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ABSTRACT 

Characterization Well R-4 was installed at Los Alamos National Laboratory (LANL) for the 
LANL’s Groundwater Protection Program as part of the “Hydrogeologic Workplan” (LANL 
1998, 59599).  The Department of Energy (DOE) through contract with the U.S. Army Corps of 
Engineers (USACE) directed the installation of Well R-4.  The well is intended to provide 
hydrologic and water-quality data for regional groundwater in the vicinity of potential 
contaminant sources in Pueblo Canyon.  The data will be used with similar data from other wells 
in the area to improve the conceptual model for geology, hydrology, and chemistry in this wet 
canyon and provide constraints on numerical models that address contaminant migration in the 
vadose zone and the regional aquifer. 

Pueblo Canyon contains active and inactive potential contaminant sources derived from LANL 
and town site sources.  Well R-4 is located downgradient of the airport landfill and upgradient of 
the Los Alamos County Sewage Treatment Plant.  Coring and drilling activities were conducted 
from August 28, 2003 through September 26, 2003 at Well R-4.  Well R-4 was installed by 
drilling a borehole into the regional water table and through two perched water zones in the Puye 
Formation.  The boreholes for Well R-4 were sampled to determine water quality and tested to 
determine hydrologic properties.  The well was drilled in two phases.  Phase I consisted of 
collecting continuous core from the surface to a depth of 233 feet (ft) below ground surface 
(bgs).  Core from this borehole was used to characterize vertical contaminant profiles in the 
vadose zone beneath the canyon floor.  In Phase II drilling, a boring was drilled approximately 
100 ft into the regional aquifer to a depth of 843 ft bgs. 

The initial Phase II Well R-4 borehole was drilled from August 26, 2003 to September 8, 2003.  
On September 5, 2003, the drilling system became stuck due to excessive slough in the borehole.  
On September 8, 2003, a decision was made to plug and abandon the initial Well R-4 borehole 
(with agreement from NMED).  Approximately 180 ft of drill pipe and bit assembly and 180 ft of 
tremie pipe were abandoned in the borehole at 709 ft bgs.   

Between September 16, 2003, and September 26, 2003, an offset borehole was drilled to a total 
depth of 843 ft bgs using air-rotary, fluid-assist air-rotary and mud-rotary drilling methods.  

Perched water zones were encountered in the corehole at depths of 110 to 125 ft bgs (Puye 
Formation), with a potential perched zone at 226 ft bgs (Puye Formation).  Two temporary 
piezometers were installed to monitor perched water conditions.  However, both piezometers 
were dry when sounded on November 25, 2003.  The regional zone of groundwater saturation 
was encountered at a depth of 732 ft bgs in the unassigned formation fanglomerates.  Well R-4 
was completed at a depth of 792.9 ft bgs with a single screen in the regional aquifer on October 
3, 2003.   

The stratigraphy encountered during borehole drilling included, in descending order, alluvium 
(Qal), the Guaje Pumice (Qbog), Puye Formation fanglomerate (Tpf), unassigned pumiceous 
sediments, and unassigned formation fanglomerates (Tf).  Samples of drill cuttings were 
collected at regular intervals for stratigraphic, petrographic, and geochemical analysis.   

Borehole groundwater samples were collected from the uppermost perched zone and from the 
regional aquifer for analysis of selected organic and inorganic constituents and radiochemical 
compounds.  
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1.0 INTRODUCTION 

This completion report summarizes the drilling, well construction, well development, and related 
activities conducted from August 22, 2003 to October 22, 2004 for characterization Well R-4.  
Well R-4 was drilled and installed at LANL for LANL’s Groundwater Protection Program as 
part of the “Hydrogeologic Workplan” (LANL 1998, 59599), and is located at an inactive 
emergency aircraft landing strip in Pueblo Canyon, in Technical Area (TA)-74, as shown in 
Figure 1.0-1. 

This report also describes operational activities associated with the site preparation, drilling, 
installation, development, completion, and testing of Well R-4.  The information presented in 
this report was compiled from field reports and activity summaries generated by Kleinfelder, Inc. 
(KA), LANL, and subcontractor personnel.  Schlumberger provided geophysical data and 
interpretation.  Results of these activities are discussed briefly and shown in tables and figures 
contained in this report.  Detailed analysis and interpretation of geologic, geochemical, and 
hydrologic data will be included in separate technical documents prepared by LANL. 

KA, under contract to the USACE and funded by DOE, was responsible for executing the 
drilling, installation and sampling activities with technical assistance from LANL. 

Well R-4 is designed to provide water-quality and water level monitoring data from the regional 
aquifer downgradient of potential contaminant sources in Pueblo Canyon.  The principal releases 
of contaminants took place at the former TA-45 site of radioactive wastewater treatment plant 
WWTP discharges.  Known contaminants from former TA-45 include tritium, isotopes of 
uranium and plutonium, strontium-90, cesium-137, and gross-alpha radiation.  In addition, Los 
Alamos County operated a sewage treatment plant in upper Pueblo Canyon (known as the Pueblo 
Sewage Treatment Plant) until the current Los Alamos County Sewage Treatment Plant came 
on-line in 1963.  Effluent from these past sources likely supported sustained saturated conditions 
throughout the mid-reach of Pueblo Canyon.  This alluvial groundwater may have provided a 
source for infiltration to intermediate perched groundwater zones and the regional aquifer. 

Data from Well R-4 will be evaluated in conjunction with data from other hydrologic work plan 
wells.  The evaluation will form the technical basis for the design of a groundwater monitoring 
system, if needed.  Water quality, geochemical, hydrologic, and geologic information obtained 
from Well R-4 will augment knowledge of regional subsurface characteristics and distribution of 
any contaminants downgradient of potential release sites.   

2.0 PRELIMINARY ACTIVITIES 

Preliminary activities at Well R-4 included administrative work and site preparation. 

