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CHARACTERIZATION WELL R-25 COMPLETION REPORT 

by 

David Broxton, Rick Warren, Patrick Longmire, Robert Gilkeson, Sue Johnson, David Rogers, 
William Stone, Brent Newman, Mark Everett, David Vaniman, Steve Mclin, 

Joe Skalski, David Larssen 

ABSTRACT 

Characterization well R-25, located on the mesa top above Canon de Valle in the southwestern portion of 
Los Alamos National Laboratory (LANL, or the Laboratory), is the third well installed as part of the 
implementation of the "Hydrogeologic Workplan" (LANL 1998, 59599). Well R-25 was funded by the 
Nuclear Weapons Infrastructure, Facilities, and Construction Program (Defense Program) and installed by 
the Environmental Restoration Project. Well R-25 is primarily designed to provide water-quality, 
geochemical, hydrologic, and geologic information that would contribute to the understanding of the 
hydrogeologic setting beneath the Laboratory. 

The R-25 borehole was drilled to a depth of 1942 ft using air-rotary drilling methods. Well R-25 was 
constructed with nine screened intervals; however, two of the screens, screens #3 and #9, were damaged 
during well-installation activities. Screens #3 and #9 were restored to partial usefulness, and all well 
screen intervals were developed prior to installation of a multiport sampling system (Westbay™). 

The geologic strata encountered during borehole advancement included, in descending order, the 
Tshirege Member of the Bandelier Tuff, tephras and volcaniclastic sediments of the Cerro Toledo interval, 
the Otowi Member of the Bandelier Tuff, and the Puye Formation. Lithologies and thicknesses were typical 
for all units except the Cerro Toledo interval and Puye Formation, which were much thicker than expected. 

Groundwater occurrences included an upper saturated zone, a zone of alternating wet and dry conditions, 
and regional saturation. The upper saturated zone was first recognized at a depth of 747ft within the 
Otowi Member and had a static level of 711 ft. The zone extended into the Puye Formation to a depth of 
1132 ft, making it the thickest perched zone encountered thus far on the Pajarito Plateau. Regional 
saturation was encountered at a depth of 1286 ft and was continuous to the borehole total depth (TD) of 
1942 ft. Hydraulic head measurements in the regional aquifer decreased with depth, suggesting that there 
is a strong downward vertical gradient, and that well R-25 is located in a recharge area. 

Samples of geologic core and cuttings were collected and analyzed for chemical and hydraulic properties. 
Most analytes were either not detected or their concentrations were within the upper tolerance limits 
(UTLs) of naturally occurring constituents. Pore-water ion profiles corresponded to moisture content 
profiles. 

Samples of groundwater were collected from the upper saturated zone, the weVdry zone, and the regional 
aquifer and analyzed for organic chemicals, inorganic chemicals, and radiochemical components. 
Significant findings included (1) concentrations of high explosive (HE) compounds in the regional aquifer 
that were greater than Environmental Protection Agency (EPA) health advisory limits, (2) nitrate 
concentrations that were greater than those observed at Water Canyon Gallery southwest of well R-25 
within the Sierra de los Valles, (3) an isotopic signature for nitrate that was similar to that of nitric acid used 
during preparation of BaN03, RDX, and TNT, and (4) measurable activities of tritium that suggest that 
travel times to the upper saturated zone are approximately 1 0 to 50 years. These findings suggest that 
surface sources of water and contaminants have reached the regional aquifer in the vicinity of well R-25. 
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1.0 INTRODUCTION 

This well completion report describes the drilling, construction, completion, and testing activities 
performed for characterization well R-25. Well R-25 is located on the south rim of Canon de Valle, within 
Technical Area (TA) 16, near the southwestern boundary of the Laboratory, as shown in Figure 1.0-1. It is 
the third of up to 32 characterization wells to be drilled down to the regional aquifer, as described in the 
"Hydrogeologic Workplan" (LANL 1998, 59599}, in support of the Laboratory's "Groundwater Protection 
Management Program Plan" (LANL 1996, 70215}. 

Well R-25 was funded by the Nuclear Weapons Infrastructure, Facilities, and Construction Program 
(Defense Program) and installed by the Laboratory's Environmental Restoration Project. Well R-25 is 
designed to provide water-quality and water-level data for intermediate-depth perched groundwater and 
the regional aquifer in a previously poorly characterized area of the Laboratory. Well R-25 is also 
intended to provide hydrologic and geologic information that will contribute to the understanding of the 
hydrogeologic setting beneath the Laboratory. Data collected from the R-25 site will be used, in 
conjunction with data from other planned characterization boreholes as well as other sources, to evaluate 
and update sitewide hydrologic and geologic conceptual models. 

Preliminary interpretations are presented for some of the data collected, but discussion of other data has 
been deferred until the data can be evaluated in the context of sitewide information collected from other 
hydrogeologic characterization wells. A future report will provide an integrated human health and 
ecological risk assessment and will include groundwater data from other nearby Environmental 
Restoration Project wells. 

PART 1: SITE ACTIVITIES 

2.0 SUMMARY OF DRILLING ACTIVITIES 

The R-25 borehole was advanced to a depth of 1942 ft, and a nine-screen stainless steel monitoring well 
was installed. This section summarizes drilling and well construction activities. 

2.1 Equipment 

Borehole R-25 was drilled by Dynatec Environmental Drilling Company (formerly Tonto) and was the first 
well at the Laboratory to be drilled using a Foremost™ dual rotation (DR-24} drill rig. Oynatec provided 
3-man drilling crews, crew vehicles, drilling hammers and bits, Longyear 134-mm coring and dual-wall rod 
systems, a 1-ton flatbed truck, and a 5-ton boom truck for handling casing, drill pipe, and heavy support 
apparatus such as casing jacks. 

Two of the nine screens (i.e., screens #3 and #9} in the completed well were damaged during well 
installation. Repairs to the damaged screens were made with a Universal drill rig 1000 and Longyear HQ 
(3 1/16-in. inner diameter [I.D.]/3 1/2-in. outer diameter [0.0.]), NQ (2 3/8-in. 1.0./2 3/4-in. 0.0.}, and BQ 
(1 13/16-in. 1.0./2 3/16-in. 0.0.) coring systems. TAM and Baski inflatable packers were also used in the 
repair process. 

The Environmental Restoration Project's Field Support Facility (FSF) provided drill casings, drilling bits, a 
small front-end loader, dust suppression systems, field support trailers for logging and sampling, water 
containment tanks, drums for cuttings, a Hermit data logger, depth-to-water meters, water sampling 
bailers, pressure transducers, and a diesel-powered electric generator. The Laboratory's Environmental 
Science and Waste Technology group provided onsite water sample testing and a filtering apparatus. 
Both the Geology and Geochemistry group and the FSF provided microscopes for analyzing drill cuttings. 
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2.2 Schedule 

Drilling operations began on July 22, 1998. All drilling operations combined, including borehole 
advancement, coring, sampling, installation of the well casing, plugging of screen #3 and redrilling 
through the screened interval, installation of the replacement screen for screen #9, installation of the 
Westbay™ sampling system, and site restoration, required 378 12-hour shifts as of May 17, 2001. 

Drilling activities were conducted from approximately 6:00 A.M. to 6:00 P.M. Monday through Friday until 
May 1 0, 1999, after which date drilling was conducted 24 hr per day and 7 days per week. Repair and 
development activities were conducted from approximately 6:00A.M. to 6:00P.M. The chronology of 
drilling operations at the R-25 site is summarized in Appendix A. 

Table 2.2-1 compares the scope for well R-25 to the original scope projected in well-installation planning 
documents. In the planning documents, well R-25 was designed to be 1550 ft deep with a single 
screened interval. However, the budget estimate was prepared for a single-screen well option and a nine
screen well option. During drilling, the scope and well design were modified to include characterization of 
the vertical extent of HE contamination encountered. Based on information gathered during drilling, a 
nine-screen well with a multipart sampling system was selected for the well design. 

Table 2.2-1 
Comparison of Scoped Versus Actual Completion for Well R-25 

Hydrogeologic R-25 
Workplan Field Implementation Plan Actual 

Completion depth (ft) 1500 1550 1942 

Completion design Single screen Single screen Multi-screen (9) 

2.3 Drilling Performance 

The techniques used to drill R-25 consisted of air-rotary coring, solid-stem auger placement of a surface 
casing, and air-rotary under-reamer advance of three different casing strings. In addition, other drilling 
operations involved borehole/corehole/casing drill-out, casing retraction, reaming, and cleaning. Changing 
drilling systems typically involved tripping out one system, modifying the drilling head and/or circulation 
plumbing, and tripping in another drilling system from the ground surface to the depth of operations. 
Telescoping down to the next largest diameter drill casing involved landing the first casing string, 
changing the table drive jaws, and tripping in the new casing string. Performance statistics are 
summarized in Table 2.3-1. 

From the ground surface to 1942 ft, the total footage drilled using the different drilling techniques and 
casing sizes was 2100.7 ft. The total footage drilled does not include the footage of one drill system or 
casing size tripped in or out of another drill system or casing size. The total trip-in footage was 
41,722.0 ft, and the total trip-out footage was 47,491.0 ft. Trip-out footage for the casing includes the 
intervals where the casing was within the next larger casing string. It does not include the intervals where 
the casing was being retracted for monitoring well completion (i.e., backfilling operations). 

Air-rotary advancement of drill casing was performed without fluid assist until 588 ft. After that depth 
various combinations of water, bentonite, fibrous material, and TORKease® were added for lubricity down 
to a depth of 1427 ft (Table 2.3-2). From 1507.5 ft to 1547 ft, OUIK-FOAM® and EZ-MUD plus® were 
also added for lubricity. 
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Table 2.3-1 
Performance Statistics for Well R-25 Drilling Program 

Open 9 5/8-in. 11 3/4-in. 13 318-in. 
Hole Core Casinga,b Casingb Casingb 

Total footage drilled (ft) 2 200.5c 751.2 579.0 568 

Total footage rate (ftlhr)d 1.9 7.5 9.2 19.1 17.1 

Tshirege Member footage (ft) - 84 - - 351.5 

Tshirege Member rate (ftlhr)d - 7.8 - - 19.2 

Cerro Toledo footage (ft) - 24.5 - - 120.0 

Cerro Toledo rate (ft!hr)d - 13.3 - - 14.2 

Otowi Member footage (ft) - 57.5 - 202.0 64.5 

Otowi Member rate (ft!hr)d - 9.0 - 22.2 14.1 

Puye Formation footage (ft) 2 34.5 751.2 377.0 -
Puye Formation rate (ftlhr)d 1.9 4.3 9.2 17.7 -
Trip-in footage (ft) - 5750.0 1210.0 1590.0 -
Trip-in rate (ftlhr)d - 352.0 138.5 171.6 -
Trip-out footage (ft) - 5492.0 1230.0 1616.0 -
Trip-out rate (ftlhr)d - 316.2 113.4 128.4 -
Reaming footage (ft) - - 560.5 38.0 803.0 

Reaming rate (ftlhr)d - - 28.0 24.0 15.9 

a Mitsubishi 9 5/8-in. casing advance systems use 4 1/2-in. reverse circulation (RC) rods. 

bAR Holte 9 5/8-in., 11 3/4-in., and 13 3/8-in. casing advance systems use 7-in. RC rods. 

Casing 
Advance 
System 
(41/2-in. 
rods)

8 

451.2 

7.1 

-
-
-
-
-

-

451.2 

7.1 

16,087.0 

535.3 

19,217.0 

453.2 

-
-

c TO of borehole is 1942 ft. Total cored footage (200.1 ft) is 10.3% of total borehole footage (1942 ft). 

Casing 
Advance 
System Total 

(7-in. rods)b (ft) 

1415 2100.7 

16.2 12.2 

351.5 434.6 

19.2 15.0 

120.0 149.5 

14.2 14.0 

266.5 321.5 

19.4 16.2 

677.0 1162.7 

17.3 10.5 

17,085.0 41,722.0 

419.4 396.9 

19,936.0 47,491.0 

404.4 358.4 

- 1401.5 

- 19.5 

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

2.3.1 Open-Borehole Drilling 

Open-borehole drilling was attempted at a depth of 1153 ft within the Puye Formation. The drilling crew 
drilled 2 ft of open borehole in loose sand and gravel using a 9 1 /4-in.-diameter tricone roller bit. The 
drilling rate accomplished was 1.9 ft per hour. Because the Puye Formation is an unconsolidated unit, 
open-borehole drilling proved inefficient and was abandoned. 

2.3.2 Core Drilling 

Core was collected from the R-25 borehole to provide undisturbed samples for geologic, contaminant, 
and hydrologic characterization. In addition, core was used to assist in the identification of the perching 
layer beneath the upper zone of groundwater and to provide information for placing casing seals. A total 
of 200.5 ft of the R-25 borehole was cored (1 0.3% of the total1942-ft depth). Average core recovery was 
65.1 %. Coring operations were performed with a Longyear 134-mm coring system. 
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a Rods indicates fluids were introduced downhole at the drill bit via drill rods; annulus indicates fluids were introduced at the surface in the annular space between the drill casing and 

the borehole wall; open casing indicates fluids were introduced inside drill casing, at the surface, after drill rods were removed from the borehole. 
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Characterization Well R-25 Completion Report 

Only 133.3 ft of the 200.1 ft cored were actually recovered: 71.1 ft were recovered from the Tshirege 
Member at an average rate of 7.8 ft per hour and an average recovery of 84.6%; 7.2 ft were recovered from 
the Cerro Toledo interval at an average rate of 13.3 ft per hour and an average recovery of 29.4%; 33.1 ft 
were recovered from the Otowi Member at an average rate of 9.0 ft per hour and an average recovery of 
57.6%; and 21.9 ft were recovered from the Puye Formation at an average rate of 4.3 ft per hour and an 
average recovery of 63.5%. 

2.3.3 Casing Advancement 

After the 16-in.-diameter surface casing was installed, three telescoped casing strings were installed to 
advance the borehole and to prevent the upper saturated zone from communicating downhole as the 
borehole advanced (see Figure 2.3-1). The 13 3/8-in. casing was landed in unsaturated Otowi Member 
tuff at 578 ft. This casing began to tighten up in the borehole when the Otowi Member was first 
encountered at 509 ft, and the casing finally became stuck at 578 ft. The 11 %-in. casing was then 
advanced to 1175 ft within a zone of alternating wet and dry conditions. A bentonite grout seal was 
pressure-injected to seal the casing in place temporarily. The 9 5/8-in. casing was then advanced to the 
TO of 1942 ft. Table 2.3-1 and Figure 2.3-1 show the casings and casing advance systems used. 

2.3.4 Other Drilling Activities 

Other drilling activities included reaming the borehole and attempting to free the 13 3/8-in. casing stuck at 
578-ft depth. These activities also included cleaning clogged bits, center tubes, and air lines. 

A total of 72 hr were spent reaming to keep the casing from binding in the formation. A total of 1401.5 ft of 
borehole was reamed. Of the total 72 hr, 50 hr were spent reaming with the 13 3/8-in. casing in the 
variably indurated units of the Bandelier Tuff and the Cerro Toledo interval. Approximately 1.5 hr were 
spent reaming with the 11 3/4-in. casing, and the remaining 20 hr were spent reaming with the 9 5/8-in. 
casing in the variable fanglomerates of the Puye Formation. 

After the 13 3/8-in. casing became stuck in the hole at 578 ft, the 11 3/4-in. casing was advanced within 
the 13 3/8-in. casing to 1 026 ft. Attempts were then made to free the 13 3/8-in. casing before proceeding 
further. A retract hammer and spear assembly was deployed down the borehole to loosen the 13 3/8-in. 
casing. When it became apparent that the entire casing could not be removed, the hammer and spear 
assembly was used to separate the casing joint at 508 ft, leaving the lowermost 70 ft of casing (508 to 
578 ft) in the hole. 

3.0 WELL DESIGN, CONSTRUCTION, AND DEVELOPMENT 

The R-25 borehole was completed as a nine-screen stainless steel monitoring well. The following 
sections discuss the design, completion, and development activities. 

3.1 Well Design 

Geophysical logs, video logs, borehole core and cuttings, water-quality data, water-level data, and drillers' 
observations were reviewed by the Groundwater Integration Team to plan screen placements for well 
construction. The number and placement of screens were designed to meet the following criteria: 

• to establish the distribution of HE contaminants in the upper zone of saturation and to determine 
vertical head data for this zone (screens #1, #2, and #3) 
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Geologic Unit 
Casing 
Strings 

Soil ~--·~At 16-in. Surface Casing ---------------1ft-------------~ 

Tshirege Member, 
Bandelier Tuff 

-------------384ft------------

Cerro Toledo interval 

-------------sogn 

Otowi Member, 
Bandelier Tuff 

-------------aso.s ft-----------

Puye Formation 

Not To Scale 
All depths in feet below ground surface (bgs) 

.--.<28' 
.._..46.5' 

~ 
I 
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J:::::l457' 
.=.468' 

414' 

I 
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Wsaa· 

~g: 

I 

10ft 

13 3/8-in. Casing 

578ft 

J;~esgf, 11 3/4-in. Casing 

c=~mr. 
I 

.em~ 111stt 

9 5/8-in. Casing 

1942 ft TD 

Principal 
Saturated Zones 

Upper Saturated Zone 
747ft 

1132 ft 

Regional Saturated Zone 
1286ft 

Total core attempted= 200.5 ft (10.3% of borehole) 

Figure 2.3-1. R-25 borehole configuration at total depth 
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• to determine whether the alternating wet and dry zone from 1132 to 1286 ft is hydraulically 
connected to the upper saturated zone and/or the regional zone of saturation (screen #4) 

• to determine the water quality and water level at the top of the regional zone of saturation 
(screen #5) 

• to determine the vertical extent of HE contamination and to establish vertical head data for the 
regional zone of saturation (screens #6, #7, #8, and #9) 

The screen placements in well R-25 are given in Table 3.1-1. 

Table 3.1-1 
Screen Placements in Well R-25 

Screen# Depth (ft) Geologic/Hydrologic Setting 

1 737.6-758.4 Otowi Mbr., uppermost saturation in the upper zone of saturation 

2 882.6-893.4 Puye Fm., high HE concentrations in the upper zone of saturation 

3 1054.6-1064.6 Puye Fm., zone of highest HE concentrations in the upper zone of saturation 

4 1184.6-1194.6 Puye Fm., low HE concentrations in the alternating wet and dry zone 

5 1294.7-1304.7 Puye Fm., top of regional zone of saturation; no HE detected during drilling 

6 1404.7-1414.7 Puye Fm., highest HE detected in the regional zone of saturation during drilling 

7 1604.7-1614.7 Puye Fm., regional zone of saturation; HE detected 

8 1794.7-1804.7 Puye Fm., regional zone of saturation; no HE detected 

9 1894.7-1904.7 Puye Fm., regional zone of saturation; no HE detected; lowest possible position 
for a screen above the sump 

3.2 Well Construction 

The as-built well-completion drawing for well R-25 is shown in Figure 3.2-1. The well was constructed of 
Schedule 40 304-stainless steel casing with Schedule 80 threaded ends. The lower 900ft of casing and 
screen were connected with F480 (American Society for Testing and Materials [ASTM]) threading. The 
upper 1034 ft were connected with a heavier duty Ventura Flush Joint thread. The well was constructed 
with rod base screens as described in Table 3.2-1. 

The annular space outside each screen was filled with 20/40 sand. An interval of fine sand (30nO) was 
placed both above and below each screen's sand pack to keep the bentonite grout from infiltrating the 
20/40 sand pack. Because of difficulties accurately tagging the top of annular materials at such great 
depths and under saturated conditions, some 30no sand buffers were not installed. 

The nine screened intervals were isolated from one another with bentonite seals in the annular space 
between the outer casing and the borehole wall. The seal was a 50:50 mix, by weight, of 20/40 sand and 
granular bentonite. The bentonite seal was tremied in either dry or with a transport fluid. From the bottom 
of the hole up to 1026 ft, the transport fluid consisted of a bentonite, water, and retardant (Catalyst™) mix. 
The retardant was used to keep the bentonite from expanding in the tremie line within the saturated zone. 
From 1026 ft up to 610ft, above the top of the upper saturated zone, the transport fluid was municipal 
water. Above the saturated zone, the bentonite was introduced dry. 
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All depths in feet bgs 
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Granular bentonite and 20/40 sand 
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Note: The screen intervals list the footages of the pipe perforations, not the tops and bottoms of screen joints. 

Figure 3.2-1. As-built well-completion diagram of well R-25 
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Table 3.2-1 
Characteristics of Rod Base Screens lnstnllcd in R-25 

Horizontal Well Screen 
I. D. 0.0. Wrap Wire Vertical Rod Number of Slot Size Open Area 

Screens (in.) (in.) (in.) (in.) Rods (in.) (%) 

1 and 2 5.17 5.98 0.118 0.250 32 0.010 7.9 

3 through 9 5.17 5.98 0.093 0.093 32 0.010 10.4 

Filter-pack sands and bentonite seals were tremied into the annular space between the well casing and 
the borehole wall as the drill casing was retracted in stages. Placement of annular materials and drill 
casing retraction were performed concurrently because sloughing of unstable borehole walls could have 
caused bridging in the annulus and prevented proper placement of sands and bentonite. All drill casing 
was removed from the borehole during well construction except for the 70-ft section of 13 3/8-in. casing 
that was stuck and abandoned from 508 to 578 ft. 

Screens #3 and #9 were damaged during well construction and were repaired to restore their usefulness. 
Figure 3.2-2 depicts the final completion of the screen #3 interval. The Westbay™ multipart sampling 
system was successfully deployed through the repaired screen. The repaired screen provides reliable 
water head data and access for collection of water samples. The usability of the water chemistry data for 
the characterization of HE contamination will be determined following the collection of 4 rounds of 
samples from the well. Figure 3.2-3 depicts the final completion of the screen #9 interval. A transducer 
installed in screen #9 provides pressure data for the deepest part of the well and will be used with 
transducers installed in the other well screens to determine vertical head gradients for the T A-16 area. 

Figure 3.2-2. 
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Detail of repaired screen #3 interval in well R-25 
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. . . . ·. :. : .... ·. · .... . . . ' .. 

30/70 sand (original backfill) 

Stainless steel end cap, 
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Figure 3.2-3. Detail from repaired screen #9 to total depth in R-25 

3.3 Well Development 

Prior to screen repair, the following well development activities were performed. Screens #1, #2, #4, #5, 
#6, #7, and #8 were pressure washed with a water solution containing sodium acid pyrophosphate 
(SAPP). Some purging of the lower part of the well, below the screen #3 interval, was also conducted. In 
addition, screens #2 and #8 were partially developed by airlifting water prior to the repairs to screens #3 
and #9. 

Purging included the introduction of 900 gal. of water into the well and the removal of 1200 gal., 300 gal. 
of which were formation water. Development included airlifting 39,000 gal. of water from the cased 
interval between screens #8 and #9. Development also included airlifting 500 gal. from a depth 
corresponding to screen #2. 

After repairs to screens #3 and #9 and injection tests were completed, development activities continued. 
Starting on January 18, 2000, screens #1 and #2 were scrubbed with a wire brush, and then all screens, 
except #3 and #9, were jetted. A pump was lowered to 1760 ft, and the well was purged. Pumping 
continued until February 3, 2000. 
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Development resumed on April13, 2000. Screens #1 and #2 were again scrubbed. Water in the well was 
then airlifted from just above replaced screen #9 ( -1850 ft). A submersible pump was then used to target 
individual screens. Starting with screen #4, the pump was moved down through screened intervals until 
water-quality parameters were optimized. 

Beginning on May 4, 2000, the lower screens (#4 to #8) were scrubbed. The pump was again moved 
through the screened intervals. The Cerro Grande fire interrupted operations, and development did not 
resume until September 13, 2000. Pump development continued until the turbidity was as low as 
attainable, with a final reading of 11.9 NTU. A total of 192,000 gal. of water were removed during 
development operations following screen repair. 

3.4 Installation of Westbay™ MP55 System 

Following well development, the Westbay™ MP55 system for groundwater monitoring was installed in the 
well. The Model 2523 MOSDAX System sampler probe was used to collect groundwater samples from 
the completed well. 

An MP Casing Installation Log, which specifies the location of each Westbay™ MP55 System component, 
was prepared in the field by Westbay™ in consultation with the Laboratory based on a draft of the well 
completion diagram. Available geophysical survey results and an as-built video taken of the inside of the 
well casing were also reviewed before measurement ports, pumping ports, and packers were sited within 
the well. The final version of the MP Casing Installation Log was approved in the field on September 26, 
2000, by the Laboratory prior to installation of the Westbay™ components. The MP Casing Installation 
Log as approved was used as the installation guide in the field. 

A measurement port coupling and associated magnetic location collar were included in each of the eight 
primary monitoring zones to provide the capability to measure fluid pressures and collect fluid samples. A 
pumping port coupling was also included in the primary zones to provide purging, sampling and hydraulic 
conductivity testing capabilities. Additional measurement port couplings were included below the pumping 
ports in the primary zones to allow future monitoring of hydraulic tests. 

Measurement port couplings were included in quality assurance (QA) zones to provide QA testing 
capabilities. Measurement ports were positioned below each of the packers to permit routine operation of 
the squeeze relief venting with the packer inflation equipment during the inflation process. 

The casing components were set out in sequence according to the MP Casing Installation Log on racks 
near the borehole. Each casing length was numbered in order, beginning with the lowermost, as an aid in 
confirming the proper sequence of components. The sequential casing component numbers are given on 
the MP Casing Installation Log and are used in the following text to identify selected casing components 
(packers and ports). 

The arrangement of the bottom two components was modified in the field just before they were lowered 
into the well, resulting in an extra component being added. This changed the numbering scheme of the 
casing. To avoid having to reprint the complete log, the modification was entered by hand on the last 
page of the log, and the extra piece of casing added was assigned the number 1A. In later printings of the 
Summary MP Casing Log, the sequential numbers assigned to the casing are in the correct sequence 
and differ by 1 (the extra piece of casing, No. 1 A) from the sequential numbers listed on the MP Casing 
Installation Log. 

The appropriate MP55 System coupling was attached to each piece of casing. Magnetic location collars 
were attached 2.5 ft below the measurement ports in each of the primary monitoring zones and 2.5 ft 
below coupling No. 99 near the top of the well. 
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Abrasion protectors (9-in.-long and 4.3-in.-O.D.) were placed above and below each measurement port, 
pumping port, and packer installed below screen #3. The purpose was to decrease the possibility of the 
casing hanging up or suffering damage when passing through the uneven borehole and protruding metal 
fragments observed by the video log in and below screen #3. 

The length of each casing section was measured with a steel tape to confirm nominal lengths, and the 
data were entered on the MP Casing Installation Log and in the Well Designer file for the well. Each 
casing component was visually inspected, and serial numbers for each packer, measurement port 
coupling, and pumping port coupling were recorded on the field copy of the MP Casing Installation Log. 

The casing components were lowered into the well in sequence. The first 15 sections of casing were 
lowered by hand, and a Smeal work-over rig provided by the Laboratory was used to lower the remaining 
casing components. Each casing joint was tested with a minimum internal pressure of 300 psi for one 
minute to confirm hydraulic seals. De-ionized water provided by Morrison Knudsen Corp. was used for the 
joint tests. A record of each successful joint test and the placement of each casing component is on the 
field copy of the MP Casing Installation Log. 

The suspended weight of the casing components was monitored during lowering to confirm that the 
operating limits of the components were not exceeded. The casing hung up in the well on several 
occasions during the lowering. On September 28, 2000, the casing hung up for several hours, with No. 
144 about 4.5 ft above ground. It was suspected that the bottom of the casing, at about 1087.5 ft, had 
encountered a section of irregular well pipe or open borehole below screen #3. After repeated attempts, 
the casing passed by the obstruction. Lowering of the casing to the target position was successfully 
completed on September 28, 2000. 

After the casing was lowered into the borehole, the water level inside the casing was at a depth of more 
than 1506 ft below the top of the casing, confirming the hydraulic integrity of the casing. The open-hole 
water level was about 1224 ft below ground level. The casing water level was too deep to measure with 
the available electric water-level tape. A hydraulic integrity test was conducted by observing the water 
level inside the casing for one hour during the Pre-Inflation Pressure Profile done on September 29, 2000. 
With this differential pressure acting on the casing string, the water level inside the casing was stable. 
The test indicated that the casing was water tight. 

After the components were lowered into the well and the hydraulic integrity of the casing had been 
confirmed, the casing string was positioned as shown in Appendix B. The datum for the borehole was 
ground level. The casing string was supported with the top of coupling No. 222 at a depth of 6.3 ft. An 
additional 1.5-m length of casing, identified as No. 223, was added to the casing string for later use during 
de-stressing of the casing. 

The packers were inflated on September 29 to October 2, 2000, using de-ionized water. The packers 
were inflated in sequence beginning with the lowermost. All of the packers were inflated successfully, and 
QA tests showed that all of the packer valves were closed and sealed. 

The Westbay™ procedure for de-stressing the casing was used after all of the packers had been inflated. 
The top casing (No. 223) was cut and trimmed to suit the final configuration of the wellhead assembly, 
and the top completion was installed. The final position of casing No. 223 was 3.18 ft above ground. The 
final tensile load at the top of the casing was 500 lb. The maximum limit for long-term tensile loading of 
the casing is 1000 lb (454 kg). A sketch of the as-built top of the casing and final positions of the 
Westbay™ components is included in Appendix B, and a summary of depth information for key 
components is provided in Table 3.4-1. 
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Zone 
No.8 

QA-1 

-
QA-2 

-
SQA1 

-
Zone 1 

-
LQA1 

-
SQA2 

-
Zone2 

-
LQA2 

-
SQA3 

-
Zone 3 

-

Screen Interval 
(ft)b 

-
-

-
-
-
-

738.1-757.9 

-
-
-
-
-

883.1-892.9 

-
-
-
-
-

1055.1-1064.1 

-

Table 3.4-1 

Depths of Key Westbay™ MP55 System Components in Well R-25 

Sand Pack Casing No. Packer Nominal Packer Magnetic 
Interval (from MP Packer Serial No. Positionc Collar Depthb 

(ft)b Log) No. (0612) (ft) (ft) 

- 186 - - - 364.4 

- 185 1 120 372.1 -
- 150 - - - None 

- 149 2 118 720.8 -
- 148 - - - None 

- 147 3 060 730.7 -
727.6-766.4 144 - - - 757.3 

143 - - - -
142 - - - -

- 141 4 057 769.4 -

- 140 - - - -
- 131 5 059 862.8 -

- 130 - - - -

- 129 6 157 872.6 -
872.6-903.4 126 - - - 894.3 

125 - - - -
124 - - - -

- 123 7 142 906.5 -

- 122 - - - -
- 109 8 173 1034.4 -
- 108 - - - -
- 107 9 155 1044.2 -

1 044.6-1 072.6 104 - - - -
103 - - - 1065.9 

101 - - - -
- 100 10 147 1089.6 -

' ~ 

Measurement Pumping 
Port Depthc Port Depthc 

(ft) (ft) 

361.9 -
- -

710.6 -
- -

725.3 -

- -

754.8 -
- 760.1 

765.8 -
- -

773.9 -

- -
867.3 -

- -
891.8 -

- 897.2 

902.8 -
- -

911.0 -
- -

1038.8 -

- -
1063.4 -

- 1068.8 

1084.2 -
- -

Port 
Named 

QA-1 

-
QA-2 

-
SOA1 

-
MP1A 

PP1 

MP1B 

-
LQA1 

-
SQA2 

-
MP2A 

PP2 

MP2B 

-
LOA2 

-
SQA3 

-
MP3A 

PP3 

MP3B 

-
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Zone 
No. a 

LQA3 

-
SQA4 

-
Zone4 

-
LQA4 

-
SQA5 

-
Zone5 

-
LQA5 

-
SQA6 

-
Zone6 

-
LQA6 

-
SQA7 

-

Sand Pack 
Screen Interval Interval 

(ft)b (ft)b 

- -
- -

- -
- -

1185.9-1194.1 1174.6-1202.6 

- -

- -
- -
- -
- -

1295.1-1304.1 1284.6-1312.6 

- -
- -
- -
- -
- -

1405.1-1414.1 1394.6-1422.6 

- -
- -
- -
- -
- -

Table 3.4-1 (continued) 

Casing No. Packer Nominal Packer 
(from MP Packer Serial No. Positionc 

Log) No. (0612) (ft) 

99 - - -
91 11 146 1168.3 

90 - - -
89 12 162 1178.1 

87 - - -
86 - - -
85 - - -
84 13 073 1207.2 

83 - - -
75 14 104 1279.3 

74 - - -
73 15 058 1289.1 

71 - - -
70 - - -
69 - - -
68 16 055 1318.2 

67 - - -
60 17 171 1387.0 

59 - - -
58 18 145 1396.9 

56 - - -
55 - - -
54 - - -
53 19 154 1421.1 

52 - - -
35 20 061 1586.8 

34 - - -
33 21 108 1596.6 

~~- -------- -~ --

9 
Q) 

iil 
Magnetic Measurement Pumping 

Collar Depthb Port Depthc Port Depthc Port 
(ft) (ft) (ft) Named 

C') 

(i) 

~· 
Q) 

g 
- 1094.1 - LQA3 ::J 

~ - - - - ::::: 

- 1172.8 - SQA4 -:p 
~ - - - -

1194.9 1192.4 - MP4A f 
- - 1197.8 PP4 

- 1203.4 - MP4B 

(i) 
g: 
::J 

- - - - ~ 
- 1211.6 - LQA4 ~ 
- - - -
- 1283.7 - SQA5 

- - - -
1305.9 1303.4 - MP5A 

- - 1308.8 PP5 

- 1314.4 - MP5B 

- - - -
- 1322.6 - LQA5 

- - - -
- 1391.5 - SQA6 

- - - -
1408.8 1406.3 - MP6A 

- - 1411.7 PP6 

- 1417.3 - MP6B 

- - - -
- 1425.6 - LQA6 

- - - -
- 1591.3 - SQA7 

- - - -
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Table 3.4-1 (continued) 

Sand Pack Casing No. Packer Nominal Packer Magnetic 
Zone Screen Interval Interval (from MP Packer Serial No. Positionc Collar Depthb 
No.8 (ft)b (ft)b Log) No. (0612) (ft) (ft) 

Zone 7 1605.1-1614.1 1594.6-1622.6 31 - - - 1608.5 

30 - - - -
29 - - - -

- - - 28 22 063 1620.8 -
LQA7 - - 27 - - - -

- - - 11 23 165 1776.7 -
SQA8 - - 10 - - - -
- - - 9 24 024 1786.6 -

Zone 8 1795.1-1804.1 1784.6-1812.6 7 - - - 1798.5 

6 - - - -
5 - - - -

- - - 4 25 163 1810.7 -
SQA9 - - 3 - - - -
- - - 2 26 030 1820.6 -

Zone 9 1895.1-1904.1 1884.6-1912.6 1 - - - 1827.6 

- - - -
- - - -

a QA =quality assurance zone or port, LOA = long quality assurance zone or port, SQA = short quality assurance zone or port. 

bAll depths are with respect to ground surface. 

cAll depths of MP55 System casing components are the depth to the top of the respective coupling. 

d MP = measurement port, PP = pumping port. 

Measurement Pumping 
Port Depthc Port Depthc 

(ft) (ft) 

1606.0 -

- 1611.4 

1617.1 -
- -

1625.3 -
- -

1781.2 -
- -

1796.0 -
- 1801.4 

1807.0 -
- -

1815.2 -
- -

1825.1 -
- -
- -

Port 
Named 

MP7A 

PP7 

MP78 

-
LQA7 

-
SQA8 

-
MP8A 

PP8 

MP88 

-
SQA9 

-
MP9 

-
- 9 
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Characterization Well R-25 Completion Report 

After packer inflation was completed, fluid pressures were measured at each measurement port. The fluid 
pressure profile measurements were taken on October 3 and 4, 2000. At that time, the in -s'tu formation 

'·-1'' 

monitoring may b8 rc-?quired to estabiish represer1tati';e fluid pressu ;_ 

Plots of the piezometric levels in all zones, including QA zones, baseci on the September 29, October 3, 
and October 4 pressure measurements, were examined to confirm proper opei"ation of the measurement 
ports and as a check on the presence of annular seals between adjacent monitoring zones. All of the 
measurement ports operated normally. Each of the packers was supporting a differential hydraulic 
pressure, indicating the presence of packer seals. 

3.5 Wellhead Protection 

After the well was completed and the Westbay™ sampling system installed, a 1O-ft x 5-ft x 6-in., 3000-psi 
concrete surface pad was poured. A coupling pipe for a solar panel energy source was set in the 
concrete. Bollards were cemented 2 ft into the ground with a 3-ft stickup on all four sides of the pad. Drill 
cuttings were used to recontour the site to approximate the original grade. The ground was reseeded with 
native grasses and fertilized. Erosion control structures (straw bales) destroyed in the Cerro Grande fire 
were replaced. 

4.0 SURVEY ACTIVITIES 

4.1 Geodetic Survey 

The location of well R-25 was determined by geodetic survey on April 20, 2001, using a Wild/Leica TC 
1000 total station. Control for the survey was provided by Stations 1420 and 1421 from the 1992 
Laboratory-wide control network. Field measurements were reduced using LisCad Plus® 5.0 surveying 
software. 

The survey located the brass cap monument in the southeast corner of the concrete pad at the well and 
measured elevations at the top of the well casing and the top of the Westbay™ sampling system aluminum 
plate (Table 4.1-1 ). Horizontal well coordinates are New Mexico State Plane Grid Coordinates, Central 
Zone (North American Datum of 1983 [NAD 83]) and are expressed in feet. Elevation is expressed in feet 
above mean sea level relative to the National Geodetic Vertical Datum of 1929. The Facility for Information 
Management, Analysis, and Display (FIMAD} location number for well R-25 is 16-05961. 

