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Well R-26 Completion Report 

ABSTRACT 

Well R-26 was installed at Los Alamos National Laboratory (LANL) for LANL's Groundwater 
Protection Program as part of the "Hydrogeologic Workplan" (LANL 1998, 59599). The 
Department of Energy (DOE) contracted and directed the installation of Well R-26. The well 
has two main objectives: (1) to characterize intermediate-depth perched groundwater penetrated 
by existing wells R-25 and SHB-3, and (2) provide background water chemistry for perched and 
regional groundwater up gradient ofLANL activities in the Technical Area (TA)-16 area. Well 
R-26 is located on the downthrown block of the Pajarito fault system; data from this well will be 
used to evaluate the influence of the Pajarito fault system on the regional aquifer piezometric 
surface and provide information on the role of faults in recharge. 

Well R-26 was installed by drilling a borehole into the regional aquifer and installing a well. 
The well was sampled to determine water quality and hydrologic testing was conducted to 
evaluate aquifer parameters. The well was drilled in two phases. Phase I consisted of collecting 
continuous core from the surface to a depth of250 feet (ft) below ground surface (bgs). Core 
from this corehole will be used to characterize background data for anion profiles in the vadose 
zone. In Phase II drilling, a borehole was advanced to a total depth (TD) of 1490.5 bgs. 

The R-26 borehole was drilled using fluid-assisted air-rotary and mud-rotary drilling methods. 
The 5-in outer diameter (OD) stainless-steel well was installed on October 17,2003, to a TD of 
1,479 ft bgs with two screened intervals: the upper screened interval was set within the 
intermediate-depth perched groundwater while the lower screened interval was set in the regional 
aquifer. The stratigraphy encountered during borehole drilling included, in descending order, 
alluvium, ash-flow tuffs of the Tshirege Member of the Bandelier Tuff, Cerro Toledo interval, 
ash-flow tuffs of the Otowi Member of the Bandelier Tuff, the Guaje Pumice Bed of the Otowi 
Member and Puye Formation sediments. 

Samples of drill cuttings were collected at regular intervals for stratigraphic, petrographic, and 
geochemical analysis. A perched water zone was encountered in the R-26 corehole at a depth of 
240 ft bgs in the Tshirege Member of the Bandelier Tuff. A groundwater sample was collected 
at a depth of 240 ft bgs and submitted for analysis. Groundwater saturation was encountered 
during drilling at a depth of 650 ft bgs. A groundwater screening sample was collected at 604 ft 
bgs and submitted for analysis. Groundwater samples were collected from the completed well at 
depths of660 ft and 1,430 ft bgs. All samples were analyzed for organic, inorganic, and 
radiochemical compounds. 

., 
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1.0 INTRODUCTION 

This completion report summarizes the drilling, well construction, well development, and related 
activities conducted from August 27,2003 to February 27,2004 for characterization of Well R-26 
(R-26). R-26 was drilled and installed for LANL's Groundwater Protection Program as part of 
the "Hydrogeologic Workplan" (LANL 1998, 59599). Characterization and sampling activities 
were conducted in accordance with the SAP (Sampling and Analysis Plan) for Drilling and 
Testing Characterization Wells R-2, R-4, R-ll, and R-26 (LANL 2003, ER 2003-0470). R-26 is 
located in Canon de Valle, just east of State Highway 4 and upgradient of Los Alamos National 
Laboratory (LANL) activities in the Technical Area (TA)-16 area. The locations ofR-26 and 
adjacent wells are shown in Figure 1.0-1. 

The information presented in this report was compiled from field reports and activity summaries 
generated by Kleinfelder, Inc. (KA), LANL, and subcontractor personnel. Geophysical data and 
interpretation were provided by Schlumberger. Results of these activities are discussed briefly 
and shown in tables and figures contained in this report. 

R-26 was funded and directed by the Department of Energy (DOE). KA, under contract to the 
United States Army Corps ofEngineers (USACE), was responsible for executing the drilling, 
installation, testing, and sampling activities with technical assistance from LANL. 

R-26 is designed to provide water-quality and water level monitoring data from the regional 
aquifer. R-26 will provide hydrologic and water-quality data for regional groundwater up 
gradient of potential contaminant sources in TA-16. Together with data from other hydrogeologic 
work plan wells, data from R-26 will provide a basis for evaluating the need for groundwater 
monitoring and form the technical basis for the design of a groundwater monitoring system. 
Water quality, geochemical, hydrologic, and geologic information obtained from R-26 will 
augment knowledge ofregional subsurface characteristics and serve as an upgradient well of 
potential release sites. 

2.0 PRELIMINARY ACTIVITIES 

Preliminary activities at R-26 included administrative and site preparation. 

2.1 Administrative Preparation 

KA received contractual authorization to start administrative preparation tasks in the form of a 
notice to proceed on July 11,2003. As part of this preparation, KA developed a Project 
Management Plan (PMP), a Contractor's Quality Management Plan (CQMP), a Site-Specific 
Health and Safety Plan (SSHASP), a traffic control plan, and a Drilling Plan (DP) for the work at 
Well R-26. The host facility signed a Facility-Tenant Agreement (FTA) to provide access and 
security controls for site preparation, drilling and well installation activities. Necessary permits 
and access agreements were obtained prior to beginning fieldwork. 

2.2 Site Preparation 

EnviroWorks, Inc. (EnviroWorks) was subcontracted by KA to conduct site preparation. 