2.1 Administrative Preparation 

KA received contractual authorization to start administrative preparation tasks in the form of a 
notice to proceed on June 16, 2003.  As part of this preparation, KA developed a Project 
Management Plan (PMP), a Contractor’s Quality Management Plan (CQMP), a Site-Specific 
Health and Safety Plan (SSHASP), and a Drilling Plan (DP) for the work at Well R-4.  All 
necessary permits and access agreements were obtained prior to beginning fieldwork.
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2.2 Site Preparation 

EnviroWorks, Inc. (EnviroWorks) was subcontracted by KA to conduct site preparation.  
Activities included site clearing, access road improvement, construction of a drill pad, and 
construction of a lined borehole-cuttings containment area.  Site preparation began on August 21, 
2003 and was completed on August 22, 2003.   

The Well R-4 site was initially cleared of vegetation.  The drilling pad was developed through 
grading an area approximately 220 ft by 60 ft.  A primary layer of crushed concrete was 
distributed over the drill pad and equipment storage areas.  To store Well R-4 drilling fluids and 
borehole cuttings, a 20 ft wide by 70 ft long by 7 ft deep borehole-cuttings containment area was 
excavated along the southern pad boundary and lined with 10-mil polyethylene.  Two 12 ft by 
45 ft secondary containment areas were lined with 6-mil polyethylene and surrounded by straw 
bales to accommodate two 20,000 gallon (gal) tanker trailers used for storing drilling fluids 
pumped from the borehole-cuttings containment area and development water, respectively.  Drill 
pad construction was completed with additional layers of graded and compacted crushed 
concrete.  Safety barriers and signs were installed around the borehole-cuttings containment area 
and at the site entrance.  Office and supply trailers, generators, and safety lighting equipment 
were moved to the site during subsequent mobilization of drilling equipment.  Base course gravel 
was also placed on the access road as necessary.  Equipment necessary for the completion of the 
drilling project was situated at the work site to provide a safe, secure work site.  Orientation and 
placement of the equipment was dependent on borehole location, landing strip configuration, and 
adjacent county boundaries. 

Sediment from site preparation work was controlled on-site through the use of silt fences.  In 
accordance with the 401/404 permit that was issued for the project, no sediments were added to 
the nearby stream channel or access road crossing. 

3.0 SUMMARY OF DRILLING ACTIVITIES 

The goal of Phase I drilling was to identify any perched water zones and to collect continuous 
rock core samples for geologic characterization for determination of moisture, anions, stable 
isotopes, radionuclides, metals, and tritium distributions in the upper part of the geologic section.  
The maximum planned depth for Phase I drilling was 300 ft bgs.  Groundwater samples were to 
be collected if sufficient quantities of groundwater were encountered in perched zones.  Phase II 
drilling objectives were to (1) collect drill cuttings to characterize encountered geologic 
formations, (2) collect water samples from perched and regional groundwater zones, and (3) 
complete a borehole for geophysical logging, and install a well for collection of groundwater 
samples in the regional aquifer.  The planned TD for Phase II drilling was approximately 820 ft 
bgs, estimated to be approximately 100 ft into the regional aquifer. 

Drilling activities were performed generally in one 12-hr shift per day, seven days a week.  
Coring and drilling activities occurred from August 26, 2003 through September 26, 2003.  A 
tabulated chronology of drilling and other on-site activities is presented as Table 3.0-1. 

3.1 Phase I Drilling Activities 

Coring activities at Well R-4 were conducted from August 28, 2003, through September 5, 2003.  
On August 28, 2003, KA mobilized a Strata Star SS15 auger drill rig and support equipment to 
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the Well R-4 site and commenced continuous coring operations on August 29, 2003.  Coring 
took place without the use of drilling fluids to minimize impact to the natural concentrations of 
moisture and soluble anions.  Core sampling was conducted through the alluvium and Guaje 
Pumice Bed and into the upper Puye Formation to a depth of 68 ft bgs.  At this depth, KA 
switched to split-spoon sampling methods utilizing a hammer to advance a 2-ft long split-spoon 
sampler.  This method was used from 68 ft bgs to the TD of the corehole at 233 ft bgs.  On 
September 2, 2003, while collecting a sample from the 95.5 ft to 97.5 ft interval, the sample 
spoon sheared off from the drill rod.  The sample spoon was retrieved with a fishing tool after 
augering over the sampler to 105 ft bgs.  Sampling resumed and continued to a depth of 164 ft 
bgs.  On September 3, 2003 sampling advanced to 229.5 ft bgs. 

On the morning of September 4, 2003 water level readings were attempted in the corehole; no 
water was encountered.  When drilling resumed, hard drilling conditions were encountered in 
Puye gravels between 229.5 ft and 230 ft bgs.  The augers were removed from the corehole to 
check the condition of the cutting head, which was observed to be in good condition.  The LANL 
natural gamma logging tool was run inside the augers; no water was observed in the corehole.  
Drilling operations continued until auger refusal was encountered at 233.0 ft bgs within the Puye 
Formation. 

No groundwater was encountered in the upper alluvial sediments during Phase I drilling.  
Potential perched water conditions were observed between 110 ft to 125 ft bgs and wet 
conditions were observed between 226 ft to 230 ft bgs.  Consequently, the corehole was used to 
install two temporary piezometers to observe and monitor potential perched water conditions.  
(See Section 7.3 for further discussion.)  

3.2 Phase II Drilling Activities 

On August 22, 2003, during Phase I operations, Albuquerque Caisson installed and cemented in 
place, a 16-in, outside diameter (OD) surface casing through the alluvium and approximately 10 
ft into the Puye Formation to a depth of 60 ft bgs. The surface casing was offset approximately 
115 ft east of the Phase I corehole enabling simultaneous coring and deep drilling operations.  
Phase II drilling operations were conducted from August 26 through September 26, 2003.  

On August 26, 2001, WDC Exploration & Wells (WDC) mobilized a Failing® Speed Star 50K-
CH drill rig and support equipment to the site and inserted 40 ft of 13⅜-in OD steel conductor 
casing inside the existing 16-in steel surface casing.  The following day WDC advanced the 
13⅜-in drill casing to 80 ft bgs and continued drilling open-hole utilizing a 12¼-in tricone button 
bit with air-rotary techniques in the upper Puye Formation, to a depth of 200 ft bgs.  