Table 4.1-1 
Geodetic Data for Well R-25 

Easting Northing 
Point (ft) (ft) 

Brass monument 1615178.42 1764060.50 

Top of stainless steel well casing 1615177.17 1764063.00 

Top of Westbay™ plate 1615177.11 1764062.93 

4.2 Surface Radiological Survey 

Elevation 
(ft) 

7516.1 

7518.8 

7518.0 

A surface radiological survey was conducted before drilling activities began at the R-25 site. The 
predrilling radiation survey was conducted on July 7, 1998, and consisted of collecting alpha and 
beta/gamma background measurements and conducting statistical analysis to calculate action levels. 
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Characterization Well R-25 Completion Report 

Calculated background values for the drill site were 0.4 cpm for alpha, 216.8 cpm for beta/gamma, and 
17.21JR/hr for dose rate. 

Established action levels are used as a basis to determine if borehole materials screened during drilling 
exhibit radioactivity above surface background values. The survey area consisted of 15 points spaced out 
in a grid pattern projected over the work area. Each point was surveyed using direct-reading alpha, 
beta/gamma, and dose rate meters. Alpha was measured using a Ludlum Model 139 with air proportional 
probe; beta/gamma was measured using an ESP-1 with an HP-260 probe; dose rate was measured 
using a Ludlum Model19 iJR/hr meter. 

PART II: ANALYSES AND PRELIMINARY INTERPRETATIONS 

5.0 GEOLOGY 

Well R-25 is located near the western edge of the Pajarito Plateau, 1.9 km east of the Pajarito fault zone 
that separates the plateau from the Jemez Mountains to the west. Generally dacitic lavas of the 
Tschicoma Formation form bedrock within the higher terrain of the eastern Jemez Mountains (Smith et al. 
1970, 09752}. The Tschicoma Formation, emplaced mostly during the Early Pliocene epoch, consists of 
overlapping volcanic dome complexes and associated lava flows that aggregate to thicknesses that 
probably exceed 5000 ft locally. Several individual units, described below, have been characterized just 
west of well R-25 (Figure 5.0-1 }. These units of the Tschicoma Formation are the subject of on-going field 
and laboratory investigations and are not yet defined as formal stratigraphic units. 
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Characterization Well R-25 Completion Report 

The Pajarito Plateau was formed by outflow sheets of the Bandelier Tuff that erupted from the Valles 
caldera in the central part of the Jemez Mountains. Two major eruptions emplaced the Otowi and Tshirege 
Members of the Bandelier Tuff 1.61 and then 1.22 million years ago (Ma), respectively (lzett and 
Obradovich 1994, 48817). In the western part of the Laboratory, these ignimbrites buried the Puye 
Formation, a fanglomerate unit derived from erosion of the Tschicoma Formation (Griggs 1964, 8795; 
Waresback 1986, 58715). Puye deposits on lap and interfinger with the Tschicoma Formation in the 
subsurface near the western edge of the Pajarito Plateau. The Puye Formation is the upper part of the 
regional aquifer in the western and central part of the plateau. Cross-sections through well R-25 (Figure 
5.0-2) illustrate these features. 

5.1 Stratigraphic Units 

The R-25 borehole penetrated the stratigraphic units shown in Figure 2.3-1 and listed in Table 5.1-1. 
Identification of these units was based on examination of core and cuttings, geophysical logs, drilling 
information, geochemical and mineralogic data, and narrative descriptions for 28 polished thin sections. A 
lithologic log for R-25 is provided in Appendix C. Unit contacts were forecasted with moderate success 
within the Bandelier Tuff, primarily due to control provided by drill hole SHB-3, which is located 2 km 
southwest of R-25. SHB-3 bottomed in the Puye Formation, 20ft beneath the base of the Bandelier Tuff. 
Sitewide geologic model predictions that R-25 might intersect Tschicoma lavas and Santa Fe Group 
sediments proved to be incorrect. Instead, sands and gravels of the Puye Formation were encountered 
beneath the Bandelier Tuff and extended to the TD of 1942 ft in the R-25 borehole. · 

5.1.1 Mesa-Top Soil (0- to 1-ft depth) 

A thin layer of soil was penetrated from the surface to a depth of 1 ft. The soil consisted of unconsolidated 
silt, clay, and sand-sized fragments of sanidine and quartz derived from underlying bedrock. 

5.1.2 Tshirege Member of the Bandelier Tuff (1- to 384-ft depth) 

The Pleistocene Tshirege Member is 383ft thick in R-25. It is a chemically-zoned ignimbrite that exhibits 
complex zones of welding and crystallization subdivided into four cooling units. Definition and 
nomenclature for these units were based on Broxton and Reneau (1995, 49726), Warren et al. (1997, 
59180), and Gardner et al. (2001, 701 06). In general, tuff compositions become more chemically evolved 
downsection through the Tshirege Member. Concentrations of Si02 , P20 5, Rb, Y, and Nb tend to increase 
with depth whereas Ti02, Al20 3, total iron, Ca, Sr, and Ba tend to decrease (Table 5.1-2). Petrographic 
characteristics also vary as a function of depth. For example, phenocryst abundances, particularly quartz, 
increase from the upper units to the lower units of the Tshirege Member (Table 5.1-3). 

5.1.2.1 Qbt 4 (1- to 84-ft depth) 

Obt 4 is made up of a series of variably welded vitric to devitrified ash-flow tuffs that extend from 1 to 84 ft 
depth. Several systems of nomenclature have been applied to these tuffs (see for example Rogers 1995, 
54419; Warren et al. 1997, 59180; Gardner et al. 2001, 701 06). In this report, the name Obt 4 is retained 
because ongoing petrologic studies suggest that these tuffs are genetically related. The occurrence of 
these tuffs is restricted to the western side of the Pajarito Plateau, and their unique petrographic and 
chemical characteristics indicate that latter stages of the Tshirege eruption tapped magmas that were 
significantly less evolved than the high-silica rhyolites that form the bulk of the Tshirege Member. 
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Characterization Well R-25 Completion Report 

Table 5.1-1 
Comparison of Stratigraphic Units [;1:::ou;1tcrcd L1 Borehole R-25 

I Forecast Depth"' 1
) 

Drilled 
I 

(ft) i 
I I 

-

I Elevationb Depthb 
I ! Thickness I 

I I ! 

Stratigraphic Unit Symbol (ft) (ft) (ft) FIP 
-

FY 98 
-------·--·-- ---------

Soil - 7517 1 1 - -
-

Tshirege Member, Unit 4 Qbt 4 7434 84 83 93 92 

Tshirege Member, Unit 3t Qbt 3t 7363 155 71 - -
Tshirege Member, Unit 3 Qbt 3 7289 229 74 272 192 

Tshirege Member, Unit 2 Qbt 2 7186 332 103 349 233 

Tshirege Member, Unit 1v Qbt 1v 7156.5 361.5 29.5 376 290 

Tshirege Member, Unit 1 g Qbt 1g 7136.2 381.8 20.3 435 354 
--------·- ·-·--·- ---------

Tshirege Member, Tsankawi Pumice Bed Qbtt 7134 384 2.2 440 359 
·----- --

Sediments of the Cerro Toledo interval Oct 7009 509 125 508 446 

Otowi Member, ash flow tuff Qbo 6674.2 843.8 334.8 899 768 

Otowi Member, Guaje Pumice Bed Qbog 6667.5 850.5 6.7 906 794 

Puye Fanglomerate Tpf <5576 >1942 >1091 - 1115 

Latite of SHB-1 TPcl4 - absd - abs 1567 

Puye Formation Tpf - - - 1023 1656 

Tschicoma Formation Tt - abs - 1267 abs 

Puye Formation Tpf - - >1090 1929 abs 

Totavi Formation Tpt - - - 1983 1721 

Santa Fe Group Tsf - - - - 1721 

a Forecast depths are taken from R-25 field implementation plan (FIP) and from 1998 version of sitewide geologic model (FY 98). 

bAll data are for base of unit; elevations in feet above mean sea level and depths in feet below ground surface. 

c Geologic contacts are based on projections from geologic cross-sections. 

dabs= absence of unit. 
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Sample a 
Number 

Depth (ft) 

Stratigraphic 
Unit 

Sample 
Type 

Si02% 

Ti02% 

AbOa% 

Fe0%c 

Fe20a %c 

MnO% 

MgO% 

CaO% 

Na20% 

K20% 

P20s% 

LOI%1 

Total% 

V ppm 

Crppm 

Ni ppm 

Zn ppm 

Rbppm 

Srppm 

Yppm 

Zrppm 

Nbppm 

Bappm 

R25-5D R25-30.5D 

5 30.5 

Tshirege Tshirege 
Member, Member, 
Qbt4 Qbt4 

Cuttings Cuttings 

71.9 71.2 

0.26 0.35 

13.3 13.8 

0.53 0.91 

1.86 2.06 

0.08 0.09 

0.19 0.33 

0.64 0.81 

4.06 4.33 

5.01 4.38 

0.05 0.04 

2.22 1.59 

100.2 100.1 

<10 16 

<8 <8 

<11 <11 

71 92 

88 64 

67 95 

38 34 

390 409 

46 43 

285 438 

Table 5.1-2 
Chemical Analyses of Rock Units Penetrated During Drilling of Borehole R-25 

R25-59D R25-93.2 R25-144D R25-165.5D R25-188D R25-231.35 R25-264D R25-318D R25-352.4 

59 93.2 144 165.5 188 231.35 264 318 352.4 

Tshirege Tshirege Tshirege Tshirege Tshirege Tshirege Tshirege Tshirege Tshirege 
Member, Member, Member, Member, Member, Member, Member, Member, Member, 
Qbt4 Qbt3t Qbt3t Qbt 3 Qbt3 Qbt2 Qbt 2 Qbt 2 Qbt 1v 

Cuttings Core Cuttings Cuttings Cuttings Core Cuttings Cuttings Core 

73.5 76.0 73.4 74.9 80.1b 78.9 75.6 74.9 78.4 

0.32 0.19 0.18 0.16 0.13 0.09 0.11 0.16 0.08 

13.2 13.1 13.7 13.3 10.8 11.8 12.5 12.9 11.5 

0.88 0.52 0.38 0.38 0.38 0.17 0.24 0.21 0.12 

1.85 1.47 1.68 1.52 1.05 1.21 1.48 2.05 1.38 

0.09 0.08 0.08 0.08 0.05 0.03 0.07 0.11 0.06 

0.38 NAd NA NA NA NA NA 0.20 NA 

0.93 0.38 0.33 0.30 0.30 0.17 0.17 0.48 0.21 

4.36 4.50 4.48 4.56 3.74 3.98 4.44 4.32 3.98 

4.23 4.80 4.89 4.90 3.85 4.38 4.79 4.56 4.12 

0.05 0.02 0.02 0.02 0.01 <0.01 6 0.01 0.03 <0.01 

0.32 0.18 0.31 0.19 0.08 0.25 0.21 0.24 0.24 

100.3 101.4 99.5 100.4 100.5 101.0 99.7 100.2 100.2 

13 <9 <10 <10 <10 12 <10 <11 14 

11 <7 11 <8 <8 <8 <8 <8 <8 

<11 <11 <11 <11 <11 <11 <11 <11 <11 

123 76 73 84 57 45 75 121 69 

74 108 113 131 71 121 158 170 169 

123 37 40 41 38 21 19 74 22 

26 38 51 42 18 45 49 64 68 

338 388 278 289 191 191 262 246 197 

41 54 59 69 35 51 89 84 82 

417 209 155 126 174 99 98 225 89 

R25-373.5 R;:S-428[ 'P 
···-+·---

373.5 • 42S 
~-~-

Tshiregr, : Ct:r ro 
Member. ! Tole!dO, 
Qbt 1g : Qcl 

!-.-~-

Core 
j Pumice:' .aparates 
frorn Cun ngs 

74.4 73.8 

0.08 0.12 

12.7 12.9 

0.52 10.61 

1.11 1 o.61 

0.08 I o.o6 

NA i ~~;\ 

0.19 I U.~~·3 
-~--~~~-

3.62 r 2.71) 
+-----~-· 

4.60 i 5.61 
I 

<0.01 <0 J1 
·--~~ 

1.94 j3.33 
j 

99.4 : :oo 3 
I 

<10 : <10 
:-----

<8 ! 1::0 
r----~~ 

<11 : <11 
-

115 67 
·I-------~~ 

215 "7: 
--~---------

15 2~ 

88 !46 

271 11 G:o 

131 J67 

<47 50 
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Table 5.1-2 (continued) 
Sample R25· R25· R25- R25- R25· R25- R25-
Number" R25-456 R25-484DP R25-568 R25-798DP 846.1P10 864D10 1082D10 1302D10 1587D10 1647010 1802010 R25-19270P 
Depth (ft) 456 484 568 798 846.1 864 1082 1302 1587 1647 1802 1927 

Cerro Cerro Otowi Otowi Guaje Puye Puye Puye Puye Puye Puye Puye 
Stratigraphic Toledo, Toledo, Member, Member, Pumice Formation, Formation, Formation, Formation, Formation, Formation, Formation, 
Unit dacite clast Qct Qbo Qbo Bed, Qbog Tpf Tpf Tpf Tpf Tpf Tpf Tpf 

Pumice Pumice Pumice Pumice 
Sample Separates Separates Separates Cuttings Cuttings Cuttings Cuttings Cuttings Cuttings Separates 
Type Core from Cuttings Core from Cuttings (>2mm) (>2mm) (>2mm) (>2mm) (>2mm) (>2mm) (>2mm) from Cuttings 

Si02% 65.8 72.1 77.1 73.5 72.7 67.5 67.8 68.2 68.0 69.5 69.6 76.9 

Ti02% 0.61 0.15 0.13 0.05 0.06 0.51 0.49 0.50 0.44 0.47 0.43 0.20 

Ab03% 16.2 13.2 12.0 13.1 12.7 15.2 15.3 15.3 14.9 15.3 14.6 11.8 

FeO% 1.13 0.90 0.32 0.59 0.60 1.23 1.05 1.27 1.24 1.37 0.41 <0.01 

Fe203% 3.25 0.88 0.98 0.87 0.90 2.48 2.59 2.49 2.11 2.05 2.66 0.62 

MnO% 0.08 0.07 0.05 0.09 0.09 0.06 0.06 0.06 0.06 0.07 0.06 0.03 

MgO% 1.45 0.12 0.12 NA NA 1.52 1.28 1.58 1.44 1.39 1.18 

GaO% 4.12 0.41 0.47 0.21 0.31 3.27 3.21 3.39 3.11 3.14 2.46 1 0.:)1 

Na20% 4.14 2.51 3.20 4.02 3.63 3.89 3.84 3.85 3.62 3.82 3.88 --T:ios 
··-+-·-· 

K20% 2.69 5.39 4.54 4.42 4.50 3.15 3.22 3.18 3.31 3.35 3.80 I 4.7:J 
t--·· 

P20s% 0.22 Q.Q1 0.02 <0.01 <0.01 0.18 0.16 0.17 0.15 0.15 0.13 ! J.02 
----+ 

LOI% 0.29 4.40 1.91 2.87 3.80 0.65 0.61 0.58 0.75 0.30 0.70 :0.27 

Total% 100.3 100.2 101.0 99.8 99.5 99.9 99.9 100.9 99.4 101.2 100.1 i 98.~1 
____j---------

Vppm 63 <10 <10 <10 <10 38 52 55 41 46 39 i <iC 

Crppm 45 <8 <8 <8 <8 44 34 43 34 35 41 
:-~~--
!<6 

--+-----··----
Ni ppm 22 <11 <11 <11 <11 22 23 26 19 15 28 : <i "1 

Znppm 64 74 49 132 122 57 61 58 54 52 57 ! ---1:J 

Rbppm 44 143 115 370 344 64 64 50 63 63 93 ~80 
Srppm 590 19 42 5 10 440 441 467 395 428 352 l72 
Yppm 18 36 27 122 112 13 14 11 11 15 21 11 
Zrppm 170 283 180 272 263 181 170 183 173 175 156 119 
Nbppm 19 54 42 187 198 13 20 12 16 19 34 58 
Bappm 1234 <47 183 <47 54 1305 1249 1345 1289 1329 928 1268 

----

Note: All analyses determined by x-ray fluorescence; Emily Kluk, analyst. Values reported in percent or parts per million by weight. Analytical errors (2a) are Si02, 0.7; TiO<. 0.01; 
Al20 3, 0.2; FeO and Fe203, 0.06; MnO, 0.01; MgO, 0.08; GaO, 0.1; Na20, 0.1; K20, 0.05; P20 5, 0.01; V, 10; Cr, 8; Ni, 10; Zn, 12; Rb, 5; Sr, 25; Y, 6; Zr, 30; Nb, 7 and Ba, 50. 

a Number listed after R25· indicates depth in feet. Drill cuttings are indicated by D and the depth listed is the top of the cuttings run, pumice is indicated by P, and all others are core. 
The number 10 at the end of the sample number indicates > 10 mesh (>2 mm) size fraction. 

b This Si02 concentration is greater than normally expected for the Tshirege Member and may reflect concentration of quartz phenocrysts in cutting samples. 
c Ferrous/ferric ratio determined by digestion and titration. 
d 

NA = not analyzed . 
e Values indicated are less than detection limit with the detection limit indicated by the number. 
1 

LOI =loss on ignition; determined gravimetrically by Emily Kluk. 
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Table 5.1-3 

Cooling Unit Number of An;:,lys-~s a 
Average {vol. %) 

: 
R:mge (vol. %) 

4 6 11 I 2-22 

3t 4 18 14-24 
r-~-~---- ·~- --- ~-- ---·----- ------------ ----~ ---------------------- ----- ------

3 33 37 23-51 

2 18 41 26-55 
·--

1v 4 41 34-45 

1g 9 39 27-48 
a . . 

Data are taken pnmanly from Broxton et al. (1995, 58207; 1995, 54709), Broxton et al. (1996, 54948), and Warren et al. (1997, 
59180). 

From 1 ft to 5 ft, Qbt 4 consists of moderate orange pink partially-welded vitric ignimbrite that forms a thin 
caprock at the R-25 site. From 5 ft to 35 ft, Qbt 4 consists of light brown nonwelded vitric ignimbrite. From 
35 to 51 ft, it consists of pinkish gray nonwelded devitrified ignimbrite, and from 51 to 84ft, it consists of 
light brownish gray nonwelded devitrified ignimbrite. The lowermost tuffs of Qbt 4 in R-25 are a distinct 
lithology that is characterized by fewer and smaller pumices, fewer phenocrysts, and iron-stained pumices 
and lithics; these lower tuffs are equivalent to the Qbt 4 tuffs capping Pajarito Mesa described by Broxton 
et al. (1995, 54709). 

Table 5.1-4 shows mineralogic data by x-ray diffraction for selected samples collected from Qbt 4. These 
data show that the upper part of the unit contains primary volcanic glass whereas the lower part of the 
unit is dominated by alkali feldspar, quartz, and cristobalite (Table 5.1-4). Whole-rock Si02 concentrations 
(71-7 4 wt% Si02) for Qbt 4 are significantly lower than for underlying Tshirege units (Table 5.1-2). 
Petrographic studies indicate that Qbt 4 is characterized by phenocrysts and glomerocrysts consisting of 
anorthoclase, sanidine, subordinate quartz, and minor plagioclase and clinopyroxene. Glomerophyric 
clots tend to be more abundant in the upper part of the unit. 

Table 5.1-4 
Quantitative X-Ray Diffraction Analyses for Borehole R-25 

.0 Q) 
Q) Q) 

"' Q) = 1- ... Q) "CC 
Q) = Q) - iii ~ 

cu - c c. - = ·e 9 c.. II) cu :;:: Q) s (.) .5 ..c cu II) II) (.) cu ::c E Q) 
0 > 0 iii ::I "CC cu :E E {!!. E "CC - c.. a c cu 
~ 

·;:: II) 
0 0 iii Q) ... 

(/) U) 1- ·;:: LL. ::J: 0 
0 ::J: 

R25-5D - - - - 2±1 2 ± 1 29 ±4 67 ±4 - Trc. - 100 ±4 
Tshirege Mbr, Qbt 4 

R25-30.5D Trc. - - - 6±3 10 ± 1 54 ±8 29 ±8 Trc. 1 ± 1 - 100 ±9 
Tshirege Mbr, Qbl 4 

R25-59D Trc. - 1 ± 1 16 ± 1 - 19 ± 1 68 ± 10 - Trc. - Trc. 104 ± 10 
Tshirege Mbr, Qbl 4 

R25-93.2 Trc. - 20 ±2 7±3 - 7±1 67 ± 9 - - - - 101 ± 10 
Tshirege Mbr, Qbl 31 

R25-144D Trc. - 17 ±2 9±4 - 5±1 66 ± 9 - - - Trc. 97 ± 10 
Tshirege Mbr, Qbl 31 
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Table 5.1-4 (continued) 

.J:J 
C1) C1) 

co C1) C1) .:!::: 1- .. C1) "C 
C1) - ~ .:!::: "iii ~ 

IV - c :;::::: E ~ a. en IV :;::::: C1) Q. u .5 ..a IV en en u IV :a E C1) 
0 >- 0 "iii ::I "C IV 

:5 E E "C - a. a; a c IV IV ·;:: en 
0 0 C1) .. 

U) U) ~ 1- ·;:: u. ::J: 0 
(.) ::J: 

R25-165.5D - - 14 ± 1 11 ± 1 - 7 ± 1 68 ± 10 - Trc. - -
Tshirege Mbr, Obt 3 

R25-188D - - 9 ± 1 4±2 - 30±2 61 ±9 - - - -
Tshirege Mbr, Obt 3 

R25-231.35 - - 16 ±2 6±3 - 21 ±2 61 ±9 - - - -
Tshirege Mbr, Obt 2 

R25-264D - - 11 ± 1 18 ±2 - 10 ± 1 60 ±8 - - Trc. -
Tshirege Mbr, Obt 2 

R25-318D - - 17 ±2 12 ±2 - 9±1 64±9 - Trc. 1 ± 1 Trc. 
Tshirege Mbr, Obt 2 

R25-352.4D - - 4±1 12 ± 1 - 27±2 61 ±9 - 1 ± 1 Trc. -
Tshirege Mbr, Qbt 1v 

R25-373.5 - 1 ± 1 - - 7±2 13 ± 1 30±4 49±4 Trc. Trc. -
Tshirege Mbr, Obt 1g 

R25-428DP - - - - - Trc. 2±1 98 ± 1 - - Trc. 
Cerro Toledo 

R25-456 1 ± 1 - 1 ± 1 21 ±2 - 1 ± 1 74± 10 - Trc. 1 ± 1 2±1 
Cerro Toledo 

R25-484DP Trc. Trc. - - - 1 ± 1 5±1 94 ± 1 - - -
Cerro Toledo 

R25-568 Trc. - - - 8±3 12 ± 1 28±4 52 ±5 Trc. Trc. -
Otowi Mbr. 

R25-798DP - - - - - 2±1 5 ± 1 93 ± 1 - - -
Otowi Mbr. 

R25-846.1 P10 - - - - - 10 ± 1 11 ±2 79±2 Trc. - -
Guaje Pumice Bed 

R25-864D10 1 ± 1 - 12 ± 1 10 ± 1 - 1 ± 1 60±8 15 ±8 Trc. 1 ± 1 -
Puye Formation 

R25-1082D10 2 ± 1 - 11 ± 1 9±4 - 6±1 60±8 11 ± 9 Trc. 1 ± 1 Trc. 
Puye Formation 

R25-1302D10 - - 11 ± 1 13 ± 1 - 1 ± 1 66±9 8±9 Trc. 1 ± 1 Trc. 
Puye Formation 

R25-1587D10 - - 8±1 13 ± 1 - 1 ± 1 57±8 20±8 - 1 ± 1 -
Puye Formation 

R25-1647D10 - - 18 ±2 11 ±2 - - 61 ±9 10 ±9 Trc. Trc. -
Puye Formation 

R25-1802D10 1 ± 1 - 12 ± 1 12 ± 1 - 1 ± 1 55±8 17 ±8 1 ± 1 1 ± 1 -
Puye Formation 

R25-1927DP 1 ± 1 - 4 ± 1 30±2 - 4±1 52±7 9±7 - - -
Puye Formation 

Note: All values are reported in weight percent. Steve Chipera, analyst. Analytical uncertainties (±2o) are listed for all 
measurements except trace (Trc.) detection (<1%). 

3 
{!. 

100 ± 10 

104 ±9 

104 ± 10 

99±8 

103 ± 10 

105 ±9 

100 ±5 

100 ± 1 

101 ± 10 

100 ± 1 

100 ±5 

100 ± 1 

100±2 

100±8 

100±9 

100±9 

100 ±8 

100 ±9 

100 ±8 

100 ±7 

a Number listed after R25- indicates depth in feet. Drill cuttings are indicated by D and the depth listed is the top of the cuttings run, 
pumice is indicated by P, and all others are core. The number 10 at the end of the sample number indicates >10 mesh (>2 mm) 
size fraction. 

b Kaolinite or chlorite. 
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5.1.2.2 Qbt 3t (84- to 155-ft depth) 

Obt 3t is a devitrified ignimbrite and grades from partially welded at tho tojJ tu rnvcJt..:rJt(.;iy 'i•t..:iU0u Lit tiw 
!nso. Tho uso of "t" in the unit symbol refers to the transitional nature of this ur;it; O~t 3t :::hom:cal ~md 
petrographic characteristics are transitional between Qbt 4 and Qbt 3. J\lthough vveldod, cores of Qbt 3t 

J ·-' 
_,!:' -, 
_,,,_.:,' 

1- II,,·, I 

· •. (\ 1 u...._:\ 

mineralogy of Obt 3t is similar to that for lower Qbt 4 except that tridymite is the dominant silica phase in 
Obt 3t (Table 5.1-4). The abundance of quartz phenocrysts is intermediate between that of Qbt 4 and 
Qbt 3 (Table 5.1-3). Polished thin sections of Qbt 3t contain 15% and 20% quartz in downward sequence 
(Appendix D). Obt 3t thins rapidly eastward. In R-25 it is 74ft thick, but in outcrops only 1000 ft to the east 
it is only about 20ft thick (Warren et al. 1997, 59180). 

The contact between Obt 3t and Obt 3 was difficult to assign based on the cuttings from the borehole. 
Placement of the contact at 155 ft depth was based on a slight welding break at about 155 ft and 
petrographic data showing that quartz makes up 35% of felsic phenocrysts in a sample from 165.5 ft 
depth (Appendix D). Chemical analyses of Ti02 and Zr for samples of the tuff suggest that the contact 
may occur between 165.5 and 188ft depth (Table 5.1-2), but the high relative quartz content of the 
sample at 165.5 ft is considered more reliable for identifying Qbt 3. 

5.1.2.3 Qbt 3 (155- to 229-ft depth) 

Qbt 3 is a devitrified ignimbrite that grades from moderately welded at the top to nonwelded at the base. 
Cuttings were poorly consolidated throughout, probably due to pervasive vapor phase crystallization. 
Tridymite abundances were slightly less than in Qbt 3t (Table 5.1-4). Quartz in Obt 3 makes up 35% to 
20% felsic phenocrysts in downward sequence (Appendix D). A similar reversal in the normal trend of 
increasing quartz downsection was found in stratigraphic sections 1106-2 and 1085-2 in the central part 
of the Laboratory sampled by Broxton et al. (1995, 58207; 1995, 54709). 

5.1.2.4 Qbt 2 (229- to 332-ft depth) 

Qbt 2 is a moderately welded, well indurated, devitrified ignimbrite. Welding grades from moderately 
welded at the top of the unit to partially welded at the base. The bulk rock mineralogy of Qbt 2 is generally 
similar to Obt 3, with the dominant mineral phases consisting of alkali feldspar, quartz, tridymite, and 
cristobalite (Table 5.1-4). 

5.1.2.5 Qbt 1v (332- to 361.5-ft depth) 

Qbt 1 v is a nonwelded, devitrified ignimbrite. The use of 'V' in the unit symbol refers to vapor-phase 
crystallization in the upper part of cooling unit Obt 1. The mineralogy of Qbt 1 v is generally similar to that 
of Qbt 2, except that tridymite is less abundant in Qbt 1v (Table 5.1-4). The contact between Qbt 1v and 
Qbt 2 is gradational and was placed where compaction of pumices was no longer apparent downsection 
of the flattened pumices in Qbt 2. The base of Qbt 1 v was placed at the first appearance of the vitric 
pumices that mark the contact with Qbt 1 g. 

5.1.2.6 Qbt 1g (361.5- to 381.8-ft depth) and Tsankawi Pumice Bed (381.8- to 384-ft depth) 

Qbt 1 g is a nonwelded ignimbrite at the base of the Tshirege Member in R-25. This unit consists of 
massive, poorly consolidated, vitric ash-flow tuff. The use of "g" in the unit symbol refers to the presence 
of primary volcanic glass that is preserved with little or no alteration. A sample from a depth of 373.5 ft 
contained 49% glass and 7% opai-CT (Table 5.1-4). The Tsankawi Pumice Bed, a plinian fall deposit, 
occurs from 381.8 to 384ft. 
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5.1.3 Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval (384- to 509-ft depth) 

The Pleistocene Cerro Toledo interval is 125ft thick in R-25, extending from 384 to 509ft. The interval is 
typically well bedded where exposed in outcrops on the eastern side of the Laboratory (Broxton and 
Reneau 1995, 49726), but the fabric of the rock in R-25 could not be determined from cuttings. The Cerro 
Toledo interval in R-25 consists of vitric, tuffaceous, sandy silt, probably deposited within a fluvial 
environment. Numerous large lithics include dacite lava of Sawyer Dome (Figure 5.0-1), a unit of the 
Tschicoma Formation. Vitric pumices common within the unit have uniform petrographic characteristics 
within individual beds. However, the petrographic character of the pumices differs between the upper and 
lower parts of the unit (Appendix D), suggesting multiple sources for these deposits. Though vitric, the 
pumices are partly filled with two generations of smectite. Perhaps the earlier clay was deposited by soil 
illuviation prior to deposition of the Tshirege Member, and the later clay resulted from limited glass 
alteration under saturated conditions. 

The Cerro Toledo interval in R-25 is twice as thick as that predicted by the sitewide geologic model. Cerro 
Toledo deposits in boreholes CdV-R15-3 and R-19, both located east of R-25, were also thicker than 
predicted. These deposits probably fill paleo-drainages developed on the eroded top of the underlying 
Otowi Member. Revision to the sitewide geologic model is needed to better reflect the significant 
thickness of Cerro Toledo deposits under the western side of the Pajarito Plateau. 

5.1.4 Otowi Member of the Bandelier Tuff (509- to 843.8-ft depth) and Guaje Pumice Bed 
(843.8- to 850.5-ft depth) 

Ash-flow tuffs of the Pleistocene Otowi Member were encountered from 509 to 852 ft in R-25. The Otowi 
Member consists of massive, poorly consolidated, vitric, nonwelded ash-flow tuff. The most important 
mineralogic component of the tuff is glass, ranging from 52% to 93% (Table 5.1-4). The Otowi Member is 
chemically zoned, particularly for trace elements. Comparison of samples from depths of 568ft and 798ft 
(Table 5.1-2) shows that concentrations of Rb, Y, and Nb increase downsection, and Ti02, CaO, Sr, and 
Ba increase upsection. 

The ignimbrite is featureless in downhole video except for faint horizontal layering observed at 790, 819, 
827, and 832.8 ft. These features, especially at the 790-ft depth, may represent flow unit boundaries or 
surge beds. Narrative descriptions for two polished thin sections (Appendix D) confirm the vitric nature of 
the unit as well as a typical phenocryst assemblage dominated by sanidine and quartz, and with scarce 
mafics dominated by clinopyroxene. A lithic-rich zone occurs between 573 and 600ft. 

The downhole video also reveals seepage and continuous flow of groundwater along open, near vertical 
fractures. This groundwater is described further in Section 6.2.1.1. 

The Guaje Pumice Bed forms the lowermost 6.7 ft of the Otowi Member in R-25. This is much thinner 
than other occurrences of the Guaje Pumice Bed further to the east and north, suggesting that the 
location of R-25 was either south of the main dispersal axis for this fall deposit, or this deposit was partly 
eroded prior to or during emplacement of the Otowi ignimbrite. The deposit consists of stratified pumice 
beds, lithic beds that include quartzose sandstone, and fine ash beds. Two cycles of pumice fall, each 
capped by a 1-in.-thick ash layer with tops at 843.8 ft and 844.4 ft, were noted in the downhole video. The 
phenocryst mineralogy for the pumices is indistinguishable from that of the overlying ignimbrite 
(Appendix D). 
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5.1.5 Puye Formation (Fanglomerate Facies) (850.5 ft to TO of 1942 ft) 

The Puye Formation in R-25 is an alluvial fan deposit made up primarily of coarse clastic rocks derived 
from dacitic to rhyodacitic units of the Tschicoma Formation that crop out in the Jemez Mountains west of 
the Pajarito fault. Due to the proximity of the source rocks, these fanglomerate deposits consist of poorly 

and 863 It, 1175 and 1180 It, and 14 72 and 1482 ft reveals clast-supported boulder conglomerate, with 
boulders up to 2 It in diameter. Moderately well-rounded pebbles and cobbles predominate, with some 
lenses of granules. The bulk mineralogy of the Puye Formation is dominated by varying proportions of 
feldspar, glass, tridymite, cristobalite, and quartz (Table 5.1-4). 

The Puye Formation in R-25 is more than 1 090 ft thick, extending from 852 It to below the TD of 1942 ft. 
Two units recognized by the provenance of their dominant clasts are (1) the upper Pajarito Mountain unit 
from 852 to 1657 ft, and (2) the Rendija Canyon unit from 1657 to 1942 ft. Tile bedrock units within the 
Tschicoma Formation that were the likely sources for clasts in the Puye Formation are described in Table 
5.1-5, and their outcrop distribution is shown in Figure 5.0-1. Examination of clasts within polished thin 
sections (Appendix D) indicates that the upper Pajarito Mountain unit represents a fan shed eastward, 
contemporaneous with eruption of upper dacite of Pajarito Mountain, whereas the Rendija Canyon unit 
represents the southern part of a fan that was contemporaneous with eruption of rhyodacite of Rendija 
Canyon. 

Table 5.1-5 
Petrographic Description of Informal Stratigraphic Units 

Within the Tschicoma Formation in the Eastern Jemez Mountains 

Unit Name Na Phenocrystsb Characteristic Petrographic Featuresb 

Dacite of Coleman Dome 2 22% PL, 8% HN, 0.9% OX Very abundant HN 

Dacite of Pajarito Mountain (upper) 5 18% PL, 4.3% OX, 1.0% CX Abundant PX, OX strongly dominant 

Dacite of Pajarito Mountain (lower) 4 9% PL, 2.2% OX, 1.6% CX Common PX, subequal OX and CX 

Dacite of Cerro Grande (upper) 1 15% PL, 3% HN, 1.7% OX Common HN, dominant over OX 

Rhyodacite of Rendija Canyon 6 6% PL, 5% KF, 4% QZ, 0.4% Wormy QZ and highly resorbed PL 
BT, o.1% ex 

Andesite of Los Alamos Canyon 2 11% PL, 4.7% ex, 2.3% ox Abundant PX, CX strongly dominant 

Note: Outcrop extents are shown in Figure 5.0-1. Units are listed by inferred order of age (with oldest at the bottom), although 
stratigraphic positions are uncertain. 

a 
N = number of analyses. 

b PL = plagioclase, HN =hornblende, OX= orthopyroxene, PX =pyroxene, CX =clinopyroxene, KF =potassium feldspar, 
QZ = quartz, and BT = biotite. 

5.1.5.1 Late Miocene Paleosol (850.5- to 852-ft depth) 

Downhole video reveals a brown, massive, generally fine-grained sediment with highly scattered pebbles 
between the depths of 850.5 and 852.0 ft. The upper contact is wavy, with an amplitude of 0.5 in., and the 
lower contact has 4 in. of relief, extending up to 851.7 ft on the opposite side of the borehole. This layer 
represents a paleosol developed atop the Puye Formation. 
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5.1.5.2 Puye Formation- Upper Pajarito Mountain Fan Deposits (852- to 1657-ft depth) 

The upper Pajarito Mountain fan deposits of the Puye Formation in R-25 are 805 ft thick, extending from 
852 to 1657 ft. This unit consists mostly of sand and gravel, with cobbles and boulders prevalent within 
the upper 341 ft (Appendix C). Vitric lava clasts within this unit are common (Table 5.1-6), suggesting that 
the sediments are relatively unaltered. High proportions of clasts derived from upper dacite of Pajarito 
Mountain occur within cuttings from this interval, as summarized in Table 5.1-6. Immediately below this 
interval, no clasts of upper dacite of Pajarito Mountain can be recognized. The abrupt appearance of 
clasts derived predominantly from a single source area suggests that this fan complex was 
contemporaneous with eruption of upper dacite of Pajarito Mountain to the northwest of R-25 (Figure 
5.0-1). Clasts derived from upper dacite of Pajarito Mountain are not recognized within the Puye 
Formation at either R-9 (Broxton et al. 2001, 71250) or R-12 (Broxton et al. 2001, 71252), so this fan 
evidently does not extend to the northeastern part of the Pajarito Plateau. 