Activities included site clearing, access road improvement, construction ofthe drill pad, and 

construction ofa lined borehole-cuttings containment area. Site preparation was begun on August 

27,2003 and completed on September 16,2003. 
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Well R-26 Completion Report 

The R-26 site was initially cleared ofvegetation. The drilling pad was developed by grading an 
area with a front-end loader. A primary layer of base-course gravel was distributed over the drill 
pad area. To store Well R-26 drilling fluids and borehole cuttings, a 30 feet (ft) wide by 60 ft long 
by 7 ft deep borehole-cuttings containment area was excavated along the eastern drill pad 
boundary. A secondary containment area was lined with 6-mil polyethylene and surrounded by 
straw bales to accommodate a 21,000 gallon (gal) tanker trailer used for storing development 
water and drilling fluids pumped from the borehole-cuttings containment area. Drill pad 
construction was completed with an additional graded layer ofbase-course gravel. Safety barriers 
and signs were installed around the borehole-cuttings containment area and at the site entrance. 
Office and supply trailers, generators, and safety lighting equipment were moved to the site 
during subsequent mobilization of drilling equipment. Base course was also placed on the access 
road as necessary. Equipment necessary for the completion of the drilling project was situated at 
the work site to provide a safe, secure work site. Orientation and placement of the equipment was 
dependent on borehole location and physical constraints at the drill site. 

Potable water for drilling at Well R-26 was pumped from a hydrant located adjacent to the flIe 
station located off West Jemez Road and delivered to the site through a fire hose. 

3.0 SUMMARY OF DRILLING ACTIVITIES 

Drilling activities at Well R-26 were completed in two phases during September and October 
2003. Phase I drilling was performed by KA using a StrataStar SS15 drill rig equipped with a 2-ft 
long split spoon used to collect 2.0-in-diameter samples, 5-ft-long core barrel used to collect 3.0
in-diameter continuous core samples and a RQ sampler to collect 2A-in diameter core samples. 
Phase II drilling was performed in an offset borehole by WDC Exploration and Wells, Inc. 
(WDC) using a Dresser T70W drill rig equipped with conventional circulation drilling rods, 
tricone bits, down-the-hole (DTH) hammer bits, and support equipment. Drilling fluid mixing 
and circulation equipment included a mixing tank and pump assembly, an auxiliary pump, a 
shaker unit to remove solids from the discharged drilling fluids, and a generator to power the 
mixing unit. 

The goal ofPhase I drilling was to collect continuous rock core samples for geologic 
characterization and determination ofmoisture, anion, stable isotope, radionuclide, metals, and 
tritium distributions in the upper section of the borehole. Planned total depth (TD) for Phase I was 
250 ft bgs, or approximately 250 ft into the Tshirege Member of the Bandelier Tuff. 
Groundwater samples were to be collected from significant perched zones, if encountered. 

Drilling of the borehole for Phase II was performed using air-rotary, fluid-assisted air-rotary and 
mud-rotary drilling techniques using open-hole (OR) and casing-advance (CA) methods, as 
determined by changing geologic and drilling conditions. Various additives were mixed with 
municipal water to improve borehole stability, minimize fluid loss and facilitate cuttings removal 
from the borehole. Air-rotary drilling was assisted with water at shallow depths to suppress dust 
emissions and, at greater depths, with a foam mixture that consisted ofmunicipal water mixed 
with QUIK-FOAM® (surfactant) and EZ-MUD® (polymer). Mud-rotary drilling fluids were 
comprised ofa mixture ofwater, bentonite, soda ash and Pac-L polyanionic cellulose. 

Primary Phase II drilling objectives were to: (1) collect cuttings of encountered geologic 
formations, (2) collect water samples from perched and regional groundwater zones, (3) complete 
a borehole for geophysical logging, and (4) install a well with two screened intervals; one in the 
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TABLE 3.0-1 OPERATIONS CHRONOLOGY FOR WELL R-26 

TASK DESCRIPTIONS DATE 

Shaded area Indlcal.,. no activity for lhe months of Dec:-03 and Jan-04. 
Site _oration acllYl!lea will begin Spring 2004. 
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intennediate perched zone, ifpresent, and one in the regional aquifer. The planned TD for Phase 
II drilling was approximately 1,414 ft bgs, roughly 100 ft below the predicted regional water 
table. 

Coring and deep drilling activities were conducted from September 8 through October 17,2003. 
Phase I drilling was completed in one shift per day from September 8 through September 12, 
2003. Phase II drilling activities were perfonned generally in one shift per day from September 
18 through October 17, 2003. Two shifts per day began on October 14 and continued through 
October 21,2003 during well construction. A drill shift nominally represents a 12-hr period spent 
on the project by the drill crew, two site geologists, and onsite support equipment. Drilling and 
well construction work was conducted under a 7-days-per-week schedule. 

Figure 3.0-1 summarizes well data and graphically depicts groundwater and geologic conditions 
encountered in R-26. Sections 3.1 and 3.2 discuss Phase I and Phase II drilling activities, 
respectively, for R-26. 

A tabular chronology of drilling and other onsite activities is presented as Table 3.0-1. 

3.1 Phase I Drilling Activities 

On September 8, 2003, KA mobilized a StrataStar SS 15 hollow-stem auger (HSA) drill rig and 
support equipment to the R-26 site and began Phase I core drilling. The corehole drilling was 
initiated with 8-in nominal outer diameter (OD) HSA using a DTH hammer with a split-spoon 
sampler. At 19 ft bgs KA switched to the continuous sampler system to achieve optimal core 
recovery. As this proved ineffective, drilling and sampling with the split-spoon sampler was 
resumed at 25 ft bgs. Split-spoon sampling proved to be difficult from 25 ft to 31 ft bgs. 