On August 28, 2003, WDC continued drilling into the Puye Formation using the 12¼-in tricone 
bit and fluid assisted air-rotary techniques to 243 ft bgs where WDC switched to a 12¼-in DTH 
hammer bit.  The following day the borehole was advanced to 270 ft bgs where the bit and DTH 
assembly became stuck due to the accumulation of approximately 47 ft of slough above the drill 
bit.  WDC elected to trip in 2-in tremie pipe to 214 ft bgs, about 6 ft above the top of the slough 
and airlift the slough from above the drill bit to the surface.  This strategy was successful and, 
once freed, the drill string was tripped out of the borehole. 
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On August 30, 2003, WDC switched to a 12¼-in tricone drill bit and resumed drilling at 270 ft 
bgs using air-rotary drilling technique assisted with drilling fluids consisting of QUIK-FOAM®, 
EZ-MUD®, and potable water.   

On September 2, 2003 the static water level for the regional aquifer was measured at 736 ft bgs 
when the depth to the bottom of the borehole measured 753 ft bgs.  An attempt was made to 
collect a sample of groundwater with a bailer.  Retrieving the groundwater sample with a bailer 
failed due to excess slough and sediment in the water.  After cleaning residual cuttings from the 
borehole and further advancing the borehole to 845 ft bgs, drilling was halted to collect a 
groundwater sample.  A 5-gal cubitainer of groundwater was collected by airlifting the water to 
the surface and obtaining it from the cuttings discharge line. The sample was submitted for 
analysis on September 4, 2004. 

WDC experienced difficulty tripping out the drill stem from 845 ft bgs and had to back-drill up 
to make progress.  With the drill bit at 721 ft bgs, the hydraulics on the drill rig overheated and 
activities were halted for the day.  On the morning of September 3, 2003, WDC made repairs to 
the hydraulic system and resumed attempts to free the drill stem.  The drill stem could not be 
pulled past 710 ft bgs and operations ceased for the day. The following day, WDC tagged the top 
of slough and determined there was approximately 235 ft of slough above the drill bit preventing 
the drill stem from being tripped out.  WDC tripped in a 2-in tremie pipe to 480 ft bgs and began 
airlifting slough from the borehole.  The process of airlifting and lowering tremie pipe continued 
in 20 ft increments for five hours and was terminated at 600 ft bgs.  On September 5, 2003, 
airlifting was resumed and then halted at 620 ft bgs.  The tremie pipe was tripped out of the 
borehole and repeated attempts to pull up the drill stem failed.  The tremie pipe was reinserted 
into the borehole and airlifting resumed, continuing to a depth of 680 ft bgs.  On the morning of 
September 6, 2003, after working until midnight trying to free the drill stem without success, the 
tremie pipe was tripped out of the borehole and it was discovered that the lower 120 ft of tremie 
pipe had sheared off.  WDC attempted to view the lost tremie pipe with the down-hole video 
camera on September 6, 2003.  On September 7, 2003, efforts to fish-out the lost tremie pipe 
sections resulted in the loss of an additional 60 ft of pipe.  Subsequent efforts to pull the drill 
string were unsuccessful.  On September 8, 2003, WDC, in agreement with the DOE and NMED 
project representatives, decided to break off the drill stem and plug and abandon the borehole.  A 
total of 500 feet of drill stem was retrieved.  Materials left in the borehole included 185 ft of drill 
pipe, a drill bit assembly consisting of a 12¼ in tricone drill bit and its associated collars, and 
180 ft of tremie pipe.  The lost drill stem interval is from 709 ft to 524 ft bgs, approximately 27 ft 
above the regional water table.  Top of slough was last tagged at approximately 475 ft bgs.  On 
September 7, 2003 the borehole was plugged and abandoned according to NMED-approved 
procedures.  Figure 3.2-1 shows the configuration of the plugged and abandoned borehole and 
indicates the depths of the various components including lost tremie pipe, lost drill pipe and bit 
assembly and the bentonite seal. 

WDC resumed operations at R-4 on September 16, 2003 by moving the drill rig and support 
equipment to a new location approximately 120 ft west of the plugged and abandoned borehole 
and approximately 20 ft west of the corehole. 

WDC advanced 13⅜-in steel surface casing from ground surface and set it at 40 ft bgs using air-
rotary casing hammer techniques.  Open-hole air-rotary drilling with foam started at 40 ft bgs 
using a 12¼-in mill tooth tricone bit and continued to 266 ft bgs on September 18, 2003, when 
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progress was impeded below 261 ft bgs by sidewall caving.  Mud-rotary techniques were 
implemented to mitigate the sidewall stability problems.  Mud-rotary drilling continued to total 
depth at 843 ft bgs in Phase II.  Drilling activities were completed on September 26, 2003.   

3.2.1 Drilling Fluids 

Tables 3.2.1-1 and 3.2.1-2 summarize the types and quantities of drilling fluids introduced in and 
recovered from the abandoned and completed borehole, respectively.  

Table 3.2.1-1 
Drilling Fluids Introduced and Recovered– 

Abandoned Borehole Well R-4 

Materials Units Amounts 
QUIK FOAM® Gallon 138 
EZ-MUD® Gallon 23 
Potable Water Gallon 25,900 
Recovered Fluids Gallon 21,991 

 Note:  Data collected from Driller’s Daily Reports. 
 

Table 3.2.1-2 
Drilling Fluids Introduced and Recovered– 

Completed Borehole Well R-4 
Materials Units Amounts 

QUIK FOAM® Gallon 45 
SODA ASH Gallon 150 
EZ-MUD® Gallon 10 
AQUA GEL® Lbs 10,075 
PAC®-L Gallon 250 
Potable Water Gallon 25,700 
Recovered Fluids Gallon 9,425 

 Note:  Data collected from Driller’s Daily Reports. 
 