Depth 
(ft) 

864 

1082 

1302 

1517 

1587 

1647 

1682 

1802 

1927 

1937 

Table 5.1-6 
Percentages of Clasts Within Polished Thin Sections 

Derived from Different Units Within the Tschicoma Formation 

Source Unit of Clast 

Dacite of Pajarito Dacite of Pajarito Dacite of Cerro Rhyodacite of Miocene 
Mt. (upper) Mt. (lower) Grande Rendija Canyon Basalt 

95 - 5 -
100 - - - -
100 - - - -
85 - 15 - -
100 - - - -
90 - 10 - -
- 43 19 38 -
- 14 5 81 -
- - - 100 -
- - 26 68 5 

Vitric 
Clasts 

(%) 

10 

20 

10 

35 

30 

0 

38 

0 

0 

5 

Note: Values in the second through sixth columns represent vol.% of clasts within a polished thin section. Each thin section of 
cuttings contains approximately 20 separate clasts, each with long dimensions >2 mm. Data are taken from Appendix D. 
Depths represent the lower depth of the 5-ft-thick cuttings interval sampled. The sample from the 1927 -ft depth represents a 
polished section of 45 individual pumices. 

5.1.5.3 Puye Formation - Rendija Canyon Fan Deposits (1657 to -1870 ft) and High-Rb, Low-Sr 
Fan Deposits ( -1870 ft to TO of 1942 ft) 

The Rendija Canyon fan deposits of the Puye Formation in R-25 are >285 ft thick, extending from 1657 to 
1942 ft (the total drilled depth in R-25). This unit consists mostly of sand and gravel, with boulders 
prevalent between 1870 and 1925 ft (Appendix C). A large fraction of clasts near the top of this unit are 
vitric (Table 5.1 ~6), suggesting that sediments here are unaltered. Rhyodacite of Rendija Canyon is the 
dominant clast type in these deposits, although clasts derived from other sources are also present (Table 
5.1-6). A polished thin section of pumices separated from cuttings collected at 1927 ft is monolithologic 
and may represent a primary pumice fall. 
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Chemical data from cuttings collected from the Puye Formation in R-25 are summarized in Table 5.1-2. 
Four constituents (Si02 , Sr, Rb, and Ba) are plotted against elevations for boreholes R-25, CdV-R15-3, 
and R-19 in Figure 5.1-1. The interpretation of chemical data from cuttings is limited by several factors. 
Drill cuttings represent composite samples that may include several lithologies from a limited depth range. 
Additionally, the return of cuttings to the surface often results in the loss of fine fractions of the materials 
s<.1mpled. Analysis of cuttings from R-19 suggests th<.1t chemical vmi3tior:s within different size fr<.1ctions 
are generally small in the Puye Formation (Broxton eta!. 2000, 71253). The following discussion 
recognizes the limitations imposed on the interpretation of the geochemical data by the nature of the 
materials sampled. 
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Figure 5.1-1. Variations in Si02, Sr, Rb, and Ba in cuttings from the Puye Formation in 
boreholes R-25, CdV-R15-3, and R-19 
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The chemical data indicate a general trend of increasing Si02 and Rb and decreasing Sr and Ba with 
depth in boreholes R-25, CdV-R15-3, and R-19. The trends are consistent with the dacite of Pajarito 
Mountain as an important source of clasts in the upper part of the Puye Formation and the rhyodacite of 
Rendija Canyon as an important source in the lower part for this part of the Pajarito Plateau. The Rendija 
'Canyon fan deposits of the Puye Formation are represented by a single sample (depth 1802 ft and 
elevation 5715 ft) in Table 5.1-2 and Figure 5.1-1. The chemical data shown in Figure 5.1-1 (particularly 
for Sr and Ba) also suggest that the lowermost Puye deposits in all three wells were derived from source 
rocks other than the rhyodacite of Rendija Canyon. These lowermost Puye deposits were apparently 
derived from older source rocks that were more chemically evolved than the Rendija Canyon rhyodacite. 
The locations and ages of these older source rocks are not known at this time but are possibly related to 
the Bearhead Rhyolite and Canovas Canyon Rhyolite (Smith et al. 1970, 09752). It appears that the R-25 
borehole barely penetrated the top of these older fan deposits before reaching TD; these deposits are 
currently included in the Rendija Canyon fan deposits of the Puye Formation in R-25 because of their 
limited characterization. 

5.2 Borehole Geophysics 

Borehole geophysical surveys were conducted in the R-25 borehole during drilling, and through stainless 
steel casing and annular fill after the well was installed. This section describes the borehole geophysical 
survey methods that were employed and presents the results obtained from the logging. 

5.2.1 Borehole Logging Activities 

Borehole geophysical data were obtained from two sources: (1) Laboratory and subcontractor personnel 
conducted borehole video, natural gamma radiation (GR), and electromagnetic induction (EM) surveys 
using Laboratory geophysical logging equipment, and (2) Schlumberger, Inc., personnel obtained a suite 
of borehole geophysical logs. Table 5.2-1 lists the borehole video and geophysical surveys that were 
obtained from each source. 

On October 14, 1998, GR and EM logs were run by Laboratory subcontractors through cased hole from 0 
to 580ft and open hole from 580 to 980ft. On October 17, 1998, Laboratory borehole logging equipment 
was used to obtain an open-hole video log from 580 to 863ft using a 4-in.-diameter side-viewing camera. 
On January 4, 1999, the Laboratory's 4-in.-diameter side-viewing camera was used to log open borehole 
from 1175 to 1180 ft, and on January 21, 1999, the 4-in.-diameter camera was used to log the open 
borehole from 1472 to 1482 ft. On February 27, 1999, a GR log was run in cased borehole from 0 to 
1942 ft using Laboratory equipment. 

Schlumberger, Inc., initially logged R-25 on April 21, 1999. Logging took place inside the 5-in.-I.D. 
stainless steel well casing and was designed to evaluate the position of the tremie pipe lost in the annular 
fill during well construction. This geophysical logging suite was also designed to evaluate the placement 
of sand packs around screens and bentonite seals between screens. Five separate logs through the well 
casing were obtained; the geophysical logs obtained during each run are listed in Table 5.2-1. The 
Schlumberger logging tools tagged the bottom of the well at 1894 ft bgs, and the water level was 
1216 ft bgs. 

Schlumberger, Inc., re-logged the completed well on March 16, 2000, after the repairs to screens #3 and 
#9 were completed. Four separate logging runs were made (Table 5.2-1). These logs were designed to 
document the as-built condition of the well and its annular fill prior to installation of the Westbay™ 
sampling system. 
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Table 5.2-1 
Borehole Logging Surveys at R-25 

Operator Date Depth (ft)a Survey 

Laboratory and subcontractor 10/14/98 0-980 Natural GR and EM 
personnel usinCJ Laboratory (<=;RO g,R() npnn hole) 
equipment 10/17/98 0-863 Borehole video survey (side-viewing) 

(580-863 open hole) 

1/4/99 0-1180 Borehole video survey (side-viewing) 
(1175-1180 open hole) 

1/21/99 0-1482 Borehole video survey (side-viewing) 
(1472-1482 open hole) 

2/27/99 0-1942 (all cased hole) Natural GR 

Schlumberger, Inc. 4/21/99 0-1942 (inside well casing Survey #1: 
with partial annular fill) Cement bond log 

Multifinger caliper 

Compensated neutron 

Natural gamma spectroscopy 

Ultrasonic imager 

3/16/00 0-1942 (inside well casing Survey #2: 
after screen #3 repair) Natural gamma spectroscopy 

Multifinger caliper 

Neutron porosity 

Hole deviation 

a Depth range for logging run. 

5.2.2 Borehole Geophysical Survey Methods 

5.2.2.1 Gross Gamma Radiation 

The GR survey employs a scintillation detector to measure the gross GR activity of the formation; the 
information is used for determination of lithology and for depth correlation between different geophysical 
surveys. Naturally occurring GR comes from the decay of potassium-40 plus the uranium and thorium 
decay series. Often, these elements occur in higher concentrations within clay minerals; hence, GR 
surveys are used to estimate lithology. At the Laboratory, the GR log was strongly affected by primary 
volcanic lithology. 

5.2.2.2 Electromagnetic Induction 

The EM logging tool is used to measure formation electrical conductivity 8 to 39 in. from the borehole 
axis. EM measurements are sensitive to the electrical properties of the rocks and the quantity and quality 
of contained groundwater. 

5.2.2.3 Epithermal Neutron (CNT-G or APT) 

The epithermal neutron tool provides information about moisture content in the unsaturated zone and 
porosity in the saturated zone. The epithermal neutron-neutron logging tool measures the amount of 
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hydrogen in the formation in either a water- or air-filled borehole. The hydrogen content typically provides 
a good measure of moisture content in the unsaturated zone and porosity in the saturated zone. 
However, the tool can overestimate either value if there is a significant amount of hydrogen in the matrix 
minerals (e.g., clay). 

The CNT-G neutron tool uses a 16-Ci source of americium-beryllium to generate neutrons and has a 
lateral depth of investigation of 9 in. with a vertical resolution of 18 in. The accelerator porosity tool (APT) 
uses thermal excitation of tritium as a neutron source and provides a calibrated moisture content with 
parameters similar to those for the CNT-G tool. In addition, the APT provides uncalibrated moisture 
measurement (slowing-down time} with both a 3-in. vertical resolution and depth of investigation. The 
CNT -G tool was used for the April 21, 1999, geophysical logging, and the APT was used for the March 
16, 2000, logging. 

5.2.2.4 Natural Gamma Spectroscopy 

The hostile natural gamma ray sonde (HNGS) uses two bismuth germanate scintillation detectors to 
measure the natural GR of the formation. The HNGS makes similar measurements to the GR tool 
(Section 5.2.2.1 ), but the HNGS is capable of gamma ray energy discrimination. Gamma ray spectra 
recorded on both detectors are analyzed with a full-spectrum procedure based on a least-squares fitting 
technique. The procedure uses a set of standard responses for each contributor to the gamma ray 
signal-potassium-40, uranium, and thorium-and converts the signal to concentrations of each element 
based on their isotopic abundance and assuming secular equilibria for uranium and thorium. 

Filtering techniques are used to reduce the statistical noise by comparing and averaging counts at a 
certain depth with counts sampled just before and after. The final outputs are the total gamma ray 
measurement; a uranium-free gamma-ray measurement; and the concentrations of potassium-40, 
thorium, and uranium. The radius of investigation depends on several factors: hole size, mud density, 
formation bulk density {denser formations display slightly lower radioactivity), and the energy of the 
gamma rays (a higher energy gamma ray can reach the detector from deeper in the formation). For a 
gamma ray of 1.46 MeV (potassium-40), 90% of the signal is from a shell 7 in. thick. 

5.2.2.5 Multifinger Caliper 

The multifinger caliper is used to measure borehole or well casing rugosity. The caliper used by 
Schlumberger, Inc., has 36 arms that are reported in 6 sectors. Maximum and minimum readings are 
recorded for each sector. 

5.2.2.6 Sonic Logs 

The ultrasonic imager uses velocity and attenuation of high frequency sound waves to image well casing 
to determine casing thickness and corrosion characteristics. The ultrasonic imager was used in R-25 to 
determine if the tremie pipe lost in the annular fill could be located adjacent to the well casing. Attempts to 
image the tremie pipe were unsuccessful. 

A cement-bond log uses sound waves to determine the bonding characteristics of annular materials in 
contact with the outer wall of well casing. In R-25, a cement-bond log was used to determine if the 
position of the dropped tremie pipe could be detected if the rod were in contact with the well casing. The 
cement-bond log was not successful in determining the position of the tremie pipe. 
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5.2.2. 7 Hole Deviation 

A gyroscope survey was conducted to determine the hole deviation as a function of depth in R-25. The 
survey uses a wire-line gyroscope to map the drilled path of boreholes and wells. 

5.2.3 Results of Borehole Geophysical Surveys 

5.2.3.1 GRand EM Results Obtained Using Laboratory Borehole Survey Tools 

Figure 5.2-1 shows the results of natural GR surveys conducted in R-25 on October 14, 1998, and 
February 27, 1999. The October 14 survey was conducted through 16-in. surface casing to 20 ft, through 
13 3/8-in. casing to 578 ft, and in open borehole from 580 to 980 ft. The February 27 survey was 
conducted entirely through telescoped, heavy-walled drill casing: 16-in. casing to 20ft, 13 3/8-in. casing 
to 578ft, 11 3/4-in. casing to 1175 ft, and 9 5/8-in. casing to the TD of 1942 ft. 

Some of the most significant changes in gamma activity shown in R-25 logs are associated with 
attenuation of gamma rays by multiple telescoping drill casings. The most significant geologic features 
revealed by the gamma log include the following: 

• Natural GR increases slightly downsection within the Tshirege Member of the Bandelier Tuff with 
the highest gamma activity associated with Qbt 1 g. This reflects the chemical zonation within the 
Tshirege Member, with U and Th concentrations increasing downsection in the unit. 

• Gamma activity is highly variable through the Cerro Toledo interval. This probably reflects varying 
proportions of tuff and dacite detritus that make up individual beds within this epiclastic deposit. 

• The open-hole log shows that the Otowi Member undergoes several distinct step-wise increases 
and decreases in gamma activity as a function of depth. Increases occur at the top of the unit 
(about 600ft), at 650ft, and at 725ft. A significant decrease in gamma activity occurs at 790ft, 
and a smaller decrease occurs at 840 ft near the upper contact of the Guaje Pumice Bed. The 
sharp decrease in gamma activity at 790 ft is coincident with faint horizontal layering observed in 
downhole video and may represent a depositional break within the Otowi Member. 

• The gamma signature for Otowi Member ash-flow tuffs is similar for R-25, CdV-R15-3, and R-19. 
All three wells show an overall pattern of increasing gamma activity downsection to a maximum 
two-thirds to three-quarters of the way through the unit before decreasing near the base of the 
ignimbrite. As noted above, the increases and decreases are step-wise in R-25. The gamma 
activity varies more systematically in CdV-R15-3 and R-19. 

• The open-hole log shows that the Guaje Pumice Bed exhibits a low gamma spike just above the 
abrupt gamma decrease associated with the geologic contact at the top of the Puye Formation. 
The borehole video shows that this spike is coincident with lithic-rich beds from 844 to 846ft 
within the Guaje Pumice Bed. These fall deposits contain a high proportion of intermediate 
composition lava clasts that have significantly lower U and Th concentrations than adjacent beds 
dominated by rhyolitic pumice. Similar low-gamma spikes are found in the Guaje Pumice Bed 
deposits of CdV-R15-3 and R-19, and they may represent similar lithic-rich fall deposits. 

• The natural gamma activity in the upper part of the Puye Formation varies little down to a depth of 
1180 ft. Gamma activities decrease systematically from 1180 to 1450 ft and then remain constant 
to about 1655 ft. At 1655 ft, there is an increase in gamma activity that corresponds with the top 
of the Rendija Canyon fan deposits. Another increase in gamma activity at about 1870 ft may 
mark the top of older fan deposits that are discussed in Section 5.1 .5.3. 
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Figure 5.2-1. 
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Figure 5.2-2 shows the results of the EM survey along with the gamma log collected on October 14, 1998. 
These logs were conducted in open hole from depths of 580 to 980 ft. The water level in the borehole at 
the time of the EM survey was at 785.5 ft and is indicated by a shift to higher conductivity and lower 
resistivity. The conductivity log shows six maxima from 840 to 980ft. The highest conductivity values 
occur from 844 to 850ft and correspond to the Guaje Pumice Bed. The other conductivity maxima are 
associated with the broad zone of higher conductivities that extend from 780 ft in the Otowi Member to 
980 ft in the Puye Formation. This interval is part of the upper saturated zone of groundwater identified 
during drilling. However, conductivities in the upper part of this saturated zone (i.e., below 711 ft) are 
indistinguishable from conductivities in the unsaturated rocks above. 

5.2.3.2 Results of Schlumberger Geophysical Logging 

The Schlumberger logging that took place on April 21, 1999, was unsuccessful in determining the location 
of the tremie pipe in the well's annular fill. Neither the ultrasonic imager nor the cement-bond log was able 
to detect the tremie pipe adjacent to the well casing. 

The results of the Schlumberger logs that were run to determine the placement of annular fill materials 
outside the stainless steel well were mixed. The neutron log identified zones of high water content that 
may indicate intervals of bridging in the annular fill. Intervals of possible bridging include: 1250 to 1256 ft, 
1398 to 1404 ft, 1444 to 1446 ft, and 1668 to 1672 ft. These intervals are relatively limited in extent and 
do not compromise the isolation of any of the well screens. Subsequent pressure readings within each of 
the screen intervals using the Westbay™ sampling system confirmed the isolation of all screens. 

Attempts to confirm the placement of sand filter packs and bentonite seals with geophysical surveys were 
unsuccessful. The natural gamma spectroscopy was unable to determine natural radiation differences 
between quartz sand and bentonite. The bentonite used in R-25 was a variety that provided a poor signal 
contrast to the filter pack. Subsequent wells installed as part of the "Hydrogeologic Workplan" used 
bentonite with greater potassium concentrations; this has improved the ability to determine the placement 
of annular fill materials using natural gamma tools. 

The borehole deviation survey was conducted by Scientific Drilling International under subcontract to 
Schlumberger, Inc. The_log shows that R-25 is nearly vertical to a depth of about 900ft. The well then 
deviates to the southeast along an azimuth of 12r. The total deviation at TO is 22.8 ft. 

6.0 HYDROLOGY 

Unsaturated, perched-saturation, and regional-saturation zones occur in R-25. The following sections 
discuss analyses performed for hydrologic characterization of water occurrence and movement in each 
type of zone. 

6.1 Unsaturated Zone 

Unsaturated conditions occur between the ground surface and a depth of 711 ft, where perched 
saturation was encountered. Within the unsaturated zone, pore-water occurrence and pore-water 
movement are parameters of interest. The presence of soil-water, coupled with the hydraulic properties of 
the geologic material, suggests potential pathways for recharge and movement of contaminants. 
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6.1.1 Soil-Water Occurrence 

6.1.1.1 Methods 

Moisture content was determined from drill cuttings and core samples collected from the uppermost 664ft 
of borehole R-25. R-25 was drilled dry from 0 to 588ft (Table 2.3-2). From 588 to 664ft, small amounts of 
water were introduced into the annulus at ground surface when new 20-ft rods were tripped into the hole. 
The cuttings quickly dried out as the hole advanced, and samples were collected from the 588- to 664-ft 
interval to determine moisture content when the deeper part of the rod run was being drilled. Because an 
increase in moisture content corresponds with the initial introduction of fluids into the borehole, data from 
samples collected below the 588-ft depth should be treated as suspect. After 664 ft, water was introduced 
on a continuous basis to facilitate drilling, and no further samples were collected for moisture-content 
analysis. 

After core or cuttings were screened for radioactivity, samples were immediately placed in pre-weighed 
and pre-labeled jars with tightly fitting lids. The moisture content was determined gravimetrically by drying 
the samples in an oven in accordance with ASTM method 02216-90. Samples collected for determination 
of moisture content are listed with the analytical results in Appendix E. Moisture content is given as the 
ratio of the weight of water to the weight of the dry sample. 

6.1.1.2 Results 

Moisture content in the Tshirege Member is about 5% gravimetric near the surface and declines, with 
some fluctuation, to about 2% gravimetric at 340ft near the top of Obt 1 v (Figure 6.1-1 ). Below 340ft, 
moisture content increases through Qbt 1v and Qbt 1g to 21% in the top of the Cerro Toledo interval. No 
data were collected for the Tsankawi Pumice Bed. This pattern of increasing moisture content at the base 
of the Tshirege Member is also seen in Canada del Buey well CDBM-1 (Rogers and Gallaher 1995, 
49824), in several wells in MDA G (Rogers and Gallaher 1995, 49824; Neeper and Gilkeson 1996, 
70104), in LADP-4 in TA-21 (Broxton et al. 1995, 58207), in several wells in TA-49 (Neeper and Gilkeson 
1996, 701 04), and in R-15 in Mortandad Canyon (Figure 6.1-2) (Longmire et al. 2001, 701 03). 

Moisture content falls with depth within the Cerro Toledo interval to below 5%, above and below a second 
maximum of 24% at 437 ft. The two moisture maxima of 21% and 24% may represent saturations of 
about 60%, assuming a bulk density of 1.29 gm/cm3 and a porosity of 47%, which are the median values 
for the combined Tsankawi Pumice Bed and the Cerro Toledo interval (Rogers and Gallaher 1995, 
49824). 

These moisture maxima probably relate to changes in the pore sizes of the rock at interfaces between 
layers. Even in the case of no vertical flow, rock with finer grains will hold more moisture than adjacent 
rock with larger pore sizes. In the event that moisture is moving downward, it may increase at an interface 
where pore size changes. Where a fine-grained rock overlies a coarser grained rock, moisture builds up 
above the boundary in the finer grained unit until sufficient water pressure exists to force water into the 
larger pores of the underlying coarser grained material (Hillel 1980, 71306). 
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In the lower part of the Cerro Toledo interval and the underlying Otowi Member, moisture content 
increases with depth, from about 5% to above 15%, although there is fluctuation in this pattern. A pattern 
of downwardly increasing moisture for the Otowi Member, similar to that found in R-25, was also seen in 
core samples collected from R-15 in Mortandad Canyon (Figure 6.1-2) (Longmire et al. 2001, 701 03), 
LADP-3 in Los Alamos Canyon (Broxton et al. 1995, 50119), and R-12 in Sandia Canyon (Broxton et al. 
2001, 71252). In R-15, moisture content decreases from 17% at the top of the Otowi Member to about 
15% near the center of the unit, and then generally rises to 20% at the base of the unit (Figure 6.1-2). In 
R-12, gravimetric moisture content in the Otowi Member systematically increases with depth, from 6% 
near the top to 20% near the base of the unit. In LADP-3, moisture content for the Otowi Member ranges 
from 10% to 23%, although, in the upper part, moisture first decreases with depth. These wells are all 
located in canyon bottoms. 

On the other hand, moisture content in the Otowi Member decreases with depth at two mesa-top 
locations: TA-49 (Neeper and Gilkeson 1996, 701 04) and LADP-4 (Broxton et al. 1995, 50119). It also 
decreases in the canyon bottom location of Canada del Buey well CDBM-1 (Rogers and Gallaher 1995, 
49824). 

6.1.2 Soil-Water Movement 

When the pores in a rock are not water-filled, the hydrostatic pressure (or matric potential) is less than 
atmospheric pressure. The pressure potential is negative, meaning that work is required to remove water 
from the rock. The energy making up matric potential arises from capillary forces holding water in the 
pores and from adsorption that holds water to particle surfaces. In Figure 6.1-1, the absolute value of the 
matric potential is shown. 

6.1.2.1 Methods 

The chilled mirror psychrometer (or water activity meter) measures water activity in very dry soils or rocks 
(Gee et al. 1992, 58717). The water activity can then be converted to matric potential. The units of matric 
potential may be given as pressure in Pascals (Pa), or as the height of an equivalent column of water, in 
em (1 0,200 em H20 = 1 MPa). The working range for the meter is in soils with a water activity of less than 
0.003 {-0.4 MPa or -4080 em H20) {Gee et al. 1992, 58717). As a result of measurement uncertainty, 
some materials near a water activity of 1 {that is, near saturation and outside of the instrument's working 
range) produce water activity measurements greater than 1. 

Despite the inability of the chilled mirror psychrometer to measure water activity in rocks with higher 
moisture content, the method has advantages. The method is inexpensive, and it gives more detailed 
vertical information than would laboratory measurements of available core samples. For the profile in dry 
rock, such as in R-25 {discussed below) the chilled mirror psychrometer provides a picture of vertical 
matric-potential fluctuations over a 350-ft depth that would not otherwise be apparent. In selected cases, 
laboratory measurements were collected over a wider range of moisture content from core samples 
preserved for that purpose {Section 6.1.3). 

Samples were double-sealed in zipper bags and wrapped in packing tape immediately following 
screening for radioactivity. Holding times ranged from 3 to 13 days, except for six samples collected from 
the 586- to 667-ft depth, which were held for 23 to 24 days. Measurements were made in duplicate within 
1 0 min after loading sample material into plastic vials with tight-fitting lids that were inserted directly into 
the psychrometer. Core was crushed into mm-sized fragments as quickly as possible after breaking the 
seal in order to load the vials. 
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Repeat measurements demonstrated that samples produced the same results as long as the 
measurements were made within 3 hr after loading the vials and securing the lids. All analytical runs were 
bracketed by measurements of standards that demonstrated a 2 sigma reproducibility of .0026 water 
activity units for 114 analyses of the matric potential of distilled water. This is close to the instrument 
precision stated in Gee et al. (1992, 58717) of 0.003 water activity units (-0.4 MPa or -4080 em H20). 
Data listed in Appendix E for matric-potential analyses represent the average of two (three, in one case) 
measurements made on a sample. 

6.1.2.2 Results 

A profile of matric potential versus depth appears beside a profile of moisture content versus depth in 
Figure 6.1-1. The axis of the matric-potential plot is reversed so that drier values appear on the left of the 
plot, corresponding to the direction of the drier values for moisture content. In general, the dry values for 
matric potential correspond to dry values for moisture content. The exact correspondence of matric 
potential and moisture content depends on rock texture as well as moisture content. Samples collected 
above a depth of 360ft (Qbt 1v and above) have matric potentials within the working range of the 
psychrometer. These samples generally have gravimetric moisture contents below 5%. Higher moisture 
content below this depth resulted in few measurements within the psychrometer's working range. The 
variation in matric potential with depth within the Tshirege Member reflects the variation in moisture 
content with depth, as well as the variation in porosity and pore-size distribution. 

6.1.3 Hydraulic Properties 

Core and cuttings samples were collected in the unsaturated zone and are preserved and stored at the 
FSF. Four samples from the unsaturated zone were selected for hydraulic-properties testing based on 
data needs identified for modeling and other purposes. These samples were analyzed for a full suite of 
hydraulic properties: moisture content, porosity, bulk density, saturated hydraulic conductivity, and 
determination of moisture characteristics. A listing of the samples tested is given in Table 6.1-1. 

Table 6.1-1 
Samples from R-25 Tested for Hydraulic Properties 

Sample Number Geologic Unit 

CACV-98-0039 Qbt 2 (densely-welded tuff) 
a 

CACV-98-0043 Qbt 1g (nonwelded tuff) 
c 

CACV-98-0046 Tsankawi Pumice Bed 

CACV-98-0049 Qbo (nonwelded tuff)
0 

CACV-99-0021 Qbo (nonwelded tuff) 

Source: Stone 2000, 66781. 

a Qbt 2 = Unit 2, Tshirege Member, Bandelier Tuff. 

b H Pkg = hydraulic package (full range of unsaturated-zone characteristics). 

c Qbt 1 g = Unit 1 glassy, Tshirege Member, Bandelier Tuff. 

d Qbo = Otowi Member, Bandelier Tuff. 
9 

Ksat =saturated hydraulic conductivity only. 
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Depth Interval (ft) 

239.2-239.5 

371.2-371.5 

383.5--384 

546.8-547.5 

767.5--768 

Test 

HPkg
0 

H Pkg 

H Pkg 

H Pkg 

Ksat
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6.1.3.1 Methods 

Samples for hydraulic-properties testing were collected as soon as possible after core extraction and 
were protected from moisture loss by the following methods: 

• Samples were collected in 6-in.-diameter Lexan plastic or stainless steel liners loaded into the 
core tube. 

• If a core sample collected without a liner was deemed to warrant hydraulic testing, it was quickly 
inserted into a liner, intact if possible. 

• The ends of the Lexan plastic or stainless steel liners containing core to be preserved were 
capped with tight-fitting plastic caps and sealed with Teflon nonstick-coated tape. 

• The capped ends of the liner were wrapped with clear packing tape. 

• The footage interval of the sample, as well as the time and date of sample collection, were 
recorded on the liner with indelible ink. 

• The capped and labeled liner was inserted into a Coreprotec aluminized sleeve labeled with the 
same sampling information. 

• The ends of the Coreprotec sleeve were melted together with an electric heat sealer, creating an 
airtight seal. 

• The protected cores were documented as samples for hydraulic testing, stored to prevent 
freezing, and transported to the FSF as soon as possible after they were collected. 

• Custody of the samples was transferred from the Canyons Focus Area field support team to the 
FSF using a Microsoft® Access database and electronic chain-of-custody form. 

6.1.3.2 Results 

Results of hydraulic-properties testing of core from the unsaturated zone in R-25 are presented in 
Appendix F as reported by Stone (2000, 66781 ). 

6.2 Saturated Zones 

Two saturated zones were projected to occur in R-25: one perched near the base of the Bandelier Tuff 
(as in SHB-3) and one associated with the regional zone of saturation in the Puye Formation. 

6.2.1 Groundwater Occurrence 

Groundwater occurred in R-25 essentially as predicted. However, the great vertical extent of the perched 
saturation (711 to 1132 ft) was unexpected. 

6.2.1.1 First Saturation 

The first water encountered in R-25 was that perched in the Otowi Member of the Bandelier Tuff (see 
Figure 2.3-1 ). Saturation was first noted in cuttings from a depth of 747ft. Before drilling continued, depth 
to water was measured by electric probe first at 734 ft and finally at 711 ft. This 36-ft water-level rise 
should not be taken as a response to confinement, but rather as a reflection of the normal lag time 
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required for water to fill the hole after a saturated zone is opened up by drilling. The borehole video shows 
an abrupt increase in moisture on the borehole walls at a depth of 718 ft. Saturation persisted into the 
underlying Puye Formation to a depth of 1132 ft. 

6.2.1.2 Alternating Wet and Dry Zone 

Underlying the perched saturation is a zone of alternating wet and dry materials. Excerpts from the field 
log for the portion of the R-25 borehole in the Puye Formation at and below a depth of 1132 ft document 
this as follows: 

• dry cuttings at 1132 ft 

• unsaturated conditions from 1172 ft to 1173 ft 

• saturated conditions from 1173 ft to 1175 ft 

• dry zone from 1175.4 ft to 1176.4 ft 

• saturated core from 1180 ft to 1182 ft 

• moist core from 1182 ft to 1182.5 ft 

• slightly moist core from 1184 to 1185 ft 

• dry core from 1188 to 1193 ft 

• relatively dry cuttings from 1192 to 1200.5 ft 

This wet and dry zone continues to a depth of 1286 ft, where it is believed that regional saturation is 
encountered. The unsaturated intervals seem to be associated with coarse sedimentary deposits 
expected to have low permeability under less than saturated conditions. This zone is apparently 
responsible for perching the water encountered in the Otowi Member. 

6.2.1.3 Deep Saturation 

At a depth of 1286 ft (64 ft shallower than predicted} the R-25 borehole penetrates groundwater believed 
to be associated with the regional zone of saturation. This saturation occurs in the Puye Formation and 
continues to the TD at 1942 ft. Although R-25 is completed in the Puye Formation, the deep saturation 
presumably extends into underlying sediments of the Santa Fe Group. 

6.2.2 Groundwater Movement 

The two components of groundwater movement are direction and rate. Although data for evaluating 
horizontal flow direction are not provided by a single well, vertical flow direction can be determined by 
analysis of head distribution along the borehole, especially if casing is advanced while drilling. Flow rate 
(i.e., Darcy velocity} is the product of hydraulic conductivity and horizontal gradient. Hydraulic conductivity 
is obtained by field or laboratory tests, as discussed in Section 6.2.2.2 below. 

6.2.2.1 Vertical Head Distribution 

The sense of the vertical gradient, that is, whether water movement in the saturated zone is up or down, 
is best determined by examining the vertical water-level or head distribution. If water-level depth 
increases or head decreases with borehole depth, the gradient is downward. Conversely, if water-level 
depth decreases or head increases with borehole depth, the gradient is upward. 
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Piezometers are open-bottom tubes set at discrete depths in the saturated zone for determining hydraulic 
head. Theoretically, when casing is advanced during drilling, as in R-25, the well may be thought of as an 
infinite set of piezometers. More specifically, if the casing is sufficiently tight, static water levels observed 
during such drilling can be used to construct the isopotential field in the area. In practice, however, there 
may be some space between the casing and borehole wall and the water at the bottom of the casing may 
be in contact with water behind the casing. In this case, water-level measurement yields a composite 
value. Furthermore, water soundings are made only when drilling activities permit. As a result, not all 
observations made are static water levels. For example, if the casing has been withdrawn to expose a 
sizable length of open borehole at the time of measurement, the casing is no longer a piezometer 
interrogating a discrete interval and sounding again yields a composite water level. Also, if the drilling 
activity immediately preceding measurement is particularly disruptive of fluid in the borehole or not 
enough time has been allowed for the water level to recover from that activity, measurements will be 
misleading. Thus, water-level data taken while the hole is being drilled tend to be "noisy." 

An electronic database was constructed to record water levels and the conditions at the time they were 
measured. Noise in the water-level data for R-25 was filtered out by considering three factors: (1} the 
length of open hole at the time of measurement (was the hole a true piezometer at the time?}, (2} the pre
measurement activity in the well (was it especially disruptive of water level?}, and (3} the elapsed time 
between that activity and the water-level measurement (had there been enough time for recovery to a 
static level?}. Several of the water levels that seemed to be static based on these criteria were selected 
for analysis of vertical head distribution. A plot of depth to water versus depth of the borehole at the time 
of measurement for the static water levels selected is given in Figure 6.2-1. Water levels selected in the 
way described compare favorably with those obtained by pressure transducers in the Westbay™ multiport 
monitoring system installed in the completed well. 

Borehole Depth (ft) 

700 800 900 1 000 11 00 1200 1300 1400 1500 1600 1700 1800 1900 2000 
700~-~==~~--~--~--~--~--~--~--~--~--~--~--, --
800 

900 

... 
~ 1000 
~ 
.s 1100 
~ 

Q. 
~ 1200 

1300 

1400 

9/30 10i9' 

\ 
\ 

\ 10/13 

Westbay /' \ ~Borehole 
10/3/00 data \... 1999 data 

' 

1500~--------------------------------------------------------~ 

Figure 6.2-1. Westbay™ versus borehole water-level data for R-25 
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These water-level depths were converted to head values (subtracted from the ground-surface elevation at 
R-25) and plotted at the depths where they were observed (Figure 6.2-2). Because the isopotentials 
decrease downward, and groundwater moves from higher to lower head, the vertical gradient in both 
zones of saturation is downward. The head distribution confirms that R-25 is located in a recharge area, 
as suggested by its location near the mountains at the western edge of the Laboratory. 
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Figure 6.2-2. NW to SE cross-section showing isopotentials and flow near R-25 
See Figure 1.0-1 for locations of wells used in figure. 
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6.2.2.2 Hydraulic Properties 

Both field and laboratory measurements can provide data on the hydraulic properties of saturated 
materials. However, slug-injection testing was unsuccessful in R-25; the screened intervals simply would 
not accept the injected water. One core sample of nonwelded tuff from the Otowi Member of the 
Bandelier Tuff was analyzed in the laboratory for saturated hydraulic conductivity (Table 6.1-1 ). Analysis 
by the constant-head method gave a value of 2.7 x 10·4 em/sec (Stone 2000, 66781). 

7.0 HYDROCHEMISTRY 

This section summarizes the results of geochemical characterization investigations conducted at borehole 
R-25. Samples of groundwater, core, and cuttings were collected from the R-25 borehole and analyzed 
for contaminants of concern identified forT A-16 (LANL 1998, 59891 ). 

7.1 Geochemistry of Core and Cuttings 

Thirteen samples of core and cuttings were collected from R-25 and analyzed for HE compounds and 
associated degradation products, trace elements, major anions, and radionuclides as generally required 
by the Resource Conservation and Recovery Act (RCRA) and for constituents appropriate for 
characterization purposes. One sample was also analyzed for organic content. Table 7.1-1 provides 
sample information and correlation to the hydrogeology encountered during drilling. Screening for 
radioactivity (rad van) was performed prior to shipping samples to analytical laboratories. 

7.1.1 HE Compounds, Trace Elements, and Radionuclides 

7.1.1.1 Methods 

Approximately 500 to 1000 g of core or cuttings samples were placed in appropriate sample jars in 
protective plastic bags before they were shipped to analytical laboratories. Samples were shipped to 
Paragon Analytics, Inc., in Fort Collins, Colorado, and analyzed using methods specified by EPA (1987, 
57589). Sample duplicates were collected and analyzed in accordance with EPA procedures. Solid 
samples were partially digested using HCI, H20 2, and hot HN03 (EPA Method 3050) before analysis for 
metals. Table 7.1-2 provides the list of analytes and the analytical methods and techniques. Analytical 
techniques included high-pressure liquid chromatography (HPLC) for analysis of HE compounds and 
associated degradation products; inductively coupled plasma emission spectroscopy (ICPES) for metals 
and trace elements; cold vapor atomic absorption (CVAA) for mercury; alpha spectrometry for 
americium-241 and uranium and plutonium isotopes; gamma spectroscopy for cesium-137 and other 
gamma-emitting isotopes; and gas proportional counting for strontium-90. 

Field screening for volatile organic compounds (VOCs) was conducted using a photoionization detector 
(PID). No VOCs were detected with the PID. 