At 31 ft bgs, KA switched to an air-assisted drilling method using a conventional 3-in OD core 
barrel attached to HQ drill rod. Dust suppression equipment was installed. Coring from 31 ft to 
55 ft bgs yielded poor recovery. On September 10, 2003, KA reverted to the split-spoon 
technique and advanced the hole from 55 ft to 65 ft bgs with limited recovery. Coring with the 
conventional core barrel was resumed at 65 ft bgs for drilling in the strongly welded tuff. At 70 ft 
bgs the drillers replaced the conventional core barrel with a Geobarrel® and cored continuously to 
145 ft bgs, where the Geobarrel® core bit was replaced due to excessive wear. Equipped with a 
new coring bit, the drillers returned to conventional core barrel techniques and advanced the core 
hole from 145 ft bgs to the planned TD of250 ft bgs. 

On September 15, 2003 the drillers tripped out the drill stem and video, natural gamma, and 
resitivity logs were run in the corehole. The video log (Appendix B) revealed possible perched 
zones of saturation from 150 ft to 180 ft bgs and 230 ft to 250 ft bgs. Depth to groundwater was 
measured at 242 ft bgs in the corehole. A groundwater screening sample was collected from the 
open corehole at a depth of240 bgs on September 18, 2003 and submitted for analysis. Two 
piezometers were installed with screened intervals in the potential zones of saturation. Further 
discussion on the piezometer installation is presented in Section 7.3. A groundwater screening 
sample was collected from the open corehole at a depth of240 ft bgs on September 18, 2003 and 
submitted for analysis. 

KA Project No. 37J51 6 April J2,2004 
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3.2 Phase II Drilling Activities 

On September 17,2003, WDC mobilized a Dresser T70W drill rig, compressor and support 
equipment to the site for Phase II drilling. The Phase II borehole was located 91 ft northeast of 
the corehole. On September 18,2003, the WDC drill crew advanced 13%-in OD drill casing to 
65 ft bgs with a 12%-in tricone drill bit. The borehole was drilled ahead of the drill casing to 77 ft 
bgs. On September 19, 2003 WDC drove the 13%-in conductor casing to 70 ft bgs, then 
advanced the borehole with the 12%-in tricone drill bit and air-rotary methods from 77 ft bgs to 
140 ft bgs. The drillers switched to a 12%-in DTH hammer bit with air only and drilled open hole 
to 147 ft bgs. The borehole was checked for the presence ofgroundwater at the end ofthe shift 
and at the start ofwork on September 20,2003; none was present. Open hole air-rotary drilling 
resumed at 147ft bgs with water for dust suppression. On September 20, 2003 at approximately 
205 ft bgs drilling fluids consisting of QUIK-FOAM®, and EZ-MUD®, and potable water were 
used to facilitate cuttings removal and borehole stability. Table 3.2-1 shows the total amount of 
drilling fluids introduced and recovered from the borehole during Phase II drilling activities. The 
borehole was advanced through the Tshirege Member ofthe Bandelier Tuff and into 
volcaniclastic sediments and pumice beds of the Cerro Toledo interval to 565 ft bgs. On 
September 21,2003 a measured depth-to-water (DTW) indicated that the borehole was dry. 
Drilling resumed open hole using air and a mixture ofpotable water, EZ-MUD® and QUCK
FOAM®. At 650 ft bgs, observations of the drilling discharge indicated the potential presence of 
groundwater. The borehole was advanced to 720 ft bgs where drilling was halted and all tools 
were tripped out ofthe borehole. DTW measurements indicated groundwater stabilized after 
approximately 1 hour (hr) at 604.3 ft bgs. A groundwater screening sample was collected for 
chemical analysis with a stainless-steel bailer and the site was secured for the day. 

At the beginning of the shift on September 22,2003, the DTW was measured at 604.2 ft bgs. A 
second groundwater sample was then collected for chemical analysis with a stainless-steel bailer 
and the video camera was deployed in the open borehole to document subsurface conditions. 

Fluid assisted drilling resumed open hole from 720 ft bgs to 900 ft bgs in Cerro Toledo sediments 
and the Otowi Member of the Bandelier Tuff using a 12%-in mill-tooth tricone bit. On the 
morning of September 23,2003, the DTW was measured at 611.7 ft bgs. The drillers advanced 
the borehole from 900 ft through the Guaje Pumice Bed and into the clastic sediments of the Puye 
Formation to a depth of 1000 ft bgs using a 12%-in tricone button bit with fluid-assisted air-rotary 
drilling methods. At 1000 ft bgs WDC elected to switch to the mud-rotary drilling method 
because of increased borehole sidewall instability. 

On September 24 and 25, 2003 WDC mobilized a shaker table and other equipment to prepare for 
mud-rotary drilling. All mud drilling additives were approved by the New Mexico Environment 
Department (NMED) for use. On September 25,2003, three 1,500-gal batches ofdrilling mud 
were mixed and pumped into the borehole. A single batch of drilling mud consisted of 1500-gal 
ofwater, 12 to 22 bags ofAqua-Gel powdered bentonite, 8 quarts ofPac-L (Drispack) and 10 
pounds of soda ash. Drilling mud batch mixing continued through September 26 and 27,2003. 
By the end of shift on the September 27th, 42,000 gal of drilling mud had been pumped into the 
borehole. The calculated capacity of the borehole was 5,932 gal. The top of the mud was last 
measured at 170 ft bgs, indicating substantial fluid loss was occurring from the borehole. A total 
of 7 bags ofN-Seal (lost circulation material) had been added to the last 5 batches of the day to 
attempt to mitigate the fluid loss from the borehole. 
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On September 28, 2003 Schlumberger arrived onsite and ran geophysical logging tools described 
in Section 5.0. On September 29, 2003 WDC attempted to run 11 %-in, threaded drill casing into 
the borehole to prevent further fluid loss problems in the borehole. An imperfection in the 
borehole prevented the 11%-in drill casing from being lowered past 131.5 ft bgs. The 
imperfection was possibly either a slight deviation in the alignment of the borehole or a rock 
ledge. The borehole was subsequently reamed to 160 ft bgs with a 12~-in tricone bit in an 
attempt to remove the imperfection, however the 11%-in casing could not be lowered or pushed 
past 135 ft bgs when installation was reattempted. On September 30 and October 1,2003 WDC 
reamed the entire borehole from ground surface to 1,005 ft bgs with an 8-in tricone drill bit and an 
8-in roller-reamer bit positioned above the drill bit. The roller-reamer bit was capable of 
expanding to a maximum effective diameter of 14-in. However, drill rig pump pressures were not 
sufficient to achieve the maximum reaming diameter. Reaming was performed with water and 
QUIK FOAM@. On October 2, 2003 DTW was measured at 606 ft bgs and 11 %-in drill casing 
was tripped in for a third time to approximately 135 ft bgs where it once again encountered the 
imperfection which prevented further advancement of the casing. 