 
4.0 SAMPLING AND ANALYSIS OF DRILL CORE AND GROUNDWATER AT 

WELL R-4 

Core samples were collected from the alluvium, Guaje Pumice Bed, and upper portions of the 
Puye Formation. Samples of core were analyzed for cations, anions, metals, and radionuclides 
for characterization purposes. Eleven samples of core were collected from the vadose 
(unsaturated) zone during drilling from 5 ft to 220 ft bgs. Approximately 500 grams (g) to 1,000 
g of core or cuttings samples were placed in appropriate sample jars in protective plastic bags 
before they were analyzed by EES-6, Coastal Science Laboratories, Inc., and Severn–Trent 
Laboratories (STL), Inc. The results will be reported in a future investigation report for Pueblo 
Canyon.   
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During drilling operations, alluvial groundwater was not encountered at borehole R-4 and no 
water samples were collected for analyses. A perched intermediate groundwater zone was 
encountered within the Puye Formation fanglomerates at 110 ft bgs and a screening groundwater 
sample was collected from 114 ft to 125 ft bgs on September 9, 2003. The regional water table 
was encountered at 736 ft bgs and a groundwater sample was collected from Well R-4 for 
chemical and radiochemical analyses after well development on October 10, 2003.  Analyses 
from these samples are presented in Appendix A. 

A groundwater sample from the regional aquifer was collected from the completed Well R-4 
(screened interval 792.9 – 816 ft bgs) following development. The sample was collected 
primarily to determine if potential contaminants were present in the regional aquifer. Major 
potential contaminants of concern at R-4 include mobile solutes such as nitrate, perchlorate, 
uranium, and tritium.  Analytical results from this sample are presented in Appendix A. 

5.0 BOREHOLE GEOPHYSICS 

Using LANL-owned and subcontractor-owned tools, KA and Schlumberger performed borehole 
logging operations at Well R-4.   

5.1 Kleinfelder-Supported Geophysical Logging 

Video and natural gamma logging, using down-hole tools provided by LANL, was performed 
through the auger-cased corehole to detect water in the casing and to characterize the lithology of 
the rock units penetrated by the corehole.  Video logging was also used in the abandoned 
borehole to view the lost tremie pipe (logging was not recorded).  Video logging was not 
performed in the completed borehole.  Table 5.1-1 summarizes the well logging surveys 
conducted in Well R-4 by Schlumberger and video logging performed by KA/LANL. 

 

Table 5.1-1 
Borehole and Corehole Well Logging Surveys Conducted in Well R-4 

Operator Date Method 

Cased 
Footage 
(ft bgs) 

Open-hole
Interval  
(ft bgs) Remarks 

KA/LANL September 4, 
2003 

Natural 
Gamma 

0-230 N/A Auger-cased corehole, 
natural gamma log to 
230 ft bgs 

KA/LANL September 6, 
2003 

Video 
camera 

N/A 0-173 Open corehole, auger 
tripped out 

Schlumberger September 27, 
2003 

Logging 
suite(1) 

0-40 40-840 Schlumberger borehole 
logging conducted to TD 
prior to well installation 

(1) Schlumberger suite of borehole logging surveys included triple detector litho-density, array induction tool, 
epithermal compensated neutron tool, elemental capture spectrometry, full-bore formation microimager, 
combinable magnetic resonance and natural gamma spectrometry. 
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5.2 Schlumberger Geophysical Logging 

Schlumberger personnel conducted geophysical logging in the second Well R-4 borehole on 
September 27, 2003.   

The primary purpose of the Schlumberger logging was to characterize the conditions in the 
hydrologic units penetrated by the Well R-4 borehole, with emphasis on gathering moisture 
distribution data, identifying possible perched water zones, measuring capacity for flow (porosity 
and moisture), and obtaining lithologic/stratigraphic data.  Secondary objectives included 
evaluating borehole geometry and determining the degree of drilling fluid invasion along the 
borehole wall. 

Schlumberger personnel ran a suite of geophysical logging tools in the cased (0 – 40 ft bgs) and 
uncased (40 – 843 ft bgs)borehole; the suite include the following tools: 

• Array Induction Tool, version H (AITHTM), measures formation electrical resistivity and 
borehole fluid resistivity, thus evaluating the drilling fluid invasion into the formation, 
the presence of moist zones away from the borehole wall, and the presence of clay-rich 
zones. 

• Triple detector Litho-Density (TLDTM) measures formation bulk density related to 
porosity, photoelectric effect related to lithology, and borehole diameter using a single-
arm caliper. 

• Natural Gamma Spectroscopy (NGSTM) measures spectral and overall natural gamma ray 
activity, including potassium, thorium, and uranium concentrations, thus evaluating 
geology and lithology. 

• Elemental Capture Spectroscopy (ECSTM) measures concentrations of hydrogen, silicon, 
calcium, sulfur, iron, potassium, titanium, and gadolinium to characterize mineralogy, 
lithology, and water content of the formation. 

• Epithermal Compensated Neutron Tool, model G (CNTGTM) measures volumetric water 
content beyond the casing to evaluate formation moisture content and porosity. 

• Full-Bore Formation Micro-Imager (FMITM) captures electrical conductivity images of 
the borehole wall and measures the borehole diameter with a two-axis caliper to evaluate 
geologic bedding and fracturing, including strike and dip of these features, fracture 
apertures, and rock textures. 

• Combined Magnetic Resonance (CMRTM) measures the nuclear magnetic resonance 
response of the formation in open hole for evaluating total and effective water-filled 
porosity of the formation near the borehole wall and for estimating pore size distribution 
and hydraulic conductivity. 

Additionally, a calibrated natural gamma tool was used to record gross natural gamma-ray 
activity with each logging method (except the NGSTM run) to correlate depth runs between each 
of the surveys conducted. 

