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ABSTRACT 

Well R-28 (R-28) was installed at Los Alamos National Laboratory (LANL) for LANL's 
Groundwater Protection Program as part of the "Mortandad Canyon Groundwater Work Plan" 
(LANL, August 2003, LA-UR-03-6221). The Department of Energy contracted and directed the 
installation of R-28 with the technical assistance of LANL. The well is intended to provide 
hydrogeologic and water quality data for regional groundwater in the vicinity of potential 
contaminant sources in Mortandad Canyon. The data will be used with similar data from other 
wells in the area to improve the conceptual model for geology, hydrogeology, and 
hydrochemistry in this wet canyon and provide constraints on numerical models that address 
contaminant migration in the vadose (unsaturated) zone and the regional aquifer. 

At R-28, fieldwork was conducted from November 7,2003 through Spring, 2004. 

... 	 Phase I of fieldwork was conducted from November 10 to November 21,2003, and consisted of 
drilling a corehole to collect continuous core for geochemical analysis, contaminant profiling and 
identification of perched water zones. Continuous core was collected from the surface to a depth 
of 325.0 feet (ft) below ground surface (bgs). No significant perched water zones were identified 
during drilling. 

In Phase II drilling, November 20 to December 9, 2003, a borehole was drilled to a depth of 
1005 ft bgs using air and fluid-assisted air-rotary methods. Samples of drill cuttings were - collected at regular intervals for stratigraphic, petrographic, and geochemical analysis. The 
stratigraphy encountered during borehole drilling included, in descending order, alluvium and 
colluvium, ash-flow tuffs of the Otowi Member of the Bandelier Tuff, the Guaje Pumice Bed of 
the Otowi Member, Cerros del Rio basalt and the Puye Formation. The R-28 well was installed 
in the regional aquifer with a screen interval from 934.3 ft to 958.1 ft bgs. Three groundwater 
screening samples were collected during drilling and one groundwater well sample was collected 
after well development. Groundwater samples were submitted to LANL for analysis. 
Additionally, a constant rate pumping test was conducted at Well R-28 to determine aquifer 
properties. 
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other logs that are sensitive to water exhibit low water content and, thus, low water saturation 
(the ELAN water saturation estimate is less than 40%). 

Water-filled and total porosity3 mostly ranges 25-40% across this interpreted saturated interval 
below 890 ft, reaching values as high as 50-60% in severe borehole washouts. Moveable water 
content (effective porosity) is high as well, ranging 12-20% of total rock volume, reaching 30­
45% in the severe washouts. The highest total and effective porosity, besides erroneously high 
values across obvious washouts, occurs at the bottom of the well in the zone 932-1000 ft, 
reaching 40% and 20%, respectively, of total rock volume. Hydraulic conductivity, estimated 
from the ELAN analysis, varies mostly between about one t010 gal/day/ft2 across this interval. 

Vadose Zone Perched Water 

The processed logs indicate a significant decrease in water content, from 40% of total rock 
volume at 893 ft to 18% at 887 ft and 10% at 879 ft, likely corresponding to a transition from 
fully water-saturated conditions below to a vadose zone above. Unsaturated conditions in the 
interval above 890 ft are corroborated by a sharp almost 60% decrease in the ELAN water 
saturation estimate from 890 ft to 887 ft. The estimated water saturation stays mostly below 
40% up to 737ft. In the remainder of the section above 737ft the processed logs indicate some 
zones of higher water saturation, but no significant fully water saturated zones. The ELAN 
water saturation estimate rises above 60% in the zone 465-516 ft, but this zone has low porosity 
(less than 10% of total rock volume) and water content likely corresponding to a dense, 
competent section of a basalt lava bed. 

ELAN estimated water-filled porosity averages 8-13% of total rock volume in the interval 687­
879 ft, with a sharp peak of over 30% at 832 ft that is coincident with a sharp borehole washout. 
The total porosity (air plus water) ranges 20-30%. Moveable water content generally ranges 
only 2-5% of total rock volume across this interval, except over 30% at 832 ft (an artifact of the 
washout). 

In the depth interval 545-687 ft the ELAN water-filled porosity varies significantly, with zones 
of higher water content at: 

• 	 545-563 ft: Water-filled porosity increases from 10% at 545 ft to 15% at 687 ft. Moveable 
water content ranges 5-12%, reaching 12% at 687 ft. This zone also has much higher total 
porosity than the surrounding section (generally 30-40% of total rock volume) likely 
corresponding to a "broken-up" rubble zone within a basalt lava sequence; 

• 	 594-614 ft: Water-filled porosity reaches 27% (mostly 15-20%) and moveable water content 
reaches 13%. The zone is characterized by high total porosity (20-44%) - likely a rubble 
zone within a basalt lava sequence; 

• 	 624-630 ft: Water-filled porosity reaches 23% and moveable water content 10% - coinciding 
with an increase in total porosity to 34%; 

• 	 656-687 ft: Water-filled porosity reaches 23% (mostly 12-18%) and moveable water content 
reaches 10% at 660 ft. The ELAN analysis identifies this zone as the bottom of a basalt lava 
sequence with a clay-rich bed lying below (673-688 ft). 

3 Water-filled porosity 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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In the interval 348-545 ft the water-filled porosity is consistently low, ranging 5-8% of total 
rock volume, except a little higher (reaching 11 %) in the zone 365-378 ft. The ELAN estimated 
moveable water content is about 5% of total rock volume. This interval is fully within a basalt 
lava sequence (as identified from the ELAN analysis). 

The interval 318-348 ft, corresponding to the top of the above-mentioned basalt lava sequence, 
contains several peaks of higher water-filled porosity: 

• 	 318-320 ft: Water-filled porosity of 30% corresponds with a clay bed lying between the ­
basalt below and the bottom of the Guaje Pumice Bed above - as inferred from the ELAN 
analysis; 

• 	 323-333 ft: Water-filled porosity of 20-23% and negligible moveable water content, with a 
low porosity zone (10%) directly below - possibly acting as a vertical flow barrier. The zone 
is entirely basalt (as identified from the ELAN analysis); 

• 	 340-348 ft: Water-filled porosity reaches 30%, with negligible moveable water content. The 
ELAN analysis identifies this zone as a silica-rich, non-basalt zone within the top of the 
basalt lava sequence. 

The pumice/tuff sequence lying above the above-mentioned basalt that extends up through 
most of the remainder of the logged interval (32-318 ft) is characterized by considerably 
higher water-filled porosity, but generally low moveable water content. The zone 298-318 ft, 
likely corresponding to the Guaje Pumice Bed, has extremely high estimated total porosity 
(60%), but low estimated water-filled porosity (8%) - all of which is moveable water. Likely the 
very large borehole washout across this zone is contributing to a lower water content than is 
normally seen in the bottom of the Guaje Pumice Bed. Above this washed out zone the water­
filled porosity jumps to 20% at 296 ft, then slowly decreases to 14% at 244 ft. Moveable water 
content is very low (2%) across this interval. There is an anomalous, high water-filled porosity 
zone at 205-235 ft, with estimated water-filled porosity of 32-42% and no moveable water. The 
zone has higher total porosity than the surrounding section, but is less washed out (the latter 
suggesting it is a true formation response). The nature of an anomalous zone is uncertain and 
requires further investigation. Above 200 ft the water-filled porosity is generally about 12%, 
with moveable water content of 3-4%, except it increases to 18% at 70-96 ft. 

Geology 

The processed geophysical log results delineate the geologic material and many of the formation 
contacts intersected by R-28. The generalized geologic stratigraphy observed from the logs ­
independent of any other information - across the logged interval is as follows (depth below 
ground surface): 

• 	 32-204 ft: Porous volcanic tuff characterized by high total porosity (40-50% of total rock 
volume), high sanidine and silica mineral/glass content; 

• 	 204-235 ft: Very porous volcanic tuff/pumice characterized by very high total porosity 
(52-57% of total rock volume), high water-filled porosity (32-42%), high sanidine content, 
and moderate silica mineral/glass and augite content; 

• 	 235-298 ft: Porous volcanic tuff - characterized by high total porosity (46-52% of total rock 
volume), high sanidine and silica mineral/glass content; 
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• 	 298-315 ft: Very porous volcanic pumice/tuff - characterized by very high total porosity 
(60-64% of total rock volume), high sanidine and silica mineral/glass content; 

• 	 315-320 ft: Clay-rich zone - characterized by relatively high total porosity (40% of total 
rock volume), and high clay content; 

• 	 320-332 ft: Basalt lava, rubbly - characterized by moderate total porosity (30-40% of total 
rock volume), high plagioclase content, and relatively high heavy mafic mineral content; 

• 	 332-340 ft: Basalt lava, competent - characterized by low total porosity (8% of total rock 
volume), high plagioclase content, and relatively high heavy mafic mineral content; 

• 	 340-346 ft: Likely very porous interflow zone - characterized by very high total porosity 
(53% of total rock volume), high silica mineral/glass and potassium feldspar; 

• 	 346-384ft: Basalt lava, rubbly - characterized by high total porosity (30-50% of total rock 
volume), high plagioclase content, relatively high heavy mafic mineral content, and minor 
amounts of clay; 

• 	 384-470 ft: Basalt lava, competent - characterized by relatively low total porosity (15-20% 
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral 
content; 

• 	 470-541 ft: Basalt lava, very competent - characterized by very low total porosity (6-12% of 
total rock volume), high plagioclase content, and relatively high heavy mafic mineral 
content; 

• 	 541-564 ft: Basalt lava, rubbly - characterized by high total porosity (30-50% of total rock 
volume), high plagioclase content, and relatively high heavy mafic mineral content; 

• 	 564-594 ft: Basalt lava, competent - characterized by relatively low total porosity (12-18% 
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral 
content; 

• 	 541-614 ft: Basalt lava, rubbly - characterized by high total porosity (30-45% of total rock 
volume), high plagioclase content, relatively high heavy mafic mineral content, and minor 
amounts of clay; 

• 	 614-618 ft: Basalt lava, competent - characterized by relatively low total porosity (15-20% 
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral 
content; 

• 	 618-633 ft: Basalt lava, rubbly - characterized by relatively high total porosity (30-35% of 
total rock volume), high plagioclase content, relatively high heavy mafic mineral content, 
and minor amounts of clay; 

• 	 633-675 ft: Basalt lava, relatively competent - characterized by relatively low total porosity 
(15-25% of total rock volume), high plagioclase content, and relatively high heavy mafic 
mineral content; 

• 	 675-689 ft: Clay-rich, heterogeneous material, possibly fanglomerate - characterized by 
moderate total porosity (20-30% of total rock volume), moderate to high clay content, 
moderate silica mineral/glass and potassium feldspar content; 

• 	 689-890 ft: Variably clay-rich, heterogeneous material, possibly fanglomerate ­
characterized by moderate total porosity (25-35% of total rock volume), minor to moderate 
clay content, high silica mineral/glass and potassium feldspar content; 

• 	 890-1000 ft: Porous, heterogeneous, silica-rich material, possibly fanglomerate ­
characterized by high total porosity (30-45% of total rock volume), high silica mineral/glass 
content and potassium feldspar content, and minor amounts of clay in some zones. 
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4.1 Summary Logs 

Three summary log displays have been generated for R-28 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 - to highlight hydrologic information obtained 
from the integrated log results (Figure 4.1); 

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

• 	 ~pectral 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) to 
highlight the geologic lithology, stratigraphy and correlation information obtained from the 
log results (Figure 4.3). 
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Figure 4.1. Summary porosity logs in R-28 borehole from processed geophysical logs, ... 
interval 31-1002 ft, with caliper, gross gamma, apparent chlorinity, water 
saturation, and water hydraulic conductivity logs. Porosity, water saturation, 
and hydraulic conductivity logs are derived from the ELAN integrated log 
analysis. 
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Figure 4.2. Summary bulk density and volume clay logs in R-28 borehole from processed 
geophysical logs, interval 38-992 ft. Also shown - 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 spectral natural gamma ray logs and ELAN mineralogy/lithology and pore 
fluid model from R-28 borehole, interval 30-1002 ft. Caliper log is also shown. 
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4.2 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for R-28. The montage is 
provided on the CD included in Appendix C. 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-28 geophysical logs 
are provided in the previous section. 

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 AIT logging run. All the geophysical logs are 
depth-matched to the spectral gross gamma measurement run with the AlT. 

Track 2-Basic Logs 

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

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

• 	 two calipers from the FMI (thin dotted and dashed pink) and one from the TLD (thin solid 
pink) with bit size as a reference (dashed-dotted black) to show washout (pink shading), 
recorded as hole diameter in inches and displayed on a scale of 10 to 25 in.; 

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

• 	 bulk chlorinity (dashed green with green shading), recorded in parts per thousand (Ppk) and 
displayed on a scale of 10 to 0 ppk (left to right); 

• 	 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 zero 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 presented: 

• 	 total gross gamma (thick solid black curve) and 
• 	 gross gamma minus the contribution of uranium (dashed black). 

Track 3-Resistivity 

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

Six electrical resistivity logs from the AIT are displayed: 

• 	 Borehole fluid resistivity (solid orange curve)-only valid in water-filled hole 
• 	 Bulk electrical resistivity at five median depths of investigation-lOin. (black solid), 20 in. 

(long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 90 in. (solid 
purple)-each having a two-foot vertical resolution. 
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The area between the lOin. and 90 in. resistivity curves, representing radial variations in bulk 
resistivity (potentially from invasion of drilling fluids), is shaded: 

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

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

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

Track 4-Porosity 

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

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

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

• 	 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 neutron water-filled porosity using a grain 

density of 2.65/3.05 glcc (dotted red curve), 2.4512.85 glcc (long-dashed red curve), and 
2.25/2.65 glcc (dashed red curve)-with red shading between the 2.25/2.65 and 2.65/3.05 glcc 
saturation curves to show the range (the higher grain density used across the basalt interval); 
and 

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

Track 5-Density 

The fifth track displays the: 

• 	 bulk density (thick solid maroon curve) on a scale of 1 to 3 grams per cubic centimeter 
(g/cc ); 

• 	 Pe (long-dashed black curve) on a scale of 0 to lOnon-dimensional units; 
• 	 density correction (dashed orange curve) on a scale of -0.75 to 0.25 glee; and 
• 	 apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on a 

scale of 2 to 3 g/cc. 

Grey area shading is shown where the Pe increases above 3 (indicating the presence of heavy, 
possibly mafic, minerals) and orange shading is shown where the density correction is greater 
than the absolute value of 0.25 (indicating the density processing algorithm had to perform a 
major correction to the bulk density calculation). 
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Track 6-NGS Spectral Gamma 

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

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

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

• 	 uranium (dotted blue) in units of parts per million (ppm) and on a scale of20 to 0 ppm. 

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 zero volume fraction and discrete blocks originating from the left side, 

respectively. Specifically, the CMR logs shown in this track are: 


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

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

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

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

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

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

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

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 zero 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; 
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• 	 Medium pore, large pore, and late decay (the sum compnsmg effective water-filled 
porosity)-yellow, red, and green area shading, respectively. 

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)-a 

constant 33 ms in this case. 

Track 10-CMR T2 Distribution (Heated Amplitude) 

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

Track ll-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 and effective porosity values derived from the ELAN 
analysis, converted to hydraulic conductivity (dotted cyan). 

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 the interpreted bed boundaries (thin blue sinusoids). 
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Track 13- FMI Bedding and Fractures 

Track 13 displays the interpreted bed boundaries and fractures (no fractures were identified) 
picked from the FMI image, shown in two ways: 

• 	 Individually as tadpoles at the depths the bedding plane or fracture crosses the midpoint of 
the borehole - where the "heads" (circles/triangles) represent the dip angle and the "tails" 
(line segments) represent the true dip azimuth (direction the bed is dipping towards). Bed 
boundaries are shown as circular headed blue and black tadpoles and electrically conductive 
fractures are shown as red circular headed and black triangular headed tadpoles. 

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

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.) -Track 15- High Resolution Porosity 

Track 15 displays the high resolution thermal neutron porosity log (solid blue) - spliced with 
standard resolution epithermal neutron porosity above the well water level - and the density 
porosity (solid red), the latter computed assuming a matrix grain density of 2.4512.85 g/cc (the 
higher grain density across the basalt zone) and pore fluid density of 1.0 g/cc. Where the density 
porosity is greater than the neutron porosity the area between the two logs is shaded red. The red 
shading is an indication of air in the pore space (less than 100% water saturation). 

Tracks 16 to 22 - Geochemical Elemental Measurements 

The narrow tracks 16 to 22 present the geochemical measurements iron (Fe) and silicon (Si), 
sulfur (S) and calcium (Ca), potassium (K) and estimated aluminum (AI), titanium (Ti) and 
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (CI) -from left to right respectively, in 
units of dry matrix weight fraction (except H wet weight fraction, CI and K in ppk). 

Track 23-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) 
• 	 Quartz (yellow with small black dots) 
• 	 Silica glass (orange) 
• 	 Orthoclase or other potassium feldspar (lavender) 
• 	 Sanidine (violet) 
• 	 Labradorite or other plagioclase feldspar (pink) 
• 	 Hypersthene (purple) 
• 	 Hornblende (forest green) 
• 	 Augite (maroon) 
• 	 Heavy mafic/ultramafic minerals, such as magnetite or olivine (dark green) 
• 	 Pyrite (cross-hatched red). 
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Well R-28 

Track 24-ELAN Mineralogy-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) 
• 	 Quartz (yellow with small black dots) 
• 	 Silica glass (yellow with large black dots) 
• 	 Orthoclase or other potassium feldspar (lavender) 
• 	 Sanidine (violet) 
• 	 Labradorite or other plagioclase feldspar (Pink) 
• 	 Pyrite (tan with large black squares). 
• 	 Hypersthene (purple) 
• 	 Hornblende (forest green) 
• 	 Augite (maroon) 
• 	 Heavy mafic minerals, such as magnetite (dark army green) 
• 	 Air (red) 
• 	 Moveable water (white) 
• 	 Capillary-bound water (light blue). 

Track 25-Summary Logs 

Track 24, 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: 

• 	 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 geochemical estimated 
porosity using a grain density of 2.65/3.05 glcc (dotted light blue curve), 2.4512.85 glcc 
(long-dashed light blue curve), and 2.2512.65 glcc (dashed light blue curve)-with light blue 
shading between the 2.25/2.65 and 2.65/3.05 glcc saturation curves to show the range; 

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

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

The porosity curves scale from 0 to 1 total volume fraction, left to right; the water saturation 
scales from 0 to 1 volume fraction of pore space, from left to right. The relative water flow is on 
a scale of 0 to 1 relative volumetric flow rate from left to right. The flow indicator is a binary­
valued flag that rises to halfWay through the first division from the right on the x-axis when the 
CMR measurement indicates a potential for flow. 
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WellR-28 

Track 26-Depth -

i:i$., 

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

&WiIi 
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Well R-28 

Lithologic Descriptions of Drill Cuttings at Borehole R-28 

-


Geologic 
Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above msl) 
Qal, 

alluvium 
Unconsolidated sediments, silty sand (SM) with gravel, grayish orange 
pink (5YR 7/2), sand grains subangular to sub rounded, gravel clasts up 
to 1.5 cm. + lOF (Le., plus No. 10 sieve-size fraction): 50% lithics, 50% 
volcanics. +35F (i.e., plus No. 35 sieve-size fraction): 80% quartz and 
sanidine crystals, 20% lithics. 

(}-15 6728.53-6713.53 

Unconsolidated sediments, silty sand (SM) with gravel, grayish orange 
pink (5YR 7/2), sand grains subangular to subrounded, gravel clasts up to 
1.5 cm. +1 OF: similar to previous interval, 50% lithics, 50% volcanics. 
+35F: 80% quartz and sanidine crystals, 20% lithics. No core recovered 
in the interval 14.0-16.5 ft bgs. 

15-25 6713.53-6703.53 

Unconsolidated sediments, silty sand to clayey sand (SM-SC) with 
gravel, grayish orange (lOYR 7/4). 

25-30 6703.53-6698.53 

Unconsolidated sediments, silty sand (SM) with gravel, grayish orange 
pink (5YR 7/2), sand grains subangular to subrounded, gravel clasts up to 
1.5 cm. WR (i.e., unseived whole rock sample): 50-70% quartz and 
sanidine crystals, 30-50% tuff fragments and volcanic lithics. Core in the 
interval 34.0-36.0 ft bgs is comprised of reddish gray (5YR 4/2), very 
fine sand (SP) containing 70% fragments of moderately welded tuff, 10% 
orange-colored pumices (up to 0.5 cm), and 20% quartz and sanidine 
crystals. 

30-55 6698.53-6673.53 

Unconsolidated sediments, silty sand (SM) with gravel, light brown (5YR 
516), sand grains angular to subangular, gravel clasts up to 2.8 cm. WR: 
50-60% quartz and sanidine crystals, 40-60% volcanic lithics and tuff 
fragments. 

55-65 6673.53-6663.53 

Unconsolidated sediments, silty sand (SM) with clay and gravel, light 
brown (5YR 6/4), fine to medium sand, grains subangular to subrounded, 
gravel clasts up to 2.2 cm. WR: 20-30% quartz and sanidine crystals, 70­
80% tuff fragments. Core in the interval 64.0-66.3 ft bgs is comprised of 
light brownish gray (7.5YR 6/4) fine sand (SP) containing 50% weakly 
welded tuff fragments; 10% vitric pumice; 10% glassy shards and ash, 
and 30% quartz and sanidine phenocrysts. 

