a greater transmissvity (flatter trace) associated with vertical expansion of 
the cone of depression.  Barometric effects caused measured pressure changes about an order of 
magnitude greater than likely ongoing recovery changes and, thus, correcting the late data for 
barometric effects would have been impractical. 
 
January 24-Hour Constant-Rate Pumping Test 
 
The 24-hour pumping test was started at 12:00 pm on January 23 and continued until 12:00 pm 
on January 24.  The discharge rate for the test was 2.7 gpm.  Following shutdown, 
recovery/background measurements were recorded for 2781 min. until 9:00 am on January 26. 
 
Time-Drawdown Analysis 
 
Figure 8 shows the drawdown measured in R-17 screen 2 during the 24-hour test.  The 
exaggerated drawdown during the first moments of pumping showed the combined effects of 
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antecedent drop pipe drainage and inertia, as was seen in the trial testing.  These effects 
precluded analysis of the early data to obtain a transmissivity estimate for the screened interval. 
Similarly, the late data could not be analyzed because barometric pressure effects were far 
greater than drawdown changes due to pumping.  Notice that the data on Figure 8 correspond to 
the data segment in the bottom center of Figure 1 extending from January 23 to 24.  Comparing 
the water level data to the barometric pressure response on Figure 1, it is clear that most of the 
water level fluctuations were caused by atmospheric pressure changes. 
 
Figure 9 shows the pressure response measured in screen 1 while pumping screen 2.  The data 
were erratic, but showed head buildup in the screen 1 zone caused by the recharging effect of the 
leaky drop pipe, with a maximum head buildup of about 0.67 ft.  Separate test pumping of the 
screen 1 zone revealed a specific capacity of approximately 0.24 gpm per ft of drawdown.  
Applying this specific capacity to the maximum head buildup suggests a recharge rate of 0.16 
gpm attributable to the leaky pipe joint.  At late time, the head buildup diminished, although it 
was not clear if this was because of a leakage rate decline, a change in screen zone 1 well 
efficiency, or drawdown effects from pumping screen 2. 
 
Recovery Analysis 
 
Figure 10 shows the recovery data recorded following the 24-hour test.  Calculations based on 
the early response showed a transmissivity estimate of 12,200 gpd/ft and a hydraulic 
conductivity of 1,220 gpd/ft2, or 163 ft per day.  Again, the computed values were based on very 
small water level changes and therefore can be considered somewhat uncertain. 
 
February Background Data 
 
Figure 11 shows a plot of barometric pressure and aquifer pressure data from test 2.  Unlike the 
January test, the February data showed no apparent correlation between the two plots.  However, 
the period available for comparison included only about a day’s worth of data and was perhaps 
not long enough to provide a valid comparison. 
 
Of significance on the graph are two relative minima in the hydrograph data that occurred at 
midnight on February 27 and again on February 28, exactly 24 hours later.  The deflections in 
the hydrograph had a magnitude of just a few hundredths of a foot.  These relative lows couldn’t 
be explained based on barometric pressure effects.  Also, it was unlikely that municipal pumping 
was responsible.  Pumping records for county well PM-5 showed that the well was operated at 
different times on each of these days, rather than operating on a consistent 24-hour cycle.  It is 
possible that earth tides could have caused this response because of the apparent 24-hour period.  
However, there was no way to know with certainty what caused the aquifer pressure declines 
leading up to midnight followed by the rebound effect.  Without knowing the cause, it was not 
possible to apply a mathematical correction to these portions of the data sets. 
 
February Trial Testing 
 
Following pump installation for the February test, the well was pumped briefly (trial 3) to 
evaluate well capacity, fill the drop pipe in preparation for subsequent testing, and generate some 
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useful data.  Trial 3 was conducted on February 26 at a discharge rate of 15.8 gpm for 30 min. 
from 6:00 pm until 6:30 pm and was followed by 785 min. of recovery until 7:35 am on 
February 27. 
 
Trial 3 
 
Figure 12 shows the recovery data collected following the trial 3 pumping.  The water level data 
recording interval was one second and the pump stop time was not known precisely.  Therefore, 
the first data point could have been measured any time within the first second of shutdown.  For 
plotting purposes, it was assumed that the first data point corresponded to 0.5 seconds following 
the cessation of pumping.  The early data yielded a transmissivity for the screened interval of 
10,700 gpd/ft and a hydraulic conductivity of 1070 gpd/ft2, or 143 ft per day.  There are two 
considerations that may limit the accuracy of these calculations.  First, the uncertain pump stop 
time could affect the results slightly.  Second, the analysis is based on very short-term response 
(just seconds) and, therefore, could be influenced by inertial effects.  Nevertheless, the computed 
values were consistent with the specific capacity analysis (described below) and are probably 
reasonable. 
 
 
Subsequent data indicated a total transmissivity of 44,300 gpd/ft.  This probably represents the 
transmissivity of the thicker sequence of permeable sediments in which screen 2 is placed, 
extending down to an underlying aquitard.  There were no geologic data available to identify the 
base of this zone so it was not possible to compute a corresponding hydraulic conductivity. 
 