7.1.1.2 Results 

Data quality validation was performed on the analytical results. No serious deficiencies in data quality 
were identified. These data were validated through the ER Project. 
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Table 7.1-1 

Core and Cuttings Samples Selected for Contaminant Characterization 

Sample Interval Geologic Unit Sample Type Analyses a Sampling Zone 

110.25 to 110.65 ft Tshirege Member Core gross-a,-~. -y, HE, TOG, TAL Unsaturated 
metals, rad van 

223 to 225 It Tshirege Member Cuttings gross-a, -p, -y, HE, TOC, TAL Unsaturated 
metals, isotopic U, rad van, SVOCs 

243.7 to 244.7 ft Tshirege Member Core gross-a,-~. -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

318 to 319ft Tshirege Member Cuttings gross-a,-~. -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

---------~----------·- ----- ---- -------~~-~--~~~-------· 

353 to 354 It Tshirege Member Core 
I 
~Foss-u, -r;, -1 , HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

366 to 366.8 ft Tshirege Member Core gross-a, -~. -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

387.2 to 388.2 ft Cerro Toledo interval Core gross-a,-~. -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

440 to 445ft Cerro Toledo interval Cuttings gross-a, -[3, -y, HE, TAL Metals, rad Unsaturated 
van, isotopic U, SVOCs 

448 to 449ft Cerro Toledo interval Core gross-a, -[3, -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs 

550.2 to 551.2 ft Otowi Member Core gross-a, -[3, -y, HE, TAL metals, rad Unsaturated 
van, SVOCs, isotopic U, CATMS, 
VOCs, anions 

687 to 695ft Otowi Member Cuttings gross-a, -[3, -y, HE, TAL metals, rad Unsaturated 
van, isotopic U, SVOCs, CATMS 

768.5 to 769.45 ft Otowi Member Core gross-a, -[3, -y, HE, TAL metals, rad Upper 
van, SVOCs, isotopic U, VOCs, saturated 
anions, % organic carbon 

1132 to 1137 ft. Puye Formation Cuttings gross-a, -[3, -y, HE, TAL metals, rad Wet/dry 
van, isotopic U, SVOCs, VOCs 

a 
HE= high explosives, TOC =total organic carbon, TAL= target analyte list, rad = radionuclides, SVOC = semivolatile organic 

compounds, VOCs =volatile organic compounds, CATMS =cations analyzed by mass spectrometry. 

Table 7.1-2 

HE Compound, Trace Element, and 

Radionuclide Analytes for R-25 Core, Cuttings, and Water Samples 

Analyte Analytical Method Analytical Techniquea,b 

Hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine (RDX) EPA Method 8330 HPLC 

Nitrobenzene EPA Method 8330 HPLC 

Octahydro-1 ,3,5, 7 -tetranitro-1 ,3,5, 7 -tetrazocine (HMX) EPA Method 8330 HPLC 

1 ,3-dinitrobenzene EPA Method 8330 HPLC 

1 ,3,5-trinitrobenzene (TNB) EPA Method 8330 HPLC 

2-amino-4,6 dinitrotoluene (2-A-4,6-DNT) EPA Method 8330 HPLC 

2-nitrotoluene EPA Method 8330 HPLC 
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Table 7.1-2 (continued) 

Analyte Analytical Method Analytical Techniquea,b 

2,4-dinitrotoluene EPA Method 8330 HPLC 

2,4,6-trinitrotoluene (TNT) EPA Method 8330 HPLC 

2,6-dinitrotoluene EPA Method 8330 HPLC 

3-nitrotoluene EPA Method 8330 HPLC 

4-amino-2,6 dinitrotoluene (4-A-2,6-DNT) EPA Method 8330 HPLC 

4-nitrotoluene EPA Method 8330 HPLC 

Tetryl EPA Method 8330 HPLC 

Total organic carbon EPA Method 415.1 wco 
Aluminum EPA Method 6010B ICPES 

Antimony EPA Method 601 OB ICPES, HM 

Arsenic EPA Method 7060A ICPES, HM 

Barium EPA Method 6010B ICPES 

Beryllium EPA Method 6010B ICPES 

Cadmium EPA Method 6010B ICPES,GFM 

Calcium EPA Method 6010B ICPES 

Chromium EPA Method 601 OB ICPES,GFM 

Cobalt EPA Method 601 OB ICPES,GFM 

Copper EPA Method 6010B ICPES,GFM 

Iron EPA Method 6010B ICPES 

Lead EPA Method 6010B ICPES,GFM 

Magnesium EPA Method 6010B ICPES 

Manganese EPA Method 6010B ICPES 

Mercury EPA Method 7470A ICPES,CVM 

Nickel EPA Method 6010B ICPES,GFM 

Potassium EPA Method 6010B ICPES 

Selenium EPA Method 601 OB ICPES, HM 

Silver EPA Method 6010B ICPES, GFM 

Sodium EPA Method 6010B ICPES 

Thallium EPA Method 6010B ICPES,GFM 

Uranium No EPA Method LIKPA 

Vanadium EPA Method 6010B ICPES 

Zinc EPA Method 6010B ICPES 

Americium-241 No EPA Method chemical separation/ 
alpha spectrometry 

Plutonium-238 No EPA Method chemical separation/ 
alpha spectrometry 

Plutonium-239,240 No EPA Method chemical separation/ 
alpha spectrometry 

Uranium-234 No EPA Method chemical separation/ 
alpha spectrometry 
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Table 7.1-2 (continued) 

Analyte Analytical Method Analytical Techniquea,b 

Uranium-235 No EPA Method chemical separation/ 
alpha spectrometry 

Uranium-238 No EPA Method chemical separation/ 
alpha spectrometry 

Cesium-137 No EPA Method chemical separation/ 
gamma spectrometry 

Strontium-90 No EPA Method gas proportional counting 

Gamma-emitting isotopes No EPA Method chemical separation/ 
gamma spectrometry 

Tritium No EPA Method direct counting 

Volatile organic compounds EPA Method 8260B GC/MS 

Semivolatile organic compounds EPA Method 8081A, GC/MS 
8082,8270C 

Anions 

Bromide EPA Method 9056 IC 

Chlorate EPA Method 9056 IC 

Chloride EPA Method 9056 IC 

Fluoride EPA Method 9056 IC 

Nitrate EPA Method 9056 IC 

Nitrite EPA Method 9056 IC 

Orthophosphate EPA Method 9056 IC 

Sulfate EPA Method 9056 IC 

Other Inorganic Chemicals 

Silica EPA Method 370.1 Colorimetry 

Total cyanide EPA Method 9012A Colorimetry 

a HPLC = high-pressure liquid chromatography, ICPES =inductively coupled plasma emission spectroscopy, CV AA =cold vapor 
atomic absorption, IC =ion chromatography, HAA =hydride atomic absorption, GFAA =graphite furnace atomic absorption, 
WCO =wet chemical oxidation, GC/MS =gas chromatography/mass spectrometry, LIKPA =laser-induced kinetic phosphorimetric 
analysis. EES-6 used GFAA and HAA on screening water samples collected from R-25. 

b EPA SW-846 or equivalent. 

HE compounds and degradation products were not detected in core and cuttings samples collected from 
the R-25 borehole. These compounds poorly adsorb onto the Bandelier Tuff and Puye Formation due to 
the near absence of solid organic matter (<0.05 wt%). 

Results for trace element analyses show that concentrations of trace elements, including barium and 
uranium, were within LANL background UTLs for the Bandelier Tuff. Some elements were not present or 
were present at concentrations less than quantitation limits. These included antimony, arsenic, cadmium, 
cobalt, copper, lead, mercury, nickel, selenium, silver, thallium, and vanadium. 

Isotopes of uranium (uranium-234, uranium-235, and uranium-238}, gross alpha, gross beta, and gross 
gamma were detected in samples from the R-25 borehole. Activities of gross alpha, gross beta, and gross 
gamma in samples of core and cuttings were greater than 1 pCi/g, where measurable, and varied with 
depth. Activities of isotopic uranium were higher in samples collected from the Bandelier Tuff, reflecting 
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the high total uranium in this volcanic rock (Ryti et al. 1998, 58093). Lower activities of uranium-234, 

uranium-235, and uranium-238 were generally found in samples collected from the Puye Formation. 

Activities of total isotopic uranium were not elevated above Laboratory background for the Bandelier Tuff. 

Activities of americium-241; cesium-137; plutonium-238; plutonium-239,240; and strontium-90 were less 

than the detection limits in the samples of core and cuttings, indicating that no Laboratory-derived 

contamination from the isotopes is detectable in core samples collected from R-25. 

The organic carbon content was measured in one core sample from the Otowi Member and was less than 

0.05 wt%. The near absence of organic carbon, which is a dominant adsorbent for HE compounds, is 

consistent with the analytical results for HE compounds presented above. 

7.1.2 Anion Profiles and Stable Isotopes 

Anion profiles (bromide, chloride, nitrate, nitrite, phosphate, oxalate, and sulfate) and stable oxygen 

(oxygen-18 C80] and oxygen-16 C60]) and hydrogen (deuterium [3H or D] and [H] protium) isotopes were 

determined for 30 core and cuttings samples collected from the upper part of the R-25 borehole. The 

samples were co-located with selected samples analyzed for moisture content and matric potential. 

7.1.2.1 Methods 

Samples were washed with deionized water at EES-6 for 16 hr before analysis for anions (Broxton et al. 

2001, 71252). The precision limits for major anions were generally within 10%. 

Pore-water anion concentrations for bromide, chloride, fluoride, nitrate, nitrite, phosphate, and sulfate 

were determined for the same samples collected for moisture-content analysis from the unsaturated 

zone, as described in Section 6.1. Anion concentrations in leachates were determined by IC. Pore-water 

anion concentrations were then calculated using leachate concentrations, gravimetric moisture contents, 

and estimated bulk densities (i.e., from Daniel B. Stephens and Associates [1999, 701 05] for the upper 

units of the Tshirege Member, and from Rogers and Gallaher [1995, 49824] for deeper units). 

Analyses for both ()180 and <>D were performed on core samples from the unsaturated zone. Samples 

were sent to the New Mexico Institute of Mining and Technology in Socorro, New Mexico, for analysis. 

Analyses were performed on moisture-protected samples using the vacuum distillation method of 

Shurbaji and Campbell (1997, 64063) and the ()180 and ()0 extraction methods of Socki et al. (1992, 

64064) and Kendall and Coplen (1985, 64061) respectively. The analytical precision for analyses by 

mass spectrometry was better than 0.2 %o for ()180 and 6 %o for 80. 

7.1.2.2 Results 

Estimates of pore water anion concentrations (screening analyses) are given in Table 7.1-3. Many of the 

concentrations were below detection limits, which may be a result of dilution associated with the sample 

preparation method. 

In general, the anions all showed similar behavior, with multipeaked profiles with depth, although some 

differences and the magnitude of concentrations (especially for chloride and sulfate) were not always 

consistent. Vertical profiles for chloride, oxalate, phosphate, and sulfate are presented in Figure 7 .1-1. 

A chloride spike occurred at about 50 ft within the lower part of Qbt 4. The chloride spike that occurred 

between about 231 and 332 ft corresponds to a region of moderately welded tuff of Qbt 2 that lies 

between non- to poorly welded tuff units. The increase in chloride below 600 ft in the Otowi Member may 

be related to the upper perched zone at 711 ft. In other boreholes (e.g., R-9), a spike in anion 

January 2002 52 ER2001-0697 



Characterization Well R-25 Completion Report 

concentrations was observed above perched saturated zones. The chloride increase also corresponds to 
an increase in moisture content in the Otowi Member. However, anion results for depths below 588ft may 
have been affected by the addition of drilling fluids (Section 6.1.1.1 ). 

Table 7.1-3 
Estimates of Pore Water Anion Concentrations in R-25 Samples 

Depth Bromide Chloride Nitrate 
(ft) (mg/L) (mg/L} (mg/L} 

5 2 69 BD 
9.5 2 121 BD 
30.5 0 61 BD 
51.5 1 322 BD 
74 808 84 BD 

93.2 BD 47 BD 
112 BD 21 BD 
131 BD 20 BD 
150 BD 84 BD 
174 BD 62 BD 
198 BD 48 BD 
228 BD 67 BD 

252.5 BD 463 BD 
277 BD 219 BD 
302 BD 212 BD 
328 BD 136 BD 

352.4 BD 16 BD 
373.5 BD 8 BD 
399 BD 10 BD 
422 BD 9 BD 
440 BD 13 BD 
462 BD 12 BD 
484 BD 6 BD 
508 BD 12 BD 
532 BD 7 BD 
558 BD 5 BD 
588 BD 11 BD 
613 BD 15 0.3 

627 BD 94 BD 
667 BD 311 0.59 

Note: These data are used for screening purposes only. 
8 

BD = below detection. 
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Nitrite Oxalate Phosphate 
(mg/L} (mg/L} (mg/L) 

BD BD 7 
BD BD 7 

BD 23 BD 
BD 9 BD 
BD 48 BD 
BD BD BD 
BD BD BD 
BD 21 BD 
BD 12 2 
BD BD 17 
BD BD 6 
BD 53 BD 
BD 17.9 7 
BD 36 20 
BD 34 5 
BD 30 27 
BD 6 BD 
BD BD BD 
BD 17 BD 
BD 4 BD 
BD 3 BD 
BD 18 BD 
BD 19 BD 
BD 12 BD 
BD 4 BD 
BD BD 1 

BD 38 BD 
BD 7 BD 
BD 5 BD 
BD 8 BD 

53 

Sulfate 
(mg/L} 

561 

325 

271 

100 

50 
9 
4 

21 

17 
8 

11 
72 
17 

22 

14 

17 
6 

1 

21 

6 

6 

23 

19 

25 

8 

5 

47 

27 

176 

553 
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Figure 7.1·1. Pore-water anion concentrations versus depth in R-25 

The o180 and oD results were similar and showed a noisy but decreasing trend down to 566ft. Figure 
7.1-2 shows the o180 results. The results plotted at 1158 and 1184 ft correspond to samples from the 
perching unit for the upper saturated zone, and the decreasing trend is also supported by the results of 
the oD analyses. No samples were taken between 566 and 1158 ft. 
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Figure 7.1-2. 

Groundwater and Pore-Water 8180 Value (o/oo) 

Groundwater and pore-water oxygen isotope profile (o180) for borehole R-25 
(See Table 7.2-6 for o180 values for the saturated zones.) 

There may be a systematic bias between the unsaturated and saturated zone isotopic analyses. The 

analysis of the unsaturated zone samples are the least accurate and precise, and the results are typically 
isotopically lighter than those for samples collected from the upper saturated zone. The absolute 

difference, however, is only about 1 %o. In general, borehole R-25 has a fairly consistent isotopic signature 

below Tshirege Qbt 2. This observation suggests that either the recharge source of the two saturated 

zones is similar or the zones have some connectivity, although not necessarily in the vicinity of R-25. 

Results of stable isotope analyses for the upper saturated zone and regional aquifer suggest that both 
groundwaters are well mixed. 
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7.2 Hydrochemistry of Groundwater 

Fourteen screening groundwater samples were collected during drilling from two saturated zones 
encountered in the R-25 borehole and analyzed to determine natural solute and contaminant 
distributions. Samples were analyzed for HE compounds and degradation products, major cations and 
anions, metals, organic compounds, radionuclides, stable isotopes, and dissolved organic carbon (DOC). 
One screening sample collected from 1938 ft was analyzed only for HE compounds and degradation 
products. Table 7.2-1 provides information on sample depths and analyses performed. Two replicate 
groundwater samples were collected from 1940 ft, consisting of one bailer sample and one airlifted 
sample. 

Table 7.2-1 
R-25 Groundwater Sample Depths, Analyses, and Sampling Zones 

Sample Depth (ft) Analyses Sampling Zone 

Otowi Member 

747 Fullsuitea Upper saturated 

Puye Formation 

867 Full suite Upper saturated 

1047 Full suite Upper saturated 

1137 Full suite WeVdry zone 

1184 Full suite WeVdry zone 

1286 Full suite Regional aquifer 

1407 Full suite Regional aquifer 

1507 Full suite Regional aquifer 

1607 Full suite Regional aquifer 

1747 Full suite Regional aquifer 

1867 Full suite Regional aquifer 

1938 Full suite Regional aquifer 

1940 Full suite Regional aquifer 

1942 HE and degradation products Regional aquifer 

a The full suite of analyses includes HE compounds and their degradation products, 
metals, major cations and anions, organic compounds, radionuclides, stable isotopes, 
and DOC. 

7.2.1 Methods 

Groundwater samples were mostly collected using a clean stainless steel bailer. Some samples collected 
from the regional aquifer were airlifted to minimize "down time" of the drill rig. Field measurements for 
temperature, dissolved oxygen (DO), turbidity, pH, and specific conductance were determined onsite. 
Screening for RDX and TNT using DTech instruments was performed at a field laboratory. Both filtered 
and nonfiltered samples were collected. Samples to be analyzed for metals and radionuclides were 
filtered through a 0.45-~m filter and acidified with analytical-grade HN03 to a pH of 2.0 or less. Samples 
to be analyzed for DOC were filtered with a special 0.45-~m silver filter to eliminate biodegradation of 
organic solutes. All samples were stored at 4°C until they were analyzed. Alkalinity was determined in the 
laboratory using standard titration techniques shortly after sample collection (within 24 hr). 
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Concentrations of HE compounds and degradation products in nonfiltered groundwater samples were 
determined using HPLC (EPA Method 8330). Concentrations of VOCs and SVOCs (polychlorinated 
biphenyls [PCBs] and pesticides) were determined using GC/MS. Analyses were performed by Paragon 
Analytics, Inc. 

Concentrations of inorganic analytes were determined at both Paragon Analytics, Inc., and EES-6 using 
techniques specified in EPA SW-846 (EPA 1987, 57589). These included IC for anions (bromide, 
chloride, fluoride, nitrate, nitrite, oxalate, phosphate, and sulfate), colorimetry for total cyanide, CVAA for 
mercury, and ICPES for aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, sodium, 
thallium, vanadium, and zinc. HAA (antimony, arsenic, and selenium), GFAA (cadmium, chromium, 
cobalt, copper, lead, nickel, silver, and thallium), and ion selective electrode (ammonium) analytical 
techniques were used by EES-6 in addition to ICPES. Charge balance errors calculated from filtered 
groundwater samples analyzed by EES-6 ranged from -0.16 to + 12.22% (Appendix G), predominantly 
within the EPA recommended range of ±1 0.00%. 

Radionuclide analyses were performed by Paragon Analytics, Inc., Teledyne, and the University of Miami 
(low-level tritium). The activity of tritium in groundwater samples was determined by direct counting and 
electrolytic enrichment (low-level tritium, <2 pCi/L). LIKPA was used to analyze groundwater samples for 
uranium; alpha spectrometry for americium, plutonium, and uranium isotopes; gamma spectrometry for 
cesium isotopes; and gas proportional counting for strontium-90. 

Samples were analyzed for stable isotopes of oxygen (oxygen-18 and oxygen-16) and hydrogen 
(hydrogen and deuterium) by Geochron Laboratories and for nitrogen (nitrogen-15 and nitrogen-14) by 
Coastal Sciences Laboratories, Inc., using the isotope ratio mass spectrometry (IRMS) technique. 
Analytical errors associated with oD and o180 measurements were ±4 and 1%o, respectively. 

Laboratory blanks were analyzed in accordance with EPA and Laboratory procedures. The precision 
limits for major ions and trace elements were generally less than 10%. 

7.2.2 Results 

7.2.2.1 Field Parameters 

Field-measured parameters for the 13 groundwater samples collected from borehole R-25 (excluding the 
sample from 1938 ft), including pH, temperature, specific conductance, and turbidity, are provided in 
Table 7.2-2. These parameters were measured at the time of sample collection when groundwater was in 
contact with the atmosphere. DO was also measured; however, DO values are not reported because of 
potential atmospheric contamination (oxygen diffusion into water samples) from the electrode and 
interference from suspended particles contributing to very high turbidity values. 

7.2.2.2 Organic and HE Compounds 

VOCs and SVOCs were not detected in the screening groundwater samples from the R-25 borehole. The 
samples were obtained using a stainless steel bailer, and volatilization may have taken place during field 
sampling. 
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Table 7.2-2 
Field-Measured Parameters for R-25 Groundwater Samples 

Sample pH Specific 
Depth (standard Temperature Conductance Turbidity 

(ft) Sampling Zone Sample Date units) ("C) (~S/cm) (NTU) 

Otowi Member 

747 Upper saturated 09/30/98 6.80 12.2 174 OS
8 

Puye Formation 

867 Upper saturated 10/09/98 6.52 9.4 166 622 

1047 Upper saturated 10/28/98 7.24 13.0 165 455 

1137 Wet/dry zone 1/03/98 8.07 15.2 151 OS 

1184 Wet/dry zone 12/03/98 7.50 10.1 133 OS 

1286 Regional aquifer 12118/98 7.67 11.0 102 OS 

1407 Regional aquifer 01/07/99 6.83 10.6 160 OS 

1507 Regional aquifer 01/13/99 7.95 8.8 109 OS 

1607 Regional aquifer 02103/99 7.67 11.4 109 207 

1747 Regional aquifer 02112199 7.28 14.0 116 OS 

1867 Regional aquifer 02120/99 6.84 15.0 84 328 

1940 Regional aquifer 02123/99 6.80 13.7 145 OS 

1942 Regional aquifer 02126/99 7.23 11.8 92 421 
8

os = off scale because of very high turbidity values for open borehole groundwater samples. 

Table 7.2-3 provides analytical results for HE compounds and degradation products present in nonfiltered 
groundwater samples collected from the R-25 borehole. RDX and TNT are the two contaminants of most 
concern because their concentrations exceeded the EPA health advisory (HA) limits for drinking water of 
0.61 ~g/L for RDX and 2.2 ~g/L for TNT (EPA 2000, 70122). The EPA HA limit for HMX is 1800 ~g/L. 

Figure 7.2-1 shows the distribution of HE compounds detected in groundwater samples from R-25. The 
highest concentrations of RDX (84 ~g/L) and HMX (12 ~g/L) were measured in a groundwater sample 
collected from 1047 ft, whereas the highest concentration of TNT (19 ~g/L) was measured in a sample 
from 867ft. Degradation products of TNT that were detected include 4-A-2,6-DNT and 2-A-4,6-DNT, 
which are stable under anaerobic conditions. Other HE-related compounds analyzed for but not detected 
included 1 ,3-dinitrobenzene, tetryl, nitrobenzene, 2,6-dinitrotoluene, 2,4-dinitrotoluene, 2-nitrotoluene, 
4-nitrotoluene, and 3-nitrotoluene. Nitrotoluene isomers are additional degradation products of TNT. The 
detection limit for these compounds typically is 1 ~g/L or less using the HPLC method. 

Because concentrations of RDX and TNT found in the upper saturated zone and possibly the regional 
aquifer at the R-25 site exceeded EPA HA limits for drinking water, mobilities of these compounds in 
aquifer materials were estimated so that preliminary predictions could be made regarding their travel 
times to the nearest water supply well. A brief discussion of the results of mobility calculations for these 
two compounds is given here. Full calculations and supporting assumptions are provided in Appendix H. 
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Table 7.2-3 
HE Chemistry of R-25 Groundwater Samples 

Sample RDX HMX 4-A-2,6-DNT 2-A-4,6-DNT TNB TNT 
Depth (ft) Sampling Zone (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L) 

Otowi Member 

747 Upper saturated 12 <1 0.38 0.51 <0.26 <0.25 
Puye Formation 

867 Upper saturated 63 8.3 3.7 5.2 2.2 19 
1047 Upper saturated 84 12 4.6 5.7 <2.5 5.3 
1137 Wet/dry zone 50 9.2 4.3 2.9 <1.3 <1.3 
1184 Wet/dry zone 4.2 <1 <0.25 0.43 <0.26 <0.25 
1287 Regional aquifer <0.84 <1.0 <0.25 <0.25 <0.26 <0.25 
1407 Regional aquifer 62 9.7 <1.3 2 <1.3 7.1 
1507 Regional aquifer 4.4 <1 <0.25 <0.26 <0.26 <0.25 
1607 Regional aquifer 15 2.6 5 0.46 <0.26 0.84 
1747 Regional aquifer <0.84 <1 <0.25 <0.25 <0.25 <0.25 
1867 Regional aquifer 0.97 <1 <0.25 <0.25 <0.26 <0.25 
1938 Regional aquifer <0.84 <1 <0.25 <0.25 <0.26 <0.25 
1940 (air lifted) Regional aquifer 8.8 1.5 1.7 0.69 <0.26 0.77 
1940 (bailer) Regional aquifer 9.6 1.6 1.8 0.79 <0.26 1.1 
1942 Regional aquifer 5.9 <1 1.1 <0.25 <0.26 0.64 
EPA HAa 0.61 1800 noHA noHA noHA 2.2 

Note: RDX (hexahydro-1 ,3,5-trinitro-1 ,3,5-triazine), HMX (octahydro-1 ,3,5,7-tetranitro-1 ,3,5,7-tetrazocine), 4-A-2,6-DNT (4-amino-
2,6-dinitrotoluene), 2-A-4,6-DNT (2-amino-4,6-dinitrotoluene), TNB (1 ,3,5-trinitrobenzene), and TNT (2,4,6-trinitrotoluene). HE 
compounds analyzed by HPLC (EPA Method 8330) at Paragon Analytics, Inc., Fort Collins, Colorado. 

a EPA (Region 6) lifetime HA limit, October 2000. 

Distribution coefficients (Kd) for RDX and TNT were calculated using an organic carbon partition 
coefficient taken from literature (Koc) for each compound (Burrows et al. 1989, 71319) and a value for the 
fraction of solid organic carbon (foe, 0.0001) estimated from a core sample from the Otowi Member. The 
low Kds for RDX (0.01 cm3/g) and TNT (0.052 cm3/g) suggest that these compounds remain in the 
aqueous phase and do not adsorb to aquifer materials. This is also consistent with the lack of detected 
HE in core and cuttings samples. 

Retardation factors (Rf) (Rf = 1 + pkd/n) for RDX and TNT were calculated using their respective Kds, and 
bulk density (p) (1.18 g/cm3

) and effective porosity (n) (0.47) values for the Otowi Member. Both RDX and 
TNT, with Rf values of 1.03 and 1.13, respectively, are predicted to migrate at nearly the same rate as 
groundwater. 

The travel time for groundwater {regional aquifer) at the R-25 site to reach the nearest water supply well, 
PM-2, is estimated between 50 and 200 years. This is based on plateau-wide average groundwater flow 
rates of between 95 and 345ft per year determined by Purtymun {1995, 453.44). 
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Figure 7.2-1. Distribution of HE compounds detected in deep groundwater at borehole R-25 
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Although these calculations imply that RDX and TNT will remain in the aqueous phase and migrate at the 
same rate as groundwater, they do not take into account hydrolysis reactions, biodegradation, or mixing, 
which are dependent on the site-specific conditions of the dynamic groundwater-aquifer material
biochemical system present at the R-25 site. 

7.2.2.3 Major Ions and Trace Elements 

Analytical results for 17 major ions, 30 trace elements, and 5 other water quality parameters in filtered 
and nonfiltered groundwater screening samples collected from the R-25 borehole are given in 
Appendix G. Results for selected analytes are given in Table 7.2-4 to support the discussion presented 
here. The precision limits for major ions and trace elements were within 10%. 

Table 7.2-4 
Analytical Results for Selected Trace Elements and Major Ions in R-25 Groundwater Samples 

Barium Chloride Boron Nitrate Manganese 
Depth (ft) Sampling Zone (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Otowi Member 

747 Upper saturated 0.006 11.1 0.12 4.17 1.39 

Puye Fm 

867 Upper saturated 0.005 9.80 0.058 4.02 0.27 

1047 Upper saturated 0.007 9.13 0.090 3.55 0.19 

1137 Wet/dry zone 0.005 8.04 0.074 3.84 0.11 

1184 Wet/dry zone 0.008 5.79 0.027 3.32 0.18 

1286 Regional aquifer 0.014 1.09 0.014 1.70 0.25 

1407 Regional aquifer 0.016 8.03 0.087 2.38 0.21 

1507 Regional aquifer 0.010 3.80 0.037 1.31 0.19 

1607 Regional aquifer 0.014 2.49 0.027 1.86 0.19 

1747 Regional aquifer 0.013 1.54 0.011 1.86 0.10 

1867 Regional aquifer 0.009 1.65 O.D10 1.93 0.11 

1940 Regional aquifer 0.015 2.15 0.013 1.81 0.14 

1942 Regional aquifer 0.006 1.77 0.016 1.53 0.30 

The upper saturated zone is characterized by a mixed calcium-sodium-bicarbonate ionic composition as 
shown by two samples, one from the Otowi Member at a depth of 747ft and one from the Puye 
Formation at a depth of 867 ft. Values for field pH were 6.80 in the Otowi Member sample and 6.52 in the 
Puye Formation sample. Values for total dissolved solids (TDS} were 265 mg/L in the Otowi Member 
sample and 223 mg/L in the Puye Formation sample. 

The alternating wet and dry zone above the regional aquifer is characterized by a sodium-bicarbonate 
ionic composition as shown by one sample from the Puye Formation at a depth of 1137 ft. The field pH 
value was 8.07, and the TDS value was 209 mg/L. 

The regional aquifer is dominantly a calcium-sodium-bicarbonate type as represented by the samples 
collected at depths of 1286, 1407, 1507, 1607, 1747, 1867, 1940, and 1942 ft in the Puye Formation. 
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Field pH values ranged from 6.80 to 7.95, and TDS values ranged from 135 mg/L to 207 mg/L. TDS 
values decreased with depth, probably due to mixing. 

Most of the groundwater samples collected from the R-25 borehole have very similar major ion 
compositions, in addition to similar values for stable isotopes and detectable tritium, suggesting that the 
upper saturated zone and the regional aquifer are hydraulically connected. This is consistent with the 
downward vertical pressure gradients measured in R-25 (Section 6.2). Major ion compositions of 
groundwater samples collected from R-25 are also similar to those of water samples collected from Peter 
Seep, SWSC Spring, Burning Ground Spring, Martin Spring, upper Canon de Valle surface water, and 
upper Canon de Valle alluvial groundwater (LANL 1998, 59891 ). Dissolved concentrations of nitrate, 
sulfate, and chloride in R-25 screening groundwater samples are similar to those found in springs and 
surface water around T A-16, suggesting recharge from surface water sources. The presence of HE 
compounds and degradation products also confirms recharge from surface water sources to groundwater 
at the R-25 site. 

Inorganic chemicals used at TA-16 for HE manufacturing and research include barium, boron, nitrogen
bearing HE compounds, and other materials. Barium nitrate (baratol) is used in the preparation of HE 
compounds. The solubility of barium nitrate is 897 mg/L at 20°C (Dean 1985, 71312). Residues of HE 
compounds and barium nitrate are known to have been discharged to upper Canon de Valle, and 
concentrations of barium in surface water in upper Canon de Valle exceed 1 mg/L (LANL 1998, 59891 ). 
Barium, however, has precipitated from solution in the forms of barium sulfate and barium carbonate in 
upper Canon de Valle, resulting in a decrease in barium concentrations in surface water downstream 
from the 260 outfall (LANL 1998, 59891 ). 

Concentrations of dissolved barium in water samples from R-25 ranged from 0.005 to 0.007 mg/L in 
samples from the upper saturated zone and from 0.006 to 0.016 mg/L in samples from the regional 
aquifer (Table 7.2-4). The New Mexico Water Quality Control Commission (NMWQCC) groundwater 
standard for dissolved barium is 1 mg/L. The upper saturated zone and regional aquifer at R-25 are 
predicted to be undersaturated with respect to barium sulfate and barium carbonate, and precipitation of 
these two minerals from solution is not likely, based on results of model simulations using the computer 
code MINTEOA2 (Allison et al. 1991, 49930). Adsorption of barium onto aquifer material is considered to 
be the dominant process controlling the fate and transport of barium at the R-25 site. 

Concentrations of dissolved chloride in water samples from R-25 ranged from 9.13 to 11.1 mg/L in 
samples from the upper saturated zone, from 5.79 to 8.04 mg/L in samples from the weVdry zone, and 
from 1.09 to 8.03 mg/L in samples from the regional aquifer (Table 7.2-4). Chloride concentrations at 
Water Canyon Gallery were approximately 1 mg/L in 1993 (Blake et al. 1995, 49931 ). Dissolved 
concentrations of chloride decreased with depth in both saturated zones. The NMWQCC groundwater 
standard for dissolved chloride is 250 mg/L (secondary, or aesthetic, standard). 

Concentrations of dissolved boron (stable as B(OH)a 0) in water samples from R-25 ranged from 
0.027 mg/L in samples from the weVdry zone to 0.12 mg/L in samples from the top of the saturated zone. 
Dissolved boron concentrations in samples from the regional aquifer ranged from 0.010 mg/L in a sample 
from 1867 ft to 0.087 mg/L in a sample from 1407 ft (Table 7.2-4). Dissolved concentrations of boron 
decreased with depth in both saturated zones. Concentrations of boron at Water Canyon Gallery were 
0.13 mg/L in 1993 (Blake et al. 1995, 49931). The NMWQCC groundwater standard for dissolved boron is 
0.75 mg/L. 

Concentrations of dissolved nitrate {as nitrate) in water samples from R-25 ranged from 3.32 mg/L 
{0.75 mg/L as nitrogen) in a sample from the weVdry zone to 4.17 mg/L {0.95 mg/L as nitrogen) in a 
sample from the upper saturated zone {Table 7.2-4). Concentrations of dissolved nitrate decreased with 
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depth in both the upper saturated zone and the regional aquifer. Dissolved nitrate concentrations in 
samples from the regional aquifer ranged from 1.31 mg/L (0.30 mg/L as nitrogen) to 2.38 mg/L (0.54 mg/L 
as nitrogen). Concentrations of nitrate at Water Canyon Gallery were 0.98 mg/L in 1993 (Blake et al. 
1995, 49931 ). The NMWQCC groundwater standard for dissolved nitrate (as nitrate) is 44 mg/L, or 
10 mg/L as nitrogen. The dissolution of Ba(N03)2 used in HE processing at TA-16 may constitute a 
potential source of nitrate. 

Concentrations of dissolved manganese (predominantly stable as Mn2+) in water samples from the R-25 
borehole ranged from 0.11 mg/L in a sample from the weVdry zone to 1 .39 mg/L in a sample from the 
upper saturated zone. Dissolved manganese concentrations in samples from the regional aquifer ranged 
from 0.10 to 0.30 mg/L (Table 7.2-4). Dissolved concentrations of manganese generally decreased with 
depth in both saturated zones, suggesting that an oxidation-reduction gradient or decreasing oxidation
reduction potential (Eh) occurs with depth. Concentrations of manganese at Water Canyon Gallery were 
less than 0.01 mg/L in 1993 (Blake et al. 1995, 49931 ). The NMWOCC groundwater standard for 
dissolved manganese is 0.2 mg/L (secondary or aesthetic standard). 

Concentrations of dissolved manganese and iron in screening water samples from the R-25 borehole 
could be enhanced by the oxidation of DOC and/or the biodegradation of TNT and RDX. DOC 
concentrations were greater than 1 mg/L, which is sufficient to enhance the reduction of TNT to 4-A-2,6-
DNT or 2-A-4,6-DNT (Jlg/L range). The biological reduction of TNT to either 4-A-2,6-DNT or 2-A-4,6-DNT 
acts as an additional reducing agent for Mn(IV) mineral species (electron acceptor) dissolving to form 
aqueous Mn(ll) species. This reduction increases the concentration of dissolved manganese. The same 
is true for the reduction of Fe(lll) solids to aqueous Fe(ll) species. Oxidation-reduction processes 
associated with these transformations are described in further detail in Appendix H. 

7.2.2.4 Tritium Activities in Groundwater 

Activities of tritium in groundwater samples collected from R-25 are provided in Table 7.2-5. Groundwater 
in the upper saturated zone contains a component of surface water and/or alluvial water that is between 
10 and 50 years old (Blake et al. 1995, 49931; Adams et al. 1995, 47192) based on measurable tritium 
activities at 747ft. Groundwater was first encountered at this depth in R-25 and did not consist of a 
mixture of waters due to drilling operations. The age of groundwater at 747ft was determined by the 
following expression: a1

3H = a03He-.~.t, where a1
3H is the measured tritium activity (77.2 pCi/L), aa3H is the 

initial tritium activity of rainwater collected at S-Site (127 pCi/L) in 1990 (Adams et al. 1995, 47192), -/\ is 
the decay constant (ln2/tY2 [12.43 yr for tritium]), and t is time in years. Solving for a1

3H in 1998 and using 
t% equal to 12.43 yr for tritium, the calculated activity is 81.5 pCi/L, which is in close agreement with the 
measured activity (77.2 pCi/L). This calculation does not take into account dispersion and mixing or the 
fact that activities of tritium in rainwater vary seasonally at S-Site. This calculation provides a minimum 
age of the groundwater encountered within the upper saturated zone. This is also true for the upper 
saturated portion of the regional aquifer at a depth of 1286 ft. Potential downward movement of 
groundwater in borehole R-25 during drilling, however, may have resulted in elevated tritium activities at 
1407, 1607, 1940, and 1942 ft. 

7.2.2.5 Stable Isotopes of Hydrogen, Oxygen, and Nitrogen 

Stable isotope ratios for hydrogen and oxygen, provided in Table 7.2-6, were measured to evaluate 
source(s) of groundwater encountered in R-25. These values plot close to, but below, the Jemez 
Mountain meteoric (oD = 8o180 + 12) and global meteoric (oD = 8o180 + 10) water lines provided by Blake 
et al. (1995, 49931 ). This suggests that these groundwaters were derived from a meteoric or atmospheric 
source, and that evaporation has not affected their isotopic composition. The stable isotopic compositions 

ER2001-0697 63 January 2002 



Characterization Well R-25 Completion Report 

of R-25 groundwater and springs west of the Laboratory are similar, suggesting similar sources. Results 
of stable isotope analyses suggest that the groundwater at R-25 is well mixed and that residence times 
are short within the upper saturated zone and possibly the regional aquifer. 