65-80 6663.53-6648.53 

Unconsolidated sediments, silty sand (SM), light to medium brown (5YR 
6/4), fme to medium sand, grains subangular to subrounded, gravel clasts 
up to 2.2 cm. WR: 60% quartz and sanidine crystals, 40% tuff fragments. 
Note: the base of alluvium and contact with the underlying Otowi 
Mem ber of the Bandelier Tuff is estimated to be at 90 ft bgs. 

80-90 6648.53-6638.53 

Qbo,Ash 
flows of 

the 
Otowi 

Member of 
the 

Bandelier 
Tuff 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice-rich, moderately 
welded. + I OF: 99% vitric pumice (2 to 10 mm, fresh), trace quartz and 
sanidine crystals plus lithics. 

90-95 6638.53-6633.53 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice-rich, moderately 
welded. + 1 OF: similar to the previous interval, 60-70% vitric pumice (2 
to 5 mm), trace quartz and sanidine crystals plus lithics. No core 
recovered in the interval 95.0-105.0 ft bgs. 

95-100 6633.53-6628.53 

-
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Well R-28 COlrnTJl'etUJn 

Lithologic Descriptions of Drill Cuttings at Borehole R-28 

Geologic 
Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above ms)) 

Volcanic tuff, moderate orange pink (5YR 7/4), pumice-rich, moderately 
welded. +10F: 60-80% Fe-oxide-stained vitric pumice (3 to 20 mm), 20­
40% dacite and andesite lithic fragments. + 35F: dominantly pumice with 
minor quartz and sanidine crystals, minor Iithics; strong Fe-oxide 
staining. 

100-110 6628.53-6608.53 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice-rich, moderately 
welded. +lOF: 60-80% Fe-oxide-stained vitric pumice (2 to 9 mm), 20­
!40% dacite and andesite lithic fragments. Core in the interval 122.5-123.5 
'ft bgs is weakly welded to nonwelded tuff composed of 10% vitric 
pumice and 10% glassy shards in a matrix of fine ash (80% by volume). 
No core recovery at 110.0-116.5 ft bgs. 

110-125 6608.53-6603.53 

... 
Volcanic tuff, grayish orange pink (5YR 7/2), pumice-rich, moderately 
welded. + 1 OF: similar to previous interval, 75-90% vitric pumice (2 to 3 
mm), 20-40% dacite and andesite lithic fragments. 

125-140 6603.53-6588.53 

Volcanic tuff, grayish orange pink (5YR 7/2), pumice-rich, moderately 
welded. + 1 OF: similar to previous interval, 50% vitric pumice, 50% 
volcanic lithic fragments. No core attempted at 142.0-144.0 ft bgs. 

Volcanic tuff, grayish orange pink (5YR 7/2). + 10F: composed of 10­
20% Fe-oxide stained vitric pumice (3 to 12 mm), 80-90% volcanic lithic 
fragments, trace quartz and sanidine crystals. +35F: dominantly volcanic 
lithic fragments including dacite, rhyodacite, and andesite. 

140-145 

145-165 

6588.53-6583.53 

6583.53-6563.53 
... 
... 

Volcanic tuff, grayish orange pink (lOYR 712), moderately welded. 165-185 6563.53-6543.53 
+ 1 OF: composed of 10-20% vitric pumice (2 to 7 mm), some Fe-oxide 
stained; 80-90% volcanic lithic fragments (1 to 5 mm), plus trace quartz 
and sanidine crystals. + 35F: dominantly quartz and sanidine crystals and 
volcanic Iithics, 20-30% pumice. Core in the interval 171.5-172.1 ft bgs 
is weakly welded tuff composed of 10% vitric pumice (up to 0.5 cm), 
10% quartz and sanidine phenocrysts, and 5% dacitic xenoliths (up to 0.5 
cm) in a matrix offine ash (75% by volume). 

Volcanic tuff, grayish orange pink (lOYR 7/2), moderately welded. 185-205 6543.53-6523.53 
...' 

+ 1 OF: similar to previous interval, composed of 10-20% vitric pumice (2 
to 7 mm), some Fe-oxide stained; 80-90% volcanic lithic fragments (1 to 
5 mm), plus trace quartz and sanidine crystals. + 35F: dominantly quartz 
and sanidine crystals and volcanic lithics, 20-30% pumice. 

Volcanic tuff, grayish orange pink (10YR 7/2), pumice-rich, crystal-rich, 205-225 6523.53-6503.53 
moderately welded. + 10F: composed 000-40% vitric pumice, some Fe-
oxide stained; 50-60% volcanic lithic fragments (2 to 7 mm), plus trace 
quartz and sanidine crystals. +35F: dominantly quartz and sanidine 
crystals and volcanic lithics, 5-10% pumice. 

Volcanic tuff, grayish orange pink (lOYR 7/2), pumice-rich, crystal-rich, 225-245 6503.53-6483.53 
moderately welded. + 1 OF: similar to previous interval; composed of 30­
40% vitric pumice, some Fe-oxide stained; 50-60% volcanic lithic 
fragments (2 to 7 mm), plus trace quartz and sanidine crystals. + 35F: 
dominantly quartz and sanidine crystals and volcanic Iithics, 5-10% 
pumice. -


.... 

-
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Lithologic Descriptions of Drill Cuttings at Borehole R-28 

.... 


Geologic 
Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above msl) 
Volcanic tuff, grayish orange pink (lOYR 7/2), pumice-rich, crystal-rich, 
moderately welded. + 10F: similar to previous interval; composed of70­
80% vitric pumice, some Fe-oxide stained; 10-15% volcanic lithic 
fragments (2 to 7 mm), plus trace quartz and sanidine crystals. +35F: 
dominantly quartz and sanidine crystals and volcanic lithics, 5-10% 
pumice. No core attempted from 246.5-249.0 ft bgs. 

245-255 6483.53-6473.53 

Volcanic tuff, grayish orange pink (5YR 7/2), crystal-rich, nonwelded. 
+ I OF: composed of vitric pumice (2- 6mm), andesitic and dacitic lithic 
fragments (2 to 5 mm), plus quartz and sanidine crystals. +35F: 
dominantly quartz and sanidine crystals and volcanic lithics, 10-15% 
pumice. 

255-275 6473.53-6453.53 

Volcanic tuff, grayish orange pink (5YR 7/2), crystal-rich, nonwelded. 
+ 1 OF: similar to previous interval; composed of vitric pumice (2- 6mm), 
andesitic and dacitic lithic fragments (2 to 5 mm), plus quartz and 
sanidine crystals. +35F: dominantly quartz and sanidine crystals and 
volcanic lithics, 10-15% pumice. 

275-295 6453.53-6433.53 

Volcanic tuff/tuffaceous sediments, pinkish gray (5YR 8/1) to grayish 
orange pink (5YR 7/2), pumice-rich, nonwelded. + I OF: composed of 
95% fresh vitric pumice (up to 0.7 cm), 5% dacite and basalt lithic 
fragments (up to 0.3 cm). Note: The base of the Otowi Member and 
contact with the underlying Guaje Pumice Bed is interpreted to be at 297 
ft bgs 

295-305 6433.53-6423.53 

Qbog, 
Guaje 

Pumice 
Bed of the 

Otowi 
member 

Tb, 
Cerros del 
Rio Basalt 

Volcanic tuff/tuffaceous sediments, grayish orange pink (5YR 7/2) to 
very pale orange (10YR 8/2), pumice-rich, non welded. + I OF: no sample 
represented in this sieve fraction. +35F: dominantly fresh pumice 
fragments, some quartz and sanidine crystals, trace volcanic lithics. Core 
in the interval 299.0-302.8 ft bgs is white (N9), nonwelded, friable vitric 
tuff/tephra composed of 40% pumice fragments, 40% quartz and sanidine 
crystals, and 10-20% volcanic lithic clasts. Note: the base of the Guaje 
Pumice Bed and contact with the underlying soil is interpreted to be at 
315 ft bgs. Soil layer is probable from 315 ft to 318 ft bgs. 

305-325 6423.53-6403.53 

Tb, 
Cerros del 
Rio Basalt 

Basalt, medium dark gray (N4). WRJ+ I OF: composed dominantly of 
porphyritic basalt with aphanitic groundmass, vesicular; phenocrysts of 
olivine, pyroxene, plagioclase; groundmass pitted, corroded; some white 
pumice present in sample (probable contamination from higher in 
borehole). 

325-340 6403.53-6388.53 

Basalt, medium dark gray (N4) to black WRJ+ I OF: composed dominantly 
of porphyritic basalt with aphanitic groundmass, vesicular; phenocrysts 
of olivine, pyroxene, plagioclase; groundmass pitted, corroded; trace 
white pumice. 

340-350 6388.53-6378.53 

Volcanic sediments/tuffaceous sediments, very light gray (N8), pumice-
rich. + I OF: 90-95% vitric pumice, fresh (up to 6 mm); 5-10% basalt and 
dacite lithic clasts. +35F: crystal-rich, rare pumice fragments. 

350-365 6378.53-6363.53 
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Lithologic Descriptions of Drill Cuttings at Borehole R-28 

Geologic 
Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above msl) 
Volcanic sediments, very light gray (N8), pumice-rich. + 1 OF: similar to 
previous interval; 85-90% pumice, fresh (up to 4 mm); 5-10% basalt and 
dacite lithic clasts. +35F: crystal-rich, 10-15% pumice fragments. The 
crystal-rich, rhyolitic mixture of the pumices in this interval suggests they 
may represent cuttings recirculated from the Otowi Member. 

365-375 6363.53-6353.53 

No cuttings returned; no sample available for examination. 375-395 6353.53-6333.53 

Basalt, medium gray (N5). WR/+ 1 OF: composed dominantly of 
porphyritic basalt with aphanitic groundmass, vesicular; phenocrysts of 
olivine, pyroxene, plagioclase; groundmass pitted; white amygdaloidal 
clay filling vesicles. 

395-400 6333.53-6328.53 

No cuttings returned; no sample available for examination. 400-415 6328.53-6313.53 

Basalt, medium dark gray (N4). WR/+ 1 OF: composed dominantly of 
porphyritic basalt with aphanitic groundmass, vesicular; phenocrysts of 
olivine, pyroxene, plagioclase; locally pitted groundmass; 5-10% pumice. 
+35F: reddish, weathered basalt. 

415-435 6313.53-6293.53 

Basalt/dacite, medium gray (N5), porphyritic with aphanitic groundmass, 
vesicular. + 1 OF: dacite fragments (up to 1.1 cm); phenocrysts (15-20% 
volume) include pyroxene and feldspar; groundmass strongly sericitized; 
10-15% vesicular basalt fragments. 

435-450 6293.53-6278.53 

Basalt/dacite, medium gray (N5), porphyritic with aphanitic groundmass, 
vesicular. WR/+ lOF: dacite fragments (up to 6 mm); phenocrysts (15­
20% volume) include pyroxene and feldspar; groundmass strongly 
sericitized; 10% vesicular basalt fragments. 

450-475 6278.53-6253.53 

Basalt/dacite, medium gray (N5), porphyritic with aphanitic groundmass, 
vesicular. WR/+ I OF: similar to the previous sample interval; dacite 
fragments (up to 6 mm); phenocrysts (15-20% volume) include pyroxene 
and feldspar; groundmass strongly sericitized; 10% vesicular basalt 
fragments. 

475-490 6253.53-6238.53 

Basalt/dacite, medium gray (N5), porphyritic with aphanitic groundmass, 
vesicular. WR/+ 1 OF: similar to the previous sample interval; dacite 
fragments (up to 6 mm); phenocrysts (15-20% volume) include pyroxene 
and feldspar; groundmass strongly sericitized and bleached; 10% 
vesicular basalt fragments. 

490-510 6238.53-6218.53 

Basalt/dacite, medium gray (N5) to dark gray (N3), porphyritic with 
aphanitic groundmass, massive. + 1 OF: phenocrysts are highly weathered 
(1-2 mm); chip fragments increasingly rounded with depth. 

510-535 6218.53-6193.53 

Basalt/dacite, medium red (5YR 4/6), porphyritic with aphanitic 
groundmass, massive to vesicular. + 1 OF: similar to previous interval; 20­
30% weathered basalt, phenocrysts are highly weathered (l-2mm). 

535-545 6193.53-6183.53 

Basalt, medium gray (N5) to dark gray (N3), porphyritic with aphanitic 
groundmass, massive to vesicular. + 1 OF: 60% reddish (5YR 4/6) 
weathered basalt, vesicular; phenocrysts are highly weathered (1-2 mm); 
groundmass pitted, local white to light brown clay filling cavities. 

545-565 6183.53-6163.53 

Basalt, medium gray (N5) to dark gray (N3), porphyritic with aphanitic 
groundmass, vesicular to scoriaceous. WR/+ 1 OF: 60-70% gray basalt, 30­
40% reddish scoria with corroded appearance; local white to light brown 
clay filling some vesicles. 

565-590 6163.53-6138.53 

-
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Geologic 
Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above msl) 

Basalt, medium gray (N5) to dark gray (N3), porphyritic with aphanitic 
groundmass, vesicular to scoriaceous. WR/+ 10F: similar to previous 
sample interval; 60-70% gray basalt, 30-40% reddish scoria with 
corroded appearance; local white to light brown clay filling some 
vesicles. 

590-610 6138.53-6118.53 

Basalt, medium gray (N5) to dark gray (N3), porphyritic with aphanitic 
groundmass, vesicular to scoriaceous. WR/+ 1 OF: similar to previous 
sample interval; 60-70% gray basalt, 30-40% reddish scoria with 
corroded appearance; local white to light brown clay filling some 
vesicles. 

610-630 6118.53-6098.53 

Basalt, medium gray (N5) to dark gray (N3), porphyritic with aphanitic 
groundmass, massive to vesicular. WR/+ 10F: similar to previous sample 
interval; 80-90% gray massive basalt, 10-20% weathered basalt. 

630-645 6098.53-6083.53 

Basalt, medium gray (N5) to dark gray (N3), massive to vesicular. 
WR/+ 1 OF: similar to previous sample interval; dominantly gray massive 
basalt with minor vesicular basalt; no weathered basalt present. 

645-665 6083.53-6063.53 

Tpf, 
Puye 

Formation 

Volcaniclastic sediments, sand with gravel (SW), very light gray (N8) to 
medium dark gray (N4), fine to coarse sand, gravel clasts broken to 
subrounded (up to 1.2 em). +IOF: detrital clasts composed of porphyritic 
dacite, andesite, pumice, and various felsic volcanic rocks. 

665-675 6063.53-6053.53 

Volcaniclastic sediments, sand (SW) with gravel, very light gray (N8) to 
medium dark gray (N4), fme to coarse sand, gravel clasts broken to 
subrounded. + 1 OF: similar to previous sample interval, detrital clasts 
composed of porphyritic dacite, minor basalt, andesite, pumice, and 
various felsic volcanic rocks. 

675-695 6053.53-6033.53 

Volcaniclastic sediments, silty sand (SM) with gravel, very light gray 
(N8) to medium dark gray (N4), silty sand (SM) with gravel, gravel clasts 
broken to subrounded (up to 1.0 cm). + 10F: detrital clasts composed of 
porphyritic dacite, minor basalt, andesite, pumice, and trace Precambrian 
granitic rock. 

695-715 6033.53-6013.53 

Volcaniclastic sediments, silty sand (SM) with gravel, very light gray 
(N8) to medium gray (N5), gravel clasts broken to subrounded (up to 1.5 
cm). + 10F: similar to previous sample interval; detrital clasts composed 
of porphyritic andesite, rhyolite, minor basalt, trace quartzite and pumice. 

715-730 6013.53-5998.53 

Volcaniclastic sediments, silty sand (SM) with gravel, very light gray 
(N8) to medium gray (N5), gravel clasts broken to subrounded (up to 1.5 
cm). + 10F: similar to previous sample interval; detrital clasts composed 
of andesite, rhyolite, quartzite, plus minor basalt and dacite. 

730-745 5998.53-5983.53 

Clastic sediments, silty sand (SM) with gravel, very light gray (N8), 
gravel clasts broken to subrounded (up to 5 mm). + 10F: detrital clasts 
composed of porphyritic dacite, andesite, granitic rocks, quartzite, plus 
trace basalt, pumice, and rhyolite. 

745-765 5983.53-5963.53 

Clastic sediments, silty sand (SM) with gravel, very light gray (N8), 
gravel clasts broken to subrounded (up to 5 mm). + 10F: similar to 
previous sample interval; detrital clasts composed of porphyritic dacite, 
andesite, granitic rocks, quartzite, plus minor basalt, pumice, and 
rhyolite. 

765-780 5963.53-5948.53 

-
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Lithologic Descriptions of Drill Cuttings at Borehole R-28 
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Geologic Interval Elevation Range 
Unit Lithologic Description* (ft) (ft above ms!) 

Clastic sediments, silty sand (SM) with gravel, very light gray (N8), 780-800 5948.53-5928.53 
gravel clasts broken to subrounded (up to 5 mm). + 1 OF: similar to 
previous sample interval; detrital clasts composed of porphyritic dacite, 
rhyodacite, andesite, minor quartzite, basalt, and trace pumice. 

Volcaniclastic sediments, gravelly sand (SP), light brownish gray (5YR 800-820 5928.53-5908.53 
6/1) to medium light gray (N6), gravel clasts broken to subrounded (up to 
9 mm). + lOF: detrital clasts composed of porphyritic dacite, rhyodacite, 
andesite, plus minor basalt and quartzite. 

Volcaniclastic sediments, gravelly sand (SP), light brownish gray (5YR 820-840 5908.53-5888.53 
611) to medium light gray (N6), gravel clasts broken to subrounded (up to 
9 mm). + 1 OF: similar to previous sample interval, detrital clasts 
composed of porphyritic dacite, rhyodacite, andesite, plus minor basalt 
and quartzite. 

Volcaniclastic sediments, gravelly sand (SP), light brownish gray (5YR 840-860 5888.53-5868.53 
611) to medium light gray (N6), gravel clasts broken to subrounded (up to 
9 mm). + I OF: similar to previous sample interval, detrital clasts 
composed of porphyritic dacite, rhyodacite, andesite, plus minor basalt 
and quartzite. 

Volcaniclastic sediments, clayey sand (SC) with gravel, light brownish 860-880 5868.53-5848.53 
gray (5YR 6/1) to medium light gray (N6), gravel clasts broken to 
subrounded (up to 1.2 cm). +10F: detrital clasts composed of porphyritic 
dacite, rhyodacite, andesite, and minor basalt. 

Volcaniclastic sediments, clayey sand (SC) with gravel, light brownish 880-890 5848.53-5838.53 
gray (5YR 611) to medium light gray (N6), gravel clasts broken to 
subrounded (up to 1.2 cm). +1 OF: similar to previous sample interval; 
detrital clasts composed of porphyritic dacite, rhyodacite, andesite, and 
minor basalt. 

No cuttings returned; no sample available for examination. 890-900 5838.53-5828.53 

Volcaniclastic sediments, gravelly sand (SP), light brownish gray (5YR 900-920 5828.53-5808.53 
6/1) to medium light gray (N6), gravel clasts broken to subrounded (up to 
1.0 cm). + 1 OF: detrital clasts composed of porphyritic dacite, andesite, 
minor basalt, pumice, and quartzite. 

Volcaniclastic sediments, gravelly sand (SP), light brownish gray (5YR 920-945 5808.53-5783.53 
611) to medium light gray (N6), gravel clasts broken to subrounded (up to 
1.0 cm). + 1 OF: similar to previous sample interval; detrital clasts 
composed of porphyritic dacite, andesite, minor basalt, pumice, and 
quartzite. 

Volcaniclastic sediments, sand (SW) with gravel, light brownish gray 945-970 5783.53-5758.53 
(5YR 611) to medium light gray (N 6), gravel clasts broken to subrounded. 
+ 1 OF: similar to previous sample interval; detrital clasts composed of 
porphyritic dacite, andesite, minor basalt, and quartzite; contains up to 
10% fresh vitric pumice fragments. 

Volcaniclastic sediments, sand (SW) with gravel, light brownish gray 970-990 5758.53-5738.53 
(5YR 6/1) to medium light gray (N6), broken to subrounded pebbles up 
to 1.4 cm. + I OF: detrital clasts composed of porphyritic dacite, andesite, 
up to 10% pumice fragments, minor basalt, vitrophyre, and rhyodacite. 
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Lithologic Descriptions of Drill Cuttings at Borehole R-28 -
Geologic 

Unit Lithologic Description* 

Sample 
Interval 

(ft) 
Elevation Range 

(ft above msl) 

Volcaniclastic sediments, sand (SW) with gravel, light brownish gray 
(5YR 611) to medium light gray (N6), pumiceous, broken to subrounded 
pebbles up to 1 .4 cm. + 1 OF: similar to previous sample interval; detrital 
clasts composed of porphyritic dacite, andesite, up to 40% pumice 
fragments, minor basalt, vitrophyre, and rhyodacite. 