The Schlumberger interpretive logging report and the geophysical logs, compiled as a montage, 
can be found in Appendix B on the compact disc (CD) on the inside back cover of this report. 
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6.0 LITHOLOGY AND HYDROLOGY 

A preliminary assessment of the geologic characterization and the hydrologic features 
encountered during drilling of the corehole and the abandoned borehole drilled at Well R-4 is 
presented below.  Groundwater occurrences are discussed on the basis of drilling evidence and 
geophysical logging data.  Geologic contact zones were provided by LANL’s EES-6 staff. 

6.1 Stratigraphy and Lithologic Logging 

Rock units and stratigraphic relations, interpreted primarily from visual examination of core 
samples and interpretation of geophysical data, are briefly discussed in order of younger to older 
occurrence.  A schematic diagram of the stratigraphy at Well R-4, as well as summary data is 
shown in Figure 6.1-1.  A lithologic log for Well R-4 borehole is provided in Appendix C. 

Alluvium (0 to 40 ft bgs) 

From 0 – 40 ft bgs unconsolidated alluvium (Qal), representing stream channel sediments in 
Pueblo Canyon, was identified.  These clastic deposits, consisting of tuffaceous silty sands and 
gravels, are composed of detritus derived from the Bandelier Tuff and the Tschicoma Formation. 

Guaje Pumice Bed of the Bandelier Tuff (40 to 50 ft bgs) 

In borehole R-4 the Bandelier Tuff is locally represented exclusively by the Guaje Pumice Bed 
(Qbog).  Core samples indicate that the interval from 40 to 50 ft bgs is comprised of altered 
pumice and clay representing air-fall tephra.  The unit is strongly altered or weathered and 
consists of crystal rich pumices that have been partially altered to white and dark brown, waxy 
clay.  Altered pumices contain quartz, fieldspar,  and possible pyroxene phenocrysts and fibrous 
structure with relic vesicularity. 

Puye Formation (50 to 380 ft bgs) 

Tuffaceous and volcaniclastic sedimentary rocks representing fanglomerate deposits of the Puye 
Formation (Tpf) are recognized in the interval from 50 ft to 380 ft bgs in the borehole.  Cuttings 
in this interval are predominantly made up of gravels and sand composed of Tschicoma-derived 
volcanic rocks (porphyritic dacite and lesser andesite) and minor amounts of tuffaceous quartz 
and sanidine crystals (probably slough from higher in the borehole).  Coarse detrital materials are 
typically subangular to subrounded.   

Pumiceous Deposits – Unassigned (380 to 440 ft bgs) 

Pumice-bearing sediments (Tpp) occur in the interval from 380 ft to 440 ft bgs.  At present, it is 
uncertain whether these pumiceous deposits occur within, or underlie, the Puye Formation.  
Therefore, they have not yet been assigned to any stratigraphic unit.  Drill cuttings representing 
the interval indicate sands and gravels that are typically made up of 10 to 50% pumice.  Locally, 
however, dacitic and andesitic detrital components, likely derived from Tschicoma sources, may 
comprise as much as 80% of chip samples.  Pumice occurs as both fresh-appearing, white vitric 
clasts and as orange-brown clay-altered varieties.   
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Tertiary Fanglomerate - Unassigned (440 to 843 ft bgs) 

Clastic sediments encountered from 440 ft to 843 ft bgs are preliminarily classified as unassigned 
formation fanglomerates (Tf).  These sand and gravel deposits, dominantly comprised of 
volcanic detritus, are believed to pre-date the Puye Formation.  Cuttings in the upper part of the 
interval, from 440 to 605 ft bgs, typically contain subangular to subrounded gravel clasts 
dominantly comprised of dacite and andesite, up to 25% detrital pumice, and 3 to 5% white and 
pink Precambrian quartzite.  The lower fanglomerate interval, from 605 to 843 ft bgs, is made up 
of basalt and dacite, minor pumice, and trace amounts of quartzite and quartz-mica schist.   

6.2 Groundwater Occurrences and Characteristics 

6.2.1 Introduction 

Three anticipated perched saturation zones and the regional aquifer were identified in the SAP 
(Sampling and Analysis Plan) for Drilling and Testing Characterization Wells R-2, R-4, R-11, 
and R-26 (July 2003).  The first perched zone was predicted to be in the alluvium, between 0 and 
10 ft bgs, the second at the base of the Guaje Pumice Bed between 35 ft and 45 ft bgs, and the 
third, in the upper Puye Formation between 100 and 200 ft bgs.  Regional groundwater saturation 
at Well R-4 was predicted to occur in the lower fanglomerates (Tf) at an estimated depth of 720 
ft bgs.  

6.2.2 Perched Zones 

No perched saturated zones were observed in the alluvium or near the base of the Guaje Pumice 
Bed during Phase I coring.  Two wet zones were observed from 110 ft to 125 ft bgs and from 
226 ft to 230 ft bgs.  Two temporary nested piezometers were installed in the corehole to monitor 
perched water conditions.  In the west (shallow) piezometer, static water level was recorded at 
114 ft bgs and a sample was collected for chemical analysis.  No water was captured in the east 
(deep) piezometer.  No other saturated zones were identified above the regional aquifer.  
Soundings of the piezometers on November 25, 2003 showed that both piezometers were dry. 

To assist in the identification of perched water zones, a potassium bromide (KBr) tracer solution 
was added to drilling fluids while advancing the initial Phase II borehole between 45 ft and 220 
ft bgs.  A comparison of the KBr concentration in the injected fluids in the trough and the 
extracted fluids in the cuttings is shown in Figure 6.2.2-1.  Depths where the KBr concentration 
is lower in the extracted cuttings fluid than expected are noted as potential perched water zones.  
Inflow of water from the formation is assumed to be diluting the KBr concentrations.  Data 
presented in Figure 6.2.2-1 indicates the presence of a perched water-bearing zone in the 
borehole at approximately 100 ft bgs and 120 ft bgs.  This supports the observation of perched 
water in the nearby corehole between 110 ft and 125 ft bgs.   
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Figure 6.2.2-1.  KBr Concentrations in Borehole at Well R-4 

In the initial R-4 Phase II borehole, the KBr was added to the input in a 180-gallon trough while 
water and foam solution were mixed just before injection downhole.  The input concentration 
ranged from 90 ppm to 245 ppm. As a result of the variability in the input concentration, the 
procedure was changed to adding the KBr to a larger supply of water.  Each time the tracer was 
added to the trough an input sample was taken. A sample was also taken every five feet of 
drilling from the output fluid.  