A decision was made to install smaller diameter drill casing that would theoretically bypass the 
obstruction. On October 3 and 4,2003 the 9%-in drill casing was installed to a [mal depth of 
1000 ft bgs. At 0830 on the morning of October 4,2003 the drill crew began days offuntil 
October 10,2003, when drilling operations resumed. 

WDC mixed and pumped three 1,500-gal batches ofdrilling mud into the cased borehole. The 
batches consisted ofwater, 10 bags ofbentonite, 10 bags of soda ash and 6 quarts of Pac-L 
polyanionic cellulose. At approximately 980 ft bgs while reaming the 9%-in drill casing with the 
8~-in tricone button bit, the drill casing slipped down 5 ft to 1005 ft bgs. The following day 
WDC reamed cuttings from the casing and drilled open hole from 1005 to 1145 ft bgs in the Puye 
fanglomerate using the 8~-in tricone button bit and mud-rotary techniques. On the morning of 
October 11, 2003 the borehole was reamed and drilling resumed. Drilling continued open hole 
using the same equipment and methods until October 14, 2003 when the borehole had been 
advanced to 1485 ft bgs. Schlumberger mobilized borehole geophysical logging equipment to the 
site the same day and gathered borehole geophysical data as described in Section 5.0. On October 
15,2003 WDC set up to ream the borehole with a 4~-in tricone pilot bit with 2~-in side reamer 
using mud-rotary methods. The crew worked through the night and on October 16,2003, had 
reamed the borehole to 1485 ft bgs still within the Puye fanglomerate and had over drilled an 
additional five ft to 1490.5 ft bgs, the TD of the borehole. The LANL geophysics trailer was 
mobilized to the site to run the borehole caliper to verify that the borehole diameter was sufficient 
to build a monitoring well with the required 2-in annulus. Caliper data indicated the borehole 
diameter was 8.5-in within the vicinity of the planned well-screen interval, too small to provide 
the required 2-in annulus for a 5-in diameter well screen (caliper log on CD, inside back cover). 
WDC subsequently reamed the borehole again from 1400 ft to 1475 ft bgs with the 14-in 
hydraulic roller-reamer and 4.5-in tricone pilot bit. After the borehole had been reamed to 1485 ft 
bgs caliper data indicated the borehole measured at least 9.3-in in diameter throughout the 
planned lower screened interval of the monitoring well (caliper log on CD, inside back cover). 
Phase IT drilling was completed on October 17, 2003 and well construction preparations 
commenced. 
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Table 3.2~1 


Introduced and Recovered Drilling Fluids 

Material Unit Amount 

QUIK~FOAM® Gallon 31 

EZ-MUD® Gallon 3.25 

Potable Water Gallon 23,690 

Drilling Mud 1 Gallon 95,500 

ecovered Fluids2 
~-

R Gallon 53,856 
..

Dnllmg Mud IS a mIXture of water, bentonite, soda ash and Pac-L polyanionic cellulose 
2Recovered fluids represents approximate fluids recovered during drilling based on pit dimensions. 
Fluids removed during well development are included in Table 8.1·1 

4.0 SAMPLING AND ANALYSIS OF DRILL CUTTINGS AND GROUNDWATER 

During drilling operations at R-26, drill cuttings were collected according to the LANL-prepared 
Sampling and Analysis Plan (LANL 2003, ER 2003-0470). As drilling conditions permitted, a 
sufficient quantity ofborehole material was collected from the discharge line at 5-ft intervals. A 
portion of the cuttings was sieved (at >#10 and >#35 mesh or >#35 and >#60 for finer-grained 
samples) and placed in chip-tray bins along with an unsieved portion. These chip trays were 
studied to determine lithologic characteristics and used to prepare the lithologic logs. The 
remaining cuttings were sealed in Ziploc® bags and set in core boxes for curation. Up to seven 
samples may be removed by LANL for mineralogic, petrographic, and geochemical analyses. No 
cuttings samples were submitted for contaminant characterization analysis. 

Samples ofcore were collected from R-26 and analyzed for cations, anions, metals, and 
radionuclides for characterization purposes. Thirteen samples of core were collected from the 
vadose (unsaturated) zone during drilling from 5 ft to 250 ft bgs. Approximately 500 grams (g) to 
1,000 g of core samples were placed in appropriate sample jars and protective plastic bags before 
being delivered to Earth and Environmental Sciences (EES)-6, Coastal Science Laboratories, Inc., 
and General Engineering Laboratories (GEL) for laboratory analysis. Analytical results will be 
included in future investigation reports for Caiion de Valle. 