990-995 5738.53-5733.53 

Volcaniclastic sediments, sand (SW) with gravel, light brownish gray 
(5YR 611) to medium light gray (N6), broken to subrounded pebbles up 
to 1.4 cm. + 1 OF: similar to interval 970-990 ft bgs; detrital clasts 
composed of porphyritic dacite, andesite, up to 10% pumice fragments, 
minor basalt, vitrophyre, and rhyodacite. 

995-1005 5733.53-5723.53 

BOREHOLE TOTAL DEPTH IS 1005 FT BGS. 

*Descrlptlons presented III thIs hthlog are prlmanly based on those made durmg vIsual exammatJOn of the drill 
cuttings. Descriptions are supplemented with descriptions of core from 0 ft to 325 ft. 

... 

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

Munsell Color Chart, 1988. Color Identification System. 

American Society for Testing Materials (ASTM) standards were used in describing the texture of drill chip samples 
for sedimentary rocks such as alluvium and the Puye Fanglomerate. ASTM method D 2488-90 incorporates the 
Unified Soil Classification System (USCS) as a standard for field examination and description of soils. The 
following is a glossary of standard USCS symbols used in the R-28 lithlog. 

SW 
SP 

Well-graded sand 
Poorly graded sand 

SM 
SM-SC 

Silty sand 
Silty sand to clayey sand, transitional 

Note: The tenn "per cent" (%), as used in the above descriptions, refers to relative abundance by volume for a given 
sample component. 

Note: Contact locations are based on cuttings retrieval. 
the geophysics report, but some differences will be noted. 

There is general agreement between this borehole log and 

- Note: Core samples were collected and described in the R-28 interval from 0 to 325 ft bgs. Samples of drill cuttings 
were collected in the interval from 0 to 1005 ft bgs. 

Note: Cuttings were collected at nominal 5-ft intervals and divided into three sample splits: (1) unsieved, or whole 
rock (WR), sample; (2) + 1 OF sieved fraction (No. 10 sieve equivalent to 2.0 mm); and (3) +35F sieved fraction (No. 
35 sieve equivalent to 0.5 mm). 
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Introduction 

This section describes the analysis of constant-rate pumping tests conducted on R-28. The 
primary objective of the analysis was to determine the hydraulic properties of the sediments 
screened in R-28. Similar to the pumping test conducted previously in R-l, the R-28 testing 
incorporated an inflatable packer above the pump to isolate the producing zone, minimize 
barometric effects, and eliminate the effects of casing storage on the measured data. 

R-28 was first test pumped in early February 2004. Results of that test were not entirely 
satisfactory because of leaks in the pumping string installed in the well. First, the I-inch drop 
pipe used to hang the pump leaked during the test, allowing water to enter the annulus between 
the drop pipe and the 5-inch OD well casing, above the packer. It is likely that water 
accumulated above the packer, eventually creating enough head to force water past the packer 
and back into the producing zone. The result of this was a changing (decreasing) discharge rate 
during the test. 

Second, the check valve on the pump leaked following both the constant-rate pumping test and 
the step-drawdown test (prior to the constant-rate test), allowing water in the lower portion of the 
drop pipe to drain back into the well. This affected both the time-drawdown and recovery data 
sets. During pumping, with the drop pipe partially drained at the time of startup, the initial 
pumping operated against low head and, therefore, produced more water than the design rate 
until the drop pipe was full. During recovery, water draining back into the producing zone 
artificially raised the water level in the well. 

Because of these occurrences, the test was rerun in early March to obtain additional hydraulic 
data, particularly early recovery data. During the second test, despite installing two additional 
check valves immediately above the pump, a very slow check valve leak occurred, affecting the 
time-drawdown data slightly, but having no effect on the recovery data. The rerun test in March 
used a 100-psi pressure transducer, providing better precision than the 30-psi unit used in the 
first test. 

Test 1 was started at 11 :02 am on February 5, 2004 at 9.8 gpm and continued for 24 hours until 
11 :02 am on February 6. Following pump shutoff, recovery data were measured for an 
additional 24 hours. After collecting the recovery data set, water level monitoring continued 
until 10:50 am on February 9. The late data served as a background data set. 

Test 2 was started at 9:36 pm on March 7 at 12.9 gpm and continued for 300 minutes until 2:36 
am on March 8. Recovery data were measured for 515 minutes until 11: 11 am on March 8. 

Background Data 

The background water level data collected in conjunction with running the pumping test 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 
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weather patterns. The background data hydro graph from the R-28 tests 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 early 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 ofwater above the transducer. 

The R-28 pumping test, on the other hand, utilized a non-vented transducer. This device simply 
records 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 barometric ally 
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 T A-54 tower 
site from RRES-Meteorology and Air Quality. The TA-54 measurement location is at an 
elevation of 6548 feet above mean sea level (amsl), whereas the wellhead elevation is 6739 feet 
amsl. Furthermore, the static water level in R-28 was about 892 feet below land surface, making 
the water table elevation 5847 feet amsl. Therefore, the measured barometric pressure data from 
TA-54 had to be adjusted to reflect the pressure at the elevation ofthe water table within R-28. 

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

ETA54p. - P exp[- g ( ER2& - + EWT - ER28 J]
WT - TA54 (1) 

3.281R TTA54 T WEU 

where, 


Pwr = barometric pressure at the water table inside R4 

P TA 54 = barometric pressure measured at TA-54 

g = acceleration of gravity, in mlsec2 (9.80665 mlsec2

) 


R = gas constant, in J/Kg/degree Kelvin (287.04 J/Kg/degree Kelvin) 

ER28 land surface elevation at R-28, in feet (6739 feet) 

ETA54 = elevation of barometric pressure measuring point at TA-54, in feet (6548 feet) 

Ewr = elevation of the water level in R-28, in feet (5847 feet) 

TTA54 = air temperature near TA-54, in degrees Kelvin (assigned a value of 22 degrees 


Fahrenheit, or 267.6 degrees Kelvin) 
TWELL air temperature inside R-28, in degrees Kelvin (assigned a value of 69 degrees 

Fahrenheit, or 293.7 degrees Kelvin) 

-

-


-
-


-

-


-
-


-
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This formula is an adaptation of an equation provided by RRES-Meteorology and Air Quality. 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 water level hydro graph to discern the correlation between the two. 

Thick Aquifer Response 

A complicating aspect of the R-well pumping tests is that the wells are severely partially 
penetrating. The typical well design incorporates a relatively short well screen (a few feet to tens 
of feet in length) installed within a massively thick aquifer (many hundreds of feet or more). As 
a result, during pumping, the cone of depression expands not only horizontally, but also 
vertically, throughout the test. As the cone intercepts a greater and greater aquifer thickness, the 
data plot reflects a steadily flattening slope, corresponding to the continuously increasing vertical 
height of the zone of investigation. As a result, later data tend to produce a greater calculated 
transmissivity than do early data. This complicates the analysis because, for any given slope (or 
transmissivity value), it is not possible to know what the corresponding aquifer thickness is 
(vertical extent ofthe cone of depression). 

If an aquitard is encountered at depth, limiting the vertical growth of the cone of depression, the 
data curve may reach a steady slope, reflecting the transmissivity of the sediments above the 
aquitard. In that case, a definitive transmissivity can be determined and the hydraulic 
conductivity can be calculated by dividing the transmissivity by the saturated thickness above the 
aquitard (if that dimension is known). If no aquitard is encountered, the drawdown curve gets 
steadily flatter, reflecting a continuum of transmissivities corresponding to the effective depth of 
the cone of depression at any given time. 

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. For most R-well pumping tests, these first few moments 
of pumping are the only time that the effective height of the cone of depression is known with 
certainty. Thus, the early data potentially 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 the R-wells, 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 

where, 
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tc = duration of casing storage effect, in minutes 
D = inside diameter of well casing, in inches (4.5 inches) 
d = outside diameter of column pipe, in inches (2.375 inches) 
Q discharge rate, in gpm 
s drawdown observed in pumped well at time tc, in feet 

In some instances, it may be possible to eliminate casing storage effects by setting an inflatable 
packer above the tested screen interval prior to conducting the test. Therefore, this option was 
implemented for the R-28 pumping test. As described later, using the packer was effective at 
preventing casing drainage during the test, thereby eliminating casing storage effects. 

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: 

s 
264Q I 
--og

T 

O.3Tt 
r 

(3) 

where, 

s = drawdown, in feet 
Q = discharge rate, in gpm 
T transmissivity, in gpdlft 
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: 

Tt (4) 
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 all measured drawdown values. Thus, for the 
pumped well, the Cooper-Jacob equation 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: 

264Q
T 

As 
(5) 

where, 
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T = transmissivity, in gpd/ft 
Q = discharge rate, in gpm 
L1s =change in head over one log cycle of the graph, in feet 

Because the R-wells are severely partially penetrating, an alternate solution considered for 
determining aquifer parameters is the Hantush equation for partially penetrating wells (1961 a, b). 
The Hantush equation is as follows: 

2 
Q ( () 2b ~ 1 [. md . n:n:dJ[' n1l:i' (6)sm-- u-­

41l:T 1l: /- d I - d n=1 n b b b b 'K 
r 

b
s = - W u + 2 ( X' .).L. 2 sm - - sm - sm . n:n:d']w[ Jfz n77:rJJ 

where, in consistent units, s, Q, T, t, r, S, and u are as previously defined and 

b = aquifer thickness 
d = distance from top of aquifer to top of well screen in pumped well 
I = distance from top of aquifer to bottom of well screen in pumped well 
d' = distance from top of aquifer to top of well screen in observation well 
I' = distance from top of aquifer to bottom ofwell screen in observation well 
Kz = vertical hydraulic conductivity 
Kr = horizontal hydraulic conductivity 

In this equation, W(u) is the Theis well function and W(u,~) is the Hantush well function for 
leaky aquifers. For single-well tests, d = d' and I = 1'. 

Recovery Methods 

Recovery data were analyzed by the several methods. One of the methods used was 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 tit', where t is 
the time since pumping began and l' 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: 

T= 264Q (5) 
/),s 

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. 

Recovery data also were analyzed using the Cooper-Jacob method and Hantush method 
described above. In applying these procedures, simple recovery (difference between residual 
drawdown and maximum drawdown observed at the end of the pumping period) was plotted 
versus recovery time (1'). Such a plot can be considered analogous to a time-drawdown plot and 
is accurate for early and middle data. For late data, this approach can lose accuracy. 
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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. 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). 

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

Sf = 1~~ [In :. - 2948 + 7.363 ~ -11447( ~r+ 4.675( ~J'] (7) 

b 
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: 

K = 264Q (lOg 0.3Tt + 2sP J (8)
sb r,;,S InlO 

To apply this formula, a storage coefficient value must be assigned. Storage coefficient values 
for unconfined sand and gravel aquifers, such as the Puye Formation in which many of the R­
wells are completed, typically range from a few percent to 20 percent or more, with the majority 
of the values falling between approximately 5 and 15 percent. Thus, in the absence of site­
specific storage coefficient data for the Puye, a value of 0.1 is deemed to be a reasonable choice 
for performing the calculations for unconfined conditions. When confined conditions are 
encountered, the storage coefficient can be expected to range from about 10-5 to 10-3

, depending 
on aquifer thickness (the thicker the aquifer, the greater the storage coefficient). Typically, a 
value of 5 x 10-4 may be assigned for calculation purposes. The calculation result is not 
particularly sensitive to the choice of storage coefficient value, so a rough estimate ofthe storage 
coefficient is adequate to support the calculations. 

The analysis also requires assigning a value for the saturated aquifer thickness, b, which is 
generally not known. Fortunately, the calculated value of hydraulic conductivity is usually 
insensitive to the selected aquifer thickness value, as long as the aquifer thickness is significantly 
greater than the screen length. This is because saturated aquifer materials far above or below the 
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screened interval contribute little to the yield of the well. Thus, it was expected that an 
approximate aquifer thickness estimate would suffice for the calculations. 

Computing the lower-bound estimate of hydraulic conductivity can provide a useful frame of 
reference for evaluating the other pumping test calculations. 

Data Analysis 

This section presents the data obtained from the R-28 pumping tests and the results of the 
analytical analyses. 

Background Data 

Figure 1 shows the "apparent" water level hydro graph and the barometric pressure data recorded 
on February 8 and 9. The barometric pressure fluctuated over a range of more than 0.2 feet 
while the apparent hydro graph changed only a few hundredths of a foot. These data were 
recorded using a non-vented pressure transducer and with the packer deflated. The muted 
response range of the apparent hydro graph means that changes in the actual water levels in the 
well were nearly as great as the barometric pressure changes, and of opposite sign, so that the 
sum ofthe two (the apparent hydro graph) changed very little. 

The barometric pressure data were corrected for barometric efficiency, which was adjusted until 
an optimum match was achieved. Figure 2 shows the correlation obtained for an assigned 
barometric efficiency of 92 percent. The correlation is not perfect, but shows some similarity 
between the corrected barometric pressure data and the apparent hydrograph. However, the 
disparity between the two data sets is sufficient to preclude correcting the pumping test data 
mathematically for barometric effects. 

The data show that the effect of background influences, including barometric pressure, had 
relatively little effect on the measured pressures in the well. 

Test 1 

Test 1 was started at 11:02 am on February 5,2004 at 9.8 gpm and continued for 24 hours until 
11 :02 am on February 6. Following pump shutoff, recovery data were measured for an 
additional 24 hours. Time-drawdown and recovery data were plotted and analyzed as described 
below. 

Test 1 Drawdown 

Figure 3 shows the time-drawdown data recorded during the pumping test. Water levels were 
recorded at 6-second intervals throughout the monitoring period. Subsequently, the data set was 
filtered so that the high-density data were retained only for early time. Figure 4 shows the time­
drawdown data on an expanded scale. 

The early data (prior to 1 minute) were affected indirectly by antecedent draining of a portion of 
the pump drop pipe through a leaky check valve in the pump. Because of the drainage that 
occurred prior to the test, the initial pumping was against lower head than when the drop pipe 
was full. Against the reduced head, the pump produced more than 20 gpm (inferred from the 
magnitude of the early drawdown). After 1 minute of pumping, the drained portion of the drop 
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pipe had refilled, and the pumping rate stabilized at 9.8 gpm. Subsequently, the rate declined 
slightly, reaching about 9.45 gpm by the morning of February 6. The drawdown remained fairly 
steady at about 0.8 feet throughout the test, plotting in a nearly horizontal line on Figure 1. 

Figure 2 shows an expanded-scale plot of the drawdown data. Even with the expanded scale, the 
data were not readily analyzable because of the discharge rate reductions that occurred. It was 
surmised that the discharge rate reductions in the middle and late portions of the test resulted 
from water leaking through the pump drop pipe, as discussed later in this report. 

Test 1 Recovery 

Following pump shutoff, recovery data were measured for 24 hours. Figure 5 shows a plot of the 
residual drawdown versus tit'. Implementation of the inflatable packer successfully eliminated 
the effects of casing storage, thus providing a valid early snapshot of the expansion of the 
recovery cone of impression adjacent to the well screen. (The cone of impression during 
recovery is analogous to the cone of depression during pumping.) 

For the early data, there was no way of knowing more accurately than a 6-second window 
exactly when the pumping stopped. It was possible that the first data point could have 
corresponded to an elapsed recovery time anywhere between 0 and 6 seconds. Therefore, the 
time values were modified by a time delay offset ranging from 0 to 6 seconds. The offset was 
adjusted until the first three data points plotted in a straight line on a semi-log graph, as they 
should theoretically. For the recovery data, an offset of 5 seconds was required for this. In other 
words, the first data point corresponded to an elapsed recovery time of about 1 second. 

The transmissivity calculated from the early data was 28,100 gallons per day per foot (gpd/ft). 
At such early time (about half a minute) the cone of impression can be assumed to have a vertical 
amplitude roughly equal to the well screen length of 23.8 feet. Hydraulic conductivity was 
computed as 28,100/23.8 = 1180 gallons per day per square foot (gpd/ff) 158 feet per day. 

Note that the early data used here to estimate hydraulic conductivity would have been masked by 
casing storage effects had a packer not been used. Using the casing storage equation presented 
earlier, the calculation produced an estimated tc value of about 1 minute, which is longer than the 
data interval used to compute K. 

During the first minute of recovery, the drawdown curve began to flatten as expected in a 
partially penetrating well in a thick aquifer. However, the flattening effect became masked 
briefly by water draining from the drop pipe through the leaky check valve in the pump, 
ultimately causing the measured water level to rise above the static level temporarily. Once the 
drainage event ended, the recovery data followed an orderly, gradual rise toward static. 

An attempt was made to analyze the middle and late recovery data. Figure 6 shows an 
expanded-scale plot of the data with a straight line of best fit constructed through the data points 
recorded after the drop pipe had drained. A transmissivity value of 147,000 gpd/ft was 
calculated from the data. This value is considered very rough because (1) it was computed from 
an observed water level change of just a few hundredths of a foot (comparable in magnitude to 
potential background fluctuations), (2) there was substantial scatter in the data points, and (3) it 
is possible that there were still lingering effects of water draining from the drop pipe. What's 
more, even if the computed transmissivity value were valid, there would be no way of knowing 
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what the effective aquifer thickness was corresponding to this value. Nevertheless, the analysis 
was useful in that it demonstrated that not only is the screened interval highly transmissive 
(28,100 gpdlft over just 23.8 feet of thickness), but that the larger aquifer is also highly 
permeable and transmissive at R-28. 

Drop Pipe Leakage 

Following the collection of recovery data, the down-hole packer was deflated. When this was 
done, there was a transient rise in the water level of more than 8 feet, as shown on Figure 7. This 
apparently was caused by water suspended above the packer, between the I-inch drop pipe and 
the 5-inch OD well casing, that had leaked out of the drop pipe during the pumping test. 

Earlier in the project, it was observed that the I-inch drop pipe permitted passage of water 
through imperfections in the wall of the pipe. It is possible that this mechanism was at work 
here. Alternatively, it is possible that the leaks were in the threaded joints in the pipe string. 

An attempt was made to approximate the volume of water suspended above the packer by 
utilizing the head buildup information. During test 1, the well had a specific capacity of 9.45 
gpm/0.8 feet of drawdown, or 11.8 gpm per foot of drawdown. Therefore, the well would be 
expected to accept 11.8 gpm for each foot of head buildup, because injection response is equal in 
magnitude to pumping response. For example, at the peak head buildup level of 8.1 feet shown 
on Figure 7, the expected injection rate would be 11.8 gpmlft x 8.1 feet 95.6 gpm. 

The data shown on Figure 7 were integrated between 0 and 2.5 minutes to determine the average 
injection rate during each time step and the corresponding injection volume. The calculations 
produced an estimated injection volume of about 82 gallons. The annulus between the I-inch 
drop pipe and 5-inch OD well casing holds 0.756 gallons of water per foot. This means that the 
height of the column of water above the packer was around 108 feet, corresponding to a pressure 
of about 47 psi. 

Based on the packer characteristics (required stretch and seating pressures) and the inflation 
pressure applied to the packer during the test, it is possible that the column of water met or 
exceeded the leakage limit of the packer. Thus, it is possible that more than 82 gallons of water 
had leaked through the drop pipe during the test and that, once the required packer bypass 
pressure had been reached, additional water leaking into the annulus moved past the packer and 
back into the production zone. This mechanism could have contribut.ed to discharge rate changes 
observed during the pumping test. 

Test 2 

Because of the drop pipe and check valve leakage that occurred in test 1, the decision was made 
to remobilize to the R-28 site at the conclusion of the hydraulic testing phase of the project and 
run a second pumping test, with an emphasis on collecting valid early data, unaffected by leaks 
and drainage. The I-inch drop pipe was discarded and replaced with 2-inch. Five check valves 
were used in the drop pipe, two directly above the pump and three more interspersed throughout 
the pipe string. 

Drawdown information from the first test was used to design a pump and packer casing string 
configuration that could accommodate a 30-psi transducer rather than the 100-psi unit that had 

KA Project No. 37151 E-9 April 2004 
Final 

http:contribut.ed


Well R-28 

been used in test 1. The advantage of this change was an improvement in the precision of the 
measured data. Also, the transducer was programmed to record data at 2-second intervals rather 
6-second intervals as in test 1. .... 

Test 2 was started at 9:36 pm on March 7 at 12.9 gpm and continued for 300 minutes until 2:36 
am on March 8. Recovery data were measured for 515 minutes until 11: 11 am on March 8. 
Time-drawdown and recovery data were plotted and analyzed as described below. 

Test 2 Drawdown 

Figure 8 shows the time-drawdown data recorded during the pumping test. The frequency of 
water level measurements was increased to incorporate 2-second intervals throughout the ­
monitoring period. Subsequently, the data set was filtered so that the high-density data were 
retained only for early time. 

Despite the inclusion of five check valves in the pipe string, the early data were affected 
indirectly by antecedent draining of a limited portion of the pump drop pipe. The effect was 
much smaller than in test 1, with less than 0.1 minutes of data affected in test 2 compared to 
nearly 1 minute of data in the previous test. Nevertheless, this effect made analysis of the very 
early data impossible. Also, the middle and late data were a little uneven due to the inevitable, 
although minor, discharge rate variations associated with thermal effects in the pump and/or 
electric generator. Because of this, data analysis was limited to the recovery data, which were of 
excellent quality. 