February 8-Hour Constant-Rate Pumping Test 
 
The constant-rate pumping test was started on the morning of February 27.  Prior to beginning 
the test, the standing water level in the drop pipe was measured and found to have declined to 
about 250 ft bgs overnight because of the leaky pipe joint.  Therefore, the pump was operated 
from 7:35 am to 7:39 am to refill the drop pipe and then was shut down for about an hour to 
allow water levels to re-equilibrate.  During the equilibrium period, water was added to the drop 
pipe by hand to make sure it was full when the constant-rate pumping test started. 
 
The constant-rate pumping test was begun at 8:42 am and continued for 8 hours until 4:42 pm.  
Following shutdown, recovery data were recorded for 838 min. until 6:40 am on February 28. 
 
Time-Drawdown Analysis 
 
Figure 13 shows drawdown data recorded in screen 2 during the pumping test.  The early data 
yielded a transmissivity for the 10-ft screened interval of 8170 gpd/ft and a hydraulic 
conductivity of 817 gpd/ft2, or 109 ft per day.  These results were not consistent with other 
calculations made for screen 2 from the January and February pumping tests.  As mentioned 
above, the accuracy of the calculations may be limited by the unknown pump start time and 
possible inertial effects.  Also, the data were recorded during active pumping, immediately after 
the pump started.  It is possible that dynamic effects associated with pump startup could result in 
lower accuracy than can be obtained from recovery data.   The subsequent data supported a 
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transmissivity calculation of 41,700 gpd/ft for the entire aquifer.  As before, a hydraulic 
conductivity value could not be computed because the saturated thickness of permeable 
sediments was not known. 
 
Figure 14 shows the pressure response measured in screen 1 while pumping screen 2.  The graph 
shows the time from when the initial pumping occurred – the four-minute pumping episode used 
to refill the drop pipe beginning at 7:35 am.  On the graph there was no pumping from 4 min. to 
67 min..  Nevertheless, there was significant head buildup in screen 1 during this period because 
refilling the drop pipe above the leaky joint created an immediate source of leakage.  During the 
pumping test, the head buildup ranged from about 0.6 to 0.8 ft.  Applying the screen 1 specific 
capacity of 0.24 gpm/ft, this corresponded to a joint leakage rate ranging from about 0.14 to 0.19 
gpm. 
 
Recovery Analysis 
 
Figure 15 shows the recovery data recorded following the 8-hour test.  Calculations based on the 
early response yielded a transmissivity estimate for the screened interval of 11,000 gpd/ft and a 
hydraulic conductivity of 1,100 gpd/ft2, or 147 ft per day.  Although the calculations could be 
impacted by the unknown pump stop time and inertial effects, this result was consistent with 
most of the aquifer parameter values obtained from screen 2 testing. 
 
Subsequent data indicated a total transmissivity of 39,400 gpd/ft, again likely representing the 
transmissivity of the thicker sequence of permeable sediments in which screen 2 is placed. 
 
Specific Capacity Data 
 
Specific capacity data were used along with well geometry to estimate lower-bound conductivity 
values for the R-17 screen 2 zone.  In addition to specific capacity, other input values used in the 
calculations included an aquifer thickness of 40 ft, a storage coefficient of 5 x 10-4 and a 
borehole radius of 0.51 ft.  The aquifer thickness was selected to be four times the well screen 
length because analysis showed that the total transmissivity of the permeable zone was about 
four times that of the screened interval.  The calculations are somewhat insensitive to the 
assigned aquifer thickness, as long as the selected value is substantially greater than the screen 
length. 
 
Screen 2 produced 15.8 gpm with a drawdown of 1.9 ft after 8 hours of pumping.  Applying the 
Brons & Marting method to these inputs yielded a lower-bound hydraulic conductivity value for 
the screened interval of 780 gpd/ft2, or 104 ft per day.  This was consistent with the values 
obtained from the conventional pumping and recovery analyses, which averaged about 1100 
gpd/ft2, or 147 ft per day. 
 
SUMMARY 
 
The following information summarizes the results of the pumping and recovery tests on R-17 
screen 2: 
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9. The barometric efficiency of the screen 2 interval is approximately 45 percent, 
surprisingly less than the screen 1 zone which has a barometric efficiency of 92 percent.  
However, the lower barometric efficiency of the screen 2 interval is likely an artifact of 
the conduit that the well provides, allowing atmospheric pressure to reach the screen 1 
interval just 44 ft away from screen 2.  It is probable that a single screen completion 
within the screen 2 zone would have shown a high barometric efficiency. 