During Phase I drilling operations at R-26, perched groundwater was encountered at 240 ft bgs 
and a groundwater screening sample was collected on September 18, 2003 from the corehole for 
analysis. Groundwater samples have not been collected from the temporary piezometers at the 
time ofthis report. 

During Phase II drilling operations, groundwater was first encountered during drilling at 650 ft 
bgs on September 21,2003. After the borehole was advanced to 720 ft bgs, the water table was 
measured at 604 ft bgs. At this stage, the drill system was removed from the borehole and a 
groundwater screening sample was collected using a wireline bailer. On the morning of 
September 22, 2003, the DTW was measured at 604 ft bgs and a second groundwater screening 
sample was collected from the open borehole. Since the second sample contained less suspended 
sediment, it was submitted for analysis and the first sample was disposed of. Drilling continued 
until TD of 1,490.5 ft bgs was achieved on October 17,2003. Although the regional water table 
was predicted to occur at 1,314 ft bgs and this depth was achieved, neither the drillers nor the 
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onsite geologists were able to distinguish between the increased flow detected from the drilling 
discharge line at approximately 600 ft bgs and groundwater in the regional aquifer. Geophysical 
log interpretation suggests that full saturation does not occur until the Puye Formation is 
encountered at 955 ft bgs (see Section 5 and Appendix C for further discussion). During well 
development activities, two groundwater samples were collected from the completed well R-26 
on November 14 and 16, 2003. With a packer isolating the two screened intervals, these samples 
were collected and submitted for analysis from 1,430 ft and 660 ft bgs, respectively. 

4.1 Geochemistry of Sampled Waters 

A groundwater sample was collected from the open corehole at a depth of240 ft bgs. 
Groundwater samples were also collected from the completed well. Samples from the completed 
well were collected during pump development while the screens were isolated with a packer. 
Initial analytical results do not indicate any potential contaminants above regulatory limits. 
Further discussion of the groundwater sampling and analytical results are presented in Appendix 
A. 

5.0 BOREHOLE GEOPHYSICS 

Using LANL-owned and subcontractor-owned tools, KA and Schlumberger performed borehole 
geophysics logging operations at R-26. 

5.1 KA-Supported Geophysical Logging 

On September 15, 2003, video, natural gamma, and resistivity logging were performed in the 
R-26 corehole using down-hole tools provided by LANL. The logs were used to look for perched 
water and to aid in lithologic contact identification. On September 22, 2003, video logging was 
performed in borehole R-26 using down-hole tools provided by LANL. On October 16,2003 
caliper logging was performed in the borehole to determine whether the borehole diameter was 
sufficient for well screen installation. On October 17,2003, after the borehole was reamed, 
caliper logging was rerun to confirm that the borehole was of sufficient diameter. Table 5.1-1 
summarizes the video and geophysical well logs conducted in R-26. The video logs of the open 
borehole were digitized onto the two digital videodiscs (DVDs) that are included as Appendix B. 
The gamma, resistivity, and caliper logs are included on the compact disc (CD) included on the 
back inside cover of this report . 

... 
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Table 5.1-1 

Borehole and Well Logging Surveys Conducted in R-26 


Operator Date Method 

Cased 
Footage 
(ft bgs) 

Open-hole 
Intenral 
(ft bgs) 

I 

Remarks 

KAlLANL September 15, 2003 • Video 0-65 65-241 Corehole video to 
identify 
accumulated water 

KAlLANL September 15, 2003 Gamma and 
Resistivity 
Log 

0-65 65-245 Corehole logging 

KAlLANL September 22,2003 Video 0-70 70-717 Open-borehole 
video 

Schlumberger September 28, 2003 Logging 
suite(a) 

0-70 70-985(b) Schlumberger 
borehole logging 
conducted on open 
hole prior to 
installing casing 

Schlumberger October 14 and 
October 15, 2003 

Logging 
suite(a) 

0-1005 1005-1477(b) Schlumberger 
borehole logging 
conducted to TD 
prior to well 
installation 

KAILANL October 16, 2003 Caliper Log 0-1005 1005-1459 Borehole logging to 
determine diameter 
prior to well 

• installation 

KAlLANL October 17, 2003 Caliper Log 0-1005 1374-1474 Borehole logging to 
determine diameter 
prior to well 
installation I 

(al 	 Schlumberger suite of borehole logging surveys included triple detector litho-density, array induction tool, 
epithennal compensated neutron tool, elemental capture spectrometry, full-bore fonnation micro imager, 
combinable magnetic resonance tool and natural gamma spectrometry. 

(b) 	 Variable effective depths, see Appendix C. 

5.2 Schlumberger Geophysical Logging 

Schlumberger personnel conducted geophysical logging in the R-26 borehole on September 28 
and again on October 14 and 15,2003. During the initial geophysical logging, a 13%-in OD drill 
casing extended from the ground surface to 70 ft bgs, the remainder of the borehole was open to 
985 ft bgs. During the second run of geophysical logging, a 13%-in OD drill casing extended 
from the ground surface to 70 ft bgs and a 9o/s-in OD steel drive casing extended from the surface 
to 1,005 ft bgs; the remainder of the hole was open to 1485 ft bgs. 

The primary purpose of the Schlumberger logging was to characterize the conditions in the 
hydrogeologic units penetrated by the R-26 borehole, with emphasis on gathering moisture 

](A Project No. 37151 11 April 12,2004 
Final 



Well R-26 

distribution data, identifying possible perched water zones, measuring capacity for flow (porosity 
and moisture), and obtaining lithologiclstratigraphic data. Secondary objectives included 
evaluating borehole geometry and determining the degree of drilling fluid invasion along the 
borehole wall. 