Test 2 Recovery ... 
Following pump shutoff, recovery data were measured for 515 minutes. Figure 9 shows a plot of 
the residual drawdown versus tit'. Implementation of the inflatable packer successfully 
eliminated the effects of casing storage, thus providing a valid early snapshot of the expansion of 
the cone of impression adjacent to the well screen. There was no evidence of drop pipe leakage 
in any portion of the recovery data set. 

Similar to test 1, for the early data, there was no way of knowing more accurately than a 2­
second window exactly when the pumping stopped. It was possible that the first data point could 
have corresponded to an elapsed recovery time anywhere between 0 and 2 seconds. Therefore, 
the time values were modified by a time delay offset ranging from 0 to 2 seconds. The offset 
was adjusted until the first three data points plotted approximately in a straight line on a semi-log 
graph, as they should theoretically. For the recovery data, an offset of 1.7 seconds was required 
for this. In other words, the first data point corresponded to an elapsed recovery time of about 
0.3 seconds. ­
The transmissivity calculated from the early data was 26,600 gpd/ft. At such early time (about 
half a minute) the cone of impression can be assumed to have a vertical amplitude roughly equal 
to the well screen length of 23.8 feet. Hydraulic conductivity was computed as 26,600/23.8 
1120 gpd/ft2 149 feet per day. The high quality of the data from the test 2 recovery suggests 
that this is a reliable estimate of the hydraulic conductivity of the screened portion of the aquifer 
at this location. 
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Note that, as occurred in test 1, the early data used here to estimate hydraulic conductivity would 
have been masked by casing storage effects had a packer not been used. 

The data curve flattened steadily throughout recovery. The late data were used to quantify the 
transmissivity of a greater thickness of the aquifer. Figure 10 shows an expanded-scale plot of 
the late recovery data. The late slope gives a transmissivity value of 184,000 gpdJft. The 
calculation should be considered only approximate because it is based on observed pressure 
changes of just a couple hundredths of a foot. This means that slight background fluctuations or 
muted delayed yield effects could affect the calculated value by a considerable amount. 

The data spanned by the line of best fit run from tit' values of 20 to 2.5, corresponding to 
recovery times from 16 to 200 minutes. This is ample time for significant vertical expansion of 
the cone of depression, although there is no way to know what the effective aquifer thickness is 
corresponding to this transmissivity. Nevertheless, the computation confirms that the aquifer is 
highly transmissive at the R-28 location. 

The recovery data were re-plotted on Figure 11 as feet of recovery versus time since pumping 
stopped, a form analogous to a time-drawdown graph. The early data from this plot produced a 
transmissivity of 25,600 gpdJft for the screened interval, corresponding to a hydraulic 
conductivity of 144 feet per day. 

Because the flattening of the time-drawdown graph was likely related to partial penetration 
effects, the recovery versus time data were analyzed using the Hantush Method. Figures 12, 13, 
14 and 15 show log-log curve matching results for assumed vertical anisotropy ratios of 1.0, 0.1, 
0.01 and 0.001, respectively. All calculations were performed for an arbitrary assigned aquifer 
thickness of 400 feet. The resulting hydraulic conductivity values were 64, 83, 103 and 121 feet 
per day, respectively. Inspection of Figures 12 through 15 shows that the data match was poorest 
for assumed isotropic conditions and became better with increasingly severe anisotropy ratio. 
The best match occurred for an anisotropy ratio of 10-3

• While this may seem like an extreme 
anisotropy value, the horizontal conductivity is great - 121 feet per day - so the resulting vertical 
hydraulic conductivity is really not all that low 0.121 feet per day a plausible value if the 
formation is laminated, i.e., interspersed with low-permeability layers. The steep vertical 
gradients generally observed in multi-screened wells on the Pajarito Plateau lend credence to the 
idea of low average vertical permeability. The Hantush partial penetration analyses imply that 
the vertical anisotropy ratio is on the order of 10-3

, possibly lower, and that the hydraulic 
conductivity is likely greater than 120 feet per day. This result is consistent with results of the 
Theis Recovery and Cooper-Jacob analyses above. 

Specific Capacity Analysis 

Well R-28 produced 12.9 gpm with a drawdown of 0.97 feet after 300 minutes of pumping. This 
information was used to compute a lower-bound estimate of hydraulic conductivity using the 
Brons and Marting method described earlier. Calculations were performed using an assumed 
aquifer thickness of 400 feet and an unconfined storage coefficient of 0.1. These values were as 
good as any, considering the insensitivity of the calculations to these parameters. The resulting 
lower-bound hydraulic conductivity was 73 feet per day. 

This result provides excellent corroboration of the hydraulic conductivity values calculated 
previously. The values of conductivity computed from time-drawdown and recovery data from 
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tests 1 and 2 averaged a little over 140 feet per day. The lower-bound value of 73 feet per day is 
entirely consistent with this, suggesting that the pumped well is around 50 percent efficient a 
realistic result. 

SUMMARY 

The following information was determined from the pumping and recovery tests on R-28: 

1. 	 The barometric efficiency of R-28 was estimated to be approximately 92 percent. This 
suggests significant well response to barometric pressure when the water level is exposed 
to atmospheric pressure. This also implies that with an inflatable packer in place, 
isolating the water level from atmospheric pressure, the effect of changes in barometric 
pressure would cause corresponding aquifer fluctuations of only 8 percent of the 
magnitude of the barometric changes (100 percent minus 92 percent). 

2. 	 Implementation of the inflatable packer successfully eliminated casing storage effects, 
allowing analysis of very early recovery data and providing excellent estimates of the 
hydraulic conductivity of the screened interval. 

3. 	 Leaky check valves affected drawdown data, forcing reliance on recovery data for 
computing aquifer properties. This was not a serious limitation, because recovery data 
are generally more reliable than the drawdown data. 

4. 	 Test 1 produced a screen interval hydraulic conductivity of 158 feet per day using very 
early recovery data. 

5. 	 Test 2 produced screen interval hydraulic conductivities of 144 and 149 feet per day 
using very early recovery data. 

6. 	 Test 2 produced a hydraulic conductivity of greater than 120 feet per day and a vertical 
anisotropy of approximately 10-3 using the entire recovery data set and partial penetration 
analysis. 

7. 	 The specific capacity of R-28 implied a lower-bound conductivity of 73 feet per day, 
fully consistent with the above calculations. 

8. 	 Late data suggested a transmissivity possibly well in excess of 100,000 gpd/ft at the 
location of R-28. The effective thickness of the corresponding permeable sediments is 
not known. 
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Figure 1. Comparison of R-28 Apparent Hydrograph and TA-54 
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Figure 2. R-28 Apparent Hydrograph and TA-54 Barometric Pressure 
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Figure 3. Well R-28 Drawdown - Test 1 
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Figure 4. Well R-28 Drawdown - Test 1 - Expanded Scale 
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Figure 5. Well R-28 Recovery - Test 1 
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Figure 6. Well R-28 Recovery - Test 1 - Expanded Scale 
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Figure 7. Well R-28 Packer Deflation - Test 1 
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Figure 8. Well R-28 Drawdown - Test 2 
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Figure 9. Well R-28 Recovery - Test 2 
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Figure 10. Well R-28 Recovery - Test 2 - Expanded Scale 
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Figure 13. Well R-28 Recovery 

Hantush Solution For Anisotropy of 0.1 
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Figure 14. Well R-28 Recovery 

Hantush Solution For Anisotropy of 0.01 
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Figure 15. Well R-28 Recovery 

Hantush Solution For Anisotropy of 0.001 
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Well R-28 

Bob: 

This email confirms NMED approval for the discharge of drilling and development water from 
Workplan Well R-28 (described below). The drilling and development water must be discharged 
as described in the Hydrogeologic Workplan NOr dated July 16,2002. 

Curt Frischkorn 
NMED Ground Water Quality Bureau 
(505) 827-0078 

-----Original Message----­
From: Enz, Robert D. [mailto:renz@doeal.gov] 
Sent: Wednesday, March 17,200412:52 PM 
To: 'curt_frischkorn@nmenv.state.nm.us'; 'john_young@nmenv.state.nm.us' 
Cc: 'bbeers@lanl.gov'; 'bbockisch@kleinfelder.com'; Whitacre, Thomas; Johansen, 
Mathew 
Subject: FW: DRAFT E-MAIL--Land Application of Drilling and Development Wa ter From 
R-28 

Dear Curt and Jolm, 

r am transmitting the analytical screening data from the sampling of Workplan 
Well R-28 drilling and development water. Workplan Well R-28 is located in 
Mortandad Canyon. Approximately 28,000 gallons of drilling and development 
water was recently produced during the construction ofR-28. The details are as 
follows. 

Pit Water 
Approximately 28,000 gallons of drilling and development water are being stored 
in a lined pit at the R-28 drill site. Screening analysis of the pit water produced 
the following results: 

1) No PCBs were detected at concentrations greater than Method Detection 
Limits. 
2) No VOAs were detected with the exception of acetone at 5600 ppb. It is 
believed that the acetone detected in the pit water is an artifact of the drilling 
additive, Quickfoam, that contains isopropyl alcohol. DOE is currently discussing 
this issue with drilling product's suppliers other than Baroid (the Quickfoam 
supplier). 
3) No SVOAs were detected in the sample. 
4) Gross alpha activity is 1.67 pC ilL (+1-0.680 pCilL). The EPA drinking water 
MCL is 15 pCi/L. 
5) Tritium results were non detect (DL=397 pCi/L). 
6) No perchlorate was detected in the sample at concentrations greater than 2 ppb 
(MDL=2.0 ppb). 
7) Screening results show that no contaminants exceeded NM WQCC Regulation 
3103 ground water standards with the exception of the following: 
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• Cr=0.14 ppm (ground water std=0.05 ppm) 

DOE proposes to land apply the R-28 drilling and development water to the 
unpaved access road that begins at the mesa top and ends at the drill site. The 
application will be conducted in accordance with the terms and conditions of the 
Hydrogeologic Workplan NO!. 

Please contact me at 667-7640 or Bob Beers at 667-7969 (office) or 699-2342 
(cell) should you have any questions regarding this notification. This notification 
will be formally transmitted to you via a letter signed by Mat Johansen, DOE 
Ground Water Compliance Manager. 

Bob Enz 

-

'"" 

-
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HALL 
ENVIRONMENTAL ~ ANALYSIS 
LABORATORY 

COVER LETTER 

February 27,2004 

Mark Everett 
Kleinfelder 
8300 Jefferson, NE Suite B 
Albuquerque,~ 87113 
TEL: (505) 344-7373 
FAX (505) 344-1711 

RE: LANL WELLS R28 Order No.: 0401186 

Dear Mark Everett; 

Hall Environmental Analysis Laboratory received 3 samples on 1127/2004 for the analyses 
presented in the following report. 

These were analyzed according to EPA procedures or equivalent. 

Reporting limits are determined by EPA methodology. No determination of 
compounds below these (denoted by the ND or < sign) has been made. 

Please don't hesitate to contact HEAL for any additional information or clarifications. 

Sincerely, 

"' 

4901 Hawkins NE_ Suite O. Albuquerque, NM 87109 

505.345.3975. Fax 505.345.4107 


www. hallenvironmental. CDm 


.. 
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Hall Environmental Analysis Laboratory Date: 27-Feb-04 I'!II« 

-CLIENT: Kleinfelder Client Sample ID: R28 Pit 

Lab Order: 0401186 Collection Date: 1126/2004 1 :40:00 PM ""', 
Project: LANL WELLS R28 .. 
Lab ID: 0401186-02 Matrix: SOIL ... 
Analyses Result PQL Qual Units DF Date Analyzed ... 
EPA METHOD 8082: PCB'S Analyst JMP 

!!II! 
Aroclor 1016 NO 0.050 mg/Kg 1 217/20043:02:47 PM 
Aroclor 1221 NO 0.25 mgIKg 1 2.(7/2004 3:02:47 PM .... 
Aroclor 1232 NO 0.050 mg/Kg 1 217/2004 3:02:47 PM 

Aroclor 1242 NO 0.050 mgIKg 1 217/20043:02:47 F'M -
Aroclor 1248 NO 0.050 mg/Kg 1 217/20043:02:47 PM ... 
ArocIor1254 NO 0.050 mg/Kg 1 21712004 3:02:47 PM 

Aroclor 1260 NO 0.050 mgIKg 1 21712004 3;02;47 PM 
 -Surr: Oecachloroblphenyi 86.8 50.1-115 %REC 1 217120043:02:47 PM ...' 

EPA METHOD 8260B: VOLATILES Analyst BL 
Benzene NO 0.25 mg/Kg 5 1/2812004 ... 
Toluene NO 0.25 mg/Kg 5 1/2812004 ...
Ethylbenzene NO 0.25 mg/Kg 5 112812004 

Methyl tert-butyl ether (MTBE) NO 0.25 mg/Kg 5 112812004 
 ..,.< 
1.2.4-Trimethylbenzene NO 0.25 mg/Kg 5 1128/2004 


1,3,5-Trimethylbenzene NO 0.25 mglKg 5 112812004 
 -1,2-0ichloroe\hane (EOC) NO 0.25 mgIKg 5 1/2812004 

1.2-0Ibromoelhane (EDB) NO 0.25 mg/Kg 5 112812004 
 "'" 
Naphthalene NO 0.50 mgIKg 5 112812004 

1-Melhylnaphlhalene NO 1.0 mg/Kg 5 112812004 ­
2-Melhylnaphlhalene NO 1.0 mg/Kg 5 112812004 -Acetone NO 2.5 mg/Kg 5 112812004 

..<Bromobenzene NO 0.25 mglKg 5 1/2812004 

Bromochloromethane NO 0.25 mg/Kg 5 112812004 
 ..,< 
Bromodichloromelhane NO 0.25 mg/Kg 5 112812004 


Bromofonn NO 0.25 mg/Kg 5 112812004 
 ""'< 
Bromomelhane NO 0.50 mglKg 5 1/2812004 

-<2-Butanone NO 2.5 mgIKg 5 112812004 

Carbon disulfide NO 2.5 mg/Kg 5 112812004 
 ... 
Carbon tetrachloride NO 0.25 mg/Kg 5 112812004 

Chlorobenzene NO 0.25 mglKg 5 1/2812004 ... 
Chloroethane NO 0.50 mglKg 5 1/2812004 

Chlorofonn NO 0.25 mgIKg 5 1128/2004 ""'< 
Chloromethane NO 0.25 mglKg 5 112812004 ... 
2-Chlorotoluene NO 0.25 mgIKg 5 1/2812004 

4-Chlorololuene NO 0.25 mgIKg 5 1/2812004 '""', 
cis-1.2-0CE NO 0.25 mgIKg 5 112812004 
ds-1.3-Dlchloropropene ND 0.25 mglKg 5 1/2812004 
1,2-Dlbromo-3-chloropropane ND 0.50 mg/Kg 5 112812004 

Dibromochloromethane NO 0.25 mg/Kg 5 1/2812004 

Olbromomethane ND 0.50 mg/Kg 5 112812004 

QlIlllifiers: ND - Not Detected al the Reporting Umit S - Spike Recovery outside IIccepted recovery limits -
J - Annlyte detected below qutullitlllion limits R - RPO outside accepted recovery limits 

B - Annlyle detected in the IISsociatcd Melhod Blank E - Value above qUllntiLation mnge 

• - Value cltceeds Maximum Contamillllllt Level Page 5 of 11 
~": 

-




Hall Environmental Analysis Laboratory Date: 27-Feb-04 

CLIENT: 
Lab Order: 
Project: 

Lab ID: 

Kleinfelder 

0401186 
LANL WELLS R28 

040118~02 

Client Sample ID: IU8 Pit 

Collection Date: 1/26/20041:40:00 PM 

Matrix: SOIL 

Analyses Result PQL Qual Units DF Date Analyzed 

1.2-0ichlorobenzene NO 0.25 mglKg 5 112812004 

1.3-0ichlorobenzene NO 0.25 mglKg 5 1128/2004 

1.4-01chlorobenzene NO 025 mglKg 5 1/2812004 

Olchlorodlfluoromethane NO 0.25 mglKg 5 112812004 

1.1-0ichloroethane NO 025 mglKg 5 112812004 

1.1-0ichloroelhene NO 025 mglKg 5 1/2812004 

1 ,2.0ichloropropane NO 0.25 mg/Kg 5 112812004 

1 ,3-0ichloropropane NO 0.25 mg/Kg 5 1/2812004 

2,2-0lchloropropane NO 0.25 mg/Kg 5 112812004 

1.1-0ichloropropene NO 0.25 mgIKg 5 112812004 
I;' ~ Hexachlorobutadlene NO 025 mg/Kg 5 1/2812004 

2-Hexanone NO 2.5 mg/Kg 5 1/2812004 

Isopropyl benzene NO 0.25 mg/Kg 5 1128/2004 

4-lsopropylloluene NO 0.25 mg/Kg 5 112812004 

4-Melhyl-2-pentanone NO 2.5 mgIKg 5 112812004 

Methylene chloride NO 0.75 mg/Kg 5 112812004 

n-Butylbenzene NO 025 mgIKg 5 1/2812004 

n-Propylbenzene NO 0.25 mglKg 5 1/28/2004 

sec-Butylbenzene NO 025 mgIKg 5 1/2812004 

Styrene NO 0.25 mglKg 5 1/28/2004 

tert-Butylbenzene NO 0.25 mg/Kg 5 112812004 

1.1.1,2-Tetrachloroelhane NO 0.25 mglKg 5 1/2812004 

1.1.2.2-Tetrachloroethane NO 0.25 mglKg 5 112812004 

Tetrachloroethene (PCE) NO 0.25 mglKg 5 1/2812004 

trans-1,2-0CE NO 0.25 mg/Kg 5 112812004 

trans-1 ,3-0ichloropropene NO 0.25 mg/Kg 5 1/2812004 

1.2,3-Trichlorobenzene NO 0.25 mglKg 5 112812004 
-,}jk4 

1,2,4-Trichlorobenzene NO 0.25 mglKg 5 1/2812004 

1.1,1-Trichloroelhane NO 0.25 mglKg 5 112812004 

1,1,2-Trichloroelhane NO 0.25 mglKg 5 1/2812004 
.. , Trichloroethene (TCE) NO 0.25 mglKg 5 1/2812004 

Trichlorofluoromelhane NO 0.25 mg/Kg 5 112812004 
1,2,3-Trichloropropane NO 0.50 mglKg 5 1/2812004 

01/ 
Vinyl chloride NO 0.50 mg/Kg 5 1/28/2004 

Xylenes, Total NO 0.25 mg/Kg 5 112812004 

Surr: 1,2-01chloroethane-d4 101 58.4-123 D/"REC 5 1/28/2004 

Surr: 4-Bromofluorobenzene 99.0 7[H19 %REC 5 112812004 

Surr: Oibromonuoromethane 106 76.8-123 %REC 5 1/2812004 

Surr: Toluene-dB 100 85.2-123 %REC 5 1/2B/2004 

0', 
EPA METHOD 82700: SEMIVOLATtLES 

Acenaphthene NO 0.20 mg/Kg 
Analyst CS 

21612004 
Acenaphlhylene NO 0.20 mg/Kg 21612004 

Qualifiers: NO - Not Detected at the Reponing Limit S - Spike Recovcry outside accepted recovery limits 

J - Analyte detected below qUllntilllLion limits R- RPD outside accepted recovery limits 

B- Analy1e detected in the assochlled Method Blank E- Value above qUnnliUllion mnge 

,tij,i .. - Value exceeds Maximum ConUlrnilllllll levcl Page 6 of11 
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... 
Hall Environmental Analysis Laboratory Date: 17-Feb-04 ...' 

-CLIENT: Kleinfelder Client SampJe ID: R28 Pit 
Lab Order: 0401186 Collection Date: 1126/2004 I :40:00 PM ... 
Project: LANL WELLS R28 ... 
LabID: 040]186-02 Matrix: SOIL 

... 
Analyses Result PQL Qua) Units DF Date Analyzed 

IIIoi 
Anlllne NO 0.20 mg/Kg 1 21612004 
Anthracene NO 0.20 mgiKg 1 21612004 .... 
Azobenzene NO 0.20 mglKg 1 21612004 
Benz{a)anthracene ND 0.20 mg/Kg 1 21612004 1IirI~ 

Benzidine NO 0.20 mglKg 21612004 
Benzo(a)pyrene NO 0.20 mglKg 21612004 

1m' 

Benzo(b)fluoranlhene NO 0.20 mglKg 216/2004 ... 
Benzo(g.h.f)perylene NO 0.20 mglKg 21612004 -Benzc(k)f1uoranthene NO 0.20 mg/Kg 1 21612004 
Benzoic acid NO 0.50 mglKg 1 21612004 
Benzyl alcohol NO 0.20 mg/Kg 1 21612004 

h· 

81s(2-chloroethoxy)methane 
BIs(2-chloroethyl)ether 

NO 
NO 

0.20 
0.20 

mglKg 
mglKg 

1 
1 

21612004 
216/2004 

'"", 

Bls(2-chlorolsopropyl)elher NO 0.20 mg/Kg 1 21612004 ..... 
81s(2-ethylhexyl)phlhalale 
4-Bromophenyl phenyl elher 

NO 
NO 

0.20 
0.20 

mg/Kg 
mg/Kg 

1 
1 

21612004 
21612004 .. 