In Area 1 of the graph, the KBr input concentration remains fairly constant.  Two negative output 
peaks can be seen, one at approximately 100 ft bgs and 120 ft bgs, respectively, where saturated 
zones were observed in the adjacent corehole. Area 2 of the graph displays the variability of the 
input concentration that does not allow for comparison to the output concentration.  Since KBr 
was no longer added to the system below 220 ft bgs, KBr values in Area 3 are not valid.  
Therefore, confirmation of the perched water zone from 220 ft to 230 ft bgs is not possible.  

According to the logs provided by Schlumberger, a possible zone of movable water was 
observed in the completed borehole from 374 ft bgs to 444 ft bgs.  Physical evidence of this 
potential mobile water zone was not encountered during the drilling of either borehole. 

6.2.3 Regional Aquifer 

The regional water table was first observed in the lower fanglomerates (Tf) at a depth of 736 ft. 
when the bottom of the borehole was at a depth of 755 ft.  After a 14-hr stabilization period, 
static water level was measured at 736 ft bgs.  After Well R-4 was completed and developed, the 
static water level was measured at 732 ft bgs. 
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7.0 WELL DESIGN AND CONSTRUCTION 

Installation of the well at R-4 began on September 28, 2003 and was completed on October 3, 
2003.  In addition, two (2) temporary nested piezometers were installed in the corehole to 
monitor perched water zones.   

7.1 Well Design 

Well R-4 was designed in accordance with Section 2.2 of KA’s Contractor’s Quality 
Management Plan (CQMP).  DOE, LANL, and KA gathered information from geophysical logs, 
borehole geologic samples, water-level data, field water-quality data, and field observations to 
determine the screen placement interval for Well R-4.  Approval of the well design was received 
from NMED prior to well construction.  The well was designed to monitor potential 
contaminants in the uppermost productive zone of the regional aquifer.  The screened interval in 
Well R-4 is 792.9 ft to 816 ft bgs.  

7.2 Well Construction 

Well R-4 was constructed using 4.5-in ID/5.0-in OD type A304 stainless-steel casing fabricated 
to American Society for Testing and Materials (ASTM) A312 standards.  Prior to installation the 
stainless-steel well components were cleaned at the well site using a high-pressure steam cleaner 
and scrub brushes.  Stainless-steel well casing and screen sections are connected by threaded 
couplings.  Two 10-ft lengths of 5-in OD compatible, rod-based, wire-wrapped 0.020-in 
continuous-slot well screens were set at 792.9 ft bgs to 816 ft bgs.  A 24-ft stainless-steel well 
sump extends to 840 ft bgs.   

Centralizers were used to center the well screen within the borehole.  Based on the location of 
the well screen, centralizers were installed above, at, and below the screen.  The centralizers are 
located at 693 ft, 792 ft, 804 ft, and 817 ft bgs, respectively.  Figure 7.2-1 shows the as-built well 
casing configuration and indicates the depths of the various well components from ground 
surface. 

7.2.1 Annular Fill Placement 

Placement of annular fill consisted of using a 2.5-in OD steel tremie pipe to deliver annular fill to 
the specified depths.  The borehole was backfilled 843 ft (TD) to 826 ft bgs, using 10/20 
sand/bentonite chips in a 75:25 mix.  The primary filter pack placed across the screened interval 
consisted of silica sand (10/20) from 826 to 780 ft bgs.  Placement of the secondary filter pack 
consisted of 20/40 silica sand placed above the screened interval from 780 ft to 778 ft bgs.  A 
transition seal consisting of 10/20 sand/bentonite chips in a 50:50 mix was placed above the 
secondary filter pack from 778 ft to 730 ft bgs.  The annulus was then filled to a depth of 77 ft 
bgs with a bentonite seal consisting of  ⅜-in bentonite chips and 10/20 silica sand in a 10:1 mix.  
Concrete backfill consisted of 2,500 pounds per square inch (psi) concrete with 4 percent 
bentonite and was placed from 77 ft bgs to the near surface.  A total of 13,300 gal of water was 
used during well construction.  The annular fill material used in Well R-4 is summarized in 
Table 7.2.1-1. 
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Table 7.2.1-1 
Annular Fill Materials Used in Well R-4 

Material Amount Unit(1) Mix 
Backfill and lower most annular 
fill: 10/20 sand and bentonite 

4 sand/1 bentonite Bag 80:20 

Primary Filter Seal: 10/20 sand  50 Bag - 
Secondary Filter Seal: 20/40 sand  2 Bag - 
Transition seal: 10/20 sand and 
bentonite 

17 sand/17 bentonite Bag 50:50 

Bentonite Seal:  ⅜-in Chips and 
10/20 sand 

8.75/56 Supersack/Bag 10:1 

Concrete Backfill  2.5 Cubic Yards 2,500 psi concrete 
with 4% bentonite 

(1) Sand bag = 50 lbs ea; bentonite bag = 50 lbs ea; bentonite Supersack = 3,000 lbs ea. 

7.3 Piezometer Construction 

The two temporary piezometers (designated west and east) were installed in the corehole during 
Phase I drilling activities.  Each piezometer consisted of flush-threaded connecting joints with O-
rings of 2-in OD, Schedule 40 polyvinyl chloride (PVC) well casing and a 10-ft section of 
Schedule 40 PVC 0.010-in slotted screen sections.  The west and east piezometers were screened 
from 125 ft to 115 ft bgs and from 231 ft to 221 ft bgs, respectively.  Placement of annular fill 
was performed by using a 2.5-in OD steel tremie pipe to deliver annular fill to the specified 
depths.   