Schlumberger personnel ran a suite of geophysical logging tools in the cased and uncased 
portions of the borehole; the suite included the following tools: 

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

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

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

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

• 	 Elemental Capture Spectroscopy (ECS™) measures concentrations of hydrogen, silicon, 
calcium, sulfur, iron, aluminum, potassium, titanium, chlorinity, and gadolinium to 
characterize mineralogy, lithology, and water content of the formations. 

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

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

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

The Schlumberger interpretive logging report and the geophysical logs, compiled as a montage, 
can be found as Appendix C (compact disc [CD] included). Additionally, an abstract of 
Schlumberger's report is presented in Appendix C on pages C-l and C-2. 

6.0 LITHOLOGY AND HYDROGEOLOGY 

A preliminary assessment of the hydrogeologic features encountered during drilling operations at 
R-26 is presented below. Included is a briefdescription of the geologic units identified during 
characterization of sampled core and drill cuttings. Groundwater occurrences are discussed based 
on drilling evidence, open-hole video logging, and geophysical logging data. Preliminary 
geologic contacts were provided by LANL EES-6 staff. 
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6.1 Stratigraphy and Lithologic Logging 

Rock units and stratigraphic relations, interpreted primarily from visual examination of rock core 
and drill cuttings sampled, and interpretation of geophysical data, are briefly discussed in order of 
younger to older occurrence. These interpretations may be revised upon further analysis of 
petrographic, geochemical, mineralogical, and geophysical data. A lithologic log for the R-26 
borehole is provided in Appendix D. 

Alluvium (0 to 60 ft bgs) 

Core samples indicated that unconsolidated alluvium (Qal) was intersected in R-26 from ground 
surface to approximately 60 ft bgs. This interval is made up ofclastic sediments, including 
tuffaceous silty sands and gravels as well as weathered boulders and blocks of indurated ash flow 
tuff. The sedimentary constituents are likely derived from the Tshirege Member of the Bandelier 
Tuff and Tschicoma dacite lavas. 

Bandelier Tuff (60 to 955 ft bgs) 

The Bandelier Tuff is locally represented in borehole R-26 in the interval from 60 to 955 ft bgs by 
the Tshirege (Qbt) and Otowi (Qbo) Members, including the Guaje Pumice Bed (Qbog) at the 
base of the section. An unusually thick section of the Cerro Toledo interval (Qct) was identified 
between the Tshirege and Otowi Members, from 472 to 865 ft bgs. 

Ash flows ofthe Tshirege Member of the Bandelier Tuff (60 to 472 ft bgs) 

Rhyolitic ash flows of the Tshirege Member have been divided into four separate cooling units in 
the general region ofthe Pajarito Plateau (Broxton and Reneau, 1995). The drilled R-26 section 
from 60 to 472 ft bgs is interpreted to represent, in descending order, Units 4, 31, 3, 2, and Iv. 
Unit Ig, which is normally present at the base of the Tshirege Member, is absent at R-26. The 
tuff section is locally typified by strong welding that is characteristic of ash flows occurring in the 
western part of the plateau. 

Unit 4 was intersected from 60 ft to 120 ft bgs. Core and cuttings samples indicate that Unit 4 is 
comprised of abundant sanidine and quartz phenocrysts, typically making up 20 to 40% of the 
sample by volume, and up to 30% pumice lapilli enclosed in a matrix of reddish fine vitric ash. 
Volcanic lithic fragments (i.e., xenoliths) are locally present in abundances of 1 to 2% by volume. 
Welding is characterized as weak near the top, possibly due to the effects of weathering, but 
increases significantly toward the base of the interval. 

Units 3t and 3 are represented in the R-26 section from 120 ft to 300 ft, and from 300 ft to 365 ft 
bgs, respectively. Cuttings samples from Unit 3t, a unit having chemical properties transitional 
between Qbt 3 and Qbt 4, are represented by chips of strongly welded tuff that are typically made 
up ofquartz, sanidine, and minor ferromagnesian minerals (pyroxene?), as much as 3% small 
intermediate volcanic xenoliths, and a well-indurated matrix oflight to medium gray vitric ash. 
Unit 3 appears to be a strongly welded crystal-rich tuff with characteristics that are visually 
similar to those of Unit 3t. 

Cuttings from Unit 2, intersected in R-26 from 365 ft to 465 ft bgs, are made up of light brownish 
gray, indurated, strongly welded tuff. Crystals (commonly as much as 50% by volume) of 
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sanidine, quartz and ferromagnesian minerals and small (up to 5 mm) felsic and intermediate 
volcanic lithics (up to 5% by volume) are enclosed in an aphanitic matrix ofvitric ash. 

Unit 1 v occurs from 465 to 472 ft bgs. It is defined by a downward decrease in bulk density 
toward the base of the Tshirege Member. The contact between the strongly welded tuffs ofUnit 2 
and the less welded tuffs ofUnit 1 v is gradational. 

Cerro Toledo Interval (472 to 865 ft bgs) 

Volcaniclastic sedimentary and tephra deposits of the Cerro Toledo interval regionally separate 
the Tshirege and Otowi Members ofthe Bandelier Tuff. Geophysical logs suggest that the Cerro 
Toledo interval occurs in borehole R-26 from 472 to 865 ft bgs. This unexpectedly thick interval 
of tuff and volcaniclastic sediments appears to represent a filled paleo-channel incised into the 

'Ii underlying Otowi Member. Cuttings indicate that this volcaniclastic deposit is locally made up of 
silty to clayey sands and gravels. Detrital constituents comprised ofhombiende-biotite dacite, 
rhyolite, andesite, indurated welded tuff, pumice fragments, and local vitrophyre are present in 
varying abundances throughout the interval. 