Table 7.2-5 
Tritium Activities in R-25 Groundwater Samples 

Depth (ft) Sampling Zone Sample Date Activity (pCi/L)a 

Otowi Member 

747 Upper saturated zone 09/30/98 77.2 ±2.9 

Puye Formation 

867 Upper saturated zone 10/09/98 81.4 ±2.9 

1184 Wet/dry zone 12/03/98 44.7 ± 1.6 

1286 Regional aquifer 12/18/98 3.77 ±0.35 

1407 Regional aquifer 01/07/99 72.8 ±2.6 

1607 Regional aquifer 02/03/99 32.6 ± 1.3 

1747 Regional aquifer 02/12199 1.02 ± 0.32 

1867 Regional aquifer 02/20/99 1.85 ±0.29 

1940 Regional aquifer 02/23/99 14.46 ± 0.54 

1942 Regional aquifer 02/26/99 8.11 ± 0.41 

a Analytical error is 1 standard deviation. University of Miami used both direct counting and electrolytic enrichment methods to 
measure tritium activities in these groundwater samples. 

Table 7.2-6 
Stable Oxygen and Hydrogen Isotope Data for Water Samples from R-25 and Selected Springs 

Depth (ft) Formation 50(%..) 518Q (%..) 

747 Otowi Member -77 -12.0 

1286 Puye Formation -82 -12.2 

1407 Puye Formation -79 -12.0 

1507 Puye Formation -80 -11.9 

1747 Puye Formation -76 -11.8 

1867 Puye Formation -76 -11.7 

1940 Puye Formation -79 -12.1 

1942 Puye Formation -80 -11.6 

Upper Canon de Valle Spring Tschicoma Fm/Bandelier Tuff -75 -11.9 

Water Canyon Gallery Bandelier Tuff -74 -11.9 

Apache Spring Tschicoma Frn/Bandelier Tuff -76 -12.2 

Note: Analysis of the R-25 samples was performed by Geochron Laboratories, Cambridge, Massachusetts. Analysis of the spring 
samples was performed by Western Michigan University. 80 standard= 0.000316, and 8180 standard= 0.0039948 (double 
atom ratio for both standards) provided by Geochron. 
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Stable isotopes of nitrogen were measured to evaluate source(s) of nitrate found at the R-25 site. 
Concentrations of ammonium were insufficient to determine nitrogen isotopes associated with this cation. 
The main sources of nitrate found in groundwater and surface water at the Laboratory include (1) natural 
organic nitrogen in soils and sediments, (2) dissolved nitric acid and HE containing Ba(N03)2 discharges, 
(3) fertilizers, and (4) treated septic/effluent discharges. Of these possible sources, aqueous discharges 
of both dissociated nitric acid, HE discharges, and treated septic/effluent probably exceed naturally- and 
fertilizer-derived nitrate. The dominant source of nitrate at the R-25 site is most probably a combination of 
dissolution of Ba(N03) 2 , and biodegradation of RDX, HMX, and TNT. Sewage sources probably 
contribute minimally. Elevated concentrations of nitrate have been measured at TA-16, including Martin 
Spring, Burning Ground Spring, and SWSC Spring (LANL 1998, 59891 ). 

The isotopic standard for o15N is nitrogen in air, which has a value of 0 %o (Clark and Fritz 1997, 59168). 
Reacting ammonia gas with oxygen gas produces nitric acid. Ammonia is oxidized to nitrate through a 
series of reactions involving nitrous oxide, nitric oxide, and nitric dioxide, which eventually produce nitric 
acid. Ammonia is initially produced by reacting nitrogen gas, having a o15N value of 0 %o, with hydrogen 
gas. Consequently, the o15N value for nitric acid is close to 0 %o or is slightly enriched with nitrogen-15. A 
nitric acid standard prepared by EES-6 personnel has an average o15N value of 1.0 %o (Table 7.2-7). 

Table 7.2-7 
Summary of Nitrogen Chemistry and Nitrogen Isotopes 

for Water Samples from R-25, Surface Water, and Selected Background Springs 

NOa-N NH4-N ()15114N-NOaa 
Location (ppm) (ppm) (%o) Water Type 

R-25 (747ft) 0.95 0.03 +3.1 Upper saturated zone 

R-25 (867ft) 0.90 0.03 +2.8 Upper saturated zone 

R-25 (1286 ft) 0.32 0.02 +2.6 Regional aquifer 

R-25 (1407) 0.51 <0.02 +4.3 Regional aquifer 

R-25 (1607 ft) 0.42 <0.02 +2.5 Regional aquifer 

R-25 (1747 ft) 0.31 <0.02 -0.6 Regional aquifer 

R-25 (1867 ft) 0.20 <0.02 +1.1 Regional aquifer 

R-25 (1942 ft) 0.25 <0.02 +0.3 Regional aquifer 

Los Alamos Canyon Reservoir 0.04 - -2.4 Surface 

Upper Pajarito Canyon 0.01 - -2.4 (2) Surface 

Water Canyon Gallery 0.10 - 0 Spring 

Apache Spring 0.35 - -0.5 (2) Spring 

HNOa Std. 
b 

5.7 <0.02 +1.0 (4) Dilute acid 

a Analysis for nitrogen isotopes was perfonned by Coastal Sciences Laboratories, Inc., Austin, Texas. The number of analyses for 
each sample is given in parentheses. 

blaboratory HN03 standard (5.7 ppm nitrate as nitrogen) prepared at EES-6. 

Water samples were collected from R-25, the Los Alamos Canyon reservoir, and Laboratory springs and 
analyzed for ammonium, nitrate, and nitrogen-15/nitrogen-14. Analytical results for nitrogen species and 
isotopes are presented in Table 7.2-7. The analytical error associated with the o15N analyses is less than 
±1.0 %o using IRMS at nitrate (as nitrogen) concentrations of less than 0.5 ppm. 
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The HE compounds and Ba(N03)2 were prepared at different army depot sites and shipped to the 

Laboratory for use at TA-16. Treated HE effluents sampled at TA-16 are characterized by low o15N values 

(<+6 %o) derived from the nitric acid used in the preparation of Ba(N03)2 and HE compounds. For 
example, RDX is produced by reacting nitric acid with hexamine and ammonium nitrate as shown in the 

following two reactions (Card and Autenrieth 1998, 71308): 

H2(g) + C6H12N4 (hexamine) + 4HN03-----+ 
C3H6N606 (RDX) + 3C02(g) + N2(g) + 6H20 (Woolwich process) and 

CsH,2N4 + 4HN03 + 2NH4N03 + 6(CH3C0)20 -----+ 
2C3H6N60 6 (RDX) + 12CH3COOH (Bachmann process). 

Water samples collected from upgradient Laboratory springs, the Los Alamos Canyon reservoir, and 
upper Pajarito Canyon have o15N-N03 values ranging from -2.4 to 0 %o (Table 7.2-7). These nitrogen 
isotope values are consistent with nitrate (inorganic and organic) associated with sediments and volcanic 

deposits (Clark and Fritz 1997, 59168). Upgradient concentrations of dissolved nitrate (as nitrate) west of 
T A-16 are less than 0.4 ppm. 

Groundwater samples collected from R-25 have o15N-N03 values ranging from -0.6 to +4.3 %o (Table 
7.2-7). Possible sources of nitrate in R-25 groundwater, based on nitrogen isotopic analyses, include 
discharges containing dissociated Ba(N03)2 and residues of HE. This is consistent with known sources of 
treated effluent discharged from the 260 and other outfalls at T A-16 west of R-25. It is possible that a shift 

in nitrogen isotope composition to heavier values at the R-25 site is due to both barium nitrate 
(denitrification) and biodegradation (reduction of nitro functional groups to amino functional groups) of HE 

compounds (RDX and TNT) in the upper saturated zone. 

Within the regional aquifer at the R-25 site, nitrogen isotope values become less enriched with 
nitrogen-15, producing Jess positive o15N values with depth. This may represent an increase in mixing of 
native groundwater with smaller portions of surface water and alluvial groundwater at TA-16. 

At other sites around the laboratory, nitrate discharges are due to treated sewage effluent. Nitrate 

derived from treated septic effluent, as determined at R-12 (Broxton et al. 2001, 71252), is enriched in 
nitrogen-15 and depleted in nitrogen-14 and is characterized by positive o15N values (7 to >30 %o; Clark 
and Fritz 1997, 59168). During denitrification, which is the reduction of nitrate to nitrogen gas in the 
presence of organic carbon, residual nitrate becomes enriched in nitrogen-15. Subsequently, o15N values 

become increasingly more positive with increasing denitrification as observed at R-12 and in Pueblo 
Canyon and lower Los Alamos Canyon east of the Bayo sewage treatment plant. 

7.2.2.6 Radionuclides and Uranium 

Activities of uranium-238, uranium-235, and uranium-234 are less than 1 pCi/L in both filtered and 

nonfiltered groundwater samples collected from R-25. Activities of gross alpha, gross beta, and gross 

gamma are greater than 1 pCi/L in both filtered and nonfiltered samples, which is due to decay products 

within the uranium-238 and uranium-235 decay series (gross alpha and gross gamma). Activities of 

americium-241; cesium-137; plutonium-238; plutonium-239,240; and strontium-90 are less than 

detectable levels in samples from both the upper saturated zone and the regional aquifer. Actinides and 

fission products are not constituents of concern at TA-16. 

Dissolved uranium concentrations in groundwater samples collected from R-25 are less than 1 1Jg/L. 
Concentrations of dissolved uranium in samples from R-25 are below the proposed EPA maximum 

contaminant level (MCL) (0.020 IJg/L) and the NMWQCC standard (5 mg/L). 
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8.0 MODIFICATIONS TO WORK PLANS 

Table 8.0-1 compares the planned characterization activities as presented in the Hydrogeologic Workplan 
(LANL 1998, 59599), the Core Document for Canyons Investigations (LANL 1997, 55622), and the R-25 
FIP (LANL 1998, 59162) with actual characterization activities performed at R-25. 

Table a.o-1 
Activities Planned for R-25 Compared with Work Performed 

Hydrogeologic Workplan and 
Core Document for Canyons R-25 

Investigations Field Implementation Plan Actual Work 

Planned Depth 1 00 to 500 ft into the regional 1550 ft 1942 ft 
aquifer 

Drilling Method Methods may include, but are not Air-rotary methods, including Same as FIP except 
limited to, hollow-stem auger, air- downhole percussion hammers on coring system used 
rotary/Odex/Stratex, air- 4.5-in.- and 7-in.-O.D. dual-wall instead of 1 01-mm 
rotary/Barber rig, mud-rotary casings to drill open hole; air-rotary Geobarrel 
drilling 1 01-mm Geobarrel system to collect 

continuous core; air-rotary Holte and 
Stratex casing advance systems 
and downhole percussion hammers 
to drill and advance casing in the 
borehole simultaneously 

Amount of 1 00% of the borehole Approximately 53% of the borehole 1 0% of the borehole 
Core 

Lithologic Log Log to be prepared from core, Log to be prepared from core, Log prepared from core, 
cuttings, drilling performance cuttings, drilling performance cuttings, drilling 

performance, 
petrography, and x-ray 
diffraction and 
fluorescence analyses 

Number of A water sample to be collected A water sample to be collected from 14 water samples 
Water from each saturated zone discrete intervals from both collected from 2 
Samples saturated zones; 5 water samples saturated zones 
Collected for planned 
Contaminant 
Analysis 
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Table 8.0-1 (continued) 

Hydrogeologic Workplan and 
Core Document for Canyons R-25 

Investigations Field Implementation Plan Actual Work 

Water Sample Radiochemistry I, II, and Ill Trace Elements/Metals: AI, Sb, As, Same as FIP and with 
Analytes analytes; 3H, gamma Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, nitrogen isotopes added 

spectroscopy scan; genera! Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, to analytical suite 
inorganic chemicals; metals; Tl, U, V, Zn, NH4 
stable isotopes Anions: Br, C03, Cl, F, N03, N02, 

P04, HC03, S04 

Other Chemicals: Si, cyanide, TOC 

Radionuclides: 3H, 90Sr, 137 Cs, 
241Am, 234U, 23sU, 238U, 23BPu, 
239'240Pu, gamma spectroscopy, 
gross alpha, gross beta, gross 
gamma 

Organic Compounds: HE 
compounds and degradation 
products, VOCs, SVOCs 

Other Analyses: 14C, 13C, 180l6o, 
~D. DOC 

Water Sample Alkalinity, pH, specific Alkalinity, DO (completed well only), pH, specific 
Field conductance, temperature, pH, specific conductance, conductance, DO, 
Measurements turbidity temperature, turbidity temperature, turbidity, 

and DTech for RDX and 
TNT; alkalinity was 
measured in the 
laboratory 

Number of 20 samples of core or cuttings Up to 37 core/cuttings samples 13 samples of 
Core/Cuttings from each borehole planned; number of samples core/cuttings collected 
Samples assumes 5 saturated zones are 
Collected for present 
Contaminant 
Analysis 

Core Sample Uppermost sample to be analyzed Trace Elements/Metals: AI, Sb, As, Same as FIP 
Analytes for a full range of compounds; Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, 

deeper samples to be analyzed Hg, Mo, Ni, Se, Ag, Tl, U, V, Zn 
for Radiochemistry I, II, and Ill Anions: Br, Cl, F, S04, N03 
analytes, 3H, and metals; 4 
samples to be analyzed for VOCs Other Chemicals: HE compounds 

and degradation products, cyanide 

Radionuclides: 3H, 90Sr, 137Cs, 
241Am, 234U, 235U, 23BU, 23BPu, 
239'240Pu, gamma spectroscopy, 
gross alpha, gross beta, gross 
gamma 

VOCs and SVOCs to be determined 
in 4 samples and where PID 
detections occur 
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Table 8.0-1 (continued) 

Hydrogeologic Workplan and 
Core Document for Canyons R-25 

Investigations Field Implementation Plan Actual Work 

Hydraulic Physical properties to be Physical properties to be determined A total of 5 core 
Property determined on 5 samples typically in each of the major stratigraphic samples selected for 
Analyses including moisture content, units, including particle size hydraulic properties 

porosity, particle density, bulk (sedimentary units), moisture analysis; 4 core 
density, saturated hydraulic content, matric potential, porosity, samples from the 
conductivity, and water retention particle density, bulk density, unsaturated zone 
characteristics saturated hydraulic conductivity, and analyzed for full suite of 

water retention characteristics hydraulic properties, 
including moisture 
content, porosity, bulk 
density, saturated 
hydraulic conductivity, 
and determination of 
moisture characteristics; 
one core sample from 
the saturated zone 
analyzed for saturated 
hydraulic conductivity 
only; a total of 105 
samples analyzed for 
moisture content and 
matric potential 

Geology Approximately 1 0 samples of core Geology task leader to determine 39 samples analyzed for 
or cuttings to be collected for the number of samples needed to mineralogy, 
mineralogy, petrography, and rock resolve stratigraphic and lithologic petrography, and 
chemistry uncertainties; a maximum of 30 chemistry 

samples to be collected 

Geophysics In general, open-hole geophysics In stable open borehole Same as FIP plus 
to include caliper, EM, GR, environments, geophysics compensated neutron, 
magnetic susceptibility, color measurements to include caliper, spectral gamma, 
borehole video, fluid temperature EM, GR, magnetic susceptibility, multifinger caliper, hole 
(saturated), fluid resistivity color borehole video, gamma- deviation, cement bond, 
(saturated), single-point resistivity gamma, and thermal/epithermal and ultrasonic imager 
(saturated), and spontaneous neutron logs; in cased borehole, logs 
potential (saturated) logs; cased- geophysics measurements to 
hole geophysics to include include gamma-gamma density, GR, 
gamma-gamma density, GR, and and thermal neutron logs 
thermal neutron logs 

Water-Level Not included Water levels to be determined for Water levels determined 
Measurements each saturated zone by water-level for each saturated zone 

meter or by pressure transducer by water-level meter or 
by pressure transducer 

Slug Tests Not included Slug tests planned for all zones of Slug injection tests 
saturation encountered unsuccessful; screen 

intervals of well would 
not accept injected 
water 
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Table 8.0-1 (continued) 

Hydrogeologic Workplan and 
Core Document for Canyons R-25 

Investigations Field Implementation Plan Actual Work 

Air Conducted in Bandelier Tuff at In unsaturated environments, Anemometry and air 
Permeability/ 1 O-tt intervals after removing the borehole anemometry and straddle permeability not 
Borehole hollow-stem auger and/or packer air permeability measured 
Anemometry Odex/Stratex casing measurements may be made in 

stable open borehole environments 
at locations determined in the field 

Surface Approximately 20-in.-O.D. casing 1 0-in.-diameter low carbon steel 16-in. surface casing to 
Casing extending from land surface to casing set to a minimum depth of 20ft 

1O-ft depth in underlying 20ft with a 3-ft stickup 
competent layer and grouted in 
place 

Minimum Well 6-5/8-in. O.D. 5-in.I.D. 5-in.-I.D., 5.625-in.-
Casing Size O.D., Schedule 40 304-

stainless steel casing 

Well Screen Machine-slotted (0.01-in.) 60 ft of prepacked, 6.68-in.- 5-in.-I.D. flush-threaded, 
stainless steel screen(s) with diameter, machine-slotted (0.01-in.) 0.01 0-in.-slot, stainless 
flush-jointed threads; number and stainless steel screen with flush- steel screen 
length of screens to be jointed threads 
determined on a site-specific 
basis and proposed to NMED 

Filter Material >90% silica sand, properly sized >98% silica sand, properly sized for >98% silica sand; 20/40 
for the 0.01 0-in. slot size of the the 0.01 0-in. slot size of the well sand at screen; 30no 
well screen, extending 2 ft above screen, extending 2 ft above and sand in transition to 
and below the well screen below the well screen bentonite above and 

below screen 

Backfill Uncontaminated drill cuttings Bentonite in borehole below well; Granular bentonite and 
materials below sump and bentonite above fine sand in transition zone 1 0 ft 20/40 sand (50:50 mix) 
(exclusive of sump above and 3 ft below filter pack; 
filter materials) bentonite above transition zone to 

bottom of surface casing; cement 
grout between surface casing and 
borehole wall and between surface 
casing and well casing 

Sump Stainless steel casing 5.56-in.-diameter stainless steel 5.625-in.-O.D. stainless 
casing 1 0 ft long steel casing 30 ft long 

The planned depth for R-25 was originally 1550 ft; however, during drilling, a decision was made to 
extend the total depth to 1942 ft in order to characterize the vertical extent of HE contamination in the 
regional aquifer. Because of the HE contamination, more groundwater samples were collected than 
planned for in the FIP. 

The Hydrogeologic Workplan specified that R-25 would be continuously cored. The amount of projected 
core was reduced to 53% in the FIP, and only 10% was actually collected during drilling. The amount of 
core collected during drilling was reduced because of the slower-than-expected coring rates and the 
associated high costs of collecting core in zones that would be redrilled by the casing advance system. 
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9.0 SUMMARY OF SIGNIFICANT RESULTS 

9.1 Stratigraphy 

R-25 provides new geologic control for stratigraphic units in the southwest part of the Laboratory. In 
descending order, geologic units penetrated in R-25 include the Tshirege Member of the Bandelier Tuff, 
tephras and volcaniclastic sediments of the Cerro Toledo interval, the Otowi Member of the Bandelier 
Tuff, and the Puye Formation. The Cerro Toledo interval was thicker that predicted, probably because of 
deposition in paleo-valleys cut into the underlying Otowi Member. The Puye Formation was also 
significantly thicker than predicted by the sitewide geologic model. Tschicoma dacitic lavas and Santa Fe 
Group sedimentary deposits were expected to occur in the lower part of the borehole; neither unit was 
present. 

At R-25, tile Puye Formation consists of bouiJ8,-y idii\:Jiumc:;rate, reiiedin~ deposition close to source 
rocks exposed west of the Pajarito fault zone, about 1.9 mi to the west. Based on narrative descriptions 
from polished thin sections, the uppermost 805 ft of the Puye Formation in R-25 was derived mostly from 
upper dacite of Pajarito Mountain, which lies northwest of R-25. Below the 1657 -ft depth, Puye deposits 
were derived mostly from rhyodacite of Rendija Canyon, which lies north-northwest of R-25. The 
lowermost parts of these deposits appear to be derived from high-silica rhyolite sources that pre-date the 
Rendija Canyon rhyodacite. 

9.2 Hydrogeology 

An upper groundwater system was encountered from depths of 711 to 1132 ft within the lower part of the 
Otowi Member and upper part of the Puye Formation. Alternating wet and dry zones were encountered 
from 1132 to 1286 ft within the Puye Formation. The saturated thickness of the upper groundwater body 
is approximately 421 ft, making it the thickest intermediate-depth perched groundwater body identified on 
the Pajarito Plateau. 

The regional aquifer was encountered at a depth of 1286 ft in the Puye Formation, and continuous 
saturation occurs to the total borehole depth of 1942 ft. Based on preliminary water-level observations 
during drilling and pressure transducer readings in the completed well, the vertical head distribution is 
downward in both the upper saturated zone and the regional aquifer. 

9.3 Geochemistry Results 

Discharges from past HE manufacturing activities at T A-16 are the probable source of HE constituents 
found in the groundwater at R-25. The manufacturing activities and discharges at TA-16 have occurred 
since the 1940s. Historically, the Laboratory discharged more than 12 million gal. of HE-contaminated 
wastewater a year at T A-16. These discharges were reduced to 120,000 gal. per year by 1997 due to the 
installation of a new HE waste treatment plant and elimination of 19 of 21 HE wastewater outfalls at 
TA-16. 

HE compounds and their degradation products were present in most of the groundwater samples 
collected from the borehole during the drilling of R-25. No elevated activities of radionuclides or elevated 
concentrations of dissolved trace metals, excluding manganese and iron (secondary, or aesthetic, 
standards), were detected in groundwater samples collected from borehole R-25. Activities of tritium were 
measured within the upper saturated zone and regional aquifer, suggesting that a portion of groundwater 
is less than 50 years of age. Concentrations of solutes including chloride, iron, manganese, nitrate, and 
sulfate measured at borehole R-25 are higher than those reported by Blake et al. (1995, 49931) at Water 
Canyon Gallery. 
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RDX and TNT are the two contaminants of most concern because their concentrations exceeded EPA HA 
limits (0.6 IJg/L, RDX; 2.2 IJg/L, TNT) for drinking water (EPA 2000, 70122). HMX was found, but in 
concentrations well below the EPA HA limit of 1800 IJg/L (EPA 2000, 70122). The highest concentrations 
of RDX (84 IJg/L or 84 ppb) and HMX (12 IJg/L) were measured in a groundwater sample collected from 
1047 ft, whereas the highest concentration of TNT (19 IJg/L) was measured in a sample from 867ft. 
Known degradation products of TNT include 4-A-2,6-DNT and 2-A-4,6-DNT, which were also detected in 
some water samples. 

The nearest drinking water supply well (PM-2) is about 3 mi east of R-25. HE compounds and 
degradation products were not present in any of the supply wells sampled during 1999. Earlier hydrology 
studies of the regional aquifer indicate that the groundwater moves laterally at a rate of between 95 and 
345 ft per year, but the exact rate still remains unknown. The groundwater travel time and concentrations 
of HE between R-25 and the nearest water supply well are unknown (Purtymun 1995, 45344). RDX and 
TNT are predicted to migrate at the same rate as the average groundwater flow velocity or speed. Recent 
drilling results from wells CdV-R15-3 (report in preparation) and R-19 (Broxton et al. 2001, 71253) 1.6 mi 
and 2.9 mi east of R-25, respectively, demonstrate that the regional aquifer is not affected by HE 
contamination. 
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Drilling Chronology 



DEPTH 

0 

8 
;:II 

Begin drilling (7/28/98).-
Advance 13 3/8" casing to 87' (7/30/98).-

Core with 134-mm core system to 116' (7/31/98).--

Advance 13 3/8" casing to 228' (8/5/98). __ 
Core with 134-mm core system to 246.5' (8/6/98). ____ , 

Advance 13 3/8" casing to 348' (8/10/98).
Core with 134-mm core system to 395' (8/12/98).-

Advance 13 3/8" casing to 448' (8/19Jg8).
Core with 134-mm core system to 457' (8/20/98).

Advance 13 3/8" casing to 468', core to 474' (8/24/98).--

Advance 13 3/8" casing to 538.5' (8/28/98).
Core with 134-mm core system to 578.5' (9/1/98).-

Land 13 3/8" casing at578' (9/11/98).
Core with 134-mm core system to 586' (9/15/98).-

Work to loosen 13 3/8" casing (9/15- 9/22198).----- { 

Collect Drive Sample 765'-770' (10/2198).

Advance 11 3/4" casing to 847'. No under-reamer 845'-847' (10/5/98).-
Core with 134-mm core system to 859' (10n/98).-

Advance 11 3/4" casing to 1026' (10/12198).--

Work to loosen 13 3/8" casing (10/12- 10/23/98).-

Advance 11 3/4" casing to 1153' (11/3/98).--

Attempt to land 11 3/4" casing at1153' (11/3 -11/21/98).-- { 

Core with 134-mm core system to 1165.5' (11/20/98). _ 
Advance 11 3/4" casing to 1175' (11/22198).-

Land 11 3/4" casing at 1175' (1211/98). -
Core with 134-mm core system to 1193' (1213198).-

Advance 9 5/8" casing to 1211' (12110/98).

Work to loosen 9 5/8" casing (12114198).
Advance 9 5/8" casing to 1286' (12116/98).--

Collect water sample and monitor water levels. __ 
Begin Winter Break. (12122198). 

---Advance 9 5/8" casing to 1507' (1/11/99). 

--- Repair air compressor (1/15199). 

--- Trip out7" drill rods, trip in 4.5" drill rods. Trouble with ODEX system (1/28/99). 

-- Advance 9 5/8" casing to TD of 1942' (2124/99). 

(Continued on Next Page) 
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DEPTH 

~ "' 0 0 ....- ....-0 0 
0 ~ 0 (/) 

~ Ill :::T . co ;3i 

-- Begin well completion (3/1/99). 
-- Begin tripping in well casing (3/3/99). 
-- Finish tripping in well casing to TD (3/5/99). 
-- Fish for dropped tremie line (3/6/99). 

-- Clear tremie line (3/9/99). 
-- Begin retracting casing and backfilling annulus (3/10/99). 

-- Backfill up to 1191' (3126/99). 

-- Inflate packer inside well casing in preparation for retracting 11 3/4" casing (3/31/99). 
-- Run double tremie string in to clear sand above screen #4 (4/6/99). 
-- Drop double tremie string (4/7/99). 

} -- Clean sump while waiting for decision regarding path forward (4/8- 4/20/99). 

-- Begin fishing for dropped tremie lines (4/22/99). 

-- Complete fishing operations for 1" tremie line, 52' of 1" tremie line left in place (4/29/99). 

} --- ,,,_,. ,, __ , ..,,. "''"" ,,, '"'" m~m "'"""' '""''' ' iremio ""' '""-&'""'' 

-- Complete fishing operations for 2" tremie line, all line recovered (5/18/99). 

-- Discover screen #3 damaged while attempting to lower inflatable packer (5/23/99). 

-- Complete backfilling well annulus (5/25/99). 
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Westbay™ MP55 System Components Installed in Well R-25 



Summary MP Casing Log 

Company: LANL 
Well: R25 
Site: 
Project: Hydrogeology Characterization 

Well Information 

Reference Datum: 

Elevation of Datum: 0.00 ft. 
MP Casing Top: 0.00 ft. 
MP Casing Length: 1835.44 ft. 

Depth Adjusted For: 
Field De-Stressing 

Well Description: 
Plastic in 5-inSS well casing 

Other References: 
Screens + zones LANL Mar 5, 1999 
Z3 screen damaged. See att'd drift diag. 

Abrasion Protectors see Installation Log 

File Information 

File Name: 777 _R25.WWD 
Report Date: Tue Oct 0318:01:31 2000 

Sketch of Wellhead Completion 

Job No: WB777 
Author: DL 

Borehole Depth: 1942.00 ft. 

Borehole Inclination: 
Borehole Info: (# - start - end - diameter) 

Diameter #1 - 0.00 20.00 20.00 in. 
Diameter #2- 20.00 580.00 14.50 in. 
Diameter #3- 580.00 1175.00 12.75 in. 
Diameter #4 - 1175.00 1942.00 10.75 in. 

File Date: Oct 03 17:54:05 2000 

R 25- Surface Completion 

3 . I 8 ft 

ER2001-0697 

Top ofM P55 Steel Coupling No.224 
MP55TopClamp 

5.0 inch IDS. Steel Well Casing 

Steel Surface Casing 
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Summary MP Casing Log 
LANL 

•-----•-

(Qty) MP Components 

(2) 0603 - MP55 End Plug 

(36) 0601M15- MP55 Casing, 
PVC, 1.5m 

(152) 0601 M30- MP55 Casing, 
PVC, 3.0m 

(26) 0612M15- MP55 Packer 
with stiffeners 

(10) 0601M10- MP55 Casing, 
PVC, 1.0m 

Legend 

(183) 0602- MP55 Regular Coupling 

-8-

o-

• t> 

(35) 0605 - MP55 Measurement Port 

(8) 0607 - MP55 Hydraulic 
Pumping Port 

(12) 0608- MP55 Magnetic 
Location Collar 

(37) ABRAS - Abrasion Protector 

Geology 

(c) Westbay Instruments Inc. 1998 Tue Oct 03 18:01:31 2000 

January 2002 B-2 

Job No: WB777 
Well: R25 

Backfill/Casing 

Concrete 

Bentonite 

Sand Fine 

Stainless Steel 

Page:2 
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LANL 

Scale Back- MP 
Feet fill Loq 

224 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100_ 

Zone 
No. 

{c) Westbay Instruments Inc. 1998 
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Scale Back- MP 
Feet fill Log 

100_ 

110_ 

120_ 

130_ 

140_ 

150_ 

160_ 

170_ 

180_ 

190_ 

200_ 

Zone 
No. 

Tue Oct 03 18:01:31 2000 

B-3 

Scale Back- MP 
Feet fill Log 

200_ 

210_ 

220_ 

230_ 

240_ 

250_ 

260_ 

270_ 

280_ 

290_ 

300_ 

Job No: WB777 
Well: R25 

Zone 
No. 

Page:3 
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Summary MP Casing Log 
LANL 

Scale Back- MP 
Feet fill Log 

300_ 

310_ 

320_ 

330_ 

340_ 

350_ 

360_ 

370_ 

380_ 

390_ 

400_ 

Zone 
No. 

QA-2 

(c) Westbay Instruments Inc. 1998 

January 2002 

Scale Back- MP 
Feet fill Log 

400_ 

410_ 

420_ 

430_ 

440_ 

450_ 

460_ 

470_ 

480_ 

490_ 

500_ 

Zone 
No. 

Tue Oct 03 18:01 :36 2000 

B-4 

Scale Back- MP 
Feet fill Log 

500_ 

510_ 

520_ 

530_ 

540_ 

550_ 

560_ 

570_ 

580_ 

590_ 

600_ 

Job No: WB777 
Well: R25 

Zone 
No. 

Page:4 
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LANL 

Scale Back- MP 
Feet fill Log 

600_ 

610_ 

620_ 

630_ 

640_ 

650_ 

660_ 

670_ 

680_ 

690_ 

700_ 

Zone 
No. 

(c) Westbay Instruments Inc. 1998 

ER2001-0697 
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Scale Back- MP 
Feet fill Log 

700_ 

710_ 

720_ 

730_ 

740_ 

Zone 
No. 

QA-1 

SQA1 

Scale Back- MP 
Feet fill Log 

800_ 

810_ 

820_ 

830_ 

840_ 

750_ MPort 1A 850_ 

MPort 1B 
760_ 860_ 

P-Port 1 

MPort 1B 
770_ 870_ 

780_ LQA1 880_ 

• 

• 

790_ 890_ 
• 
• 

• 
800_ 900_ 

Tue Oct 03 18:03:17 2000 

B-5 

Job No: WB777 
Well: R25 

• 

• 

• 

Zone 
No. 

SQA2 

•. MPort 2A 

Page:5 
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Summary MP Casing Log 
LANL 

Scale Back- MP Zone 
Feet fill Log No. 

900_ 

MPort 28 

910_ 

LQA2 

920_ 

930_ 

940_ 

950_ 

960_ 

970_ 

980_ 

990_ 

1000_ 

(c) Westbay Instruments Inc. 1998 

January 2002 

Scale Back- MP 
Feet fill Log 

1000_ 

1010_ 

1020_ 

1030_ 

1040_ 

1050_ 

1060_ 

1070_ 

1080_ 

1090_ 

Zone 
No. 

SQA3 

MPort 3A 

P-Port 3 

MPort 38 

1100_ LQA3 

Tue Oct 03 18:03:22 2000 

8-6 

Scale Back- MP 
Feet fill Log 

1100_ 

1110_ 

1120_ 

1130_ 

1140_ 

1150_ 

1160_ 

1170_ 

1180_ 

1190_ 

1200_ 

Job No: WB777 
Well: R25 

Zone 
No. 

SQA4 

MPort4A 

Page:6 
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Summary MP Casing Log Job No: WB777 
LANL Well: R25 

Scale Back- MP Zone Scale Back- MP Zone Scale Back- MP Zone 

Feet fill Log No. Feet fill Log No. Feet fill Log No. 

1200_ 
P-Port 4 

1300_ • • 
1400_ 

86 

MPort 48 MPort 5A 

1210_ 1310_ 1410_ MPort 6A 

P-Port 5 

P-Port 6 

LQA4 MPort 58 

1220_ 1320_ 1420_ MPort 68 

1230_ 1330_ 1430_ 
LQA6 

1240_ 1340_ 1440_ 

1250_ 1350_ 1450_ 

1260_ 1360_ 1460_ 

1270_ 1370_ 1470_ 

1280_ 1380_ 1480_ 

SQA5 

1290_ 1390_ 1490_ 

SQA6 

1300_ 1400_ 1500_ 

(c) Westbay Instruments Inc. 1998 Tue Oct 03 18:03:27 2000 Page:7 
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Summary MP Casing Log 
LANL 

Scale Back- MP 
Feet fill Log 

1500_ 

1510_ 

1520_ 

1530_ 

1540_ 

1550_ 

1560_ 

1570_ 

1580_ 

1590_ 

1600_ 

Zone 
No. 

SQA7 

(c) Westbay Instruments Inc. 1998 

January 2002 

Scale Back- MP 
Feet fill Log 

1600_ 

1610_ 

1620_ 

1630_ 

1640_ 

1650_ 

1660_ 

1670_ 

1680_ 

1690_ 

1700_ 

Zone 
No. 

P-Port 7 

MPort 78 

LQA7 

Tue Oct 03 18:03:32 2000 

B-8 

Scale Back- MP 
Feet fill Log 

1700_ 

1710_ 

1720_ 

1730_ 

1740_ 

1750_ 

1760_ 

1770_ 

1780_ 

1790_ 

1800_ 

Job No: WB777 
Well: R25 

Zone 
No. 

SQA8 

MPort SA 
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Summary MP Casing Log 
LANL 

Scale Back- MP 
Feet fill Log 

1800_ 

1810_ 

1820_ 

1830_ 

1840_ 

1850_ 

1860_ 

1870_ 

1880_ 

1890_ 
• 

• 

• 
1900_ 

• 

• 
• 

• 

Zone 
No. 

P-Port 8 

(c) Westbay Instruments Inc. 1998 
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Scale Back- MP 
Feet fill Log 

1900_ • 

1910_ 

1920_ 

1930_ 

1940_ 

1950_ 

1960_ 

1970_ 

1980_ 

1990_ 

2000_ 

• 

Zone 
No. 
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Scale Back- MP 
Feet fill Log 

2000_ 

2010_ 

2020_ 

2030_ 

2040_ 

2050_ 

2060_ 

2070_ 

2080_ 

2090_ 

2100_ 

Job No: WB777 
Well: R25 

Zone 
No. 

Tue Oct 03 18:03:37 2000 Page:9 
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Appendix C 

Lithologic Log 



LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 1 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~5rE" ....; 
I ci "0 0 

....;E .9 Q)(!)~ - a.. 0 
E Q) 0 0.-o 0 g 0 ..0 
ro::=:: .91 Oco ·c- E - -ro O:roQ) --= >-

~ '**=· 0 o-(.!) ro- Lithology 
C) (/) I ~..c 0 _. (.) >< - CE c ·- ~._.. ...J c C>eroCI)~ 

.__. 0 

~ .Q ::J ro ::J II) Q)0.. 0 ·c;, a::....., 0:: C) ..Q a. O~> .... Q) 
..c ~ > c 0 II)·- a. .a'i' ::c 0 
_. 

~ Q) E -t:;~~E~ a. 0 a. 0 .... -~10 ~ ..c Q) Q) 0 0 0 ::J >-a.. ..c ro (.) ~~ ~ 

0 w (.) ~ u (.) :r:- om- (.!) ....I 

0 
7515 

s R2S-<l5 Qbt4 TSHIREGE MEMBER, BANDELIER TUFF: 
7510 (1-5') Moderate orange pink (10R 7/4). Vrtric, partially 

10 R2 ...... welded ash-flow tuff w~h phenocrysts and glomerocrysts 

7505 of anorthoclase, sanidine, subordinate quartz, and minor 

15 
plagioclase and clinopyroxene. 

7500 Qbt4 TSHIREGE MEMBER, BANDELIER TUFF: 

20 
(5-35') Light brown (5YR 614 ). Vitric nonwelded ash-flow 

7495 
tuff. Common v~ric pumice, common felsic phenocrysts 
and glomerocrysts, and scarce mafic phenocrysts. 

25 
7490 

30 
7485 

R2WO.S 

35 
7480 

,.,.... .. 
40 Qbt4 

7475 ........ 
45 ......... 

7470 

so 
7465 R25-5t.5 

Qbt4 TSHIREGE MEMBER, BANDELIER TUFF: (51-

55 
84') Light brownish gray (5YR 611). Devitrified, 
nonwelded ash-flow tuff. 