The east piezometer (PZ #1) was screened from 221 ft bgs to 231 ft bgs with a filter pack of 
10/20 silica sand placed from 214 ft to 231 ft bgs.  A bentonite seal, hydrated ⅜-in bentonite 
chips, was placed from 128 ft to 214 ft bgs. 

The west piezometer (PZ #2) was screened from 115 ft bgs to 125 ft bgs with a filter pack of 
10/20 silica sand placed 106.5 to 128 ft bgs.  A bentonite seal, hydrated ⅜-in bentonite chips, 
was placed from 106.5 ft bgs to ground surface. 

An expandable locking cap, compatible to the PVC casing was placed atop each piezometer.  
Piezometer surface completions were not performed.  Figure 7.3-1 shows the as-built piezometer 
casing configurations and indicates the depths of the various piezometer components from 
ground surface. 

8.0 WELL DEVELOPMENT AND HYDROLOGIC TESTING 

Well development activities at Well R-4 were conducted from October 6, 2003 to October 10, 
2003.  Well development procedures, described below, included well screen swabbing, surging, 
bailing, and pumping.  Hydrologic testing of R-4 was conducted on December 16, 2003 through 
January 6, 2004.  A summary of hydrologic testing conducted at Well R-4 is presented in Section 
8.3.  A hydrologic report is presented as Appendix D.  
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8.1 Well Development 

Well development in the regional aquifer at Well R-4 was performed in two stages using a 
Pulstar 12000 development rig.  The initial stage consisted of swabbing and surging the screened 
interval to draw fine sediment from the constructed filter pack, and bailing to remove solid 
materials from the well.  The second stage consisted of lowering a submersible pump into the 
well and drawing the pump repeatedly across the screened interval.  On/off cyclic pumping was 
performed to remove remaining fines from the filter pack and adjacent formation. 

Criteria for well development were based on field water-quality parameters (turbidity, specific 
conductance, pH, and temperature).  To monitor progress during each development stage, 
samples of water were periodically collected and parameter measurements were recorded.  
Additionally, samples were collected toward the end of pump development for total organic 
carbon (TOC) analysis.  The concentration of TOC in the groundwater is an indication of the 
degree to which drilling fluids have been developed from the well.  A measurement at or below 
2 ppm indicated that drilling fluids were sufficiently removed from the system.  Table 8.1-1 
presents the water quality parameter data values measured at the completion of each well 
development task.  The primary objective of well development was to remove suspended 
sediment from the water until turbidity, measured in nephelometric turbidity units (NTU), was 
less than 5 NTU for three consecutive samples.  Similarly, other measured parameters were 
required to stabilize before terminating development procedures.   

Table 8.1-1 
Water Removed and Final Water Quality Parameters During R-4 

Well Development and Aquifer Testing 
Final Parameters 

Method 

Water 
Removed 

(gal.) pH 
Temperature

(°C) 

Specific 
Conductance

(µS/cm)(a) 
Turbidity 

(NTU) 

Total 
Organic 
Carbon 
(ppm) 

Bailing/swabbing 
screen 

150 8.3 23.3 696 NM(b) NM 

Pumping screen  14,000 7.97 25.2 177 3.1 1.34 
Aquifer Testing 42,197 – – – – – 
Total 56,347 – – – – – 
(a) Specific conductance is reported in microsiemens per centimeter (µS/cm). 
(b) NM = Not measured. 

Initial swabbing of the screened interval was conducted during well construction.  This was 
followed by preliminary bailing from the Well R-4 screened interval and sump to remove 
bentonite materials, drilling fluids, formation sands, and fines that had been introduced into the 
well during drilling and installation activities.  Bailing procedures were conducted by WDC 
using a 5-gal capacity stainless-steel bailer.  Bailing procedures continued until water clarity 
improved.  Water turbidity was not measured during the bailing process due to equipment 
malfunction.  Bailing was followed by swabbing across the screened interval to enhance filter-
pack development.  A swabbing tool was lowered into the well and drawn repeatedly across the 
screen interval for approximately one hour. 
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Following swabbing, the well was developed for five days using a 10 horsepower (hp) 
submersible pump.  The pump intake was lowered to the screened interval and cycled on at a 
nominal rate of 9.0 gal per minute (gpm).  The pump intake was then drawn across the length of 
the screened interval.  While pumping at Well R-4, water samples were collected at 
approximately one-hour intervals for parameter measurements.  Approximately 14,150 gal of 
water were withdrawn from the well during development.   

Figure 8.1-1 illustrates the effects of pump development on measured field parameters.  The 
graph shows that specific conductance, pH, and temperature were stable during the latter period 
of pumping and that turbidity values declined consistently to less than 5 NTU.  The turbidity 
spike and corresponding drop in water temperature at the 9,470 gal measurement was from the 
first sample collected following an overnight shutdown.   
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Figure 8.1-1. Effects of Pump Development on Water Quality Parameters at Well R-4  

8.2 Hydrologic Testing 

Aquifer testing was performed to determine the hydraulic properties of aquifer material at Well 
R-4.  Additionally, barometric pressure monitoring equipment was performance tested during the 
tests. 

Three tests were performed between December 16, 2003 and January 6, 2004.  Data from the 
first two tests were not valid.  An improperly manufactured drop pipe that permitted water to 
leak back into the well during recovery adversely affected the data.  After the problem was 
diagnosed and resolved, a third aquifer test was conducted.  A detailed report of aquifer test 
design and results are included in Appendix D. 

Results of the aquifer test indicate that Well R-4 is completed in highly transmissive sediments 
with a transmissivity in excess of 100,000 gpd/ft.  Hydraulic conductivity values range from 10 
gpd/ft2 to 250 gpd/ft2.  Casing storage effects that dominate the early drawdown and recovery 
response make it difficult to accurately estimate the transmissivity and hydraulic conductivity of 
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the aquifer material at Well R-4.  However, these tests did provide a lower bound for 
transmissivity and a reasonable range for hydraulic conductivity. 