Ash flows of the Otowi Member of the Bandelier Tuff (865 to 930 ft bgs) 

Ash flows of the Otowi Member of the Bandelier Tuff are recognized in the interval from 865 ft 
to 930 ft bgs. Cuttings show that the Otowi Member is strongly pumiceous and poorly welded. 
Pumice fragments in chip samples are vitric and white or orange brown in color, as a result of 
iron-oxide staining. Volcanic lithic fragments represent xenoliths ofdacite, andesite, rhyolite, 
and vitrophyre. Free quartz and sanidine crystals are generally abundant in the fine-grained 
fraction of the sieved cuttings samples. 

Guaje Pumice Bed of the Otowi Member (930 to 955 ft bgs) 

The Guaje Pumice Bed (Qbog) was encountered in borehole from 930 to 955 ft bgs. Cuttings 
from this interval indicate the unit is nonwelded and generally pumice-rich. Samples from this 
unit are typically made up of pumice, quartz and sanidine crystals, and lithic fragments of 
intermediate volcanic composition. 

Puye Formation (955 to 1490.5 ft bgs) 

Fanglomerates ofthe Puye Formation (Tpf) were intersected in the R-26 interval from 955 ft to 
the borehole TD at 1490.5 ft bgs. The FMI log (Appendix C) indicates that the Puye Formation 
largely consists of cIast- and matrix-supported conglomerate with clasts commonly 0.5 to 1.5 ft in 
diameter. Clasts in these sediments are predominantly made up of detritus, likely derived from 
volcanic rocks ofthe Tschicoma Formation, including porphyritic dacite, rhyodacite, rhyolite, 
andesite, and vitrophyre. Minor occurrences ofwelded tuff and chert are locally present in the 
intervaL 

6.2 Groundwater Occurrence and Characteristics 

Perched groundwater saturation zones above the regional aquifer were predicted to occur in R-26 
within either the Cerro Toledo interval or the Otowi Member of the Bandelier Tuff, between 
700 ft and 900 ft bgs. However, during Phase I coring, a shallow zone of perched saturation was 
first observed at 240 ft bgs, within the Tshirege Member of the Bandelier Tuff and prior to 
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encountering refusal at 250 ft bgs. A video camera survey of the open corehole indicated that 
water was emanating from a depth of 150 ft to 180 ft bgs. Two temporary piezometers were 
installed side by side in the corehole to collect possible perched groundwater data from two target 
intervals: an upper screen from 150 ft to 180 ft bgs (piezometer 2) and a lower screen from 230 ft 
to 250 ft bgs (piezometer 1). On November 25,2003, approximately 1 month after the 
installation of the piezometers, the DTW was measured at 173 ft bgs in piezometer 2; however, 
no water was present in piezometer 1. Groundwater samples have not been collected from the 
temporary piezometers at the time of this report. 

An intermediate perched saturated zone was indicated by a sustained increase in flow from the 
discharge line during Phase II drilling in the Cerro Toledo interval, at approximately 650 ft bgs. 
A groundwater level measurement of 604 ft bgs was observed on September 21, 2003 when depth 
of the borehole was at 720 ft bgs. 

The chemical indicator potassium bromide (KBr) was added to drilling fluids when the borehole 
had been advanced to 200 ft bgs. Monitoring input and output concentrations showed that KBr 
concentrations were at fairly consistent levels from 300 ft to 600 ft bgs. KBr concentrations 
began to decrease significantly at 650 ft bgs, reflecting dilution of the drilling fluids by 
formational water entry into the borehole. Due to the presence of significant quantities of 
groundwater in the borehole, KBr monitoring was suspended when the borehole was advanced to 
1005 ft bgs. 

The processed geophysical logs indicate high water-filled porosity within the porous, glassy 
tuff/pumice and volcaniclastic sediment sections in R-26 from 575 ft to 955 ft bgs. However, the 
processed logs, by themselves, indicate quite strongly that most of this interval is not fully 
saturated with water. A water level between 865 ft and 885 ft bgs made when the bottom screen 
was isolated during hydrologic testing is consistent with these observations. The total porosity in 
the glassy tuffs/pumice and volcaniclastic sediments, estimated from the ELAN integrated log 
analysis, ranges from 40% to over 50% of total rock volume, with a water saturations of generally 
50-80%. 

The estimated moveable water content is generally high across this water-rich glassy tuff/pumice 
and volcaniclastic sediment interval ranging from 5 % to 25% of total rock volume. Although 
much of the 575 ft to 955 ft bgs interval may not be fully saturated with the water, the high total 
and moveable water content suggests that, in general, the water is quite mobile. The water in this 
interval is likely connected to the saturated Puye Formation below. 

There is strong evidence from the processed geophysical logs that the bottom ofWell R-26, 
below the GuaJe Pumice Bed (955 ft bgs) in the Puye Formation, lies within the regional aquifer. 
The estimated pore volume water saturation (fraction of the total pore volume containing water) 
computed from the ELAN analysis is over 85% from 954 ft bgs to the bottom of the log interval 
at 1484 ft bgs. The estimate is even higher when computed directly from bulk density and ELAN 
water-filled porosity for a grain density range of2.45 grams per cubic centimeter (glcc) to 2.65 
glcc, ranging from 90% to a consistent 100%. 

The estimated moveable water generally varies from 7% to 15% of total rock volume across the 
saturated interval. The hydraulic conductivity estimated from the ELAN integrated log analysis 
(from the CMR moveable water measurement) generally ranges from 0.1-1 gal/day/ft2, however, 
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in the intervals from 1100 ft to 1108 ft bgs and 1186 ft to 1200 ft bgs the hydraulic conductivity is 
estimated to be over 3 gal/day/ft2. 