Butyl benzyl phthalate NO 0.20 mgiKg 1 21612004 ... 
Carbazole NO 0.20 mglKg 1 21612004 

4-Chloro-3-methylphenol NO 0.20 mg/Kg 21612004 I!JO' 

4-Chloroanlline 
2-Chforonaphthalene 

NO 
NO 

0.20 
0.20 

mg/Kg 
mg/Kg 1 

21612004 
21612004 

... 
2-Chlorophenol NO 0.20 mg/Kg 216/2004 

"'" 4-Chlorophenyl phenyl ether 
Chrysene 

NO 
NO 

0.20 
0.20 

mg/Kg 
mglKg 

21612004 
21612004 -Ol-n-butyl phthalate NO 0.20 mg/Kg 1 21612004 -OI-n-octyJ phthalate NO 0.20 mglKg 1 21612004 

Oibenz(a,h)anthracena NO 0.20 mglKg 1 21612004 ... 
Olbenzofuran NO 0.20 mglKg 1 21612004 
1.2-0Ichlorobenzene NO 0.20 mglKg 1 21612004 ... 
1.3-Dlchlorobenzene 
1.4-0Ichlorobenzene 

NO 
NO 

0.20 
0.20 

mg/Kg 
mglKg 

1 
1 

21612004 
21612004 ... 

3.3'-Olchlorobenzidine NO 0.20 mg/Kg 1 21612004 -OlethyJ phthalate NO 0.20 mglKg 1 21612004 
Dimethyl phthalate NO 0.20 mglKg 1 21612004 "'" 
2.4-0Ichlorophenol NO 0.20 mg/Kg 1 21612004 -2.4-0imethylphenol NO 0.20 mglKg 1 21612004 
4.6-0Inltro-2-methylphenol NO 0.50 mglKg 1 21612004 

*' 
2.4-0Inltrophenol NO 0.50 mglKg 1 216/2004 

2.4-D1nUrotoluene NO 0.20 mglKg 1 21612004 M' 

2.6-0inltrotoluene 
Fluoranlhene 

NO 
NO 

0.20 
0.20 

mglKg 
mgIKg 

1 216/2004 
21612004 .. 

Fluorene NO 0.20 mglKg 1 21612004 ..,." 

Qualifiers: NO· Not Delected Dt the Reporting Limit 

J - Al1l1lyte detected below qunnlilation limits 

B • Al1l1lyte detected in the IISSOcilllcd Method Blank 

.. - Value exceeds Mnximum Contaminant Level 

S - Spike Rccovery outside accepted recovery limits 

R - RPO outside lICCepled recovery limits 

E- Value above qUDntitalion range 

Page 7 of 11 
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Hall Environmental Analysis Laboratory 	 Date: 27-Feb-04 

,.. 
CLIENT: JOeinfelder 
Lab Order: 0401186 
Project: LANL WELLS R28 

Lab ID: 0401186-02 


Analyses 	 Result 

Hexachlorobenzene NO 
Hexachlorobuladlene NO 
Hexachlorocydopenladlene NO 
Hexachloroethane NO""' 
Indeno(1,2,3-cd)pyrene NO 
Isophorone NO 
2--Methylnaphthalene NO... 
2-Malhylphenol NO 
3+4-Methylphenol NO 
N-Nltrosodl-n-propylamlne NO ... 
N-Nltrosodlphenylamlne NO 
Naphthalene NO- 2-Nitroaniline NO 

!IiOI 3-Nitroanlline NO 
4-Nitroanlllne NO 
Nitrobenzene NO 

.,,. 2-Nltrophenol NO 
4-Nltrophenol NO 
Pentachlorophenol NO 
Phenanthrene NO 
Phenol NO 
pyrene NO 
Pyridine NO 
1,2,4-Trichlorobenzene NO- 2,4,5-Trichlorophenol NO 
2,4,6-Trichlc;rophenol NO 

SUIT: 2,4,6-Tribromophenol 91.3 
1':.6 

SUIT: 2-Fluoroblphenyl 75.4 
SUIT: 2-Fluorophenol 76.0 
SUIT: 4-Terphenyl-d14 81.5 

Sun-: Nitrobenzene-d5 66.4 
SUIT: Phenol-d6 81.4 

MERCURY, TCLP LEACHED ... 
Mercury 	 NO 

EPA METHOD 6010C: TCLP METALS 
Arsenic NO ,.. 
Barium NO 
cadmium NO 
Chromium NO 

.~ Lead 	 NO 
Selenium 	 NO 

QUlllifiers: 	 NO·Not Detected !llthe Reporting Limit 

J - AnnlyLc detected below quantill1tion limits 

Client Sample ID: R18 Pit 

Collection Date: 1126/2004 1 :40:00 PM 

Matrix: SOIL 

PQL Qual Units DF Date Analyzed 

0.20 mglKg 	 21512004 

0.20 mglKg 1 215/2004 
0.20 mg/Kg 1 21612004 

0.20 mglKg 1 21612004 

0.20 mglKg 	 21612004 

0.20 mglKg 1 21612004 

0.20 mglKg 1 216/2004 
0.20 mglKg 1 21612004 

0.20 mglKg 	 216/2004 
0.20 mg/Kg 	 21612004 

0.20 mglKg 	 21612004 

0.20 mg/Kg 	 21612004 

0.50 mglKg 1 21612004 

0.50 mg/Kg 1 21612004 

0.20 mglKg 	 21612004 

0.20 mglKg 	 21612004 

0.20 mglKg 1 21612004 

0.20 mgIKg 1 21612004 

0.50 mg/Kg 1 21612004 

0.20 mg/Kg 1 21612004 

0.20 mg/Kg 1 21612004 

0.20 mglKg 1 21612004 

0.50 mglKg 1 21612004 

0.20 mglKg 1 21612004 

0.20 mglKg 1 21612004 

0.20 mglKg 	 21612004 


26-156 %REC 1 216/2004 

23.6-111 %REC 1 21612004 

21.5-107 "t..REC 1 216/2004 


30-220 %REC 1 216/2004 

25.3-115 %REC 21612004 

25.2--115 %REC 21612004 


Analyst MAP 
0.020 mg/L 1 21612004 


Analyst NMO 
5.0 mglL 1 21212004 1 :57:57 PM 

100 mglL 1 21212004 1 :57:57 PM 

1.0 mg/L 1 21212004 1:57:57 PM 

5.0 mglL 1 212120041:57:57 PM 

5.0 mglL 1 212120041:57:57 PM 

1.0 mg/L 21212004 1:57:57 PM 


S • Spike Recovery outside Ilccepted recovery limits 

R.. RPD outside Ilcccpled recovery limits 

B- Annlyte dt,1L'Cled in lhe associated Method Blank E - Value above quantill1tion range 


• - Value exceeds MlIXimum COnlllminnnl Level Page 8 of 11 




Hall Environmental Analysis Laboratory Date: 27-Feb--04 

CLIENT: Kleinfelder Client Sample ID: R28 Pit 

Lab Order: 0401186 Collection Date: 112612004 1:40:00 PM 
Project: LANL WELLS R28 

Lab ID: 0401186-02 Matrix: SOIL 

Analyses Result PQL Qual Units DF Date Analyzed 

Sliver NO 5.0 mglL 1 21312004 8:58:06 AM 

... 

... 

-

... 

-
~-

... 

Qualifiers : NO - Not Detected at the Reporting Umit 

J - Analylc detected beJow quanti1l1tjon limil5 

B- Armlyle delCl:ted in the associnled Method Bla.nk 

.. - Value EXceeds MllXimum ColltDminanl Level 

S - Spil..-e Recovery oul5ide IICCepted recovery Iimil5 

R- RPD Dul5ide accepted recovery limil5 

E - Value above qlllllltitalion rangc 

Page 9 ofll 
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GENERAL ENGINEERING LABORATORIES, LlC 
2040 Savage Road Charleston SC 29407 - (643) 556-6171 - www.gel.com 

Certificate of Analysis 

Company: Hall Environmental Analysis Labs 
Address: 4901 HawkinsNe 

SuiLeD 
Albuquerque, New Mexico 87109 Report DaLe: February 20, 2004 

ConLact: Nancy McDuffie 

Project: Hall Environmental Page of 3 

Client Sample ID: 
SampleID: 

R18 Pit (Metals) 
106009001 

Proiect: 
Client ID: 

HALLOO I03 
HALLOO1 

Matrix: Soil 
Collect Date: 26-JAN-D4 13:40 
Receive Date: 28-JAN-D4 
Collector: Client 
Moisture: 24.9% 

,,.. Pllrnmeter Qualifier Result DL RL Units DF AnlllystDllte Time Batell MetbDd 

'"" LC-MS/MS Explosives 

SW846 831JA Modified Explosives by LC-MSIMS - 1,3,5-Trinitrobcnzene U NO 9.86 80.0 uglkg JLW 02117/04 2221 306303 
2,4,6-Trinitrotoluene U NO 7.68 80.0 uglkg 
2,4-DinitroLoluene U ND 10.0 80.0 uglkg 
2,6-DinitroLoluene U ND 8.90 80.0 uglkg 
2-Amin0-4,6-dinilrotoluene U ND 15.0 80.0 uglkg 
4-Amino-2,6-dinitrololuene U NO 19.1 SO.O uglkg 
HMX U NO 40.0 80.0 uglkg 
Nitrobenzene U ND 20.3 SO.O uglkg 
RDX U ND 9.35 RO.O uglkg 
Tetryl U ND 16.7 RO.O uglkg 
m-Dinitrobenzene U NO lD.7 RO.O ug/kg 
m-Nitrotoluene U ND 23.8 80.0 ug/kg 
o-Nitrotoluene U NO 26.5 80.0 uglkg 

"" p-NitroLoluene U ND 80.0 80.0 ug/kg 
Mercury Anlllysis-CV AA 

7471 Cold Vapor Hg ill Solid 

,~ Mercury U ND 1.27 13.0 uglkg 1 ETL 01/30/04 1212306386 2 
Metals Analysis-ICP 

601013050 lCP SCANMetals Soil 
Aluminum 3680000 1040 13100 uglkg 1 RMJ 01/30/04 1044306417 3 

'j"'~ Antimony J 814 448 1310 uglkg J 
Arsenic J 448 269 653 uglkg 1 
Barium 25700 87.1 653 uglkg 1 
Beryllium J 303 65.3 653 uglkg I 

"'" Cadmium U NO 62.4 653 uglkg 1 
Calcium 4450000 1700 13100 ug/kg 1 
Chromium 8830 210 653 uglkg 1 
Cobalt 7660 104 653 uglkg J 
Copper 13300 265 653 uglkg I 
Iron 12400000 2050 13100 ug/kg I 
Lead 3370 370 653 uglkg 1 
Magnesium 6620000 763 l3l00 uglkg 1 

... Manganese 
Nickel 

253000 
21700 

171 
III 

1310 
653 

uglkg 
uglkg 

1 
1 

.,.. Potassium 
Selenium 

505000 
3120 

4670 
212 

13100 
653 

uglkg 
uglkg 

I 
1 

,,,," 

http:www.gel.com


GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 -(843) 556-B171-www.gel.com 

Certificate of Analysis 


Company: 

Address: 
Hall Environmenllli Analysis Labs 
4901 Hawkins Ne 
SuileD 

Contact: 

Project.: 

Albuquerque, New Mexico 87109 
Nancy McDuffie 

HaD Environmental 

Report Date: February 20, 2004 

Page 2 of 3 

Client Sample ID: 
Samp}eID: 

Qllalificr Rcsult 

R28 Pit (Metals) 
10600900] 

DL RL 

ProieCL: 
ClienL ID: 

Units DF 

HALLOO103 
HALLOO] 

AnalystDatc Tune Balch Method 

etals Analysis-ICP 

'i010l30501CP SCAN Metals Soil 
mvet' U ND 118 653 uglkg 
'odium 937000 4740 13100 uglkg 
nudlium J 2560 1310 2610 uglkg 
"nnlJdium 16400 119 653 uglkg 
!':inc 19300 220 653 uglkg 

be foUOl'ring Prep Methods \Vert.! performed 

-

V8463050B 846 3050BS PREP CQHI 01129/04 1527 306416 

V8467471APrep EPA 7471A Mercury Prep Soil En.. 01/29/04 1630 306385 .... 
"846 8330 PREP SW846 8330 Explosives Extrnction in Solids HMFI 02101104 1130 306302 

he roUowing Analytical Methods Wert.! perrormed 

lethod Description Analyst Date TIme PrcpBatch 

rethod Description Anlllyst Comments 

SW846 8321A Modified 

SW8467471A 


SW&46 305GB/60 I OB 


rrognteJTrncer recovery Test Rceovery% AeeeplJlble Limits 

!-dinitrobenzene SW846 8321A Modified Explosives by LC-MSIMS ]06 (630/.,...119%) 

rotes: 
The Qualifiers in this report are dermed as follows: 

... 
Result is less than amount reported. 
Result is greater than amount reported. 
Target anaJyte was detected in Ihe sample as well as Ihe associated blank. 

D Flag for results below the MDC or a flag for low I.rocer recovery. 
Concentration of the target analyle exceeds the instrument calibration range. 
Analytical holding Lime exceeded. 

Indicates an estimated value. The result was greater lhan the detection limit, but less than the reporting limit. 
The response between the confmnation colwnn and the primary column is >40%D. 
Indicates Ihe target analyte was aoalyzed for but not detected above the detection limiL 
Uncertain identification for gamma spectroscopy. 
Lab.specilic qualifier-please see case narrative, data summary package or contact your project manager for details. 
QC Srunples were not spiked with this compound. 

Sample preparation or preservation holding time exceeded. 

The above sample is reported on a dry weight basis except where prohibited by !lIe allalytical procedure. --

http:556-B171-www.gel.com


GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 - (643) 556-8171 - www.gel.com 

Certificate ofAnalysis 

Company: 
Address: 

Con'tDcl: 
Project: 

Hall Environmenlnl Analysis Labs 
4901 Hawkins Ne 
SuiteD 
Albuquerque, New Mexico 87109 
Nuncy McDuffie 

HalJ Environmental 

Report Dale: February 20, 2004 

Page 3 or 3 

•• 

Pammeter 

Client Sample ill: 
Sample ill: 

Qualifier Result 

R28 PiL (Mel~lls) 
106009001 

DL RL 

Proiect: 
Clienl ID: 

Units DF 

HALLOO 103 
HALLOOl 
AnalystDale Time Batch Method 

Where the analytical melbod has been performed under NELAP certification, the analysis has mel all of the 
requiremenLs of the NELAC standard unless qualified on the Certificate of Anlllysis. 

TIlis data report has been prepnred and reviewed in accordance with General Engineering Laboratories, LLC 
standard operating procedures. Please direct any questions to your Project Manager. Amy Jamison. 

Reviewed by 

http:www.gel.com


GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 - (843) 556-6171- www.gel.c:om 

Certificate ofAnalysis 

Company: Hall Environmental Analysis Labs 
. Address: 490 I Hawkins Ne 

Suite 0 
Albuquerque, New Mexico 87109 Report Dille: February 20, 2004 -

Conlact: Nancy McDuffie 

Project: Han Environmental Page of 2 

Client Sample ID: 
Sample ID: 

R28 Pit (RAn) 
106009004 

Proiect: 
Client ID: 

HALLOO103 
HALLOO1 

Matrix.: Soil 
Collect Date: 26..JAN-04 .13:40 
Receive Dale; 28-JAN..04 
Colleclor. Client 

Parumeter Qualifier Resull DL RL Units DF A0I1I)fstD111c Time Batch MeUlod 

d Alplnl Spec Analysis 

Ilpllaspec AIII241 Solid 
\.mericium-241 U ND +/..0.106 0.2:58 1.00 pCilg ABl 02104/04 1523 306659 

Ilpiiaspec Pu. Solid 
'lutonium-238 u ND +/..0.113 0.332 1.00 pCilg AB2 02104/04 1521 306660 2 
'lutonium..239/240 u ND +1..0.0518 0.403 1.00 pCilg 
!lp/taspec Til, Solid 
norium-232 1.28 +1-0.524 0.211 1.00 pCi/g AB2 02104/04 ISIS 306667 3 

!lphaspec U. Solid 
Jranium-2331234 2.10 +/..0.614 0.256 1.00 pCilg AB2 02104/04 ISIS 306664 4 
Jranium..235/236 0.375 +1-0.243 0.256 1.00 pCilg 
Jranium..238 1.46 +1-0.495 O.23S 1.00 pCilg 
d Gamma Spec Analysis 

IDmmaspec. Gamma, Solid Csl 37 
:esium-137 U NO +/-0.0189 0.0338 0.100 pCi/s SRB 02103/04 1710 306670 5 
d Gas Flow Proporfionnl Counling 

rFPC. Srl}tJ. solid 
;trontium..90 U ND +/-0.312 0.685 2.00 pCi/g JASI 02103/04 1424 306687 6 
d Liquid ScinUllulion Analysis 

.sC, Tritium Disl, Solid 
"ritium U ND +1...4.80 8.42 6.00 pC-IIg ere1 02104104 1322 3068 18 7 

he fonowing Prep Methods were performed 
ctbod Description Analyst Dah: TIme Prep &rch 

11 Soil Prep 
ySoi1 Prep 

Ash Soil Prep, GL-RAD-A-021 B 

Dry Soil Prep GL-RAD ..A-02I 

AWB 
BSWI 

01130/04 

01129104 

0910 

0953 

306490 

306489 

Ite following Analytical Metbods "'ere performed 
ethod Description Anlllyst CODiments 

DOE EML HASL-300, Am-OS-RC Modified 
DOE EML HASL-300, Pu..II ..RC Modified 
DOE EML HASL-300. TII-OI-RC Modified 
DOE EML HASL..300. U..02..RC Modified 
EML HASL 300. 4.5.1.3 
EPA 905.0 Modified 

-


-
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 - {843) 556-8171 - www.gal.com 

Certificate of Analysis 

"'" Company: Hal! Environmcnllli Analysis Labs 
Address: 490 I Hawkins Ne 

Suile 0 ... Albuquerque, Ncw Mcx.ico 87109 Report Dale: February 20, 2004 
Conlact: Nanq McDuffie 
Project: nan En\ironmental Page: 2 of 2 

.. Client Sample lD: R28 Pit (RAD) Project HALLOO 103 
SampJeID: 106009004 Client ID: HALLOO1- Purumeter Qualifier Result DL RL Units DF ADlilystDllte Tooe Batch Method 

_7 EPA 906.0 Modified 

"'" Notes: 
The Qualifiers in Ihis report are dermed as follows: .. 

< Result is less than amount reported. 
_ > Result is greater than amount reported. 

B Target anaIyte was detected in the sample as well as the associated blank. 
... BD Flag for results below !he MDC or a flag for low tracer recovery. 

E Concentration of !he target analyte exceeds the instrument calibration range. 
_ H Analytical bolding time exceeded. 

1 Indicates an estimated value. The result was greater than the detection limit., bUlless than 1h~ reporting limit 
,fill P The response between the confumation column and !he primary column is >40%D. 

U Indicates the target annlyte was analyzed for but not detected above the detection limil. 
_ ill Uncertain identification for gamma spectroscopy. 

X Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details . 
.• Y QC Samples were noL spiked with this compound. 

h Sample preparaLion or preservation holding time ex.ceeded. 

The above sample is reported on a dry weight basis except where prohibited by Ule analytical procedure • 
.. Where the analytical melbod has been perfonned under NELAP certification, the analysis has mel all oflhe 

requirements of the NELAC standard unless qualified on the Certificate ofAnalysis. 

This data report has been prepared and reviewed in accordance with General Engineering Laboratories, LLC 
.. standard operating procedures. Please direcL any questions to your Project Manager, Amy Jamison. 

Reviewed by 

-

-
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston. SC 29407 - (843) 556-8171 - www.gel.com 

'"'" 
... 

QC Summan: ".
Reporl Dllte: February 20, 2064 

Client: Hall Environmental Analysis Labs rage 1 of 7 ...
4901 Hawkins Ne 
Suile D 
Albuquerque, New MexicO' "" 

Contact: Nancy McDuffie .... 
Worlmrder: 10600!) 

I!III' 
'armname NOM SlIml!le QUill QC Units RPDO/. REC% Range Antst Dale Time 

.1"hlls Anwysls-JCP 
~"tch 306417 -

QC1200S6149\ 106009001 DUP -
Aluminum 3680000 3430000 uglltg 7 (00/0-20%) RMJ 01130/04 10:53 

A.ntimony J 814 J 730 uglltg N/A 1\ (+1- 1320) 

.... 

I\n;enie J 448 J 390 uglkg NlA 1\ (+/-662) 

Barium 25700 22900 uglkg 12 (O'l-"'20%) 

.... 