7460 
~ .. 

60 -7455 

65 
7450 R25-<IB.S 

70 
7445 

75 R25-74 

7440 

80 R25-l'11 

7435 

8S ....... Qbt3t 

7430 (84-97') Light brownish gray (5YR 611 ). Partially welded 

C-1(4.W4.5) ash-flow tuff, dev~rified with moderate vapor-phase 
Obt 90 C-2{0.711.8) crystallization. Cuttings at 84' were slightly moist. 

742S C-3(2.11513A) PHYSPROP(91.1-12.5") Abundant crystals up to 3 mm. Common pumice and 

95 rare lithics. Lithics are gray with common hornblende. 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 

BOREHOLE LOG 

BOREHOLE 10: R-25 TAIOU: TA-16 Page 2 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 

DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

·-- >-oE -: 
I ci.. "C t:Q)Q) 0 

-=e Q) Q)(!).c - a.. 0 
E Q) t5 a."C 0 

~ 
0 

..c 

ro:t:: ~ Ot:O EE"" 
E - -ro O:roQ) >-

~ '#:_: 0 o-C> 
ro- Lithology 

C) CJ) 

u x ~..c: 
0 

t: E t: ·-a.- _,J 

g t: g>e~:gq> --- 0 

.Q :::;, ro :::J en Q)O. 0 ·a, 
0::-.., 0:: C) '-Q) 

.c tV > t: 0 ~·-'Q.> :::J-c 
:c 0 - ~ Q) -t;~~E~ ~Lb 
a. 0 

a. > 0 ,_ = ro ..c: 
Q) Q) 0 0 0 :::J >-a.. ..c:: ro U ~~ 

,_ :t:: 

0 w u ~ u u I-ocn-
(!) _,J 

9S 
7420 PHYSPROP(95.42-96.42') 

C~.213.5) R2s.97.8 

100 PHVSPROP(96.58-96.95') 

74!S c-6(0.810.1) 
GEOCHEM(103.35-103.T) 

R25-,02.3 

lOS C-1(4.814.2) 
PHVSPROP(104.88-101') 

7410 c-7(4.8515.0) R25-101.1 

110 PHYSPROP(108.S..110.85') 

740S C-&(4.115.0) R25-112 

liS 
7400 

120 (1 02-116') Medium light gray (N6). Devitrified, 

739S 
R2S.121 moderately welded ash-flow tuff. Fracture with wet clay 

125 
at106.6'. Fracture with minor free water at 110.4'. Core Qbt 

7390 
,.,.., .. dry 112' to 116'. 

130 Obt3t TSHIREGE MEMBER, BANDELIER TUFF: 

738S 
R25-131 (116-155') light gray (N8) to pale yellowish brown 

135 R2S-134.5 
(10YR 6/2) to grayish orange pink (5YR 7/2). Devitrified, 

7380 
moderately welded ash-flow tuff. Common pumice and 

140 
..... , .. scarce to rare lithics. Common phenocrysts from 143' to 

155'. 

7375 

145 
..... , .. 

7370 fUS-148.1 

ISO ..... , .. 
7365 

ISS ,.,.., .. Obi 3 TSHIREGE MEMBER, BANDELIER TUFF: 

7360 (155-229') Grayish orange pink (5YR 7/2). Vapor-phase 

160 
anered, moderately welded ash-flow tuff, grading to pale 

73S5 
R25-181 yellowish brown (10YR 6/2), partially welded tuff. 

16S 

Common phenocrysts and rare lithlcs. 

73SO 
R25-115.5 

170 
734S 

17S 
R25-174 Qbt3 

7340 
R25-171 

180 
7335 

18S 
..... , .. 

7330 

190 
..... , .. 

7325 

195 
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LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU:TA-16 Page 3 of 20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~5rE' .....; 

' ci. "0 0 
...;E 

~ 
a>Cl~ - 0.... 

Ea> a."O 0 

~ 
0 ro:t:: ~ et:o E2 g -ro a..roa> 

=It:...; 0 o-Cl ro- Lithology C) 

' 0 

0 ..c 
E 
>. en 

(.) ~L: 
2 t: t: E t: ·-a.- X 

Q;C.. ...J 0 
0 :::1 ro :::1 (/) ~e~~~ 0 ·c, - ~ ...... ~ C) '-G) :;::=; 

0 5}--c..> :::1-o :E 0 L: ro > t: 0 - ~ Q.) ..... >-Eeu -I a. a. > 0 ..... E .!!21J") 
~ L: Q.) Q.) 0 0 0 :::1 -g, ..c: a> ro <( ON -0 w (.) ~ (.) (.) ::c e:..ncn~ ~~ (!) :.:::i 

195 
7320 (155-229') Grayish orange pink (5YR 7/2) • ........ Moderately welded ash-flow tuff. 200 
7315 Vapor-phase crystallization. Grades to pale yellowish 

brown (10YR 6/2), nonwelded to partially welded ash-flow 
205 R2S-2IM tuff at base of unit. Common phenocrysts and rare lithlcs. 

7310 .......,. 
Qbt3 210 

7305 

215 
7300 ~· 

220 
7295 ........ 

225 
7290 

C-8(4.3.45.0) R25-221 MEMBER, BANDELIER TUFF: 230 
PHYSPROP(229-231') (229-270') Light brownish gray (5YR 6/1 ). Moderately 7285 C-10(2.1n.1) ~231.35 

welded ash-flow tuff, approaching densely welded at the 
235 C.10.5(Dr'O.I) top. Minor vapor-phase crystallization. Common felsic 

7280 C-11(2.312.3) crystals, lithlcs, and pumice. 
R25-237.5 

240 
c-12(2.312.0) 

PHYSPROP(238.2-240.2') 

7275 R25-241.7 

245 
C.13(2.211A) 

7270 C-1o4(2.01'2.0) ........ 
250 C-15(0.7511.3) 

7265 C-11(11.1!110.5) .,....._. 
255 

7260 

260 
.......... Qbt2 

125S 

265 R2S-2II4 

7250 ........ 
270 BANDELIER TUFF: 

7245 (270-332') Vapor-phase altered, moderately welded ash-
R25-272.l 

275 flow tuff. Common pumice and felsic cystals. Washed 

7240 R25-277 
cuttings grade downward from brownish gray to light 
brownish gray (5 YR 611) and abundance of large cuttings 

280 diminishes, suggesting less welding downward. 
7235 ...._ 

285 
7230 ........ 

290 
7225 

295 
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LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 4 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~gE' ..; 
I ci. '0 0 

..:E Q) Q)(!)~ - 0.. 0 
E Q) 0 c..'O 0 

~ 
0 ..c 

ro:t:: ..!!:? ec::o E¢? E g -ro o..roQ) >-=1:1::. 0 o-c:> ro- Lithology C) en - (.) I ~.c 0 - c:: E ·-c..- X ....1 0 c:: c:: 
oen;(/)~ ---5. 0 ::I ro ::I (/) Q)C.. 0 ·c, 

:0:::0 0:::-., 0::: C) .Q c.. o..!!:?> "-Q) :2 0 .c ro > c:: 0 (/)·-a. 2"9 0 - ~ ~ E .._ >.EEU c.. c.. > 0 ~.c Q) ro <C -~1.0 !!:! .c Q) Q) 0 0 0 ::I ~~ -Cl iii (.) Q) (..) (.) I e:..-5cn £ (!) :::::i .._ 

295 Qbt 2 TSHIREGE MEMBER, BANDELIER TUFF: 
7220 (270-332') Vapor-phase altered, moderately welded 

R25-291 ash-flow tuff. Common pumice and felsic cystals. 300 
7215 ....... Washed cuttings grade downward from brownish gray to 

light brownish gray (5 YR 6/1) and abundance of large 
305 cuttings diminishes, suggesting less dense welding 

7210 downward. 
R2lh1llll 

310 
7205 

Qbt2 
~·· 315 

7200 
GEOCHEM(311-318') R25-311 

320 
1195 ........ . .. 

325 --v 
7190 ........ 

330 
7185 Qbt 1v TSHIREGE MEMBER, BANDELIER ........ (332-361.5') Vapor-phase altered, nonwelded ash-flow 335 
7180 Common to abundant felsic crystals with some pumice. ........ Color change in unwashed cuttings from medium 

340 gray to light brownish gray (5YR 6/1 ). Matrix is light brown 
7175 (5 YR 6/4) with light gray (N7) sugary pumice • ....... 

345 
7170 ......... 

350 PHYSPROP(30-350. 1') 

7165 
R25-302A 

355 GE~1 

7160 

360 PHYSPROP(359.1-381.2') 
1155 R25-00U MEMBER, BANDELIER TUFF: 

365 
Pinkish gray (5YR 8/1 ). Nonwelded tuff. 

7150 GE<lCHEM(3880418.81 
by vitric pumice with common felsic crystals 

R25-388 
and scarce to rare lithics. From 381.6' to 381.8'is a pale 

370 yellowish brown (10 YR 6/2), fine-grained surge bed. 
7145 PHYSPROP(371.W73') 

375 
R25-3715 

PHYSPROP(37U4'1U1 
7140 .......,. 

380 PHYSPROP(379.1-380.3') 
7135 TSANKAWI 

abundant crystals with small pumice, very 
matrix. 
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LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU:TA-16 Page 5 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~5rE' ..... 
I ci.. "0 0 ....;E Q) a><!>~ - 0.. 
Ea> 0 a."O 0 

~ 
0 

(tJ~ ~ ec:o E¢? - -ro O..«<Q) = '1:1::....,; 0 o-<!> ro- Lithology C) - (.) I ~..c: 0 c:E c: ·-c......_.. >< _. c: 
ge~~~ --0 :J(tJ :J 1/) Q)O. 0 :;::: o::::......, 0:::: C) '-Q) 

(tJ > c: 0 ~·-a.> :J-o :2 
> Q) 

8 ~ E -t:;~~E~ 11.;, a. 
Q) 

.... 
~ 0 0 :J >-o.. ..c: (tJ (.) ~~ w (.) ~ (.) (.) :r:- om- (!) 

C-28(2. 7fl.O) 
PHYSPROP(383.5-384.5') CERRO TOLEDO INTERVAL: (384-394') Light brown 

7130 R25-385.5 (5 YR 5/6). Clayey fine sand with relict pumice clasts up 
C-27(01'1.5) GEOCHEM(387 .2-3&1.2') to 4 mm. Pumice is mostly aHered to clay, glassy where 

7125 c-28{0..711.0) 
preserved. Possible soil horizon. 

7120 CERRO TOLEDO INTERVAL: (394-509') Light 
brownish gray (5 YR 6/1 ). Medium to coarse sand with - gravel and numerous large clasts of intermediate-

7115 composition volcanics. Sandy gravel beds at 398-- 408' and 483.5-486'. 

7110 ........ 
7105 

........ 
7100 ....... 
7095 ....... 
7090 ...._, 
7085 

7080 

7075 
........ 

7070 c->8(3.414.0) ....... 
C.JO(IIi2.5) 

7065 C-31(0.311.0) 

7060 
C-32(0.St1.5) ....... 

7055 ........ 
7050 ........ 

C-33(0.115.0) 

7045 
"-'4C0/1J!) ....... 

7040 ....... 
7035 

0 ..c 
E 
>-en 
0 ·a, 
0 
0 ..c: -:::i 

act 
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LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU:TA-16 Page 6 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1 1 TOTAL DEPTH= 19421 bgs 
DRILLER: larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- >-oe ...; 
I ci. "0 t:G>Q) 0 ...;E 

~ 
G>C!>..r:: - a.. 0 E Q) C.-c 0 

~ 
0 ..c 

ro:s:: ~ eco :s= E 
g -ro a_roG> >-=1:1::. 0 o-C!> ro- Lithology C) en - (.) x :::;E..r:: 0 - ce c ·-c.- ....I 0 c oea;II)O> ---E. 0 ::lro ::I II) Q)C. 0 ·c;, 
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~ ..r:: Q) Q) 0 0 0 ::I -g,B: ~roC) ON -Q iii (.)~ (.) (.) :r:- ocn- ::EO:: (!) :::J 

485 R2 ...... 

7030 brownish gray (5 YR 6/1 ). Medium to coarse sand wtth ....... gravel and numerous large clasts of intermediate-
490 composition volcanics. Sandy gravel beds at 398-

7025 ..,..... 408' and 483.5-486' • 

495 
7020 Qct -500 
7015 

sos 
7010 ......... OTOWI MEMBER, BANDELIER TUFF: (509-573') 510 
7005 Grayish orange ( 1 OYR 7/4 ). Vfiric, nonwelded ash-flow 

SIS ....... ,. Contains common orange pumice, lfihics, and felsic 

7000 
crystals. 

......... 
520 

6995 

525 
6990 

R2S-QI 
530 

6985 ........ 
535 

6980 ......... 
540 

C-06(:1.315.0) 
R25431.9 

6975 
PHYSPROP(531.8-640.1') 

545 
c.31(5.010.0) -· Qbo 

6970 
PHYSPROP(540.0~U) 

550 
c.37(3.0t'3.D) .......... 

6965 C-38(012.1) GEOCHEM(550.NI1.2') 

555 C-30(1V1.0) 

6960 c:-oJiOIO.I) ......... 
560 C-41(2.&'1.1) 

69SS 

565 
C-42(012.1) 

6950 C-43(...,.0) PHYSPROP( .... UI7.1') -570 C-44(3.013.0) 

6945 
c:-oJi5.515.1) R2W13 

575 yellowish brown ( 1 0 YR 6/2). ash-flow 
6940 c-41(1.715.5) Abundant lfihic fragments (drillers described Interval as a 

580 gravel), contains sparse orange pumice and crystals. 
6935 

January 2002 C-6 ER2001-0697 



-!S 
.c 
15.. Q) 
0 

585 

590 

S9S 

600 

60S 

610 

615 

620 

625 

630 

635 

640 

645 

650 

6SS 

660 

665 

670 

675 

680 

Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU: TA-16 Page 7 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH = 1942' bgs 
SITE GEOLOGIST: Mark Everett DRILLER: Larry Thoren 

-I ci. "C 
~E Q) 
EQ) -0 ro:= ~ g -ro 
'"'~ 0 
c E c u c 

0 :::l ro :::l rn 
~ a::::....., 0:::: Cl 
ro > c 
> ~ 8 ~ E Q) 0 0 :::l 
w (.) Q) u u ._ 

6930 C-49(011.0) 

c;.a)(DI2.0) 

6925 

6920 

6915 

6910 

6905 

6900 

6895 

6890 

6885 

6880 

6875 

6870 

6865 

6860 

6855 

6850 

6845 

6840 

6835 

GEOLOGY P.l.: Rick Warren 

~ge ~ 
0 

Q)C)~ - D... 
c.'O 0 

ij 0 eco :se o....roQ) 
o-C> ro-
·-a.- X :::2:.c 
g>ero~~ 0315.. 
0 5r·~o..> '-Q) 

.3'lj' 
-g,~~~~ .~ll) 

~~ :J: e:. 1:3 (I) Q. 

Lithology 

OTOWI MEMBER, DMo•uo:Lot:." 
yellowish brown (1 0 YR 6/2). Nortwellded ash-flow tuff. 
Abundant lithic fragments (drillers described interval as a 
gravel). Contains sparse orange pumice and crystals. 

BANDELIER TUFF: (600-66T) Pale 
yellowish brown ( 10 YR 6/2). Nonwelded ash-flow tuff. 
Contains abundant fine grained (<5 mm ) orange pumice, 
common lithics, and abundant crystals. 

OTOWI MEMBER, BANDELIER TUFF: (667-843.8') 
Grayish orange (10 YR 7/4) at top to very light gray (N8) 
at bottom. Nonwelded ash-flow tuff. Variable amounts of 
intermediate-composition lithic fragments. Water first 
recognized at 7 4 7'. Borehole log suggests saturation 
as high as 718'. Note: Video log shows sub-
vertical open fractures with maximum apertures of 0.5". 
Video log also shows possible surge bed from 789.9-

------'---------{ 790.1'. 

0 
.0 
E 
>

(/) 

0 ·a, 
0 
0 
.c -::J 

Qbo 
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BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU:TA-16 Page 8 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

-I ci. 
....;E 
E a> 
co:::: 

= -co 
=1:1:: - ....; 
c: E g c: 

0 ~ co a:::......, ~ ..c: co Q) > -a. > ..... 0 
Q) Q) 0 0 
0 w (.)~ 

68S 
6830 

690 
682S 

69S 
6820 

700 
681S 

70S 
6810 

710 
680S 

71S 
6800 

720 
679S 

72S 
6790 

730 
678S 

73S 
6780 

740 
677S 

74S 
6770 

7SO 
676S 

1SS 
6760 

760 
67SS 

76S 
67SO D-1(5.01!5.0) 

770 
674S 

77S 
6740 

780 
673S 

January 2002 
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-I 
.!!210 

~~ 
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Lithology 

OTOWI MEMBER, BANDELIER TUFF: (667-843.8') 
Grayish orange (10 YR 7/4) at top to very light gray (N8) 
at bottom. Nonwelded ash-flow tuff. Variable amounts of 
intermediate-composition lithic fragments. Water first 
recognized at 74T. Borehole log suggests satur-
ation as high as 71 8'. Note: Video log shows sub
vertical open fractures with maximum apertures of 0.5". 
Video log also shows possible surge bed from 789.9-
790.1'. 

0 ..c 
E 
>-C) en 0 

-I 0 
0 ·c;, 

::E 0 
c. 0 
~ ..c: 

~ 
(!) _.J 

Qbo 
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BOREHOLE ID: R-25 TAIOU: TA-16 Page 9 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~g'E ...: 
I ci. "0 0 -=e Q) Q)C)~ - a.. 
E Q) - a."C 0 0 

~ 
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OTOWI MEMBER, BANDELIER TUFF: (667-843.8') 
6730 R25-717(HE) Grayish orange (10 YR 7/4) at top to very light gray (N8) 

at bottom. Nonwelded ash-flow tuff. Variable amounts of 
6725 intermediate-composition lithic fragments. Water first 

R25-793(HE) recognized at 14T. Borehole log suggests satur-
ation as high as 718'. Note: Video log shows sub-

6720 vertical open fractures with maximum apertures of 0.5". 
R2S-718(HE) Video log also shows possible surge bed from 789.9-

6715 790.1'. 
R25-«>3(>E) 

6710 f<25..106(HE) 

6705 R25-812(JE) 

6700 R25-11 7(tE) 

6695 
R20-123(HE) 

6690 R25-127(HE) 

6685 1<25-832(>£) 

6680 R>U37(HE) 

6675 R25-142(HE) GUAJE PUMICE BED: (843.8-850.5') Light gray (N7). 
R25-045(HE) Stratified pumice-fall deposit with variable 

6670 C-61(4.215.o) vitric pumice size. Borehole video shows lithic-rich bed 
c-52( ... .0) at844.6'. 

6665 
R25-850.2(HE) 

Co03(1110.5) PUYE FORMATION: (850.5-1132') Medium dark gray 

C-64(1.312.5) 
(N4). Cobbles and boulders derived primarily from the 

6660 upper dacite of Pajarito Mountain. Minor amounts of 
C-<5(2.11110) sand. Some clay present within the depth intervals 

851-853', 901-903', 992-997', 1012-1016', and 1022-
66SS 1026'. Note: Reddish brown silty soil horizon from 

850.5-852' (from video log). Video log shows 852-863' to 
6650 be a clast-supported boulder conglomerate. 

6645 

6640 

6635 

0 
.0 
E >. en 
0 ·a, 
0 
0 
..c:: -:::J 

Qbo 

Qbog 

Tpf 
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Characterization Well R-25 Completion Report 

LOSALAMOSNATIONALLABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TNOU: TA-16 Page 10 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' 

DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren 
TOTAL DEPTH= 1942' bgs 
SITE GEOLOGIST: Mark Everett 

-I ci. 
~E 
E a> 
CO:t:: 

g -co 
=It:~ - c E c :::. 0 ~ co 

:;:::; o:::-. 
.J:: - co 

~ > 
c.. > 8 Q) Q) 0 

Q iii (.) ~ 

885 
6630 

890 
6625 

895 
6620 

900 
6615 

90S 
6610 

910 
6605 

915 
6600 

920 
6595 

925 
6590 

930 
6585 

935 
6580 

940 
6575 

945 
6570 

950 
6565 

9SS 
6560 

960 
6SSS 

965 
6SSO 

970 
6545 

975 
6540 

980 
6535 

January 2002 

1-

~gE "0 
Q) Q)(!)~ -0 0.-c () 

~ Q) Ceo 
C:coa> 0 o-C!) (.) 

I 

c ·- o.- >< 
g>e~~~ ~ 

0::: 0 ~---c..> 
~ ..... >-EEO -g,.c Q) co<( 0 
() :r: .e::. i3 en ~ 

c5 
a.. 
() 

E¢2" 
co-
~.J:: --Q)O. 
'-Q) 
~"C 

~ab 
~~ 

Lithology 

PUYE FORMATION: (850.5-1132') Medium dark gray 
(N4 ). Cobbles and boulders derived primarily from the 
upper dac~e of Pajamo Mountain. Minor amounts of 
sand. Some clay present within the depth intervals 
851-853', 901-903', 992-997, 1012-1016', and 1022-
1 026'. Note: Reddish brown silty soil horizon from 
850.5-852' (from video log). Video log shows 852-863' to 
be a clast-supported boulder conglomerate. 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GrOUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 11 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 
DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 
GROUND ELEVATION: 7516.1 1 

TOTAL DEPTH= 19421 bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

- ~g'E .....; 
I ci. ""0 0 ...;E Q) Q)(!)~ 0.... 
E Q) t5 0.-c (.) 

~ 
(.) 

ctl;::: ~ ec:o :52 ¢? -ctl D...ctiQ) 
'*~=...; 0 o-e> ctl- C) - I 0 

0 ..c 

~ en Lithology t) :::!E..c: CE ·- ~~ >< _J (.) g c c 
g>en;~~ --.Q :::Jctl :::J (/) Q)C.. 
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::.2 0 .r:. -ro c .a""9 - Q)> 

~ -t;~~E~ c.. 0 0. > .... o E .!!ho 
£!! ..c: Q) Q) 00 0 :::J >-c.. .r:. ctl t) ~~ :!::::: 0 w (.)~ t) t) I- oCI)- (!) _J 

98S PUYE FORMATION: (850.5-1132') Medium dark gray 
6S30 (N4). Cobbles and boulders derived primarily from the 

990 upper dacite of Pajarito Mountain. Minor amounts of 
6S2S sand. Some clay present within the depth intervals 

851-853', 901-903', 992-997', 1012-1016', and 1022-
99S 1 026'. Note: Reddish brown silty soil horizon from 

6S20 850.5-852' (from video log). Video log shows 852-863' to 
1000 be a clast-supported boulder conglomerate. 

6SIS 

IOOS 
6SIO 

1010 
6SOS 

lOIS 
6SOO 

1020 
649S 

102S 
6490 

1030 
648S Tpf 

103S 
6480 

1040 
641S 

104S 
6470 

1050 
6465 

lOSS 
6460 

1060 
64SS 

l06S 
64SO 

1070 
644S 

l01S 
6440 

1080 
643S 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TAIOU: TA-16 Page 12 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH = 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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I ci. "C 0 ....:e Q) Q)(.!)~ 
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1085 PUYE FORMATION: (850.5-1132') Medium dark gray 
6430 (N4 ). Cobbles and boulders derived primarily from the 

1090 upper dacite of Pajarito Mountain. Minor amounts of 

6425 sand. Some clay present within the depth intervals 
851-853', 901-903', 992-997', 1012-1016', and 1022-

1095 1 026'. Note: Reddish brown silty soil horizon from 
6420 850.5-852' (from video log). Video log shows 852-863' to 

1100 be a clast-supported boulder conglomerate. 

6415 

II OS 
6410 

1110 
6405 

IllS 
6400 

1120 
6395 

1125 
6390 

1130 
6385 Tpf 

1135 GEOCHEM(1132-1137') 
6380 

1140 
6375 

1145 
6370 

boulders derived primarily from the upper dacite of 
II SO Pajarito Mountain. Minor amounts of sand. 

6365 Cuttings indicate unsaturated conditions. Cored interval 

IISS from 1175-1193' was dry in some sections and, In 

6360 others, moist. Gray, crystal-rich, well-sorted sands from 
C-06(5.011.0) 1175.4-1176.2'. Brown, crystal-rich, well sorted sands 

1160 PHYSPROP(1151.1- from 1182-1182.5' and 1184-1185'. Moisture In other 
63SS 

1151.8') 
sections may have been from water standing In the hole. 

1165 
Co<;7(1.41:1.S) 

6350 

1170 C-06(1.211.0) 
6345 

1175 
6340 

1180 C-<10(1.1111.0) 
6335 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TAIOU: TA-16 Page 13 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 

-
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Q) 0 0 0 
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6320 
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6240 

6235 

~g"E 
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i 0 0.-c 0 

~ Oco 
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PHYSPROP(1114.55-
11&4.1') 
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0 a. 
0 
E2 co-
::2:..c 
Q;Q. 
'-Q) 

.a-cr 
-~10 

~~ 

Lithology 

PUYE FORMATION: (1137-1193') Cobbles and 
boulders derived primarily from the upper dacite of 
Pajarito Mountain. Minor amounts of sand. 
Cuttings indicate unsaturated conditions. Cored Interval 
from 1175-1193' was dry in some sections and, In 
others, moist. Gray, crystal-rich, well-sorted sands from 
1175.4-1176.2'. Brown, crystal-rich, well sorted sands 
from 1182-1182.5' and 1184-1185'. Moisture in other 
sections may have been from water standing in the hole. 

PUYE (1193-1286') Medium light gray 
(N6). Medium to coarse sand with gravel and cobbles 
derived primarily from the upper dacite of Pajarito 
Mountain. Each 20' section of drill casing/rod in this 
interval was wet at the top, but dry at the bottom. This 
indicates unsaturated conditions or saturated conditions 
with low hydraulic conductivity. 

C> 
0 

...J 
0 
::2 
a. 
~ 
(!) 

0 ..c 
E 
>-en 
0 ·a, 
0 
0 
..c 
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...J 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE 10: R-25 TAIOU: TA-16 Page 14 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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I ci. "0 0 
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.Q :J «< :J (/) Q)O. 

0 ·c, - ~ ........ ~ 0> 0 0 Q) I '-Q) 
..c: iii 8 
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1285 gray 
6230 (N6). Medium to coarse sand with gravel and cobbles 

1290 
derived primarily from the upper dacite of Pajarlto 
Mountain. Each 20' section of drill casing/rod in this 

6225 interval was wet at the top, but dry at the bottom. This 
1295 indicates unsaturated conditions or saturated conditions 

6220 with low hydraulic conductivity. 

1300 
6215 

PUYE FORMATION: (1286-1387') Medium gray (N5). 
1305 Medium to coarse sand with minor gravel derived 

6210 primarily from the upper dacite of Pajarito Mountain. 

1310 Every 20' section of drill casing/rod drilled through this 

6205 interval and below was uniformly wet, indicating 
saturated conditions. 

1315 
6200 

1320 
6195 

1325 
6190 

1330 
6185 Tpf 

1335 
6180 

1340 
6175 

1345 
6170 

1350 
6165 

1355 
6160 

1360 
6155 

1365 
6150 

1370 
6145 

1375 
6140 

1380 
6135 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TAIOU: TA-16 Page 15 of 20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 

DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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1475 
6040 

1480 
6035 
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Lithology 

PUYE FORMATION: (1286-1387') Medium gray 
Medium to coarse sand with minor gravel derived 
primarily from the upper dacite of Pajarito Mountain. 
Every 20' section of drill casing/rod drilled through this 
interval and below was uniformly wet, indicating 
saturated conditions. 

(1397-1557') Medium dark gray 
(N4 ). Coarse gravel and sand derived primarily from the 
upper dacite of Pajarito Mountain. Very fine sand et 
1507' was probably derived from a single vitric boulder, 
either mechanically weathered in place or disaggregated 
by drilling. Note: Video log shows 1467-1472' is primarily 
clast-supported boulder conglomerate. Boulders present 
up to 2' in diameter. 

C-15 

0 
.0 
E 
>-0) (/.) 0 

...J 0 
0 ·c, 

::E 0 
0. 0 
f! .c -(!) ::::i 

Tpf 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 16 of 20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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I a. 'C 0 

....;E Q) Q)(!)~ 

J 
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o:::........, 0::: C> 0 0 Q) I '-Q) :;::; 0 fi}·-c..> 2'9 i: 0 ..c: 
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~ ..c: Q) Q) 0 0 ~~ -Cl jjj (.) ~ u u I e:_ "fi (I) 2. (!) ::J 

1485 PUYE FORMATION: (1397-1557') Medium dark gray 
6030 (N4 ). Coarse gravel and sand derived primarily from the 

1490 upper dacite of Pajarito Mountain. Very fine sand at 

6025 
1507' was probably derived from a single vitric boulder, 
either mechanically weathered in place or disaggregated 

1495 by drilling. Note: Video log shows 1467-1472' Is primarily 
6020 clast-supported boulder conglomerate. Boulders present 

1500 
up to 2' In diameter. 

6015 

1505 
6010 

1510 
6005 

ISIS 
6000 

1520 
5995 

1525 Tpt 
5990 

1530 
5985 

1535 
5980 

1540 
5975 

1545 
5970 

1550 
S96S 

ISSS 
5960 PUYE FORMATION: (1557-1567') Medium light gray 

1560 (N6). Predominantly very fine to medium sand wtth 

5955 minor coarse sand. Moderate amounts of black glassy 

1565 
grains in >60 mesh fraction. 

5950 

1570 
PUYE FORMATION: (1567-1627') Medium light gray 

5945 
(N6). Medium sand to gravel derived primarily 
from the upper dacite of Pajarito Mountain. 

1575 
5940 

1580 
5935 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TAIOU: TA-16 Page 17 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQ/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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1585 PUYE FORMATION: (1567-1627") Medium light gray 
5930 (N6). Medium sand to gravel derived primarily 

1590 
from the upper dacite of Pajarito Mountain. 

5925 

1595 
5920 

1600 
5915 

1605 
5910 

1610 
5905 

1615 
5900 

1620 
5895 

1625 
5890 PUYE FORMATION: (1627-1632') Light brownish gray 

1630 (5YR 6/1 ). Very fine sand (<60 mesh). 
5885 Tpf 

1635 PUYE FORMATION: (1632-1657') Light brownish gray 
5880 (5YR 6/1 ). Medium sand to gravel. Derived primarily 

1640 
from the upper dacite of Pajarito Mountain. 

5875 

1645 
5870 

1650 
5865 

1655 
5860 PUYE FORMATION: (1657-1870') Light brownish gray 

1660 (5YR 6/1 ). Medium sand to coarse gravel. Derived 
5855 primarily from the rhyodacite of Rendija Canyon. 

1665 
5850 

1670 
5845 

1675 
5840 

1680 
5835 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 18 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH = 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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1685 PUYE FORMATION: (1657-1870') Light brownish gray 
5830 (5YR 6/1 ). Medium sand to coarse gravel. Derived 

1690 primarily from the rhyodacite of Rendija Canyon. 

5825 

1695 
5820 

1700 
5815 

1705 
5810 

1710 
5805 

1715 
5800 

1720 
5795 

1725 
5790 

1730 
5785 Tpf 

1735 
5780 

1740 
5775 

1745 
5770 

1750 
5765 

1755 
5760 

1760 
5755 

1765 
S7SO 

1770 
S74S 

1775 
5740 

1780 
S73S 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TA/OU: TA-16 Page 19 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EQ/METHOD: Foremost DR24 SAMPLING EQIMETHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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Characterization Well R-25 Completion Report 

LOS ALAMOS NATIONAL LABORATORY 
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 

ENVIRONMENTAL RESTORATION, GROUNDWATER FOCUS AREA 
BOREHOLE LOG 

BOREHOLE ID: R-25 TAIOU: TA-16 Page 20 of20 

DRILLING COMPANY: Tonto Drilling Co. START DATE: July 22, 1998/0930 END DATE: February 24, 1999 

DRILLING EO/METHOD: Foremost DR24 SAMPLING EO/METHOD: Wireline core barrel sampling 

GROUND ELEVATION: 7516.1' TOTAL DEPTH= 1942' bgs 

DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOGIST: Mark Everett 
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Descriptions of Geologic Samples 



Sample 
No. a Description 

R25-5D This polished thin section consists of a single, large fragment of cuttings that is vitric nonwelded 
cuttings tuff. Pyroclasts include common fine tube pumice to 9 mm and colorless shards. Common felsic 

phenocrysts are primarily sanidine, many moderately resorbed, with minor anorthoclase, 
plagioclase, and a single large quartz graphically intergrown with sanidine. Scarce to common 
mafics are mostly clinopyroxene and lesser orthopyroxene. Clinopyroxene ranges from very pale 
green, Mg-rich to moderately dark green, Fe-rich. Scarce to rare small lithics are argillic sediments. 

R25-93.2 This polished thin section of core is microgranophyric, well indurated, partially welded tuff with 
core common granospherulitic pumice to 4 mm containing moderate vapor-phase crystallization. 

Common felsic phenocrysts are primarily sanidine, some moderately resorbed, and quartz. Quartz 
is about 20% of the felsic phenocrysts. Scarce to common mafics are light green, moderately Mg-
rich clinopyroxene and orthopyroxene. Rare lithics are argillite. 

R25-144D This polished thin section consists of 30 fragments of microgranophyric, vapor-phase, moderately 
cuttings welded tuff with common granospherulitic pumice. Common felsic phenocrysts are primarily 

sanidine and quartz. Quartz is about 15% of the felsic phenocrysts. Scarce to common mafics of 
pyroxene are mostly pseudomorphic, except for several very strongly altered grains of 
clinopyroxene. A single large grain of perrierite/chevkinite was observed. Scarce to rare lithics 
include argillite (probably Santa Fe Group) and microgranophyric and minor fine granophyric 
sanidine-bearing lava. 

R25-165.5D This polished thin section consists of 20 fragments of microgranophyric, vapor-phase, moderately 
cuttings welded tuff, close to partially welded tuff, with common granospherulitic pumice. Common felsic 

phenocrysts are primarily sanidine and quartz, and phenocrysts include a single small grain of 
altered plagioclase. Quartz is about 35% of the felsic phenocrysts. Scarce mafics are strongly 
altered clinopyroxene and orthopyroxene. A single large grain of perrierite/chevkinite was 
observed. A single large lithic observed is microgranophyric and pilotaxitic dacite with common 
altered plagioclase phenocrysts. 

R25-188D This polished thin section consists of 32 fragments, mostly microgranophyric, vapor phase partially 
cuttings welded tuff with common microgranophyric and lesser granospherulitic pumice. Common felsic 

phenocrysts are primarily sanidine and quartz, and phenocrysts include two small grains of 
plagioclase, one altered. Quartz is about 20% of the felsic phenocrysts. Scarce mafics are strongly 
altered clinopyroxene and orthopyroxene and a single grain of hornblende. A single large grain of 
perrierite/chevkinite was observed. Tiny lithics are rare. Two granospherulitic fragments with 
common felsic phenocrysts, primarily sanidine and quartz, represent large pumices; only a small 
fragment of a similar granospherulitic pumice was observed within the other 30 fragments. 

R25-231.35 This polished thin section of core is microgranophyric moderately welded tuff, near densely 
core welded, with minor vapor-phase alteration and highly compacted pumice with axiolitic borders, 

typically 2.0 mm in diameter and 0.2 mm thick. Interiors of the largest pumices, to 6 mm, are 
spherulitic and granophyric. Abundant felsic phenocrysts are primarily sanidine and quartz. Scarce 
to common mafics are mostly pseudomorphic pyroxene, but several small grains of hornblende 
and one small, shreddy biotite were observed. Quartz is about 40% of the felsic phenocrysts. 
Scarce to rare lithics are entirely microgranophyric and pilotaxitic dacitic lava with plagioclase 
phenocrysts, probably from the Tschicoma Formation. 
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Characterization Well R-25 Completion Report 

Sample 
No. a Description 

R25-264D This polished thin section consists of 16 fragments, mostly microgranophyric moderately welded 
cuttings tuff with minor vapor-phase alteration and common granospherulitic pumice to 7 mm. Common 

felsic phenocrysts are primarily sanidine and quartz, with one large plagioclase observed within a 
large pumice. Quartz is about 30% of the felsic phenocrysts. Mafics are scarce to common 
pyroxene pseudomorphs and minor, small hornblende. About half of the pyroxene occurs as a 
single glomerocryst within pumice. A single lithic occurs within tuff of pilotaxitic dacite to andesite 
lava with scarce plagioclase phenocrysts and scarce, small pseudomorphs of hornblende or 
orthopyroxene. One entire fragment is microgranophyric and pilotaxitic dacite to andesite lava with 
scarce to common small plagioclase phenocrysts and common to abundant small hornblende, 
certainly representing a lithic similar to the single lithic found within tuff. 

R25-318D This polished thin section consists of 12 fragments of microgranophyric, vapor-phase, moderately 
cuttings welded tuff with common granospherulitic pumice to 8 mm. Common felsic phenocrysts are 

primarily sanidine and quartz; minor plagioclase also occurs primarily as a very strongly resorbed, 
2-mm phenocryst within a large, quartz-bearing pumice, and within several mafic pumices. Quartz 
is about 30% of the felsic phenocrysts. These mafic pumices, to 6 mm, have scarce to common 
plagioclase phenocrysts, and abundant groundmass plagioclase laths and hornblende. Mafics 
within the tuff also include scarce to common pyroxene, mostly pseudomorphic except for several 
very strongly altered grains of clinopyroxene. A single lithic, an argillite, was observed. 