8.3 Dedicated Sampling System Installation 

On April 20 and 21, 2004, Spectrum, Inc. installed a permanent submersible pump and a 
transducer tube in R-4.  The Grundfos Model 5S20-39DS, 1.5-horsepower pump was placed at 
an intake depth of 787.48 ft bgs.  The transducer tube with a bottom end cap is at 779.48 ft bgs, 
and its slotted interval is 20 ft, from 759.48 to 779.48 ft bgs. 

9.0 WELLHEAD COMPLETION AND SITE RESTORATION 

Completion activities include installation of a concrete surface pad and protective bollards 
surrounding the wellhead, surveying the wellhead locations, and properly disposing of drilling 
fluids and drill cuttings.  Additional activities will include grading the site, backfilling the pit, 
and re-seeding the area. 

9.1 Wellhead Completion 

The surface completion for Well R-4 involved pouring a reinforced (2,500 psi) concrete pad, 6 ft 
wide by 6 ft long by 6 in thick, around the well casing.  A brass survey pin was installed in the 
northwest corner of the pad.  A 10.75-in steel casing with locking lid protects the well riser.  
Four 4-in diameter steel bollards were installed surrounding the pad.  The pad was designed to be 
slightly elevated, with base course graded up around the pad to allow for drainage.  

9.2 Geodetic Survey 

The location of Well R-4 was determined by geodetic survey using a Leica TCR303 electronic 
total station.  Lynn Engineering and Surveying, Inc. performed the survey.  Coordinates and 
elevations were obtained from LANL Monument #B0006, using a Static Global Positioning 
System (GPS).  Monument #B0006 is located immediately east of the intersection of New 
Mexico State Road 4, Pajarito Road, and Grand Canyon Drive in White Rock, New Mexico.  
Control point measurements were provided by Merrick and Co., LANL permanent monument 
records.   

This survey located the brass cap monument at Well R-4 in the concrete pad, the top of the 
stainless-steel well casing, the top of PVC-casing of the west and east piezometers and the 
ground surface elevation of the abandoned borehole.  Table 9.2-1 summarizes the results of 
readings conducted for various components of the completed wellhead.  The coordinates shown 
are in New Mexico State Plane Grid Coordinates, Central Zone (North American Datum, 1983 
[NAD 83]), expressed in feet.  Elevation is expressed in feet above mean sea level relative to the 
National Geodetic Vertical Datum of 1929 (NGVD 29).  The Survey Plat is on file KA’s 
Albuquerque office. 
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Table 9.2-1 
Geodetic Data for Well R-4 

Description Northing(1) Easting(1) Elevation(2) 
Brass cap in Well R-4 pad 1776530.28 1639287.98 6577.49 

Top of stainless-steel casing 1776528.00 1639289.98 6579.46 

Piezometer West 1776516.9 1639297.4 6577.35 

Piezometer East 1776516.9 1639297.6 6577.34 

Abandoned Borehole 1776516.6 1639412.7 6574.46 
 (1) Measured in ft, relative to the North American Datum, 1983.     
 (2) Measured in ft above mean sea level relative to the National Geodetic Vertical Datum of 1929. 
The location identification number assigned by LANL's Facility for Information Management, 
Analysis and Display for the R-4 well is 04-22516.   

9.3 Site Restoration 

On November 17, 2003, a Notice of Intent (NOI) to discharge drilling and development water 
from the borehole-cuttings containment area at R-4 was forwarded, via e-mail, to NMED 
Groundwater Quality Bureau staff.  Approval to discharge drilling and development water was 
received via e-mail from the NMED on November 18, 2003.  A copy of the e-mail received from 
the NMED is presented in Appendix E.  Water from the borehole-cuttings containment area was 
land-applied in the area of the general drill site using a 2,000-gal. capacity water truck. 

As of February 24, 2004, the following tasks have been performed: 

• The polyethylene liner within the borehole-cuttings containment has been removed; 

• The borehole cuttings containment area berms have been removed; 

• The borehole cuttings containment area has been backfilled and graded; 

• The size of the drilling pad has been reduced to approximately 40 ft long by 40 ft wide; 

• Safety fencing has been removed. 

Silt fencing and straw bales have been left in place to minimize sediment impacts to waterways 
during rainfall events. 

In the spring of 2004, the borehole cuttings were thin-spread onsite after NMED-approval was 
obtained.  Also, the site was re-seeded. 

Fluids produced during drilling and development were sampled in accordance with the NOI to 
Discharge, Hydrogeologic Workplan Wells, filed with the New Mexico Environment 
Department (NMED).  A copy of the discharge media analytical results is presented in 
Appendix E. 
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10.0 DEVIATIONS FROM THE WELL R-4 SAP 

Appendix F compares the actual characterization activities that were performed at Well R-4 with 
the planned activities described in the “Hydrogeologic Workplan” (LANL 1998, 59599), and the 
Well R-4 SAP.  Highlights are discussed below. 

Planned borehole depth – The SAP stated the approximate depth of the well would be 820 ft 
bgs.  The actual depth of the completed borehole was 843 ft bgs based on depth to water 
observed in the abandoned borehole. 

Planned core depth – As stated in the SAP, the target depth of the corehole was 300 ft bgs.  
This target depth was contingent on encountering perched water within 200 ft of the surface.  
Perched water was encountered at approximately 110 ft and 215 ft bgs, respectively.  The TD of 
the corehole was 233 ft bgs due to refusal.  This depth permitted installation of two piezometers 
for the purpose of monitoring perched conditions. 

Piezometer installation – Piezometer installation was not specified in the SAP.  Two 
piezometers were installed in the corehole to monitor perched water conditions.  Details about 
piezometer installation are presented in Section 7.3. 

Drilling methods – Fluid assisted, open hole, air rotary methods were specified in the SAP.  
These methods were used while advancing and collecting samples at the abandoned Well R-4 
borehole.  Mud rotary drilling methods were required to drill the second R-4 borehole.   

Number of water samples collected for contaminant analysis – One intermediate perched 
groundwater sample was collected during drilling instead of the planned three; one water sample 
was obtained from the regional aquifer. 
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