Beryllium J 303 J ug/ltg N/A (+/-662)
1\297 .., 

:ndmium U ND U NO uglkg N/A (+/-662) 
:alcium 4450000 4210000 uglkg 6 (00/0-20%) .... 
:bromium 8830 6690 uglkg 28'" (00/0-20%) 
:obalt 7660 uglkg (0%..20%)5610 31'" 
Copper 13300 11300 ugll..-g 16 (0%-20%) ­
Iron 12400000 9640000 uglltg 25- (00/0-20%) ... 
Lead 3370 3230 uglkg 4 (00/0-20%) 
Magnesium 6620000 4750000 uglkg 33'" (00/0-20%) -Mangllllese 253000 188000 uglkg 29- (00/0-20%) 
-.rickel 21700 15300 uglkg 34- (00/0-20%) J!I'liW 

~olassium 505000 512000 uglkg :2 (00/0-20%) ...Selenium 3120 2120 uglltg 38'" 1\ (+/-662) 

Silver U NO U ND uglkg N/A (+/-662) 

Sodium 937000 901000 ug/kg 4 (0%-20%) .... 

nlaJlium J 2560 J 2530 uglltg NlA 1\ (+/-2650) 

Vanadium 16400 13500 ug/kg 20 (00/0-20%) 

line 19300 16800 uglkg 14 (0%-20%) 


QC1200S61495 LCS 
l\Iuminum 6540000 5410000 uglkg 97 (440/0-157"/0) 01130/04 10;38 ",
A.ntimony 78900 64000 uglltg 81 (10/0-205%) 
I\rse::nic 197000 202000 uglkg 103 (79%..121%) 

fI¥,)" 

anrium 392000 395000 uglkg 101 (800/0-120%) 

aeryllium 75700 78600 uglkg 104 (81%..) 19%) 1Wit, 


:::admium 69100 69800 uglkg 101 (81%..120%) 

:nlcium 3380000 3350000 uglkg 99 (760/0-124%) ... 

:ilromium 82600 82900 uglkg 100 (no/o-l23%) 

:obaIt 81500 83300 uglkg 102 (850/0-115%) 

::Opper 127000 134000 uglkg 105 (800/0-120%) 

Iron 12200000 uglkg 95 (47%.. 153%)
11600000 "?i 
l.ead 95000 96900 uglkg 102 (77°/0-123%) 
V1l1gnesium 2050000 2140000 ug/ltg 104 (710/0-129%) W: 

V1anganese 452000 455000 uglkg 101 (76%..124%) 
\/jckeJ &5700 86900 uglkg 101 (740/0-121%) "'" 
lolassium 1910000 1920000 uglkg 100 (64°/0-136%) 

iItf,'
)elenium 117000 117000 uglkg 100 (74%.. 126%) 
:;ilver 141000 mooo uglka 122 (45%-155%) ...
:>Odium 352000 303000 uglkg 86 (510/0-149%) -


..... 


-. 
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... GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com 

... 
QC Sum man:: 

Workorder:- Parmuome 

106009 

NOM SlImI!Je QUIll QC Units RPD% REe"l.. 

Page 20r 7 

Rauge Anlst Da'e Time 

- Melnls Annlysls-ICP 
Balch 3115417 

,"'" 'I11nJIium 
Vanadium-Zinc 

103000 
158000 
275000 

] 11000 
156000 
272000 

u~ 
uglkg 
uglkg 

108 
99' 
99 

(7J1Y...J28D!n) 
(700/...129%) 
(77D/...123%) 

'lIiI/ QCI200StiI49D 
Aluminum 

MB 
U ND uglkg 01130104 10:33 

'... Antimony U NO uglkg 
Arsenic U NO uglkg 

""'* Barium U NO uglkg 
Beryllium U NO uglkg 

.... Cadmium U NO uglkg 
Calcium J 1560 uglkg 

'.... Chromium U NO uglkg 
Cobalt U NO uglkg 

~"''''' Copper U NO uglkg 
Iron U NO uglkg 

"" Lead U NO uglkg 
Magnesium U NO uglkg 
Manganese U ND uglkg 

... Nickel 
Potassium 

U 
U 

NO 
NO 

ugl1c.g 
uglkg 

'... Selenium 
Silver 

J 
U 

199 
ND 

uglkg 
uglkg 

,""' Sodium 
lllallium 

U 
U 

ND 
NO 

uglkg 
uglkg 

,." 
Vanadium U NO uglkg 
Zinc J 213 ug/kg ... QCIZOO5614!13 106009001 MS 
Aluminum -Antimony 

657000 
65700 J 

3680000 
814 

6430000 
41800 

uglkg 
uglkg 

N/A 
6:'* 

(75D/ ...125%) 
(75%-125%) 

01130/04 10:58 

.. Arsenic 
Barium 

65700 
65700 

J 448 
25700 

67100 
96100 

uglkg 
ug/kg 

102 
107 

(75%-125%) 
(750/...125%) 

Beryllium 65700 J :'03 67900 ug/kg 103 (75%-125%) 
Cadmium 65700 U NO 64400 uglkg 98 (750/...125%) 
Calcium- Chromium 

657000 
65700 

4450000 
8830 

6220000 
75700 

uglkg 
uglkg 

N/A 
102 

(75%.. 125D1u) 
(750/...125%) 

Cobalt 65700 7660 74200 uglkg 101 (750/ ...125%) 
Copper 65700 13300 85200 uglkg 110 (750/...125%) ,_ Iron 657000 12400000 13900000 uglkg NlA (750/ ...125%) 
Lead 65700 3370 69800 uglkg 101 (750/...125%) 
Magnesium 657000 6620000 8780000 ug/kg N/A (75%.. 125%) 
Manganese 65700 253000 345000 uglkg ]40* (75%.. 125%) 
Nick-el- Polilssium 

65700 
657000 

:!1700 
505000 

89200 
1260000 

ugl1(g 
uglkg 

103 
115 

(750/.... 125%) 
(75D/ ... ] 25%) 

Selenium 65700 3120 66400 uglkg 96 (75'V... I25%) 
Silver 65700 U NO 68600 uglkg 104 (750/...125%) 

,Mil Sodium 657000 937000 1740000 uglkg 123 (750/ ...125%) 
Thallium 65700 J 2560 67]00 uglkg 98 (7.W...125%) 
Vanadium 65700 16400 83500 ug/kg 102 (75%..125%) 

,,., 
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/I!lI~~GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston. SC 29407 - (843) 556-8171 .. www.gel.com -

IM-rt-

QC SUmmary 

-"'" Workorder. 106009 Puge 3 of 7 

PuroJllume NOM SIIDII!le Qual QC Unils RFD% REC% Runge AlIlsI Dnle Time 

Metuls Anillysls-ICP 
Bwcll 306417 

iD 

Zinc 65700 19300 87300 ug/kg 104 (75%-125%) 
QCI 20056 1494 106009001 

Aluminum 
MSD 

657000 3680000 5730000 uglkg 11 N/A (0%-20%) 01130/04 11 :02 "" 
Antimony 65700 J 814 42400 ug/kg 1 63'" (0%-20%) ...' 

Arsenic 65700 J 448 66100 uglkg I 100 (00/... 20%) 

Barium 65700 25700 90200 uglkg 6 98 (0%-20%) "'" Beryllium 
Cadmium 

65700 
65700 

J 
U 

303 
NO 

67600 
64400 

uglkg 
uglkg 

0 
0 

103 
98 

(0%-20%) 
(0%-20%) ...' 

Calcium 657000 4450000 5720000 uglkg 8 N/A (0%-20%) 

Chromium 65700 8830 73600 uglkg 3 99 (00/ ...20%) ~ 

Cobalt 
Copper 

65700 
65700 

7660 
13300 

71200 
80500 

ug/kg 
ug/kg 

4 
6 

97 
102 

(0%-20%) 
(0%-20%) -, 

Iron 657000 12400000 11800000 uglkg 17 N/A (0%-20%) 

Lead 65700 3370 68500 uglkg 2 99 (0%-20%) .... 
Magnesium 
Mnng..mese 

657000 
65700 

6620000 
253000 

6750000 
283000 

uglkg 
uglkg 

26* 
20 

N/A 
46'" 

(0"1....20%) 
(0%..20%) 

...' 
Nickel 
PolDssium 

65700 
657000 

21700 
505000 

81400 
1190000 

uglkg 
uglkg 

9 
6 

91 
105 

(00;.,..20%) 

(0"1... 20%) 
II!I!" 

Selenium 65700 3120 65000 uglkg 2 94 (0°/... 20%) .... 
Silver 65700 U NO 68200 uglkg 104 (0°/... 20%) 
Sodium 657000 937000 1640000 ug/kg 6 107 (00/ ...20%) 

"'" Thallium 65700 J 2560 67500 uglkg 1 99 (00/... 20%) 
Vnnadium 65700 16400 82900 uglkg I 101 (0%..20%) ... 
Zinc 65700 19300 83000 uglkg 5 97 (0°/... 20%) 

QCI 20056 1492 106009001 SDn..r ~, 

Alwninum 28200 5780 ugiL 2.46 01/30104 10:48 
Antimony J 6.23 U ND ugIL 224 ,"", 

Arsenic J 3.43 U NO ugIL 85.4 
Barium 197 39.4 ugIL .0634 ... 
Beryllium 
Cadmium 

J 
U 

2.32 
ND 

U 
U 

NO 
NO 

ugIL 
ugiL 

3.74 
N/A 

Calcium 
Chromium 

34100 
67.6 

6910 
14.3 

ugiL 
ugIL 

1.4 
5.39 ... 

Cobalt 58.6 11.9 ugIL 1.78 
Copper 102 19.7 ugIL 3.25 

0;0 

Iron 
Lead 

95000 
25.8 

19200 
5.01 

ugIL 
ugIL 

1.21 
2.94 

.., 
Mngnesium 50700 10300 ugIL 1.52 .... 
Mangnnese 1940 391 ugIL 1.03 

Nickel 166 33.4 ugIL .615 .... 
Potassium 3870 770 ugIL .385 
Selenium 23.9 J 4.95 ugIL 3.49 .... 
Silver U NO U NO ugIL N/A 
Sodium 7170 1420 ugIL 138 
Thallium 
Vnnadium 

J 19.6 
126 

U ND 
24.9 

ugIL 
ugIL 

11.4 
.91 ... 

Zinc 148 29.8 ugIL .675 

Mctnls Anulysis-Mercury 

*,.? 

-

-
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.. GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com 

OC SUmmary 
Workorder: 106009 Page 4 Dr 7 

"" Parnmame NOM SIIUII!JIe Qual QC Uuits RPD"/.. REC% Range Anls' Date Time .. Melals AnalySis-Mercury 
Baich 3063116 

QC!200561416 106009001 DUP 
MercuT)' U NO U NO ug!kg NlA (+I-I3.3) ETL 01130104 12:14 

QC12{)OS6141S LeS 
Mercury 9410 10500 uglkg 112 (66%-134%) 01130104 12:06 

"'" QCl200561414 MB 
Mercury U NO uglkg 01130104 12:04 

QCI200561417 106009001 MS 

... McrcuT)' 131 U NO 138 uglkg 105 (75%·125%) 01130/04 12:16 
QC120056141B 10600900! MSD 

Mercury 126 U ND 132 uglkg 4 104 (00/...20%) 01130104 12:18 
RDd Alp1l" Spec 
Blitch 306659 

QC1200S61!193 106009004 DUP 
Arnericium-24I U 0.0377 U 0.0245 pCi/g 42 AB2 02104104 15:24 

+1-0.106 +1-0.0926 
QCl2oo561995 LCS 

Americium-241 11.8 12.4 pCi/g 105 
+1-1.71 

QCI2005619!12 :tvm 
;.-, Americium-241 U 0.0375 pCilg 

+/.0.0719 
QCI200561!1!l4 10600!lOD4 MS 

Americium-241 124 U 0.0377 11.7 pCilg 94 
+1-0.106 +/.1.68 

BlIlch 306660 

QCI200S619!'7 106009004 DUP 

Plutonium-238 U 0.0278 U -0.0251 pCi/g 3920­ (0%-20%) AB2 02104104 15:21 
+/-0.113 +/-0.0661 

Plutonium-2391240 U -0.0513 U 0.0273 pCilg 655" (0"/0-20%) 
+1·0.0518 +/-0.0547 

.. ', QCI200561999 
Plulonium-238 

LCS 

U 0.0795 pCilg (75o/0-125"A.) 02104104 15:23 
+/+-0.108 

PI ulonium·2391240 9.93 9.45 pCi/g 95 (75%·125"10) 

0& .j 
+/-1.50 

QC1200561 !l!16 MB 
Plutonium·23K U 0.00 pCi/g 02104/04 15:21 

+/-200 

'" 
Plutonium-2391240 U 0.057 pCi/g 

+/-0.081 
QC1200561998 106009004 MS 

Plutonium-238 U 0.0278 U 0.064 pCi/g (75%-125%) 
+/-0.113 +/.0.0908 

PI utonium·2391240 lD.4 U -0.0513 10.4 pCi/g 100 (750/0-125%) 
+/-0.0518 +1-1.73 

BlIlch 306664 

QC1200562010 106009004 DUP 

Umnium-2331234 2.10 1.6() pCi/S 27'" {()0/...2O"1o) AB2 0210410415:20 
+/·0.614 +/-0.532 

http:www.gel.com


GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston, SC 29407 .. (643) 556-8171 .. www.gel.com 

""" 
... 

QCSummary ..,.. 
Worlmrder. 106009 Pale sur 7 

1M 

rannnnme NOM Samel.: Qllul QC Units Rl'D% REC% Range Amsl Dale l1me 

bd AlphD Spill:: II!IIII' 

3a1c::h 306664 .... 
Urmtium-135113 & 0.375 

+1-0.243 
U 0.0653 

+/-0.132 
pCi/g 141­ (0%.. 20%) .. 

Urmtium-138 1.46 
+/-0.495 

0.913 
+/-0387 

pCi/g 45" (0%-20%) -QC1200S62012 LCS 
Urmtiwn-2331234 10.2 pCi/g (750/...125"10) 

"'" +/-1.54 
Uronium-235/23& 0.711 pCi/g (75%-125"10) 1IIiIII' 

Urmtium-238 1D.9 
+/-0.288 

10.7 pCi/g 98 (75%-125%) .. 
+1-1.59 

QCI200S62009 MB ....' 

Uranium-233/134 U 0.0132 pCi/g 
+/-0.0876 lIlY 

Uraniwn-2351236 U 0.0372 
+1-0.0857 

pCi/g ... 
Uranium-138 U -0.0208 pCi/g 

+1-0.0242 11'/1" 

QCl200S62011 
Uranium-133/234 

106009004 MS 
2.10 12.5 pCi/g (75%-125%) ..... 

Uranium-135/23& 
+/-0.614 

0.375 
+/-0.243 

+/-1.86 

1.44 
+/-0.445 

pCi/g (75%-125%) ... 
-Uranium-238 11.4 1.46 11.5 pCi/g 88 (750/....125%) 

+1-0.495 +/-1.75 
"",. 

:latch 306667 

QC1200562019 106000004 DUP .... 
1l1orium-132 1.28 1.65 pCi/g 25­ (0'/....20%) AB! 02104104 15:15 

+1-0.524 +/-0.626 .,~ 

QC12oo5621l2J LCS 
TIlorium-232 4.66 4.59 pCilg 99 (75%-125%) "'" 

+1-1.50 
QC1200552DIB MB 

TIlOrium-132 U 0.120 pCi/g 
+1-0.1.49 

QCI200S62020 
Thorium-132 

106009004 MS 
4.66 1.28 6.47 pCi/g III (75%-125%) 02105/04 10:29 ... 

+1-0.524 +/-1.99 
Balch 30S8l4 

QCI200567243 106009005 DUP -Thonllrn-232 0.&65 0.679 pCi/g 2 (O%-20%) A.B2 02111/04 00:24 
+1-0.233 +/.0.237 

"'" QC1200567245 LCS 
Thorium-232 4.86 5.10 pCi/g 105 (75%-125%) 

f>\'?' 

+1-1.01 
QC1200S67242 

Thotium-232 
MB 

U 0.0882 pCi/g 
""', 

+1-0.0913 
~, 

QC12IlOS67244 106009005 MS 
...., 
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston. SC 29407 - (843) 556-8171 -www.gel.com 

QCSummaa 
Worli:oroer. J06OO!) Palle 6 of 7 

Pllrmname NOM SIIID!!le QUill QC Unibl RPDO/O REC% Rangr: Anlsl Dale Time 

Rad Alpllu SPill: 

Batcll 30&1134 


1l1orium-232 4.97 0.665 6.55 pCi/S 118 (75%.. 125%) 

+1..0.233 +1.. 1.33 


Rad GamiliD Spec 

Batch 306670 


QCI20056202B 106009004 DU/" 
Ccsium-B7 U -0.000557 U ..0.00634 pCi/g N/A (0%..20%) SRB 02103104 22:39 

+/-0.0189 +/-0.013 
QC) 200562029 LeS 

Cesium-137 9.21 9.44 pCi/g 102 (75O/~125%) 02103/04 20:51 
+/-0.804 

QCl2005621l27 MB 
:-i'>J Cesium-]37 U 0.0109 pCilg 02103104 18:37 

+/..0.0187 
1bId Gus Flow 
Bmell 3066117 

c'ill'i 

QCl2D05621l70 106009004 DUP 
Strontium-90 U 0.247 U 0.022 pCilg 0 (0%-20%) JASI 02103/04 14:24 

+/-0.312 +/-0.288 
QC1200562072 LCS 

Strontium-90 27.8 30.8 pCilg 111 (75%-125%) 
+/-1.89 

QC1200562069 MB 
Strontium-90 U 0.169 pCilg 

+/-0.293 
QCI200562071 106009004 MS 

Strontium-90 323 U 0.247 33.5 pCilg 103 (75%-125%) 
+/-0.312 +/-2.05

'" 
Rail LIquid Sc!nUHIIUon 

Balch 306&1& 


QCI2D05623SI1 100009004 DUP 
Jlid Tritium U -0.871 U 0.640 pCilg 0 (0%..20"10) CTOI 02104/04 16:35 

+/-4.80 +/-4.83 
QC12D0562360 LCS 

Tritium 27.5 29.3 pCilg 107 (750/....125%) 02105/04 08:07 
,w' +/-3.46 

QCI200562357 MB 
.. ' Tritium U 0.85! pCi/g 02104104 16:03 

+/-2.44 
","" 

QCI200562359 106009004 MS 
Tritium 26.9 U ..0.871 pCilg 96 (75%..]25%) 02105104 07:3525.8 

+/-4.80 +1-5.7& 

4>, 

Noles: 

TIle: Qualifiers in this report are defined as follows: 


<: Result is less than runount reported. 

> Resull is grealer than amount reported. 

.. 


.. 
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GENERAL ENGINEERING LABORATORIESJ LLC 
2040 Savage Roael Charleston, SC 29407 - (843) 556-8171 - www.gel.com 

QC Summary 
Workordcr: 166009 Puge 7 of 7 

~annnallle NOM Sample QUill QC Unils RPD% REC% Rnnge Anbt Dule Time 

B Talie! IlIIlllytc was detected in the sample as well as Ibe associated blank. 

BD Ang forlCllUlts below the MDC or a flag for low tracer tceavel")'. 

E Concentration of the largel analyte exceeds the instrument calibration range. 


H Analyticallioiding time exceeded. 


J Indicates an estimated value. TIle result was greater than Ihe detection Iimil, bUlless tban the reporting limit 


P TIle tcsponse between Ule conlinnalion column and the primary column is >40%D. 


U Indicates tile larget analyte was analyzed for but not detected above the detecLion limit. 
 -
UI Uncertain identification for gamma spectroscopy. 

Lab-specific qualifier-please sec case narrative. data summary package or contact your projcct manager for details. 

Y QC Snmples were not spiked with !his compound. ""', 
h Sample ptcpnration or preservation holding time e..1;ceeded. 

N/A indicates 111I1l spike n::covery limits do not apply wilen sample concentration exceeds spike cone. by a factor of4 or motc. ... 
h Tile Relative Percent Difference (RPD) obtained from the sample duplicate (DUP) is evaluated against the acceplence criteria when the sample is greater than 

live times (5X) the contracl required detection limit (RL). In cases where eillier the sample or duplicate value islcss than SX the RL, a control limit of+1­
the RL is used 10 evaluate the DUP resulL 
For PS, PSD. and SOILT results, the values listed lire die measured amounts, not filll1l conccnln1tions. 

Where the analytical method has been performed under NELAP certification. tile analysis has met all of the ""',
requirements of the NELAe standard unless qualified on the QC Summary. 

... 

... 