10. Two pumping tests were conducted in screen 2.  During the first test, a leaky drop pipe 
joint allowed water to recharge screen 1 when the pump operated, making it impossible 
to measure the effect of pumping screen 2 on the screen 1 zone.  The pump contractor 
replaced all of the couplings with new ones and re-ran the pumping test.  However, the 
same leak problem occurred during the second test with the same result.  Rerunning the 
test offered the opportunity to switch from a 3-gpm pump to a 16-gpm pump to more 
effectively stress the aquifer so that drawdown values were not masked by barometric 
pressure fluctuations. 

11. The static water level measured in screen 2 was more than 1.5 ft lower than that in screen 
1, suggesting low permeability materials between the two zones.  However, the drop pipe 
leaks made it impossible to obtain data that could have helped quantify the leakance 
between the two zones. 

12. Use of the inflatable packer was crucial in obtaining very early data, unaffected by 
storage, that could be used to quantify the hydraulic conductivity of the screened zone. 

13. The best estimate of the hydraulic conductivity of the 10-ft-thick screen 2 interval is 1100 
gpd/ft2, or 147 ft per day. 

14. The total transmissivity of the zone in which screen 2 is installed is approximately 42,000 
gpd/ft, although the thickness of this interval is not known. 

15. The specific capacity of the screen 2 zone is 8.3 gpm per ft of drawdown, implying a 
lower-bound hydraulic conductivity of 780 gpd/ft2, or 104 ft per day.  This result is 
consistent with the pumping test derived values and suggests a well efficiency of 
approximately 70 percent – a reasonable value. 
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Activity 

 
Drilling Work Plan for R-17 

(Kleinfelder 2005a) 
R-17 

Actual Work 
Planned Borehole 
Depth  

Borehole target depth was 1,370 
feet (ft) below ground surface (bgs). 

Borehole was drilled to 1,167 ft bgs.  

Groundwater 
Analyses 

Called for analyses of cations, 
anions, perchlorate and metals. 

High explosives were added to the analyte 
list for the screening groundwater samples 
and one of the final samples. 

Well Completion Called for fine sand collar to be 
placed above primary filter pack. 

Well design received from LANL did not 
call for fine sand collars above the two 
primary filter packs. 
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        Depth         DPTR           DPAZ   
                      Bedding        Bedding
                      Dip Angle      Dip Azimuth
             ft             deg             deg   
      1143.1833         4.41954       154.32133 
      1142.7667        11.94646       258.22327 
      1138.7917         1.95175       129.54332 
      1137.6750        20.90431        27.40543 
      1136.3333        18.02733       352.41162 
      1134.2083         7.18535       270.82065 
      1133.5500        12.29385       329.65576 
      1132.7500        11.46647       175.29189 
      1131.9833        10.43204       145.86557 
      1131.3333         6.05699        73.67680 
      1129.3917         2.23483        71.36695 
      1127.1500         2.27654        22.09209 
      1126.9583         0.49906       192.89633 
      1126.7667         1.88980       268.02319 
      1126.2417         1.73504       276.41934 
      1125.5167         2.69557       307.63318 
      1125.3333         6.96375       176.50735 
      1124.2250         6.61303       174.06931 
      1123.2083         9.79241       122.62614 
      1122.7583         4.37437       200.87157 
      1119.6833         7.11015       166.39175 
      1118.5917         2.19498       231.60007 
      1117.1667         0.66490       101.40472 
      1102.1750         9.13470        84.69402 
      1101.1417         5.96009        80.36608 
      1098.7500         2.83903       142.94714 
      1098.2417         3.99255       131.32593 
      1096.5500         3.48503       116.41719 
      1096.0167         6.63950       164.07318 
      1095.5667         4.55921       155.46396 
      1095.2583         3.63158       155.03813 
      1094.8750         4.12576       187.76143 
      1093.2583         3.35747       252.51282 
      1092.9833         2.40682       184.43388 
      1092.2917         1.29690       174.37012 
      1086.0333         3.18585        47.38728 
      1085.5500        12.72283       196.71112 
      1085.0583        16.87719       198.40140 
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      1084.1833         1.57070        88.34190 
      1082.7917         4.77232       304.01108 
      1081.7833         5.38285       187.38356 
      1081.1583         5.46616        97.83839 
      1079.2667        13.61697        54.73904 
      1078.5583        27.23410        69.39875 
      1073.7583        19.34379       285.35773 
      1067.6583         6.80512       170.00430 
      1066.7250        22.13218       334.08618 
      1066.4417        16.55623       332.21704 
      1062.5833        10.48079       267.57819 
      1060.8500         7.38313         5.93286 
      1060.0667         1.95121        66.13159 
      1058.3083        13.97615        72.43300 
      1056.6667        14.76413        52.62869 
      1055.7167         1.51759        70.22079 
      1054.6667         4.99253        96.87611 
      1051.5250         2.57877       253.29933 
      1048.9583         3.72278         6.26922 
      1045.9583         2.27682       200.01326 
      1044.4417         3.27198       352.63904 
      1043.3667         8.01743       275.98270 
      1042.3000         0.37790        61.73989 
      1041.0833         5.56009       223.82031 
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