R25-352.4 This polished thin section of core is microgranophyric, vapor-phase nonwelded tuff with pumice to 
core 3 mm that is filled with vapor-phase minerals, primarily tridymite. Common to abundant felsic 

phenocrysts are primarily sanidine and quartz, both together with rare plagioclase. Quartz is about 
35% of the felsic phenocrysts. Scarce mafics are mostly moderately to entirely altered pyroxene, 
with some relict clinopyroxene, and include a single grain of iddingsite after olivine. One large lithic, 
which covers 15% of the section, is microgranophyric and pilotaxitic dacite to andesite lava with 
common plagioclase phenocrysts and orthopyroxene, and completely lacking clinopyroxene. 

R25-373.5 This polished thin section consists of disaggregated fragments of core that are mostly vitric 
core pumices with the largest length > 19 mm. Common felsic phenocrysts are equally abundant 

sanidine and quartz. Scarce to rare clinopyroxene is medium green, moderately Fe-rich. Scarce to 
rare lithics include spherulitic, vapor-phase lava and microgranophyric strongly welded tuff, both 
with a large sanidine phenocryst. 

R25-428D This polished thin section exhibits 22 fragments, mostly individual vitric pumice with colorless 
pumice glass, but two fragments also include the host vitric pumiceous sandy argillite. All fragments have 
separate from scarce felsic phenocrysts of sanidine, plagioclase, and a single, large quartz grain. Hornblende is 
cuttings scarce, and no lithics were observed. Smectite partly to completely fills vesicles, and a second 

generation of smectite coats surfaces of pumices. 

R25-456 This polished thin section of core is a lithic fragment of pilotaxitic and microgranophyric dacite to 
core andesite lava with minor vapor-phase crystallization. Plagioclase phenocrysts are common, and 

mafics are abundant blackened hornblende and common orthopyroxene. 

R25-484D This polished thin section exhibits 32 fragments, mostly individual vitric pumice with colorless 
pumice glass, but two fragments are the host vitric pumiceous sandy argillite and one fragment is a lithic of 
separate from vesicular microgranophyric and pilotaxitic dacite of the Tschicoma Formation with common 
cuttings phenocrysts of plagioclase and scarce microphenocrysts of orthopyroxene. Within pumice, scarce 

felsic phenocrysts are sanidine, with much lesser quartz and plagioclase, and scarce mafics are 
clinopyroxene and orthopyroxene. Scarce smectite in two generations partly to completely fills 
vesicles. The rock matrix has similar proportions of felsic minerals as pumice, but felsics are 
common, generally tiny broken fragments. Within the two fragments of vitric pumiceous sandy 
argillite, no mafics and a single, tiny argillite lithic were observed. 
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Sample 
No. a Description 

R25-568 This polished thin section consists of disaggregated fragments of core that are vitric nonwelded tuff 
core with pale brown shards and two large pumices to 6 mm that dominate. Common felsic phenocrysts 

are subequal sanidine and quartz. Scarce mafics are primarily pale green, moderately Mg-rich 
clinopyroxene, but one shredded biotite is present. Scarce lithics are entirely volcanic, and include 
pilotaxitic dacite to andesite lava. One large pale brown hydroclastic shard contains plagioclase 
phenocrysts, common groundmass plagioclase laths, and a single groundmass orthopyroxene. 

R25-798DP This polished thin section consists of 34 individual vitric pumice fragments. Scarce felsic 
pumice phenocrysts are primarily sanidine and quartz; also included is minor plagioclase. Quartz is about 
separate from 35% of the felsic phenocrysts. One grain of light green, moderately Mg-rich clinopyroxene and one 
cuttings large grain of perrierite/chevkinite were observed. 

R25-846.1 P 1 0 This polished thin section exhibits 20 individual vitric pumice fragments with colorless glass. One 
pumice pumice is thick-walled, and the others are fine tube. Most vesicles are filled with smectite. Scarce 
separate from to common felsic phenocrysts are equally abundant sanidine and quartz; also included is rare 
cuttings plagioclase. One large, dark green, Fe-rich clinopyroxene occurs. One small lithic of sandy argillite 

occurs at the edge of a pumice, and the largest single fragment in the section is quartzose argillic 
sandstone. 

R25-864D10 This polished thin section consists of 21 separated lithic fragments, mostly pilotaxitic and 
cuttings microgranophyric dacite lava with common plagioclase phenocrysts and abundant pyroxene with 

orthopyroxene strongly dominant over clinopyroxene. Two fragments with similar primary 
mineralogy are microlite-charged vitric with colorless glass, and one is granospherulitic to (minor) 
pilotaxitic. These 20 fragments were derived from the upper dacite of Pajarito Mountain. One 
fragment of pilotaxitic and microgranophyric rhyodacite lava, derived from the rhyodacite of 
Rendija Canyon, has common, large phenocrysts of plagioclase, some with extreme resorption, 
and quartz and biotite. 

R25-1 082010 This polished thin section consists of 20 separated lithic fragments, mostly pilotaxitic and 
cuttings microgranophyric dacite lava with minor vapor-phase alteration and with common plagioclase 

phenocrysts and abundant pyroxene that is orthopyroxene strongly dominant over clinopyroxene. 
Two grains of hornblende and one large biotite each occur with separate plagioclase 
glomerocrysts. Two fragments with similar primary mineralogy are vitric with pale brown glass, two 
are microlite-charged vitric with colorless glass, two are fine to medium grained granophyric, and 
one is argillic. All fragments were derived from the upper dacite of Pajarito Mountain. 

R25-1182.3 This polished thin section of core is sandy argillite with 50% lithics, represented almost entirely by 
core a single lithic. Sand consists mostly of angular, very abundant felsics, mostly plagioclase and 

quartz, but also including sanidine; the largest grains are quartz. Several moderate-sized biotite 
grains occur within the matrix, as well as smaller hornblende. The large lithic is partly vitric, partly 
granospherulitic and pilotaxitic lava with scarce to rare plagioclase phenocrysts, many strongly 
resorbed, and common orthopyroxene and clinopyroxene. One large hornblende is associated with 
plagioclase. This lithic might represent latite of SHB1. The three next largest lithics are all 
pilotaxitic and microgranophyric dacite lava with common plagioclase phenocrysts and scarce to 
common orthopyroxene, probably derived from the upper dacite of Pajarito Mountain. 

R25-1302D1 0 This polished thin section consists of 20 separated lithic fragments, mostly pilotaxitic and 
cuttings microgranophyric dacite lava with common plagioclase phenocrysts and abundant pyroxene with 

orthopyroxene strongly dominant over clinopyroxene. Three grains of strongly blackened 
hornblende occur, as well as one biotite with strongly resorbed plagioclase. Two fragments with 
similar primary mineralogy are mostly or entirely vitric with microlite-charged colorless glass. All 
fragments were derived from the upper dacite of Pajarito Mountain. 
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Sample 
No.8 Description 

R25-1507D This polished thin section consists of sand-sized fragments of dacite lava, mostly vitric but many 
cuttings microgranophyric, all with very abundant plagioclase phenocrysts, commonly pyroxene with 

orthopyroxene strongly dominant over clinopyroxene, and much lesser biotite and hornblende. All 
fragments were derived from the upper dacite of Pajarito Mountain. The derivation of such 
relatively fine material from a single source rock indicates that this section probably represents a 
single boulder, either mechanically weathered in place or disaggregated by drilling. 

R25-1517D10 This polished thin section consists of 20 separated lithic fragments. Seventeen of these are dacite 
cuttings lava with common plagioclase phenocrysts and common to abundant pyroxene with orthopyroxene 

strongly dominant over clinopyroxene; ten such fragments are pilotaxitic and microgranophyric, 
and seven are vitric with microlite-charged colorless glass. These fragments were derived from the 
upper dacite of Pajarito Mountain. The remaining three fragments are pilotaxitic and 
microgranophyric dacite lava with common plagioclase phenocrysts and hornblende and scarce 
orthopyroxene, possibly derived from the upper dacite of Cerro Grande. 

R25-1587D10 This polished thin section consists of 20 separated lithic fragments, all dacite lava with common 
cuttings plagioclase phenocrysts and common to abundant pyroxene with orthopyroxene strongly dominant 

over clinopyroxene, and including two blackened hornblende grains. About two-thirds of the 
fragments are pilotaxitic and microgranophyric; the remainder are vitric with microlite-charged 
colorless glass. All fragments were derived from the upper dacite of Pajarito Mountain. 

R25-1647D10 This polished thin section consists of 21 separated lithic fragments, all pilotaxitic and 
cuttings microgranophyric dacite lava. Most fragments were derived from the upper dacite of Pajarito 

Mountain and have common plagioclase phenocrysts and common to abundant pyroxene with 
orthopyroxene strongly dominant over clinopyroxene. One fragment, possibly derived from the 
upper dacite of Cerro Grande, has common plagioclase phenocrysts and common to abundant 
hornblende and orthopyroxene, and another has scarce to rare plagioclase phenocrysts and 
scarce to rare hornblende. 

R25-1682D10 This polished thin section consists of 21 separated lithic fragments, all dacite lava from three units. 
cuttings Nine fragments contain scarce to common plagioclase phenocrysts and pyroxene that has 

subequal orthopyroxene and clinopyroxene; five of these are pilotaxitic and microgranophyric and 
four are vitric with microlite-charged colorless glass. These were probably derived from the lower 
dacite of Pajarito Mountain. Eight fragments contain phenocrysts of quartz and plagioclase, some 
with extreme resorption, and biotite and some clinopyroxene; five of these are pilotaxitic and 
microgranophyric, one with minor vapor-phase alteration; one fragment is pilotaxitic and 
granospherulitic; and two are vitric with microlite-charged colorless glass. These were derived from 
the rhyodacite of Rendija Canyon. Four fragments contain scarce to common phenocrysts of 
plagioclase and mafics that are dominated by hornblende over clinopyroxene and orthopyroxene; 
two of these are pilotaxitic and microgranophyric and two are vitric with microlite-charged colorless 
glass. These may have been derived from the upper dacite of Cerro Grande. 

R25-1802D10 This polished thin section consists of 21 separated lithic fragments, mostly pilotaxitic and 
cuttings microgranophyric rhyodacite lava with phenocrysts of quartz and plagioclase, some with extreme 

resorption, and biotite, clinopyroxene, and a single large grain of sphene. Two such fragments 
have minor vapor-phase crystallization. These dominant fragments were derived from the 
rhyodacite of Rendija Canyon. Three fragments are pilotaxitic and microgranophyric dacite lava 
with scarce plagioclase phenocrysts and pyroxene that includes both clinopyroxene and 
orthopyroxene, probably representing the lower dacite of Pajarito Mountain. One fragment of 
dacite lava has scarce phenocrysts of plagioclase and abundant mafics, mostly small hornblende 
and much lesser orthopyroxene, possibly representing the upper dacite of Cerro Grande. 

R25-1927DP This polished thin section consists of 45 individual somewhat spherulitic pumice fragments that are 
pumice uniform in primary mineralogy and alteration. Common felsic phenocrysts are plagioclase, quartz, 
separate from and sanidine. Common biotite is entirely altered to smectite. 
cuttings 
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Sample 
No.8 Description 

R25-1937D10 This polished thin section consists of 19 separated lithic fragments. Most are silicic lava with 
cuttings scarce to common phenocrysts of quartz and plagioclase, some with extreme resorption, and 

biotite. Eleven such fragments are pilotaxitic and microgranophyric, one is spherulitic, and one is 
vitric with microlite-charged colorless glass. Four fragments are pilotaxitic and microgranophyric 
dacite lava with scarce to common phenocrysts of plagioclase and common to abundant mafics, 
mostly hornblende, strongly subordinate clinopyroxene and orthopyroxene, and biotite. One 
fragment of pilotaxitic and microgranophyric dacite lava has common to abundant plagioclase 
phenocrysts and pyroxene, both clinopyroxene and pseudomorphic orthopyroxene. One fragment 
is pilotaxitic, somewhat argillic Miocene basalt with phenocrysts of scarce plagioclase, common to 
abundant iddingsite after olivine, and scarce to common clinopyroxene. 

a Number listed after R25- indicates depth. Drill cuttings are indicated by D and the depth listed is the top of the cuttings run, pumice 
is indicated by P, and all others are core. The number 10 at the end of the sample number indicates >10 mesh (>2 mm) size 
fraction. 
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Appendix E 

Moisture-Content and Matric-Potential Results 



Upper Lower Gravimetric Matric 

Sample Depth Depth Moisture Activity Temperature Potential 

ID (ft) (ft) Lithology (%) (H20) (oC) (em) 

R25-05.0 5.00 5.00 Qbt4 5.93 0.9925 26.11 -10588.3 

R25-09.5 9.50 9.50 Obt4 4.11 0.987 26.32 -18417.0 

R25-30.5 30.25 30.50 Qbt4 4.92 0.9865 26.55 -19144.9 

R25-35.5 35.00 35.50 Qbt4 7.31 0.9925 26.65 -10607.3 

R25-42.5 42.00 42.50 Qbt4 3.72 0.987 26.78 -18445.0 

R25-44.5 44.25 44.50 Qbt4 5.74 0.99 26.89 -14172.2 

R25-51.5 51.00 51.50 Obt4 5.48 0.9925 26.99 -10619.3 

R25-55.5 55.00 55.50 Obt4 3.06 0.9915 27.16 -12048.3 

R25-59.0 58.60 59.00 Qbt4 2.82 0.9885 27.38 -16337.0 

R25-66.5 66.00 66.50 Obt4 2.23 0.99 27.54 -14202.9 

R25-74.0 73.00 74.00 Obt4 3.14 0.989 27.69 -15638.9 

R25-79.0 78.30 79.00 Obt4 1.95 0.985 27.78 -21375.3 

R25-84.0 83.25 84.00 Qbt4 5.69 0.992 27.94 -11366.0 

R25-93.2 93.00 93.20 Obt 3t 1.92 0.9865 27.83 -19226.4 

R25-97.8 97.50 97.80 Obt 3t 3.07 0.996 27.57 -5664.7 

R25-102.3 102.00 102.30 Obt 3t 4.59 0.996 27.76 -5668.2 

R25-106.8 106.60 106.80 Qbt 3t 4.08 0.9955 27.72 -6377.5 

R25-112.0 111.70 112.00 Obt 3t 2.65 0.9945 27.79 -7800.4 

R25-121 120.25 121.00 Qbt 3t 1.75 0.978333 28.19 -31023.3 

R25-126 125.80 126.00 Obt 3t 2.88 0.9825 28.53 -25032.1 

R25-131 130.52 131.00 Qbt 3t 3.64 0.9895 28.60 -14969.7 

R25-134.5 134.25 134.50 Obt 3t 2.84 0.9875 28.48 -17831.9 

R25-139 138.50 139.00 Qbt 3t 2.74 0.986 28.68 -19999.8 

R25-144 143.80 144.00 Obt 3t 4.50 0.989 28.64 -15688.5 

R25-146.6 146.50 146.60 Obt 3t 7.14 0.9935 28.57 -9247.4 

R25-150 149.78 150.00 Obt 3t 6.17 0.99 28.36 -14241.9 

R25-155 154.56 155.00 Obt 3t 5.34 0.993 28.42 -9956.1 

R25-161 160.65 161.00 Obt3 2.53 0.9875 28.25 -17818.0 

R25-165.5 164.70 165.50 Qbt3 3.07 0.9915 28.10 -12086.0 

R25-174 173.46 174.00 Qbt3 2.58 0.99 28.08 -14228.6 

R25-178 177.25 178.00 Qbt3 2.92 0.99 28.00 -14224.6 

R25-183 182.25 183.00 Qbt3 2.30 0.992 27.85 -11362.8 

R25-188 187.50 188.00 Qbt3 2.65 0.9935 27.85 -9225.1 

R25-193 192.50 193.00 Qbt3 3.64 0.9945 27.89 -7803.0 

R25-198 197.15 198.00 Obt3 3.08 0.994 27.87 -8513.9 

R25-204 203.50 204.00 Qbt3 2.55 0.993 27.87 -9938.1 

R25-208 207.20 208.00 Qbt3 2.67 0.9935 27.87 -9225.9 

R25-216 215.42 216.00 Obt3 1.88 0.9925 27.88 -10650.8 

R25-223 222.54 223.00 Qbt3 2.62 0.9925 27.97 -10654.0 
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Upper Lower Gravimetric Matric 
Sample Depth Depth Moisture Activity Temperature Potential 

ID (ft) (ft) Lithology (%) (H20) (oC) (em) 

R25-228 227.58 228.00 Obt3 1.06 0.983 27.79 -24251.1 

R25-231.35 231.00 231.35 Obt2 4.79 0.995 27.84 -7090.7 

R25-237.25 237.00 237.25 Obt2 3.85 0.995 27.91 -7092.4 

R25-241.7 241.40 241.70 Obt2 3.40 0.9955 28.08 -6385.1 

R25-248 247.30 248.00 Obt2 1.52 0.965 28.11 -50443.8 

R25-252.5 252.20 252.50 Obt2 1.75 0.9885 28.04 -16372.9 

R25-258.5 258.00 258.50 Obt2 0.94 0.978667 28.08 -30529.1 

R25-264 263.50 264.00 Obt2 2.73 0.991 28.11 -12800.6 

R25-268 267.50 268.00 Obt2 2.31 0.9925 28.27 -10664.6 

R25-272.5 272.20 272.50 Obt 12 2.61 0.989 28.33 -15672.2 

R25-277 276.60 277.00 Obt 12 1.44 0.99 28.12 -14230.5 

R25-282 281.60 282.00 Obt 12 1.97 0.9855 28.19 -20685.7 

R25-288 287.50 288.00 Obt 12 2.64 0.9875 28.46 -17830.4 

R25-293 292.00 293.00 Obt 12 2.65 0.9915 28.55 -12104.1 

R25-298 297.50 298.00 Obt 12 2.49 0.992 27.13 -11335.4 

R25-302 301.00 302.00 Obt 12 2.34 0.992 27.36 -11344.3 

R25-308 307.50 308.00 Obt 12 2.55 0.992 27.51 -11349.9 

R25-313 312.00 313.00 Obt 12 2.53 0.992 27.54 -11351.1 

R25-318 317.00 318.00 Obt 12 1.75 0.9915 27.61 -12066.1 

R25-323 322.25 323.00 Obt 12 2.17 0.99 27.73 -14211.9 

R25-328 326.25 328.00 Obt 12 1.84 0.9885 27.70 -16354.7 

R25-333 332.25 333.00 Obt 1v 2.11 0.988 27.74 -17072.0 

R25-338 337.30 338.00 Obt 1v 1.92 0.986 27.80 -19941.5 

R25-343 342.00 343.00 Obt 1v 1.96 0.99 27.94 -14222.0 

R25-348 346.00 348.00 Obt 1v 3.40 0.992 28.00 -11368.4 

R25-352.4 352.10 352.40 Obt 1v 7.35 0.994 28.05 -8519.2 

R25-361.5 361.20 361.50 Obt 1v 10.29 0.996 28.10 -5674.7 

R25-368 367.80 368.00 Obt 1g 9.91 0.9975 28.03 -3543.2 

R25-373.5 373.00 373.50 Obt 1g 11.96 0.9995 28.20 -708.3 

R25-377 376.50 377.00 Obt 1g 11.37 0.9985 28.16 -2125.8 

R25-385.5 385.20 385.50 Cerro Toledo 21.17 1 28.10 0.0 

R25-399 397.70 399.00 Cerro Toledo 4.52 0.994 28.54 -8533.0 

R25-404 403.40 404.00 Cerro Toledo 5.33 0.9975 28.54 -3549.2 

R25-408 407.00 408.00 Cerro Toledo 4.86 0.997 28.52 -4259.8 

R25-414 413.00 414.00 Cerro Toledo 8.37 0.9975 28.50 -3548.7 

R25-418 417.50 418.00 Cerro Toledo 8.12 0.9965 28.59 -4972.2 

R25-422 421.50 422.00 Cerro Toledo 11.05 0.999 28.62 -1419.0 

R25-428 426.75 428.00 Cerro Toledo 11.91 1 28.60 0.0 

R25-440 437.50 440.00 Cerro Toledo 23.93 1.0005 28.61 708.9 
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Characterization Well R-25 Completion Report 

Upper Lower Gravimetric Matric 
Sample Depth Depth Moisture Activity Temperature Potential 

ID (H) (H) Lithology (%) (H20) (OC) (em) 
R25-448 445.00 448.00 Cerro Toledo 8.24 0.9985 28.67 -2129.3 
R25-456 455.60 456.00 Cerro Toledo 4.74 0.9975 25.35 -3511.6 
R25-462 461.50 462.00 Cerro Toledo 5.16 0.9985 25.96 -2110.2 
R25-468 466.00 468.00 Cerro Toledo 2.73 0.9915 26.08 -12004.7 
R25-474 473.50 474.00 Cerro Toledo 6.98 0.9985 26.14 -2111.5 
R25-478 477.40 478.00 Cerro Toledo 6.43 0.9995 26.20 -703.6 
R25-484 483.50 484.00 Cerro Toledo 8.66 1.0005 26.37 703.7 
R25-488 487.25 488.00 Cerro Toledo 8.23 0.9995 26.50 -704.3 
R25-492 491.30 492.00 Cerro Toledo 5.38 0.9995 26.48 -704.3 
R25-498 497.00 498.00 Cerro Toledo 8.15 1 26.47 0.0 
R25-508 506.00 508.00 Cerro Toledo 6.62 0.9995 26.66 -704.7 
R25-514 513.00 514.00 Otowi Member 10.26 0.9995 24.73 -700.2 
R25-518 517.30 518.00 Otowi Member 8.16 0.999 24.99 -1401.9 
R25-528 525.50 528.00 Otowi Member 8.77 0.9995 25.18 -701.2 
R25-532 531.10 532.00 Otowi Member 8.12 0.9995 25.21 -701.3 
R25-537 536.10 537.00 Otowi Member 9.23 0.999 25.25 -1403.1 
R25-538.9 538.50 538.90 Otowi Member 14.27 0.9985 25.54 -2107.2 
R25-543.9 543.50 543.90 Otowi Member 13.14 0.999 25.41 -1403.9 
R25-548.9 548.50 548.90 Otowi Member 12.29 1.003 25.42 4203.4 
R25-558 557.60 558.00 Otowi Member 13.81 0.999 25.57 -1404.6 
R25-568 567.50 568.00 Otowi Member 11.77 1.0005 25.57 701.8 
R25-573 572.60 573.00 Otowi Member 12.28 1 25.66 0.0 
R25-588 586.00 588.00 Otowi Member 8.29 0.9965 26.75 -4941.8 
R25-613 612.00 613.00 Otowi Member 16.16 0.9985 27.02 -2117.7 
R25-618 617.50 618.00 Otowi Member 16.54 0.9995 27.03 -705.6 
R25-627 626.00 627.00 Otowi Member 17.28 0.998 27.28 -2826.7 
R25-667 664.00 667.00 Otowi Member 18.72 1.0005 27.24 705.7 
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Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Hanging Column/Pressure Plate!Thermocouple 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0039 
Ring Number: CACV-98-0039 

Depth: NA 

Dry wt. of sample (g): 292.43 
Tare wt., screen & clamp (g): 31.06 

Tare wt., ring (g): 107.52 
Tare wt., epoxy (g): 0.00 

Sample volume (em3
): 135.27 

Saturated weight* at 0 em tension (g): 445.63 
Volume of water t in saturated sample (em3

): 14.62 
Saturated moisture content (% vol): 10.81 

Sample bulk density (g/em3
): 2.16 

Matrie 
Weight* Potential 

Date!Time (g) (-em water) 
Hanging column: 18-0et-99 I 15:45 445.63 0.00 

21-0et-99110:30 444.72 53.20 
23-0et-99 115:00 444.45 126.40 

Pressure plate: 26-0et-99 I 09:50 444.16 509.90 

Dry weight* of thermocouple sample (g): 342.31 
Tare weight, jar (g): 205.68 

Sample bulk density (g/em3
): 2.16 

Date!Time 
Weight* 

(g) 

Matrie 
Potential 

(-em water) 
Thermocouple: 22-Sep-99 I 10:32 

24-Sep-99 118:24 
345.89 
344.78 

9790.1 
12849.5 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: E. KoenigiT. Gere 
Data entered by: M. Devine 

Checked by: R. Smith 

F-1 

Moisture 
Contentt 
(%vol) 
10.81 
10.14 
9.94 

9.72 

Moisture 
Contentt 
(%vol) 

5.66 
3.91 

January 2002 



Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Water Activity Meter/Relative Humidity Box 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0039 
Ring Number: CACV-98-0039 

Depth: NA 

Dry weight• of relative humidity box sample (g): 86.71 
Tare weight (g): 47.60 

Sample bulk density (g/cm3
): 2.16 

Date!Time 
Weight* 

(g) 

86.80 

Mat ric 
Potential 

(-em water) 
836961 

Moisture 
Contentt 
(% vol) 

0.51 Relative humidity box: 20-Sep-99 I 10:15 
------~-------------------------------------

January 2002 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: J. Locke/T. Gere 
Data entered by: M. Devine 

Checked by: R. Smith 

F-2 ER2001-0697 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Water Retention Data Points 
Sample Number: CACV-98-0039 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Predicted Water Retention Curve and Data Points 
Sample Number: CACV-98-0039 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0039 

1.E+00.-----------r---------~----------~----------~----------r----------, 

1.E-01 - .. - .......... - .. -- ................ - --- ................................. -·- -- .. - ... - .......... ,_ .. --- .............. .. 
I 

1.E-02 I I I I I ........ r ....................... ,- ....................... ,- ....................... , ........................ -,- ........ - ........... .. 

1.E-03 

1.E-04 I I f I I ............................................................................................................................................ 
I I I I I 

1.E-05 

1.E-06 ...................... ~ ......................... ·- .... - - ... - .......... • ............. - .. -- .. -• .......................... • .. - .......... --- .. .. 
I I I I 

1.E-07 I ..... - - .............. ,. - ................... -(" .......... -.. --- -.- - ....................... , ......... - ..... - .......... , .......... - ............ ... 

1.E-08 - .......... - - ................................................... - .................. -...................... - - .......................................... .. 

0 10 20 30 40 50 60 

Moisture Content (%,cm3/cm3
) 

ER2001-0697 F-5 January 2002 



Characterization Well R-25 Completion Report 

• Daniel B. Stephens & Associates, Inc. 
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Plot of Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0039 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Pressure Head 
Sample Number: CACV-98-0039 
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Characterization Well R-25 Completion Report 

~ 

• Daniel B. Stephens & Associates, Inc . 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Hanging Column/Pressure Plate!Thermocouple 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0043 
Ring Number: CACV-98-0043 

Depth: NA 

Dry wt. of sample (g): 109.72 
Tare wt., screen & clamp (g): 29.02 

Tare wt., ring (g): 130.79 
Tare wt., epoxy (g): 0.00 

Sample volume (em3
): 85.85 

Saturated weight* at 0 em tension (g): 326.42 
Volume of water t in saturated sample (em3

): 56.89 
Saturated moisture content (% vol): 66.27 

Sample bulk density (g/cm3
): 1.28 

Matric 
Weight* Potential 

Date!rime (g) (-em water) 
Hanging column: 01-0et-99 I 12:00 326.42 0.00 

04-0et-99 I 09:20 321.58 9.50 
06-0ct-99 I 15:40 316.20 38.10 
08-0et-99 I 20:40 308.96 80.30 

Pressure plate: 11-0ct-99 I 09:20 290.12 254.95 
13-0et-99 I 14:25 281.90 1019.80 

Dry weight* of thermocouple sample (g): 270.78 
Tare weight, jar (g): 171.22 

Sample bulk density (g/cm3
): 1.28 

Date!Time 
Weight* 

(g) 

Matrie 
Potential 

(-em water) 
Thermocouple: 08-0et-99 I 13:33 

04-0et-99 I 16:31 
273.93 
273.27 

8464.3 
17336.6 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: E. Koenig/A. Smith 
Data entered by: M. Devine 

Checked by: R. Smith 

F-9 

Moisture 
Contentt 
(% vol) 
66.27 
60.63 
54.36 
45.93 

23.98 
14.41 

Moisture 
Contentt 
(% vol) 

4.04 
3.20 

January 2002 



Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Water Activity Meter/Relative Humidity Box 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0043 
Ring Number: CACV-98-0043 

Depth: NA 

Dry weight* of relative humidity box sample (g): 78.72 
Tare weight (g): 39.92 

Sample bulk density (g/cm3
): 1.28 

Date/Time 
Weight* 

(g) 

79.15 

Matric 
Potential 

(-em water) 
836961 

Moisture 
Contentt 
(% vol) 

1.43 Relative humidity box: 22-Sep-99 I 08:32 
----~~-------------------------------------

January 2002 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: J. Locke/A. Smith 
Data entered by: M. Devine 

Checked by: R. Smith 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Water. Retention Data Points 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

• 
~ 

. 
Daniel B. Stephens & Associates, Inc . 

Predicted Water Retention Curve and Data Points 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Pressure Head 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

~ 
u -~ ·:; 
:g 
::s 
"0 
c 
0 
0 
.!::! 

Daniel B. Stephens & Associates, Inc. 

Plot of Hydraulic Conductivity vs Pressure Head 
Sample Number: CACV-98-0043 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Hanging Column/Pressure Plate!Thermocouple 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0046 
Ring Number: CACV-98-0046 

Depth: NA 

Dry wt. of sample (g): 53.35 
Tare wt., screen & clamp (g): 40.07 

Tare wt., ring (g): 189.36 
Tare wt., epoxy (g): 0.00 

Sample volume (em3
): 48.35 

Saturated weight* at 0 em tension (g): 327.17 
Volume of water t in saturated sample (em3

): 44.39 
Saturated moisture content (% vol): 91.80 

Sample bulk density (g/em3
): 1.10 

Matrie 
Weight* Potential 

DatefTime (g) (-em water) 
Hanging column: 01-0et-99 I 11:40 327.17 0.00 

04-0et-99 I 09:20 318.13 9.60 
06-0et-99 I 15:40 312.80 38.20 
08-0et-99 I 20:40 311.46 80.40 

Pressure plate: 11-0et-99 I 09:20 309.09 254.95 
13-0et-99 I 14:23 307.26 1019.80 

Dry weight* of thermocouple sample (g): 259.63 
Tare weight, jar (g): 173.72 

Sample bulk density (g/em3
): 1.1 o 

DatefTime 
Weight* 

(g) 

Matrie 
Potential 

(-em water) 
Thermocouple: 07-0et-99 I 10:37 

08-0et-99 I 13:38 
264.84 
263.77 

6934.6 
13767.3 

Comments: 

• Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: E. Koenig/A. Smith 
Data entered by: M. Devine 

Checked by: R. Smith 

F-17 

Moisture 
Contentt 
(%vol) 
91.80 
73.11 
62.08 
59.31 

54.41 
50.63 

Moisture 
Contentt 
(%vol) 
6.69 
5.32 

January 2002 



Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Water Activity Meter/Relative Humidity Box 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0046 
Ring Number: CACV-98-0046 

Depth: NA 

Dry weight* of relative humidity box sample (g): 75.66 
Tare weight (g): 39.99 

Sample bulk density (g/cm3
): 1.1 o 

DatefTime 
Weight* 

(g) 
76.09 

Matric 
Potential 

(-em water) 
836961 

Moisture 
Contentt 
(% vol) 

1.35 Relative humidity box: 22-Sep-99 I 08:31 
----~---------------------------------------

January 2002 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: J. Locke/A. Smith 
Data entered by: M. Devine 

Checked by: R. Smith 

F-18 ER2001-0697 



Characterization Well R-25 Completion Report 

• 
~ 

Daniel B. Stephens & Associates, Inc . 
. 

Water Retention Data Points 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Predicted Water Retention Curve and Data Points 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

l.E-01 

l.E-02 

l.E-03 
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Plot of Relative Hydraulic Conductivity vs Pressure Head 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 
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Daniel B. Stephens & Associates, Inc. 

Plot of Hydraulic Conductivity vs Pressure Head 
Sample Number: CACV-98-0046 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Hanging Column/Pressure Plate/Thermocouple 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0049 
Ring Number: CACV-98-0049 

Depth: NA 

Dry wt. of sample (g): 207.84 
Tare wt., screen & clamp (g): 29.03 

Tare wt., ring (g): 127.41 
Tare wt., epoxy (g): 0.00 

Sample volume (em3
}: 218.12 

Saturated weight* at 0 em tension (g): 451.02 
Volume of water t in saturated sample (em3

): 86.74 
Saturated moisture content (% vol): 39.77 

Sample bulk density (glem3
}: 0.95 

Matrie 
Weight* Potential 

DatefTime (g) (-em water) 
Hanging column: 28-0ct-99 I 11 :05 451.02 0.00 

01-Nov-99 I 1 0:05 443.36 21.60 
03-Nov-99 I 12:15 437.36 51.60 
05-Nov-99 I 18:37 423.97 152.50 

Moisture 
Contentt 
(%vol) 
39.77 
36.26 
33.50 
27.37 

08-Nov-99 I 09:35 399.09 509.90 15.96 Pressure plate: __;;..::._;..;.:;..~..:;....;.....:....:..=.;: __ ::.=;.;.;;:..;:c_ __ .:;..:;.;:...:...:..::...... __ __:..::..:..::..:;.__ 

Dry weight* of thermocouple sample (g): 179.32 
Tare weight, jar (g): 114.62 

Sample bulk density (glcm~: 0.95 

DatefTime 
Weight* 

(g) 

Matrie 
Potential 

(-em water) 
Thermocouple: 07 -Nov-99/18: 11 

01-Nov-99 I 12:10 
180.99 
180.61 

7036.6 
16724.7 

Comments: 

• Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: E. Koenig/A. Smith 
Data entered by: D.O'Dowd 

Checked by: R. Smith 

F-25 

Moisture 
Contentt 
(%vol) 

2.46 
1.90 

January 2002 



Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Moisture Retention Data 
Water Activity Meter/Relative Humidity Box 

(Main Drainage Curve) 

Job Name: LANL 
Job Number: 9958.01 

Sample Number: CACV-98-0049 
Ring Number: CACV-98-0049 

Depth: NA 

Dry weight* of relative humidity box sample (g): 67.36 
Tare weight (g): 40.97 

Sample bulk density (g/cm3
): 0.95 

Dateffime 
Relative humidity box: 28-0ct-99 I 09:48 

Weight* 
(g) 

67.49 

Matric 
Potential 

(-em water) 
848426 

Moisture 
Contentt 
(% vol) 

0.48 ---------------------------------------------

January 2002 

Comments: 

* Weight including tares 
t Assumed density of water is 1.0 g/cm3 

Laboratory analysis by: J. Locke/A. Smith 
Data entered by: D.O'Dowd 

Checked by: R. Smith 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Water Retention Data Points 
Sample Number: CACV-98-0049 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Predicted Water Retention Curve and Data Points 
Sample Number: CACV-98-0049 
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Characterization Well R-25 Completion Report 

Daniel B. Stephens & Associates, Inc. 

Plot of Relative Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0049 

1.E+00r---------~~--------~----------~--------.-~--------~~---------, 

. 
1.E-01 .................. -... - ... - ....................... - .......... - ............ - -- ..... ·- .. .. - .......... - .. -·- ........... - ............. -·- .. - ... - ................. ... 

1.E-02 . . . ............................... r ............................. ,- .. ... ... .. ................ ,- ............................. , ............................... , .............................. ... 

1.E-03 .... -.. -- ................. - ...................................... - ........................................ ,... ......... - ..... ... 

1.E-04 I I I I I .................................................................................................................................................... I I I I I 

1.E-05 

1.E-06 .............. \. ... -- ...................... ,_ ............................. • ........................ -...... • ............................. _,_ -.......................... ... 
I I I I I 

1.E-07 ................... ,. ................................................................... , .................................. , ................................ , ................................ ... 

1.E-08 ........................ '" ............................................................... ._ .............................. -·- - .............. - ...... -·---- ...... --- ...... -

0 10 20 30 40 50 60 

Moisture Content (%,cm3/cm3
) 

ER2001-0697 F-29 January 2002 



Characterization Well R-25 Completion Report 

~ u -

Daniel B. Stephens & Associates, Inc. 