~--

-
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Method Blank Project: LANL WELLS R2B 

Sample 10: MB·5101 Batch 10: 5101 Test Coda: SW8080A Units: mglKg Analysis Data: 21712004 11 :58:03 AM Prep Dale: 112812004 

CllenllO: Run 10: ECD(17AL040206A SeqNo: 250892 

Analyle Result paL SPKvalue SPK Ref Val %REC LowUmlt HlghLlmlt RPO Ref Val "IoRPO RPOLlmll Qual 

Aroclor 1016 NO 0.050 
Aroclar 1221 NO 0.25 
Aroclor 1232 NO 0.050 
Aroclor 1242 NO 0.050 
Aroclar 1248 NO 0.050 
Aroclor 1254 NO 0.050 
Aroclar 1260 NO 0.050 

Surr. Oacachloroblphenyl 0.06425 0 0.0625 0 103 50.1 115 0 

QUalifiers: 	 NO· Nol Delected nl the Reporting Limit S • Spike Recovery outside nccepted r~covllry limits B - Anillyte detected in the IIssocialed Method Blunk 

J - Analyte delected below qUl1ntitntion limits R - RPO outside accepted recovery limits J 



..~'-'.'" ...........
..-.~'---'----:'-::-'--" ".... ",....------"'============= 	 .,'~ ",' ..... -_..-..........~.. ".~----<.........-- ----..~ .",.....~.- .. ""..."".--­
CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Method Blank Project: LANL WELLS R28 

Sample 10: MB-5092 Batch 10: 5092 Test Code: SW8260B Unlls: mglKg AnalysIs Date: 112812004 Prep Date: 112712004 

Client 10: Run 10: VAL_040128A Seq No: 246607 

Analyle Result PQl SPK value SPK Ref Val %REC LowLlmlt HlghLlmlt RPO Ref Val %RPO RPOLlmlt Qual 

Benzene NO 0.050 

Toluene 0.0094 0.050 J 
Ethylbenzene NO 0.050 

Methyl tert-butyl ether (MTBE) NO 0.050 

1,2,4-TrimethylbelUene 0.0224 0.050 J 
1.3,5-T rlmethylbenzene NO 0.050 

1,2-0lchloroelhane (EOC) NO 0.050 

1,2-0ibromoethane (EOB) NO 0.050 

Naphthalene NO 0.10 

1-Methylnaphlhalene NO 0.20 

2-Methylnaphthalene NO 0.20 

Acetone NO 0.50 

BromobelUene NO 0.050 

Bromochloromethane NO 0.050 

Bromodlchloromelhane NO 0.050 

Bromoform NO 0.050 

Bromomethane NO 0.10 

2-Bulanone 0.222 0.50 J 
Carbon dlsulOde NO 0.50 

Carbon tetrachloride NO 0.050 

ChJorobenzene NO 0.050 

ChJoroelhane NO 0.10 

Chloroform NO 0.050 

Chloromethane NO 0.050 

2-Chlorololuene NO 0.050 

4-Chlorotoluene NO 0.050 
cis-1,2-0CE NO 0.050 
cis-1,3-0Ichloropropene NO 0.050 

QUllllricrsl 	 NO - Not Detected at the Reporting Limit S - Spike Rccovary oULSldc occapll:d r~"(lOvery IimiLS B - AmllYlo del~lcd In the IlSsoc/utcd Melhod Blunk 

J - Analyle detected below qunnlitalion Iimil.5 R - RPD OULSide Dccepled recovery IimiLS 

, , 	 , , , , . ,
~1 " J; ~ ~ f 	 J 1 ~ 1 f I:I ~ f 1 t t 	 " 
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CLIENT: Kleinfelder 
Work Order: 0401186 

Project: LANL WELLS R28 

1.2-0Ibromo-l-chloropropane 
Olbromochloromelhane 
Olbromomethane 
1,2-0lchlorobenzene 
1,3-Dlchlorobenzene 
1,4-0Ichlorobeozene 
Olchlorotllnuoromethane 
1.1-0Ichloroelhane 
1,1-0lchloroethene 
1,2-0lchtoropropane 
1,3-0lchloropropane 
2.2-0Ichloropropane 
1,1-0lchloropropene 
Hexachlorobutadlene 
2-Hexanone 
Isopropylbanzene 
4-lsopropylloluenu 
4-Malhyl-2-penlanone 
Methylene chlorlde 
n-Bulylbenzene 
n-Propylbenzene 
sec-Bulylbenzene 
Styrene 
lerl-Butylbenzene 
1.1,1,2-Tetrachloroethane 
1.1,2,2-Tetrachloroethane 
Tetrachloroethane (PCE) 
Irans-1,2-0CE 
trans-1,3-0Ichloropropene 
1.2,3-Trlchlorobenzene 
1,2,4-Trlchlorobenzene 
1,1,1-Trlchloroelhane 
1,1,2-Trlchloroalhane 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0.0275 
NO 
NO 
NO 
NO 

0.0189 
0.0167 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
ND 
NO 
NO 

0.10 
0.050 
0.10 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.50 

0.050 
0.050 
0.60 
0.15 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

QC SUMMARY REPORT 
Method Blank 

J 

J 

J 


----.~-----

QURlincrs: 	 NO - Nol Detected 111 the Reporting Limit S - Spike Recovery outside IIccepted recovery limits B- Allldyte detected in Ibe ussociulcu Melhod Blonl: 

J - Anl1lyte dell.'Cled below qunntitlltion limits It· RPD outside accepted recovery limits J 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Method Blank Project: LANL WELLS R2B 

Trlchloroethene (TeE) NO 0.050 
Trlchloronuoromelhane NO 0.050 
1.2,3-Trlchloropropane NO 0.10 
Vinyl chloride 0.0487 0.10 
Xylanes, Tolal NO 0.050 

Surr: 1,2·0Ichloroethane-d4 0.5195 0 
SUIT: 4-Bromonuorobenzene 0.5097 0 
SUIT: Olbromonuoromethane 0.5173 a 
SUIT: Toluene-d8 0.4772 0 

J 

0.5 
0.5 
0.5 
0.5 

0 
0 
0 
0 

104 
102 
103 

95.4 

68.4 
70 

76.8 
85.2 

123 
119 
123 
123 

o 
o 
o 
o 

Qunllfiers: ND • Nol Detected !lItho Reporting Limit S - Spike Rccovery outside IIccepted recovery limits B • Anlllyte detected in thllllSsocillted Method Blllnk 

J • Annlyte detected below qUllnlitlllion limits R - RPO outside IIccepted recovery limits 4 

f 1 j , I , i I: • 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Method Blank.Project: LANL WELLS R28 

Sample 10: MB-S099 Batch 10: 5099 Test Code: SW8270A Units: mg/Kg Analysis Date: 21612004 Prep Oala: 1128/2004 

Client 10: Run 10: ELMO_04D2D6A SeqNo: 249388 

Analyte Result PQL SPKvalue SPKRefVal %REC LowLimll HIghUmll RPO Ref Val %RPO RPOUmll Qual 

Acenaphlhene NO 0.20 
Acenaphthylene NO 0.20 
AnUlne NO 0.20 
Anlhracene NO 0.20 
Azobenzene NO 0.20 
Benz(a)anlhracene NO 0.20 
Benzidine NO 0.20 
Benzo(a)pyrene NO 0.20 
Benzo(b)nuoranlhene NO 0.20 
Benzo(Q,h,l)perylene NO 0.20 
Benzo(k)nuoranlhene NO 0.20 
BenzoIc acid NO 0.50 
Benzyl alcohol NO 0.20 
Bls(2-chloroethoxy)melhane NO 0.20 
Bls(2-chloroathyl)elher NO 0.20 
Bls(2-chlomlsopmpyl)elher NO 0.20 
Bis(2-elhylhexyl)phlhalate NO 0.20 
4-Bromophenyl phenyl ether NO 0.20 
Butyl benzyl phlhalate NO 0.20 
Carbazole NO 0.20 
4-Chloro-3-melhylphenol NO 0.20 
4-Chloroanlllne NO 0.20 
2·Chloronaphlhalene NO 0.20 
2-Chlorophenol NO 0.20 
4-Chlorophenyl phenyl elher NO 0.20 
Chrysene NO 0.20 
Ol-n-butyl phlhalate NO 0.20 
Ol-n-oetyl phthalate NO 0.20 

QUlIllIicn: NO - Not Oelected allho Reporting Umil S - Spike Rccovcry oUlsidc I1cceplDd recovery limils B • Annlyle detected in Ih\! ussocillted Method Bll1nk 

J - Anolyto detected below qUl1ntiwtion limils R. • RPD oUlside accepted recovery limils j 



CLIENT: Kleinfelder 

Work Order: 0401186 
Project: LANL WELLS R28 

Olbenz,(a.h)anthracene 
Olbenzoruran 
1.2-0Ichlorobenzene 
1,3-0lchlorobenzene 
1.4·0Ichlombenzene 
3.3'-Olchlorobenzldlne 
Olelhyl phthalate 
Olmelhyl phthalate 
2,4-0lchlorophenol 
2,4-0lmelhylphenol 
4.a-Olnllro-2-methylphenol 
2.4-0Initrophenol 
2.4-0Inltrololuene 
2,6-0lnllrotoluene 
Fluoranthene 
Fluorene 
Hexachlorobenz,ene 
Hexachlorobuladlene 
Hexachlorocyclopentadlene 
Hexachloroethane 
Indeno(1.2.3-cd)pyrene 
Isophorone 
2-Methylnaphlhalene 
2-Melhylphenol 
3+4-Melhylphenol 
N-Nllrosodl·n-propylamlne 
N-Nllmsodlphenylamlne 
Naphthalene 
2-Nllroanlllne 
3-NUroanlline 
4-NItroanlllne 
Nitrobenzene 
2-NUrophenol 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0,20 
0.50 
0.50 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.50 
0.50 
0.20 
0.20 
0.20 

QC SUMMARY REPORT 
Method Blank 

QUnlinersl 	 NO - Not Detected pI the Reporting Llmil S - Spike Recovery outside accepted rellovery limits B - Annlytll dulce led in the Ilssocluted Mulhod BhlOk 

J • Analyle detected below qupnlillllion limits R- RPD oUlSidc accepted rellovery Iimhs 

f 	
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----~------~=============================== 
CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 186 

Method Blank Project: LANL WELLS R28 

4-Nllrophenol ND 0.20 
Pentachlorophenol NO 0.50 
Phenanthrene ND 0.20 
Phenol ND 0.20 
Pyrene NO 0.20 
Pyridine ND 0.50 
1,2,4-Trlchlorobenzene NO 0.20 
2.4.5-Trlchlorophenol ND 0.20 
2.4.6-Tnchlorophenol ND 0.20 

Surr: 2,4,6-Trlbromophenol 3.S4 0 5 0 76.B 26 156 0 
Surr: 2-Fluoroblphenyl 1.893 0 2.5 0 75.7 23.6 111 0 
Surr: 2-Fluorophenol 4.026 0 5 0 80.6 21.5 107 0 
Surr: 4-Terphenyl-d14 2.156 0 2.5 0 80.2 30 120 0 
Surr: Nllrobenzene-d5 1.151 0 2.5 0 10.0 25.3 115 0 
Surr: Phenol-dO 4.08B 0 5 0 B1.8 25.2 115 0 

Sample ID: MB·51G8 Balch ID: 5168 Test Code: SW7470 Units: moll Analysis Dale: 210/2004 Prep Dale: 216/2004 

Client 10: Run 10: MI-LA254_040206B SeqNo: 249001 

Analyle 

Mercury 

Result 

NO 

PQl 

0.020 

SPKvalus SPKRefVal %REC loWliml1 HlghUml1 RPD Ref Val %RPD RPDLlmlt Qual
---------------------------_.,.-.',­

Sample ID: MB-5121 Balch ID: 5121 Test Code: SW1311/6010 Units: mg/l Analysis Dale: 21312004 8:40:26 AM Prep Date: 1/30/2004 

Client 10: Run 10: ICP_040202E SeqNo: 248120 

Analyle Result PQl SPK value SPK Ref Val %REC lowLlmlt HlghLlmlt RPD Ref Val %RPD RPDLlmlt Qual 

Sliver NO 5.0 0.5 0 o o o o 

,----,----------'----- ----------------------_..--- . 
QUIlUOl!rlll NO - NOI Detected uttlle Reporting Limit S - Spike Rccovel)' outside Ilccepted n:covcl)' limits B - Annlyte detecled in the osSQcillll:d Method Blllnk 

J • Anulyte delected below quuntil!ltion limits R - RPD outside accepted reeovel)' limits 7 



__''_ .._d_'.'__________ 	 ..._'.". _", __ .__ _""~ 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Method Blank Project: LANL WELLS lU8 

Sample 10: MB·5121 Batch 10: 5121 Test Code: SW1311/6010 Units: mgll Analysis Date: 21212004 1:30:49 PM Prep Date: 1/3012004 

CllentlD: RunlD: ICP_040202C SeqNo: 248151 

Analyte Result pal SPK value SPK Ref Val %REC LowLlmlt HlghLlmlt RPO Ref Val %RPD RPOLlmlt Qual 

Arsenic NO 5.0 
Barium NO 100 

Cadmium 0.002506 1_0 J 
Chromium NO 5.0 
lead 0.002021 5.0 J 
Selenium NO 1.0 

Qualifiers: 	 NO - Not oelecleq allbe Reporting Limit 5 - Spikll Recovery outside IIccepted recovery limits B- Annlyle dell.'Clcd in lhe nssoeiulild Melhod Blunk 

J - Anolyte delecled below qUllnlilntion limits R- RPD outside IIccepted recovery limits 

, , 	 , 1 f • f ~ 'I f ~ , t III 1 , " , ~ 
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Hall Environmental Analysis Laboratory Date: 27-Feb-04 
~.' ~~·___·~___~w _'_'___ '''**_''_. __ ._.. _ •... _._... _ .. _ •. _._"_."~_ .. ~. 

~.. --,_."""--------­..,,--_...._......... 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Sample Matrix Spike Project: LANL WELLS R18 

Sample 10: 0401186-02AMS Balch 10: 5099 Test Code: SW8270A Units: mg/Kg Analysis Dala: 216/2004 Prep Dale: 112812004 

Client 10: R28Plt Run 10: ELMO_D4D206A SeqNo; 249397 

Analyla Result POL SPKvalue SPK Ref Val "/aREC LowLimll HIghLimit RPO Ref Val "IoRPD RPOLlmll Qual 
_'_.'_ ,·,·_·w ..... ,_, , .. , ....... _ 

Acenaphlhene 1.725 0.20 2.5 0 69.0 45 11Q 0 

4-Chloro-3-melhylphenol 3.904 0.20 5 0 78.1 45 110 0 
2-Chlorophenol 3.449 0.20 5 0 69.0 45 110 0 
1,4-Dlchlorobenzene 1.34 0.20 2.5 0 53.6 45 110 0 
2,4-Dlnllrotoluene 1.999 0.20 2.5 0 19.9 45 110 0 
N-Nltrosodl-n-propylamlne 1.382 0.20 2.5 0 55.3 45 110 0 

4-Nltrophenol 4.036 0.20 5 0 80.7 45 110 0 
Pentachlorophenol 3.064 0.50 5 0 61.3 45 . 110 0 
Phenol 3.55 0.20 5 0 71.0 45 110 0 
Pyrena 1.735 0.20 2.5 0 69.4 45 110 0 
1,2,4-Trlchlorobeozene 1.52 0.20 2.5 0 BO.8 45 110 0 

Surr: 2,4,6-Trlbromophenol 4.384 0 5 0 67.7 26 156 0 
Surr: 2-Fluoroblphenyl 1.765 0 2.5 0 70.6 23.6 111 0 
Surr: 2-Fluorophenol 3.412 0 5 0 68.2 21.5 107 0 
Surr: 4-Tarphenyl-d14 1.971 0 2.5 0 76.B 30 .220 0 
Surr: Nltrobenzene-d5 1.561 0 2.5 0 63.2 25.3 115 0 
Surr: Phenol-d6 3.826 0 5 0 76.6 25.2 115 0 

Quullnerll ND - NoL Detc:cted 111 the Reporting LimlL S - Spike Recovery oUl.5ide aocepted recovery limil.5 B - Analyte delected in lhellSsocinled Method Blunk 

J - Anillyte detected below qwmUllllloll limits R- RPD outside IIccepted recovery limits 1 



Quulllien: 	 NO - Not Detecl.ed Ilt the Reponing Limit S - Spike Recovery outside IIccepled reeov!:!)' limits B - Anulytc detected In the ussociall:d Method Blunk 

J - Anulyle detected below qUllntilntion limits R- RPD outside accepted recovery limits 2 

I ! f l .. ~ ~ f , J f , f • , 1 , , • 1 , , , , , , t 1 , II l
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Hall Environmental Analysis Laboratory Date: 27-Feb-04 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Laboratory Control Spike - generic Project: LANL WELLS R28 

Sample 10: LCS·5101 Batch 10: 5101 Test Code: SWB080A Units: mgfKg Analysis Dale: 217/20041Z:44:09 PM Prep Date: 1128/2004 

CllentlD: RunlD: ECD(17AI_040206A SeqNo: 250893 

Analyte Result POL SPKvalue SPKRefVal %REC lowLlml1 HlghLlmlt RPO Ref Val %RPD RPDLlmlt Qual 

Aroclor 1016 0.1346 0.050 0.125 0 10a 70 130 o 

Aroclor1260 0.1579 0.050 0.125 0 126 67 137 o 


Sample 10: LOS-5099 Balch 10: 5099 Tellt Code: SWB270A Units: mg/Kg Analysis Dale: 21612004 Prep Date: 1/2812004 

Cllenllo: Run 10: ELMO_040206A SeqNo: 249390 

Analyte Result pal SPKvalue SPKRefVal %REC LowLlmlt HlghLlmlt RPD Ref Val %RPO RPOUmlt Qual 
.... ~-"--.-

Acenaphthene 1.877 0.20 2.5 0 75.1 45 110 0 

4-Chloro-3-methylphenol 3.744 0.20 5 0 74.9 45 110 0 

2-Chlorophenol 3.824 0.20 5 0 76.6 45 110 0 

1.4-Dlchlorobenzene 1.689 0.20 2.5 0 75.5 45 110 0 

2.4-Dlnltrotoluene 1.903 0.20 2.5 0 76.1 45 110 0 

N-Nllrosodl-n-propylamlne 1.716 0.20 2.5 0 6a.6 45 110 0 
4-Nltrophenol 3.506 0.20 5 0 70.1 45 110 0 

Pentachlorophenol 2.453 0.50 5 0 49.1 45 110 0 

Phenol 3.773 0.20 5 0 75.5 45 110 0 

Pyrene 1.651 0.20 2.5 0 74.0 45 110 0 

1,2,4-Trlchlorobenzene 1.938 0.20 2.5 0 77.5 45 110 0 

Sample 10: LOS-51G8 Balch 10: 5168 Test Code: 5W1470 Units: mg/L Analysis Dale; 2/6/2004 Prep Dale: 2/6/2004 

CllanllD: Run 10: MI-LA254_040206B Seq No: 249002 

Analyte Result POL SPKvalue SPKRefVal %REC lowLlmlt HlghLlmlt RPO Ref Val %RPO RPOLlmlt Qual 

Mercury 0.004876 0.020 0.005 0 97.5 80 120 o J 

Qualifiers: ND - Not Detected aillie Reponin& l.imit S - Spike Recovery outside accepted recovery Iimil5 B - Anillyle uelL'Cled in Ihu nSsoeilll~d Method Blank 

J - Annlytu detected below qUDnlillilion limits R - RPD Dutside Dccepted recovery limits 1 



----

_fi._..._._·_ ,~ 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Laboratory Control Spike DuplicateProject: LANL WELLS R28 

Sample 10: LCSO·51G8 Balch 10: 5168 Test Code: SW7470 Units: mg/L Analysis Dale: 216/2004 Prep Dale: 216/2004 

CllenllD: Run 10: MI-LA254_040206B SeqNo: 249003 

Analyle Result POL SPKvalue SPKRefVal %REC lowLimll HlghLlmlt RPO Ref Val %RPO RPOLlmlt Oual 
______.. _ .. 	 ,~, ...M~"_~_~.._--------_.,........_-- ­

Mercury 	 0.004g05 0.020 0.005 0 98.1 80 120 0.004876 0 20 J 

Sample 10: LCS·5121 Balch 10: 5121 Tesl Code: SW1311/6010 Unlls: mg/L Analysis Dale: 213/2004 8:42:28 AM Prep Date: 1/30/2004 

CllenllO; RunlD: ICP _040202E SeqNo: 248127 

Analvle Result PQL SPKvalue SPI<RefVal %REC lowUmll HlghUmlt RPO Ref Val %RPD RPDllmit Qual 

Sliver 	 0.4751 0.20 0.5 0 95.0 80 120 0 

Sample 10: lCSO·5121 Batch 10: 5121 TestCode: SW1311/G010 Units: mg/l Analysis Dale: 213/2004 8:43:58 AM Prep Dale: 1/30/2004 

CllenllD: Run 10: ICP _040Z02E SeqNo: 248128 

Analvle 

Sliver 

Result 

0.4443 

POL 

0.20 

SPKvalue 

0.5 

SPKRefVal 

0 

%REC 

88.9 

lowUmll 

80 

HlghLlmlt RPD Ref Val 'YoRPD RPDLlmit Qual 
-----._-.._"....._---.-...._--~_._~, ....­ .~ ... ­ ...-.- .... , 

120 0.4751 6.71 20 

Sample 10: lC5-5121 Balch 10: 5121 T esl Code: SW1311/601 (} Units: mg/L Analysis Dale: 21212004 1 :33:21 PM Prep Dale: 1/30/2004 

ClIenllO: 	 Run 10: ICP _040202C Seq No: 248152 

Analvle 	 Result PQl SPKvalue SPKRefVal %REC LowLimll HlghLlmlt RPD Ref Val %RPD RPDUmlt Oual 
_..,....... ', .... ' ..._.- . 

Arsenic 0.4796 0.20 0.5 0 95.9 80 120 0 

Barium 0.5 0.20 0.5 0 100 80 120 0 

Cadmium 0.4791 0.20 0.5 0.002506 95.3 80 120 0 

Chromium 0.5255 0.20 0.5 0 105 80 120 0 

Lead 0.4785 0.20 0.5 0.002021 95.3 80 120 0 

Selenium 0.4993 0.20 0.5 0 99.9 80 120 0 

--------------------------------_.... 	 ------~~-q.~....---~---,-----,..,-.,~".~....,-~. 
QunllOcrs: 	 NO· Not Detected althc Reporting Limit S - Spike Recovery outside accepled recovery limits B • Anlllytc delecled in lhe lISSocilltcd Method Blunk 

J - Anulyte detected below qunntillltion limits R- RPD outside accepted recovery limits 

rei" '~ 	 ~ .~ 1 f ~ f ~ J 1 f 1 I' tfi ~ 	 , " 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0401186 

Laboratory Control Spike Duplicate Project: LANL WELLS R28 

Sample 10: LCSD·5121 Batch 10: 5121 Test Code; SW1311/G010 Units: mg/L Analysis Date; 212120041:37:15 PM Prep Date: 1/30/2004 

ClienllO: Run 10: ICP _040202C SeqNo; 248153 

Analyte Result pal SPKvalue SPKRefVal "IoREC LowLlmlt HlghUmlt RPD Ref Val %RPD RPDUmlt Qual 
~~~---- ....... , ',' .. ' 


Arsenic 0.4544 0.20 0.5 0 90.9 80 120 0.4796 5.36 20 

Barium 0.4619 0.20 0.5 0 92.4 80 120 0.5 7.92 20 

Cadmium 0.4454 0.20 0.5 0.002506 a8.6 80 120 0.4791 7.29 20 

Chromium OAB66 0.20 0.5 0 97.3 80 120 0.5255 7.68 20 

lead 0.4456 0.20 0.5 0.002021 88.7 80 120 0.4785 7.12 20 

Selenium 0.474 0.20 0.5 0 94.6 80 120 0.4993 5.20 20 

QunlifillTS: ND • NOI Delecled ulthe Reporting Limit S • Splkc Recovery oUUiide uccepled recovery limits a • Anolyte deh:clC:d in the Ossogillied Method Blonk 

J • Annlyte detecled below qUlllltitution limits R· RPD outside occepled recovery limits J 
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 - (843) 556--8171 - www.gel.com 

Certificate ofAnalysis 

"". 

Company: HaJJ EnvironmenraJ Analysis Labs 
Address' 490 1 Hawkins Ne 

Suite D 
Albuquerque, New Mexico 87109 Report Date: April 6, 2004 

Contact: Nancy McDuffie 

Project: HaD Environmental Page of 

Client Sample ID: 
SampleID: 

0403162-03A 
109316003 

Pro;ect: 
Client ID: 

HALLOO 103 
HALLOO I 

Matrix: Water 
Collect Date: l8-MAR-04 14:00 
Receive Date: 19-MAR-04 

Parameter Qualifier Result DL RL Units DF Ana)ystDate rllDe Batch Method 

n Chromatography 

r:;PA 314.0 Perchlorate by Ie ... 
?ercblorate u NO 19.8 80.0 ugIL 20 MJH 03122104 210631&877 

'he following Analytical Methods were performed 

-


lethod Description Analyst Comments 

EPA 314.0 

Iotes: 

The Qualifiers in this report are dermed as follows: 


Result is less than amotmt reported. 

Result is greater than amotmt reported. 

Target analyte was detected in the sample as well as the associated blank. 


D Flag for results below the MDC or a flag for low tracer recovery. 
Concentration ofthe target analyte exceeds the instrument calibration range. 
Analytical holding time exceeded. 

Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit. 

The response between the confmnation column and the primary column is >40%D. 

Indicates the target analyte was analyzed for but Dot detected above the detection limit. 

Uncertain identification for gamma spectroscopy. 

Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details. 

QC Samples were not spiked with this compound. 

Sample preparation or preservation holding time exceeded. 


The above sample is reported on an "as received" basis. 

,There the analytical method has been performed under NELAP certification, the analysis has met all of the 
!quirements of the NELAC standard unless qualified on the Certificate ofAnalysis. 

his data report has been prepared and reviewed in accordance with General Engineering Laboratories, LLC 
.andard operating procedures. Please direct any questions to your Project Manager, Amy Jamison . 

. eviewed by 

7/12 
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 • (843) 556-8171 - www.gel.com 

... 

Certificate of Analysis 

Company: Hall Environmental Analysis Labs 
Address: 4901 HawkinsNe 

Suite D 
Albuquerque, New Mexico 87109 Report Date: April 6, 2004 

Contact: Nancy McDuffie 

Project Hall Environmental Page of 2 

Client Sample ID: 
SampleID: 

0403 162-03A 
109316006 

Proiect: 
Client ID: 

HALLOO103 
HALLOOl 

Matrix: Water 
Collect Date: 18·MAR-04 14:00 
Receive Date: 19-MAR-04 

_________________~CO~ll~ec~t~o~r.~_________C~Jj~enwt~___________________________________________________________ 

Parameter Result DL RL Units DF AnalystDate Time Batch Method 

"" LC-MSIMS Explosives 

... SW846 8321A Modified Explosives by LC-MSIMS 
1,3,5-Trinitrobenzene U ND 
2,4,6-Trinitrotoluene U ND 
2,4-DinitrotoJuene U ND 
2,6-Dinitrotoluene U ND 

"" 2·Amin0-4.6-dinitrotoluene U ND 
4-Amino-2,6-dinitrotoJuene U ND 
HMX U ND 
Nitrobenzene U ND 

~ RDX U ND 
Tetry] U ND 
ro-Dinitrobenzene U ND 
ro-Nitroto Juene U ND 

"" o-Nitrotoluene U ND 
p-Nitrotoluene U ND 

0.0848 0.325 
0.0779 0.325 
0.099] 0.325 
0.0779 0.325 

O.lDl 0.325 
0.0904 0.325 

0.100 0325 
0.325 0.974 
0.101 0.325 
0.162 0.487 
0.]62 0.487 
0.162 0.487 
0.162 0.487 
0.325 0.974 

ugIL 
ugIL 
ugIL 
ugIL 
ugIL 
ugIL 
ugIL 
ugIL . 
ugIL 
ugIL 
ugIL 
ugIL 
ugIL 
ugIL 

2 JLW 04/02104 211] 319616 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

The following Prep Methods were performed 
""' Method Description Analyst Date Time Prep Batch 

_. SW846 8330 PREP SW846 8330 Explosives Extraction in Liquid HMFI 03/25/04 0800 319615 

""' The fonowing Analytical Methods were performed 
Method Description Analyst Comments 

SW846 8321A Modified 

SurrogatelTracer recovery Test Recovery% Acceptable Limits 

~. 3,4-Dinitrotoluene SW846 8321A Modified Explosives by LCMSIMS 4* (500/.,.150%) 

Notes: 

The Qualifiers in this report are defined as follows: 


< Result is less than amount reported . 
. > Result is greater than amount reported. 
B Target analyte was detected in the sample as well as the associated blank . 

.. 'BD Flag for results below the MDC or a flag for low tracer recovery. 
E Concentration of the target analyte exceeds the instrument calibration range. 

""H Analytical holding time exceeded. 
J Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit. 

\tf" 8/12 
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com 

Certificate of AnaJysis tifu·· 

C.ompany: Hall Environmental Analysis Labs 
Address: 490 1 Hawkins Ne 

Suite D 
Albuquerque. New Mexico 87109 Report Date: April 6, 2004 

Contact: Nancy McDuffie 

Project: HaD Environmental Page 2 of 2 

Client Sample ID: 
SampleID: 

0403 1 62-03A 
109316006 

Project: 
Client ID: 

HALLOOl03 
HALLOO1 

Parameter Qualifier Result DL RL Units DF AlIalystDate Time Batch Method 

I 

The response between the confmnation column and the primary column is >40%D. 
Indicates the target analyie was analyzed for but not detected above the detection limit. 
Uncertain identification for gamma spectroscopy. 
Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details. 
QC Samples were not spiked with this compound. 
Sample preparation or preservation holding time exceeded. 

... 

The above sample is reported OD an "as received" basis. 

/here the analytical method has been perfonned under NELAP certification, the analysis has met all ofthe 
:quirements of the NELAC standard unless qualified on the Certificate ofAnalysis. 

~I 

his data report has been prepared and reviewed in accordance with General Engineering Laboratories, LLC 
.andard operating procedures. Please direct any questions to your Project Manager, Amy Jamison . 

.eviewed by 

-
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Well R-28 Completion Report 

-
Appendix G 

Activities Planned for Well R-28 
Compared with Work Performed 
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Well R-28 

Activities Planned for Well R-28 Compared with Work Performed 

"Hydrogeologic Workplan" R-28 SAP R-28 

Activity 
Planned Depth 

(LANL 1998, 59599) 
100 ft to 500 ft into the regional 
aquifer 

(LANL 2003, 03-8324) 
Planned borehole TD of 967 ft 
bgs, approximately 100 ft 
below the anticipated regional 
water table at 867 ft bgs. 

Actual Work 
R-28 drilled to 1005 ft bgs TD, 
approximately 116 feet into the 
regional aquifer. A static 
water level in the regional 
aquifer was measured in the 
well at 888.8 ft bgs. 

Methods may include, but are 
not limited to HSA, air­
rotary/OdexlStratex, air­
rotarylBarber rig, and mud-

Drilling Method 

-..,. rotary drilling 

Amount of Core 10% of the borehole 

Log to be prepared from core, 
cuttings and drilling 
performance 

Lithologic Log 

Number of Water 
Samples 
Collected for 
Contaminant 
Analysis 

Water Sample 
Analysis 

-

! 

I 

A water sample may be 
collected from each saturated 
zone, five zones assumed. The 
number of sampling events 
after well completion is not 
specified. 

Initial sampling: radiochemistry 
I, II, and III, 3H, general 
in organics, stable isotopes, 
VOCs, and metals. 
Saturated zones: radionuclides 
(tritium, strontium-90, cesium­
137, americium-24I, plutonium 
isotopes, uranium isotopes, 
gamma spectrometry, and gross 
alpha, gross beta, and gross 
gamma), stable isotopes 
(hydrogen, oxygen, and in 
special cases nitrogen), major 
ions (cations and anions), trace 

Fluid-assisted, open-hole, air ­
rotary drilling 

Planned core sampling interval 
for R-28 was from surface to a 
depth at which core refusal 
was met, predicted to be at 336 
ft bgs. 
Lithologic log to be prepared 
from data provided by core, 
cuttings, geophysical logs, and 
drilling performance 

Water samples to be collected 
from any zone(s) of perched 
saturation encountered while 
drilling in the vadose zone. 
Groundwater screening 
samples to be collected from 
the top of the regional aquifer 
during deep borehole drilling. 

Groundwater to be analyzed 
for: Metals (total and 
dissolved), Anions (Bromide, 
Chlorate, Chloride, Fluoride, 
Nitrate, Nitrite, Perchlorate, 
Orthophosphate, Sulfate); 
Dissolved Silica, Total 
Cyanide, Tritium, Tritium (low 
level), Americium-241 ; 
Plutonium-238, -239 and -240, 
Strontium-90; Technetium-99; 
Uranium-234; -235; -236; and 
-238; Gamma spectroscopy, 

i Gross-alpha, Ggross-beta, 

R-28 drilled using fluid-
assisted, open-hole, air- rotary 
methods; drill bits used 
included milltooth tricone bit, 
button bit with DTH hammer, 
and button tooth bit. 
Actual R-28 core sampling 
depth was 325 ft bgs using 
conventional core barrel for 
continuous sampling and split-
spoon sampler for spot coring. 
The R-28 lithologic log was 
prepared from core samples in 
the interval 0-325 ft bgs and 
from cuttings samples in the 
interval 0-1005 ft bgs. 
Interpretation of geophysical 
logs to determine unit contacts 
was provided by LANL. 
Two (2) groundwater 
screening samples obtained 
from the vadose zone at depths 
of651 and 707 ft bgs. One (1) 
screening sample collected 
from the regional aquifer at 
889 ft bgs during Phase IT 
drilling. One (1) groundwater 
sample collected from the 
regional aquifer after well 
installation at depth of947 ft 
bgs. 
The groundwater sample 
collected from the well was 
analyzed for the entire suite 
stated in the SAP. 

KA Project No. 37151 G-l April 2004 
Final 



Well R-28 Completion Report 

Activity 

"Hydrogeologic Workplan" 

(LANL 1998, 59599) 
metals, and trace elements. 

R-28 SAP 

(LANL 2003, 03-8324) 
Gross-gamma. 

R-28 

Actual Work 

Water Sample Alkalinity, pH, specific Carbonate alkalinity, pH, No parameters collected for 
Field conductance, temperature, specific conductance, groundwater samples. 
Measurements turbidity temperature, turbidity 
Number of Twenty samples of core or Core samples to be collected Sixteen (16) core samples were 
Core/Cuttings cuttings to be analyzed for for contaminant analysis at submitted for geochemical and 
Samples potential contaminant depths of 10, 20, 30, 40, 50, contaminant analysis from 
Collected for identification in each borehole. 60, 70, 80, 90, and 100 ft bgs . depths of 10, 20, 30, 40, 50, 
Contaminant and at 50-ft intervals from 100 75, 100, 125, 150, 175,200, 
Analysis ft to the core hole TD. 225,250,275, 300, and 325 ft 

bgs. ! 

Core/Cuttings Uppermost sample to be 
Sample Analytes analyzed for a full range of 

compounds: deeper samples 
will be analyzed for the 
presence ofradiochemistry I, II, 
and III analytes, tritium (low 
and high detection levels), and 
metals. Four samples to be 
analyzed for VOCs. 

Laboratory Physical properties analyses 
Hydraulic- will be conducted on 5 core 
Property Tests samples and will typically 

include: moisture content, 
porosity, particle density, bulk 
density, saturated hydraulic 
conductivity, and water 
retention characteristics. 
Ten samples of core or cuttings 
will be collected for 
petrographic, X-ray 
fluorescence (XRF) and X-ray 
diffraction (XRD) analyses 

Geology 

In general, open-hole 
geophysics includes caliper, 
electromagnetic induction, 
natural gamma, magnetic 
susceptibility, borehole color 
videotape (axial and sidescan), 
fluid temperature (saturated), 

Geophysics 

Anions, cations, and stable 

isotopes (Bromide, Chloride, 

Fluoride, Iodide, Nitrate, 

Nitrite, Oxalate, Phosphate, 

Sulfate, Carbonate alkalinity, 

Perchlorate, Arsenic, 

Strontium, Uranium, 

Aluminum, Calcium, Iron, 

Magnesium, Manganese, 

Sodium, and Potassium, 

180 ;J60, 2H1 i H, 

Nitrogen isotopes); and 

Contaminants (Tritium, 

Americium-241, Plutonium­
238, Plutonium-239 and -240, 

Strontium-90, Technetium-99, 

Uranium-234, Uranium-235, 

Uranium-238, Gamma 

spectroscopy) 

No samples were specified for 
laboratory hydraulic analysis. 
Core analyses were planned at 
lO-ft intervals above 100 ft bgs 
and at 50-ft intervals between 
100 ft bgs and the core hole 
ID. 

The geology task leader to 
determine the number of 
samples for characterization of 
mineralogy, petrography, and 
geochemistry based on 
geologic and hydrologic 
conditions encountered during 
drilling. 
Typical wire line logging 
service as planned: open-hole 
geophysics includes array 
induction imager, triple 

llithodenslty, combinable 
magnetic resonance tool, 
natural gamma, natural gamma 

Analytes included the 

following: 

RADV AN Alpha, Beta, and 

Gamma,2HlH, 180/160, 

Nitrogen isotopes, Americium­
241, Gamma spectroscopy, 

ISOPU, ISOU, Strontium-9O, 

Tritium, Technetium-99 , 

anions, and moisture content. 


For the individual sample 

collected at 325 ft bgs, 

analytes included the 

following: RADV AN Alpha, 

Beta, and Gamma, 2H1 I H, 

180 /160 , Nitrogen isotopes, 

anions, and moisture content. 


Sixteen (16) core samples were 
collected from the vadose zone 
at depths from 10 to 325 ft bgs 
and submitted for moisture 
content analysis. 

Seven (7) samples of 
core/cuttings were collected 
and submitted for analysis for 
mineralogy, petrography, and 
geochemistry 

I Schlumberger geophysical 
logging surveys conducted at 
R-28 included: 
Compensated Neutron Tool: 

Cased: 30 79 ft bgs 
Open Hole: 79 -992 ft bgs 

-
-
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Well R-28 Completion Report 
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"Hydrogeologic Workplan" R-28 SAP I R-28 


Activity 
 I(LANL 1998, 59599) (LANL 2003, 03-8324) Actual Work 
single-point resistivity ray spectrometry, epithermal Triple Litho-Density: 
(saturated), and spontaneous compensated neutron log, Cased: 30 -79 ft bgs 
potential (saturated). caliper, full-bore formation Open Hole: 79 - 992 ft bgs 
In general, cased-hole micro-imager, elemental Array Induction Tool: 
geophysics includes: gamma- capture spectrometer and Cased: none 
gamma density, natural gamma, borehole video. Open Hole: 79-986 ft bgs
and thennal neutron. Elemental Capture 

In general, cased-hole Spectroscopy:
geophysics includes triple Cased: none 
litho density, natural gamma, Open Hole: 79 989 ft bgs 
natural gamma spectrometry, 

Natural Gamma Spectroscopy: 
epithermal compensated 

Cased: none
neutron log, elemental capture 

Open hole: 79 - 971 ft bgs 
spectrometer. 

Combinable Magnetic 
Resonance: 

Cased: none 
Open Hole: 100 - 972 ft bgs 

Full-bore Fm Micro-Imager: 
Cased: none 
Open Hole: 888 989 ft bgs 

LANL video logging 
performed in open hole in the 
interval 0 888 ft bgs. 

Water-Level Procedures and methods not Water levels will be Electric water level meter 

Measurements 
 specified in "Hydrogeologic determined for each saturated (sounder) used to measure 

Workplan" zone by water-level meter or zones of perched saturation 
by pressure transducer. (Le., attempted measurements) 

i and the regional water table. 

Field Hydraulic-
 Not specified in hydrogeologic Slug or pumping tests may be Hydraulic pumping tests at R-
Property Tests work plan conducted in saturated 28 conducted in January 2004. 

intervals once the well is 
completed. 

Shallow Not specified in hydrogeologic Not specified in SAP. No shallow piezometers were 

Piezometers 
 work plan installed. 

Surface Casing 
 Approximately 20-in. outer Not specified in SAP. 13 3/S-in. 00 steel casing was 

diameter (00) extends from installed to 80 ft bgs and 
land surface to 10-ft depth in subsequently removed during 
underlying competent layer and R-28 well construction 
grouted in place. 

i Minimum Well 6.62S-in. 00 Not specified in SAP. 5-in. 00 (4.46-in ID) stainless 
i Casing steel casing with external 


Size 
 couplings 

Well Screen 
 Machine-slotted (0.01-in.) No well construction details A single screen at R-28 

stainless-steel screens with are specified in the SAP constructed of 5.27-in. 00, 
flush-jointed threads; number wire-wrapped, rod-based 
and length of screens to be stainless-steel, 0.020-in. slot 
determined on a site-specific size, with external couplings. 
basis and proposed to NMED The screen spans the interval 


934.3-958.1 ft bgs. 

Sump 
 Stainless-steel casing with an Not specified in SAP. Sump constructed of 5-in. 00 

end cap stainless-steel casing, 22.2 ft 
long, with end cap. 

KA Project No. 37151 G-3 April 2004 
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Well R-28 '-'Vj'T<V~t'" 

"Hydrogeologic Workplan" R-28 SAP R-28 

Activity (LANL 1998, 59599) (LANL 2003, 03-8324) Actual Work 
Backfill Uncontaminated drill cuttings Not specified in SAP. Slough in the borehole 

below sump and bentonite occurred from 982.5 to 1005 ft 
above sump bgs. Bentonite backfill 

constructed below the screen 
in the interval 969-982.5 ft 
bgs. 

Filter Material >90% silica sand, properly Not specified in SAP. Primary filter pack constructed 
sized for the 0.0 lO-in. slot size of 10/20 silica sand placed in 
of the well screen; extends 2 ft the interval 926.5-969 ft bgs, 
above and below the well 7.8 ft above and 10.9 ft below 
screen the screen, respectively. 

Secondary filter pack 
constructed of20/40 silica 
sand placed above primary 
filter pack in the interval 923­
926.5 ft bgs. 

Transition Seal N/A* Not specified in SAP. The transition seal below the 
primary filter material 
composed of a 50:50 mix of 
10/20 sand and bentonite chips 
was placed above the 
secondary filter pack in the 
interval 887-923 ft bgs. 

Bentonite Seal N/A Not specified in SAP. Seal constructed of 3/8-in. 
bentonite chips tremied into 
the annulus above the 
transition seal and placed in 
the interval 76-887 ft bgs. All 
bentonite hydrated with 
municipal water after 
emplacement in 60-ft lifts. 

Concrete Backfill N/A Not specified in SAP. 2,500 psi concrete with 4% 
bentonite poured in the interval 
0-76 ft bgs. 

* N/A ­ Not specIfied In the two referenced documents. 

.'" 
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