Plot of Hydraulic Conductivity vs Moisture Content 
Sample Number: CACV-98-0049 
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Appendix G 

Groundwater Screening Samples 
Collected While Drilling R-25 Borehole 
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Depth 

747' dissolved 

747' total 

867' dissolved 

867' total 

1 ,047' dissolved 

1 ,047' total 

1 , 137' dissolved 

1,137 total 

1, 184' dissolved 

1 , 184' total 

1 ,286' dissolved 

1 ,286' total 

1 ,407' dissolved 

1 ,407' total 

1 ,507' dissolved 

1 ,507' total 

1 ,607' dissolved 

1 ,607' total 

1 ,747' dissolved 

1 ,747' total 

1 ,867' dissolved 

1 ,867' total 

1 ,940' dissolved 

1 ,940' total 

1 ,942' dissolved 

1 ,942' total 

Date 

09/30/98 

09/30/98 

10/09/98 

10/09/98 

10/28/98 

10/28/98 

11/03/98 

11/03/98 

12/02/98 

12/02/98 

12/18/98 

12/18/98 

01/07/99 

01/07/99 

01/13/99 

01/13/99 

02/03/99 

02/03/99 

02/12/99 

02/12/99 

02/20/99 

02/20/99 

02/23/99 

02/23/99 

02/26/99 

02/26/99 

Ag AI 
(ppm) (ppm) 

<0.001 0.07 

<0.001 27.3 

<0.001 <0.02 

<0.001 10.7 

<0.001 0.04 

<0.001 10.0 

<0.001 0.19 

<0.001 124 

<0.001 0.02 

<0.001 13.2 

<0.001 0.03 

<0.001 199 

<0.001 0.10 

<0.001 45.9 

<0.001 0.04 

<0.001 27.7 

<0.001 0.05 

<0.001 15.7 

<0.001 <0.02 

<0.001 2.14 

<0.001 0.07 

<0.001 3.39 

<0.001 0.41 

<0.001 21.2 

<0.001 0.03 

<0.001 3.67 

Alk(Lab) 
Std. D. (ppm As B 

(+/·) CaC03) (ppm) (ppm) 

0.01 70.0 0.0001 0.12 

0.1 72.4 0.0024 0.15 

- 58.0 <0.0001 0.058 

0.1 59.3 0.0013 0.087 

0.01 57.5 <0.0001 0.090 

0.1 59.1 0.0012 0.095 

0.02 60.7 0.0003 0.074 

1 95.1 0.017 0.097 

0.01 50.5 0.0003 0.027 

0.1 53.0 0.0041 0.021 

0.01 54.7 0.0001 0.014 

2 62.5 0.015 0.013 

0.01 53.0 0.0003 0.087 

0.1 57.7 0.012 0.10 

0.01 46.9 <0.0001 0.037 

0.1 51.6 0.0041 0.032 

0.01 48.1 0.0001 0.027 

0.1 51.1 0.0038 0.024 

- 46.5 0.0008 0.011 

0.01 48.3 0.0018 0.012 

0.01 44.2 0.0004 0.010 

0.04 45.1 0.0018 0.010 

0.01 52.0 0.0002 0.013 

0.3 53.7 0.0025 0.014 

0.01 47.4 0.0004 0.016 

0.03 46.8 0.0024 0.016 

Std. D. Ba Std. D. Be Std. D. Br Ca Std. D. 
(+/·) (ppm) (+/·) (ppm) (+/·) (ppm) (ppm) (+/·) 

O.Q1 0.006 0.001 <0.002 - 0.05 17.0 0.1 

0.01 0.12 0.01 0.012 0.001 0.05 21.8 0.1 

0.003 0.005 0.001 <0.002 - 0.05 13.8 0.1 

0.002 0.11 0.01 0.002 0.001 0.05 16.6 0.2 

0.002 0.007 0.001 <0.002 - 0.07 14.6 0.1 

0.003 0.15 0.01 0.002 0.001 0.07 18.2 0.1 

0.002 0.005 0.001 <0.002 - 0.07 6.47 0.04 

0.004 1.26 O.Q1 0.010 0.001 0.06 47.0 0.1 

0.002 0.008 0.001 <0.002 - 0.05 11.0 0.1 

0.003 0.13 0.01 <0.002 - 0.05 15.4 0.1 

0.001 0.014 0.001 <0.002 - 0.02 8.70 0.02 

0.003 1.75 0.01 0.009 0.001 0.02 45.1 0.3 

0.001 0.016 0.001 <0.002 - 0.04 12.1 0.1 

O.Q1 0.26 0.01 0.004 0.001 0.05 31.3 0.3 

0.001 0.010 0.001 <0.002 - 0.02 7.83 0.04 

0.004 0.21 0.01 <0.002 - 0.02 13.4 0.1 

0.002 0.014 0.001 <0.002 - 0.03 9.53 0.04 

0.007 0.18 0.01 <0.002 - 0.04 15.9 0.1 

0.001 0.013 0.001 <0.002 - 0.01 7.32 0.07 

0.002 0.042 0.001 <0.002 - 0.01 8.31 0.08 

0.001 0.009 0.001 <0.002 - 0.02 5.89 0.01 

0.002 0.045 0.001 <0.002 - 0.02 7.11 0.08 

0.002 0.015 0.001 <0.002 - 0.03 10.9 0.1 

0.003 0.17 0.01 <0.002 - 0.03 15.6 0.1 

0.003 0.006 0.001 <0.002 - 0.01 7.08 0.01 
I 

0.005 0.045 0.001 <0.002 - 0.01 8.23 0.02 I ------- ·-· ------- '. 
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Depth 

747' dissolved 

747' total 

867' dissolved 

867' total 

1,047' dissolved 

1,047' total 

1, 137' dissolved 

1,137 total 

1, 184' dissolved 

1, 184' total 

1,286' dissolved 

1,286' total 

1,407' dissolved 

1,407' total 

1,507' dissolved 

1,507' total 

1 ,607' dissolved 

1 ,607' total 

1 ,747' dissolved 

1 ,747' total 

1 ,867' dissolved 

1 ,867' total 

1 ,940' dissolved 

1 ,940' total 

1 ,942' dissolved 

1 ,942' total 

Date 

09/30/98 

09/30/98 

10/09/98 

10/09/98 

10/28/98 

10/28/98 

11/03/98 

11/03/98 

12/02/98 

12/02198 

12/18/98 

12/18/98 

01/07/99 

01/07/99 

01/13/99 

01/13/99 

02/03/99 

02/03/99 

02/12/99 

02112199 

02120/99 

02120/99 

02123/99 

02123/99 

02126/99 

02126/99 

Cd Std. D. 
(ppm) (+/·) 

<0.001 -

0.0019 0.0002 

0.0023 0.0002 

0.0088 0.0002 

<0.001 -
<0.001 -
<0.001 -

0.0011 0.0002 

<0.001 -
<0.001 -
<0.001 -
<0.001 -

<0.001 -
<0.001 -

<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
<0.001 -
-

Cl CIOJ Co Std. D. C03 
(ppm) (ppm) (ppm) (+/·) (ppm) 

11.1 <0.02 0.005 0.002 0 

11.0 <0.02 0.010 0.002 0 

9.80 <0.02 <0.002 - 0 

9.76 <0.02 0.006 0.002 0 

9.13 <0.02 <0.002 - 0 

9.22 <0.02 0.006 0.002 0 

8.04 <0.02 <0.002 - 0 

7.83 <0.02 0.028 0.004 0 

5.79 <0.02 <0.002 - 0 

5.74 <0.02 0.008 0.002 0 

1.09 <0.02 <0.002 - 0 

1.09 <0.02 0.026 0.002 0 

8.03 <0.02 <0.002 - 0 

8.00 <0.02 0.012 0.002 0 

3.80 <0.02 <0.002 - 0 

3.74 <0.02 0.008 0.002 0 

2.49 <0.02 <0.002 - 0 

2.44 <0.02 0.006 0.002 0 

1.54 <0.02 <0.002 - 0 

1.53 <0.02 0.002 0.002 0 

1.65 <0.02 <0.002 - 0 

1.65 <0.02 0.003 0.002 0 

2.15 <0.02 0.002 0.002 0 

2.16 <0.02 0.006 0.002 0 

1.77 <0.02 <0.002 - 0 

1.75 <0.02 0.003 0.002 0 

Cond.(L) Cr Std. D. Cs 
(pS/cm) (ppm) (+/·) (ppm) 

197 <0.002 - <0.002 

199 0.026 0.002 0.002 

171 <0.002 - <0.002 

171 0.023 0.002 <0.002 

166 <0.002 - <0.002 

166 0.021 0.002 <0.002 

175 <0.002 - <0.002 

202 0.17 O.Q1 0.013 

147 <0.002 - <0.002 

155 0.072 0.005 0.006 

116 <0.002 - <0.002 

126 0.11 0.01 0.023 

154 <0.002 - <0.002 

161 0.11 0.01 0.003 

117 <0.002 - <0.002 

121 0.044 0.004 0.006 

117 <0.002 - <0.002 

117 0.22 0.02 <0.002 

106 <0.002 - <0.002 

106 0.17 0.02 <0.002 

101 <0.002 - <0.002 

101 0.089 0.004 <0.002 

120 <0.002 - <0.002 

120 0.034 0.002 0.006 

105 <0.002 - <0.002 

105 0.046 0.002 0.003 

Std. D. Cu 
(+/·) (ppm) 

- 0.003 

- 0.033 

- 0.006 

- 0.021 

- 0.014 

- 0.024 

- 0.003 

0.002 0.56 

- 0.013 

0.002 0.20 

- <0.002 

0.002 0.24 

- <0.002 

0.002 0.12 

- 0.005 

0.002 0.12 

- 0.002 

- 0.072 

- 0.003 

- 0.026 

- 0.004 

- 0.032 

- <0.002 

0.002 0.07 

- <0.002 

0.002 0.027 

Std. D. 
(+/·) 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.02 

0.002 

0.01 

-

0.02 

-
0.01 

0.002 

0.01 

0.002 

0.005 

0.002 

0.002 

0.002 

0.002 

-

0.01 

-

0.002 
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Depth 

747' dissolved 

747' total 

867' dissolved 

867' total 

1,047' dissolved 

1,047' total 

1,137' dissolved 

1,137 total 

1,184' dissolved 

1,184' total 

1,286' dissolved 

1,286' total 

1,407' dissolved 

1 ,407' total 

1,507' dissolved 

1,507' total 

1,607' dissolved 

1,607' total 

1,747' dissolved 

1,747' total 

1,867' dissolved 

1,867' total 

1,940' dissolved 

1,940' total 

1,942' dissolved 

1,942' total 

F 
Date (ppm) 

09/30/98 0.17 

09/30/98 0.17 

10/09/98 0.07 

10/09/98 0.07 

10/28/98 0.07 

10/28/98 0.09 

11/03/98 0.12 

11/03/98 0.14 

12/02/98 0.03 

12/02/98 0.04 

12/18/98 0.10 

12/18/98 0.12 

01/07/99 0.09 

01/07/99 0.10 

01/13/99 0.06 

01/13/99 0.09 

02/03/99 0.06 

02/03/99 0.07 

02/12/99 0.12 

02/12/99 0.16 

02/20/99 0.16 

02/20/99 0.18 

02/23/99 0.06 

02/23/99 0.06 

02/26/99 0.14 

02/26/99 0.14 
--- --

Fe Std. D. Hardness HC03 
(ppm (+/·) (ppm) (ppm) 

0.04 0.01 70.5 85.4 

30.5 0.3 96.4 88.3 

0.02 0.01 56.3 70.8 

27.8 0.1 67.9 72.4 

0.05 0.01 58.2 70.2 

16.8 0.1 70.6 72.1 

0.13 0.01 25.8 74.1 

150 1 208.8 116 

<0.01 - 41.0 61.6 

34.3 0.2 60.4 64.7 

0.02 0.01 33.4 66.7 

123 1 184 76.3 

0.17 0.01 48.6 64.7 

80.9 0.6 140 70.4 

0.07 0.01 31.6 57.2 

95.9 0.1 60.0 62.9 

0.12 0.01 36.8 58.7 

47.2 0.2 59.1 62.3 

1.75 0.02 28.6 56.7 

11.7 0.1 32.1 58.9 

0.61 0.02 23.3 53.9 

14.8 0.1 28.3 55.0 

0.76 0.01 41.8 63.5 

41.7 0.6 67.4 65.5 

0.52 0.01 28.4 57.8 

28.7 0.5 33.4 57.1 
L___ 

Hg I K Std. D. 
(ppm) (ppm) (ppm) (+/·) 

0.00005 <0.01 2.59 0.01 

0.00007 <0.01 12.8 0.1 

<0.00002 <0.01 0.77 0.04 

<0.00002 <0.01 2.24 0.01 

<0.00002 <0.01 0.7 0.1 

<0.00002 <0.01 2.2 0.1 

<0.00002 <0.01 2.07 0.06 

0.00018 <0.01 13.3 0.1 

<0.00002 <0.01 2.17 0.01 

<0.00002 <0.01 4.46 0.01 

0.00006 <0.01 1.54 0.01 

0.00008 <0.01 16.0 0.1 

<0.00002 <0.01 1.59 0.03 

0.00005 <0.01 4.29 0.01 

0.00005 <0.01 1.34 0.01 

0.00005 <0.01 4.03 0.01 

<0.00002 <0.01 1.30 0.03 

<0.00002 <0.01 2.97 0.02 

<0.00002 <0.01 2.01 0.01 

<0.00002 <0.01 2.17 0.01 

0.00002 <0.01 2.60 0.01 

0.00005 <0.01 2.94 0.02 

<0.00002 <0.01 1.18 0.02 

0.00005 <0.01 3.32 0.03 

<0.00002 <0.01 2.78 0.01 

<0.00002 <0.01 3.23 0.02 

Li Std. D. 
(ppm) (+/·) 

0.02 0.01 

0.26 0.01 

<0.01 -

0.02 0.01 

0.02 0.01 

0.02 0.01 

0.02 0.01 

0.10 0.01 

0.04 0.01 

0.05 0.01 

0.02 0.01 

0.17 0.01 

<0.01 -
0.03 0.01 

0.01 0.01 

0.03 0.01 

0.02 0.01 

0.02 0.01 

0.02 0.01 

0.03 0.01 

0.02 0.01 

0.02 0.01 

0.01 0.01 

0.02 0.01 

0.01 0.01 

0.02 0.01 

Mg 
(ppm) 

6.82 

10.2 

5.30 

6.43 

5.29 

6.10 

2.35 

22.2 

3.29 

5.32 

2.84 

17.4 

4.47 

14.9 

2.92 

6.44 

3.15 

4.70 

2.50 

2.76 

2.09 

2.57 

3.54 

6.91 

2.61 

3.12 

Std. D. 
(+/·) 

0.02 

0.1 

0.01 

0.01 

0.03 

0.02 

0.02 

0.2 

0.01 

0.01 

0.04 

0.1 

0.01 

0.1 

0.02 

0.03 

0.02 

0.01 

0.01 

0.01 

0.01 

0.03 

0.01 

0.01 

0.02 

0.02 
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Depth 

747' dissolved 

747' total 

867' dissolved 

867' total 

1,047' dissolved 

1,047' total 

1,137' dissolved 

1,137 total 

1,184' dissolved 

1,184' total 

1,286' dissolved 

1,286' total 

1 ,407' dissolved 

1 ,407' total 

1,507' dissolved 

1,507' total 

1,607' dissolved 

1,607' total 

1,747' dissolved 

1,747' total 

1 ,867' dissolved 

1,867' total 

1,940' dissolved 

1,940' total 

1,942' dissolved 

1,942' total 

Date 

09/30/98 

09/30/98 

10/09/98 

10/09/98 

10/28/98 

10/28/98 

11/03/98 

11/03/98 

12102198 

12102198 

12118/98 

12/18/98 

01/07/99 

01/07/99 

01/13/99 

01/13/99 

02/03/99 

02/03/99 

02/12/99 

02112199 

02120/99 

02120/99 

02123/99 

02123/99 

02126/99 

02126/99 
--

Mn Std. D. 
(ppm) (+/-) 

1.39 0.01 

2.27 0.01 

0.27 0.01 

0.77 0.01 

0.19 0.01 

0.77 0.01 

0.11 0.01 

5.44 0.01 

0.18 0.01 

0.49 O.D1 

0.25 0.01 

2.14 0.03 

0.21 0.01 

0.95 0.01 

0.19 0.01 

0.96 0.01 

0.19 0.01 

0.51 0.01 

0.10 0.01 

0.17 0.01 

0.11 0.01 

0.20 0.01 

0.14 0.01 

0.69 0.01 

0.30 0.01 

0.54 0.01 
-----

Mo Std. D. Na Std. D. 
(ppm) (+/-) (ppm) (+/-) 

0.006 0.002 11.5 0.1 

0.018 0.002 22.0 0.1 

<0.002 - 12.9 0.1 

0.008 0.002 13.7 0.1 

<0.002 - 12.4 0.1 

0.009 0.002 13.4 0.1 

<0.002 - 29.2 0.4 

0.023 0.002 33.1 0.2 

0.002 0.002 13.9 0.1 

0.022 0.002 15.0 0.1 

0.046 0.004 11.9 0.1 

0.055 0.004 28.6 0.3 

0.007 0.002 12.6 0.1 

0.044 0.002 15.2 0.1 

0.017 0.002 12.5 0.1 

0.048 0.004 13.3 0.1 

0.014 0.002 9.98 0.04 

0.048 0.004 12.7 0.1 

0.007 0.002 11.0 0.1 

0.018 0.002 10.9 0.1 

0.006 0.002 10.9 0.1 

0.019 0.002 11.1 0.1 

0.003 0.002 9.35 0.03 

0.024 0.002 10.7 0.1 

0.030 0.002 10.1 0.1 

0.062 0.002 10.3 0.1 

NH4 Ni Std. D. N02 
(ppm) (ppm) (+/-) (ppm) 

0.03 0.016 0.002 <0.02 

0.04 0.032 0.002 <0.02 

0.03 0.007 0.002 <0.02 

<0.02 0.029 0.002 <0.02 

0.05 0.004 0.002 <0.02 

0.13 0.012 0.002 <0.02 

0.08 <0.002 - <0.02 

0.74 0.13 0.01 <0.02 

0.18 0.018 0.002 <0.02 

0.19 0.083 0.004 <0.02 

<0.02 0.002 0.002 <0.02 

0.02 0.19 0.01 <0.02 

<0.02 0.005 0.002 <0.02 

0.04 0.072 0.004 0.05 

<0.02 0.003 0.002 <0.02 

<0.02 0.050 0.004 <0.02 

<0.02 0.009 0.002 <0.02 

<0.02 0.12 0.01 <0.02 

<0.02 0.011 0.002 <0.01 

<0.02 0.078 0.002 <0.01 

<0.02 0.020 0.002 <0.02 

<0.02 0.050 0.004 0.13 

<0.02 <0.002 - <0.02 

<0.02 0.027 0.002 <0.02 

<0.02 0.003 0.002 <0.01 

<0.02 O.Q17 0.002 0.12 

NOJ Oxalate 
(ppm) (ppm) 

4.17 <0.02 

4.14 <0.02 

4.02 <0.02 

3.37 <0.02 

3.55 <0.02 

2.93 <0.02 

3.84 <0.02 

<0.02 <0.02 

3.32 0.82 

3.37 0.81 

1.70 0.05 

1.41 0.10 

2.38 <0.02 

2.25 <0.02 

1.31 0.16 

1.22 0.13 

1.86 0.06 

1.82 0.05 

1.86 0.07 

1.35 0.02 

1.93 0.11 

0.88 <0.02 

1.81 <0.02 

1.69 <0.02 

1.53 <0.02 

1.11 <0.02 

Pb 
(ppm) 

<0.002 

0.040 

<0.002 

0.008 

<0.002 

0.008 

<0.002 

0.18 

<0.002 

0.028 

<0.002 

0.089 

<0.002 

0.056 

0.002 

0.028 

<0.002 

0.083 

0.061 

0.089 

0.004 

0.11 

<0.002 

0.021 

<0.002 

0.020 

Std. D. 
(+/-) 

-
0.004 

-
0.002 

-
0.002 

-
0.01 

-
0.002 

-
0.005 

-
0.004 

0.002 

0.002 

-
0.005 

0.004 

0.005 

0.002 

0.01 

-

0.002 

-
0.002 
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Depth 

747' dissolved 

747' total 

867' dissolved 

867' total 

1,047' dissolved 

1,047' total 

1, 137' dissolved 

1,137 total 

1, 184' dissolved 

1 , 184' total 

1 ,286' dissolved 

1 ,286' total 

1 ,407' dissolved 

1 ,407' total 

1 ,507' dissolved 

1 ,507' total 

1 ,607' dissolved 

1 ,607' total 

1 ,747' dissolved 

1 ,747' total 

1 ,867' dissolved 

1,867' total 

1 ,940' dissolved 

1,940' total 

i 1 ,942' dissolved 

11 ,942' total 

Date 

09/30/98 

09/30/98 

10/09/98 

10/09/98 

10/28/98 

10/28/98 

11/03/98 

11/03/98 

12/02/98 

12/02/98 

12/18/98 

12/18/98 

01/07/99 

01/07/99 

01/13/99 

01/13/99 

02/03/99 

02/03/99 

02/12/99 

02/12/99 

02/20/99 

02/20/99 

02/23/99 

02/23/99 

02/26/99 

02/26/99 

pH P04 
(Lab) (ppm) 

7.69 <0.05 

7.35 <0.05 

7.52 <0.05 

7.37 <0.05 

7.74 <0.05 

7.29 <0.05 

7.92 <0.05 

7.63 <0.05 

7.38 0.07 

7.14 0.07 

7.12 <0.05 

7.38 <0.05 

7.40 <0.05 

6.96 <0.05 

7.39 <0.05 

7.43 <0.05 

7.24 <0.05 

6.80 <0.05 

7.14 <0.02 

6.94 <0.02 

7.40 <0.05 

6.83 <0.05 

7.45 <0.05 

7.48 <0.05 

7.46 <0.02 

6.98 <0.02 

Rb Std. D. Sb Se 
(ppm) (+/-) (ppm) (ppm) 

0.012 0.002 0.0005 <0.0001 

0.12 0.01 0.0006 0.0002 

0.005 0.002 0.0001 <0.0001 

0.018 0.002 0.0004 <0.0001 

0.003 0.002 0.0002 <0.0001 

0.018 0.002 0.0002 <0.0001 

0.004 0.002 0.0008 <0.0001 

0.12 0.01 0.0008 0.0001 

0.002 0.002 0.0002 <0.0001 

0.031 0.002 0.0008 <0.0001 

0.002 0.002 0.0003 .<0.0001 

0.13 0.01 0.0008 0.0001 

0.002 0.002 0.0002 <0.0001 

0.028 0.002 0.0006 <0.0001 

0.002 0.002 0.0001 <0.0001 

0.026 0.002 0.0007 <0.0001 

0.002 0.002 0.0003 <0.0001 

0.013 0.002 0.0057 <0.0001 

0.003 0.002 0.0010 <0.0001 

0.006 0.002 0.0073 <0.0001 

0.005 0.002 0.0007 <0.0001 

0.007 0.002 0.0069 <0.0001 

0.004 0.002 0.0001 <0.0001 

0.013 0.002 0.0008 0.0004 

0.007 0.002 0.0003 <0.0001 

0.009 0.002 0.0008 0.0001 

Si02 
Si Std. D. (ppm 

(ppm) (+/-) calc) 

20.7 0.1 44.3 

78.5 0.1 168 

18.4 0.1 39.4 

41.6 0.1 89.0 

25.1 0.2 53.7 

41.0 0.1 87.7 

21.1 0.1 45.2 

122 1 261 

20.2 0.2 43.2 

46.6 0.1 99.7 

15.9 0.2 34.0 

66.6 0.4 143 

20.7 0.1 44.3 

116 1 248 

5.29 0.01 11.3 

63.9 0.1 137 

17.5 0.1 37.5 

45.7 0.1 97.8 

28.1 0.1 60.1 

32.4 0.1 69.3 

28.4 0.2 60.8 

36.6 0.3 78.3 

28.1 0.1 60.1 

75.5 0.1 162 

25.0 0.1 53.5 

36.0 0.1 77.0 

S04 S203 
(ppm) (ppm) 

9.66 <0.01 

9.61 <0.01 

8.93 <0.01 

8.90 <0.01 

7.87 <0.01 

8.00 <0.01 

10.8 <0.01 

11.1 <0.01 

7.49 <0.01 

7.51 <0.01 

4.17 <0.01 

4.42 <0.01 

7.44 <0.01 

7.56 <0.01 

4.64 <0.01 

4.63 <0.01 

3.77 <0.01 

3.80 <0.01 

1.50 <0.01 

1.49 <0.01 

1.55 <0.01 

1.59 <0.01 

3.56 <0.01 

3.58 <0.01 

2.45 <0.01 

2.49 <0.01 

Sn 
(ppm) 

<0.005 

O.Q14 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

Std. D. 
(+/-) 

-
0.005 

-
-
-
-

-

-

-

-

-
-
-
-
-

-
-

-
-

-
-

-

-
-
-

-
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Sr Std. D. Ti Std. D. Tl Std. D. v Std. D. Zn Std. D. TDS Cation Anion Percent 
Depth Date (ppm) (+/·) (ppm) (+/·) (ppm) (+/·) (ppm) (+/·) (ppm) (+/·) (ppm) Sum Sum Balance 

747' dissolved 09/30/98 0.12 0.01 <0.002 - <0.002 - <0.002 - <0.01 - 265.1 2.044 1.996 +2.34 

747' total 09/30/98 0.20 0.01 0.42 O.Q1 <0.002 - O.Q11 0.001 0.19 O.Q1 n/aa 8.017 2.041 n/a 

867' dissolved 10/09/98 0.10 0.01 <0.002 - <0.002 - <0.002 - <0.01 - 222.6 1.720 1.695 +1.49 

867' total 10/09/98 0.15 0.01 0.23 0.01 <0.002 - 0.009 0.001 0.08 0.01 n/a 4.731 1.710 n/a 

1,047' dissolved 10/28/98 0.11 0.01 <0.002 - <0.002 - <0.002 - 0.02 0.01 236.4 1.744 1.638 +6.26 

1 1047' total 10/28/98 0.17 0.01 0.28 0.01 <0.002 - 0.009 0.003 0.14 0.01 n/a 4.111 1.666 n/a 

1 I 137' dissolved 11/03/98 0.051 0.001 0.003 0.001 <0.002 - O.Q11 0.001 <0.01 - 208.7 1.880 1.739 +7.79 

1 I 137 total 11/03/98 0.60 0.01 1.84 O.Q1 0.003 0.002 0.10 O.Q1 0.60 0.01 n/a 28.074 2.365 n/a 

1 1 184' dissolved 12/02/98 0.079 0.001 <0.002 - <0.002 - <0.002 - 0.34 0.01 194.7 1.517 1.387 +8.90 

1 I 184' total 12/02/98 0.15 0.01 0.33 0.01 <0.002 - 0.010 0.001 1.67 0.01 n/a 5.373 1.438 n/a 

1 1286' dissolved 12/18/98 0.056 0.001 <0.002 - <0.002 - <0.002 - <0.01 - 166.7 1.243 1.245 -0.16 

1 1286' total 12/18/98 0.57 0.01 7.85 0.02 <0.002 - 0.075 0.001 0.33 0.01 n/a 34.195 1.403 n/a 

1 1407' dissolved 01/07/99 0.11 0.01 <0.002 - <0.002 - <0.002 - 0.01 0.01 207.1 1.591 1.490 +6.57 

1 ,4071 total 01/07/99 0.35 0.01 0.49 0.01 <0.002 - 0.034 0.002 0.34 0.01 n/a 13.066 1.585 n/a 

1 1507' dissolved 01/13/99 0.048 0.003 <0.002 - <0.002 - <0.002 - 0.02 0.01 135.1 1.227 1.168 +4.97 

1 1507' total 01/13/99 0.12 O.Q1 0.80 0.01 <0.002 - 0.012 0.001 0.10 0.01 n/a 10.155 1.259 n/a 

1 1607' dissolved 02/03/99 0.057 0.001 <0.002 - <0.002 - <0.002 - 0.03 0.01 165.7 1.226 1.146 +6.77 

1 1607' total 02/03/99 0.15 O.Q1 0.39 O.Q1 <0.002 - 0.007 0.001 0.43 0.01 n/a 6.128 1.204 n/a 

1 1747' dissolved 02/12/99 0.045 0.001 <0.002 - <0.002 - 0.003 0.001 0.08 0.01 175.4 1.060 1.041 +1.74 

1 1747' total 02/12/99 0.058 0.001 0.064 0.001 <0.002 - 0.007 0.002 0.28 0.01 n/a 2.058 1.071 n/a 

1 1867' dissolved 02/20/99 0.039 0.001 0.002 0.001 <0.002 - <0.002 - 0.02 0.01 165.8 1.055 1.003 +5.10 

1 1867' total 02/20/99 0.054 0.001 0.11 O.Q1 <0.002 - 0.005 0.003 0.18 O.Q1 n/a 2.314 1.009 n/a 

1 1940' dissolved 02/23/99 0.071 0.001 0.019 0.001 <0.002 - <0.002 - <0.01 - 199.5 1.367 1.209 +12.22 

1 1940' total 02/23/99 0.13 0.01 0.69 0.01 <0.002 - 0.012 0.002 0.08 0.01 n/a 6.532 1.241 n/a 

1 1942' dissolved 02/26/99 0.040 0.001 <0.002 - <0.002 - <0.002 - <0.01 - 169.2 1.123 1.082 +3.80 

1 1942' total 02/26/99 0.056 0.001 0.12 O.Q1 <0.002 - 0.005 0.004 0.04 O.Q1 n/a 3.172 1.066 n/a 
-- ---·-·--

Note: The data in this table should be used only for screening purposes. All analyses performed at EES-6 aqueous chemistry laboratory. Std. D. means a one sigma standard 
deviation. Dissolved means filtered through 0.45-l.lm membrane. Total means nonfiltered. 

an/a = not applicable. 
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AppendixH 

Geochemical Calculations and Constraints 



H-1.0 MOBILITY OF RDX AND TNT 

Concentrations of RDX and TNT found in the upper saturated zone and possibly in the regional aquifer in 

the R-25 borehole exceeded EPA HA limits for drinking water. The EPA HA limits for RDX and TNT are 
0.61 !Jg/L and 2.2 IJg/L, respectively (EPA 2000, 70122). The mobility of these two compounds is 

predicted to be nearly equal to the rate of groundwater movement at the R-25 site. This appendix 
provides the basis for that prediction, including calculations for distribution coefficients and retardation 
factors, sources of estimated values, and constraints on the implications of the calculations. 

H-1.1 Distribution Coefficients 

The amount or fraction of solid organic carbon (foe) and an organic compound's organic carbon partition 
coefficient (Koc) (Schwarzenbach et al. 1993, 71318) largely control the adsorption of that compound 
onto solid organic matter. The Koc values for RDX and TNT are 100 cm3/g and 525 cm3/g, respectively 

(Burrows et al. 1989, 71319). The foe value for the Otowi Member is estimated to be 0.0005 (0.05 wt%), 
based on the amount of solid organic carbon measured at R-25 (0.05 wt%). Distribution coefficients (Kd) 
for RDX and TNT are calculated as follows: 

Kd = (Koc}(foc) 

KdRox = (1 00 cm3/g}(0.0005} = 5.00 x 1 o·2 cm3/g 

KdTNT = (525 cm3/g}(0.0005) = 0.26 cm3/g 

Equation H-1 

Equation H-2 

Equation H-3 

These coefficients are small, implying that RDX and TNT do not readily adsorb to aquifer material. This is 
mainly a function of the low amount of solid organic carbon present. 

H-1.2 Retardation Factors 

The rate of movement of a contaminant relative to the rate of groundwater flow is determined by 
calculating a retardation factor (Rf) for the contaminant of interest. Non-sorbing chemicals have a 
retardation factor of unity. Contaminants that adsorb on aquifer material have Rf values greater than 

unity. Retardation factors for RDX and TNT are calculated from the following equation (Freeze and Cherry 
1979, 64057): 

(Rf) = 1 + pKd/ne 

where pis the bulk density, and ne is the effective porosity. Average bulk density and effective porosity 
values for the Otowi Member were determined by Rogers and Gallaher (1995, 49824) as 1.18 ± 

0.10 g/cm3 and 0.47 ± 0.05, respectively. Retardation factors for RDX and TNT are calculated as follows: 

RfRDX = 1 + [(1.18 g/cm3)(5.00 X 1 0"2 cm3/g)/(0.47)] = 1.13 

RhNT = 1 + [(1.18 g/cm3)(0.26 cm3/g)/(0.47)] = 1.65 

Equation H-4 

Equation H-5 

These retardation factors are near unity, implying that RDX and TNT move at nearly the same rate as 

groundwater. 
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H-1.3 Implications 

The low Kd values for RDX and TNT coupled with the retardation factors near unity imply that these 
compounds are very mobile in aqueous systems with small amounts of solid organic carbon. Adsorption 
onto clay minerals, through hydrogen bonding, is also possible, however, but this process is not 
accounted for with this calculation. The HE compound TNT binds more strongly to clay minerals than 
does RDX (Spain et al. 2000, 71317) 

The travel time for groundwater (regional aquifer) between R-25 and a distance equal to that of the 
nearest water supply well, PM-2, is estimated to be between 50 and 200 years. This is based on plateau
wide average groundwater flow rates of between 95 and 345ft per year determined by Purtymun (1995, 
45344). However, neither groundwater flow rates nor flow direction in the vicinity of R-25 are yet known. 

If groundwater flow from R-25 is in the direction of water supply well PM-2, and RDX or TNT neither 
adsorb onto aquifer material nor hydrolyze or biodegrade, these contaminants may potentially reach 
PM-2 within 50 to 200 years. 

H-1.4 Constraints on Implications 

The Koc values for RDX and TNT are laboratory-derived values taken from published literature and are 
limited in their application to actual field conditions occurring at the R-25 site. 

The foe value was estimated from the solid organic carbon content of one core sample from the Otowi 
Member of the Bandelier Tuff collected from the R-25 borehole. However, 22 other samples from the 
Bandelier Tuff collected from the R-15 borehole showed foe values less than detection (<0.05 wt%). 
Ideally, foe values would be obtained for the saturated Puye Formation as well. 

The Rf value calculated uses average bulk density and porosity values for the Otowi Member. Ideally, Rf 
values would be calculated for the regional aquifer materials of the Puye Formation as well. 

The implication that RDX or TNT would reach water supply well PM-2 does not take into account 
hydrolysis reactions, biodegradation, or mixing, which are dependent on site-specific conditions at R-25. 

H-2.0 OXIDATION-REDUCTION CHEMISTRIES OF CARBON, IRON, MANGANESE, AND HE 
COMPOUNDS 

This section presents a discussion on the oxidation-reduction chemistry of TNT, RDX, carbon, 
manganese, and iron. Elevated concentrations of manganese and iron were observed in R-25, probably 
as a result of the oxidation of DOC, which also enhances reduction (biotransformation) of TNT and 
possibly RDX. Biotransformation of TNT and RDX occurs through reduction of nitro (R-N02) functional 
groups to amino (R-NH2) functional groups (Spain et al. 2000, 71317). This reduction of TNT and RDX 
requires a source of electrons, which may be provided by the oxidation of DOC to bicarbonate. The 
oxidation half reaction for DOC is given by the following equation: 

CH20(organic matter) + 2H20 = HC03" + 5W + 4e· Equation H-6 

The Eh of this reaction, at a pH of 7, is equal to -482 mV (Langmuir 1997, 56037). 

Concentrations of DOC are within the mg/L range, which are sufficient to provide electrons needed for the 
reduction of TNT and RDX. Concurrently, Mn(IV) solids become reduced to form aqueous Mn(ll) species, 
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which results in elevated concentrations of dissolved manganese (Table 7.2-4). This process is 
represented by the following reaction: 

Equation H-7 

The Eh for the Mn(IV)/Mn(ll) half-cell reaction is equal to +544 mV at a pH of 7 and 1 ppm dissolved 
manganese (Langmuir 1997, 56037). Mn(ll) species dominate at Eh values of +544 mV or less at a pH 
of 7. 

The Eh for the TNT/4-A-2,6-DNT half-cell reaction is equal to -430 mV at a pH of 7 (Hofstetter et al. 1999, 
71307). The Eh for the TNT/2-A-4,6-DNT half-cell reaction is equal to -390 mV at a pH of 7 (Hofstetter et 
al. 1999, 71307). This reduction is represented by the following: 

TNT (represented by Ar-N02) + 6H+ + 6e· ~ 4-A-2,6-DNT or 2-A-4,6-DNT (represented 
by Ar-NH2) + 2H20 Equation H-8 

Because the oxidation of DOC to bicarbonate and the transformation of TNT to 4-A-2,6-DNT or 2-A-4,6-
DNT occurs at much lower Eh values than does the reduction of Mn(IV) solids to aqueous Mn(ll) species, 
both DOC and HE (TNT) may act as reducing agents (sources of electrons) for Mn(IV). The HE 
compound TNT initially biodegrades to 4-A-2,6-DNT or 2-A-4,6-DNT followed by the formation of 
diaminonitrotoluene compounds including 2,4-DA-6-NT or 2,6-DA-4-NT under more reducing conditions 
(2,4-DA-6-NT, Eh = -515 mV at a pH of 7; 2,6-DA-4-NT, Eh = -495 mV at a pH of 7) (Hofstetter et al. 
1999, 71307). Mono amino toluene compounds are present at R-25 (Table 7.2-2) and di amino 
compounds have not been identified at the R-25 site using the EPA 8330 method. 

More analyses for RDX reductive intermediates will be conducted to evaluate the presence or absence of 
these compounds at the R-25 site. These intermediates include hexahydro-1-nitroso-3,5-dinitro-1,3,5-
triazine (MNX), hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine (DNX), and hexahydro-1,3,5-trinitroso-1,3,5-
triazine (TNX). 

Based on free energy yields associated with reduction by DOC, the following sequence represents the 
order of reduction (most oxidizing to most reducing): Mn(IV) 7 Mn(ll)(+544 mV); Fe(lll) 7 Fe(ll)(+14 mV); 
TNT 7 2-A-4,6-DNT (-390 mV); and TNT 7 4-A-2,6-DNT (-430 mV). Reduction of 2-A-4,6-DNT and 4-A-
2,6-DNT to 2,4-DA-6-NT and 2,6-DA-4-NT requires even more reducing conditions, such as those 
produced by hydrogen gas. These conditions do not occur at the R-25 site. 

The same reductive process may affect the dissolution of Fe(lll) solids by the following reaction: 

Equation H-9 

The Eh for this half-cell reaction is equal to + 14 mV at a pH of 7 and 1 ppm dissolved iron (Langmuir 
1997, 56037). Ferrous iron is stable below an Eh value of +14 mV at a pH of 7 and one ppm Fe2+. 

Dissolved iron concentrations increase with depth in R-25 in both saturated zones (Appendix G), 
suggesting that iron solids have increasing solubility with depth. It is possible that the solubility of Fe(OHh 
is controlled by the above redox couple. 
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