7.0 WELL DESIGN AND CONSTRUCTION 

R-26 was installed as a hydrogeologic characterization and groundwater monitoring well as part 
ofLANL's Groundwater Protection Program and in accordance with the "Hydrogeologic 
Workplan" (LANL 1998, 59599). On October 17, 2003, KA received final construction 
specifications for R-26 following approval of the design by DOE, LANL, and NMED. Well 
installation activities were performed from October 17 to 21, 2003. Sections 7.1 and 7.2, describe 
the main aspects ofwell design and construction, respectively. Section 7.3 discusses the 
completion of two piezometers in the corehole at R-26. 

7.1 Well Design 

Data from geophysical logs, borehole video logs, borehole geologic samples, field water level and 
water quality measurements, and field observations were analyzed to determine the appropriate 
intervals to be screened. Well design was undertaken jointly by DOE, LANL and KA. Approval 
of the well design was received from NMED prior to well construction. Two well screen 
intervals were specified for R-26: (1) an upper screen to monitor groundwater associated with an 
intermediate zone of perched saturation and (2) a lower screen to monitor potential contaminants 
in the uppermost productive zone ofthe regional aquifer. The planned well design assumed a 
typical two-section, rod-based screen length ofapproximately 23 ft. However, a two-section, 
pipe-based screen with a perforated length of 18 ft was used for the upper screened interval. In 
addition, the blank casing length between the two screened intervals is approximately 4 ft shorter 
than the design due to the limitations ofavailable casing joint lengths. The planned design and 
actual constructed screen locations for R-26 are listed in Table 7.1-1. 

Table 7.1-1 

Summary of Well Screen Information for Well R-26 


Screen 
No. 

Planned Depth (a) 

(ft bgs) 
Actual Depth (a) 

(ft bgs) Geologic/Hydrologic Setting 

1 643-666 651. 8-669.9 
Intermediate perched zone in the Cerro Toledo 
interval of the Bandelier Tuff 

2 1422-1445 1421.8-1445 Regional zone of saturation in the Puye Form . 

(a)These intervals represent the perforated area of the screen. 

7.2 Well Construction 

R-26 was constructed of4.46-in inner diameter (ID)/5.0-in-OD, type A304 stainless-steel casing 
fabricated to American Society for Testing and Materials (ASTM) A312 standards. The upper 
screen was constructed of two 1 O-ft joints of wire-wrapped 5.53-in-OD, pipe-based O.OlO-in 
slotted well screens. The lower screen was constructed using 5.27-in-OD, rod-based 0.020-in 
slotted screens. Stainless-steel casing was installed below the lower screen to provide a 34-ft-Iong 
well sump. Figure 7.2-1 is a schematic as-built diagram of the completed R-26 welL 

External couplings, also of type A304 stainless steel fabricated to AS TM A312 standards, were 
used to connect individual casing and screenjoints. Centralizers were installed above and below 
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WellR-26 

each joint ofwell screen. In addition, one centralizer was placed approximately 100 ft above each 
screen interval. Centralizers for R-26 are located at 347 ft, 529 ft, 620 ft, 659 ft, 670 ft, 1,086 ft, 
1,298 ft, 1,420 ft, 1,432 ft, and 1,446 ft bgs (Figure 7.2.1-1). 

The casing and screens were factory cleaned before shipment and delivery to the site. Additional 
decontamination of the stainless-steel components was performed onsite using a high-pressure 
steam cleaner and scrub brushes. Annular fill was placed in casinglborehole annulus through use 
ofa tremie pipe. Well installation occurred on October 17,2003, backfilling was completed on 
October 21,2003. 

7.2.1 Steel Installation 

R-26 well steel installation consisted ofconnecting joints of stainless-steel casing and screen 
sections by means ofexternal threaded couplings. The bottom of the well was set at 1479 ft bgs. 
Figure 7.2.1-1 shows the as-built well configuration and indicates the depths of the various well 
components as measured from ground surface. 

7.2.2 Annular Fill Placement 

Placement of annular fill consisted of using a 2.5-in OD steel tremie pipe to deliver various 
materials to specified backfill intervals. Filter packs across screened intervals consisted of silica 
sand were generally transported using municipal water and placed in the annulus as a fluid slurry. 
Bentonite materials were placed between screened intervals to seal the annular space and isolate 
the water-bearing zones. 

The bottom of the open R-26 borehole was measured at 1,490.5 ft bgs prior to beginning backfill 
activities. Well casing and screens were lowered in the hole and the bottom of the sump 
positioned at 1,479 ft bgs. The lower part of the borehole was backfilled with 10/20 silica sand 
from 1,490.5 ft (TD) to 1,479 ft bgs and bentonite chips were then tremied in the annulus from the 
top of the sand to 1450 ft bgs to create a seal around the well sump. A primary filter pack 
consisting of 10/20 silica sand was placed across the lower screen in the annular interval from 
1,450 ft to 1,411 ft bgs and a secondary filter pack of20/40 silica sand was placed above the 
screen from 1,411 ft to 1,408 ft bgs. A swabbing tool was run through the screened interval to 
settle the primary filter pack before placement of the secondary filter pack. Next, a transition seal 
was placed above the secondary filter pack in the annular space between 1,408 ft and 1,111 ft bgs. 
The transition seal consisted ofa 50:50 mixture of 10/20 sand and bentonite chips. 

To provide casing support, 20/40 silica sand backfill was placed above the transition seal from 
1,111 ft to 1,012 ft bgs and a bentonite seal installed above the backfill sand, from 1,012 ft to 672 
ft bgs. A primary filter pack consisting of 10/20 silica sand was then tremied across the upper 
screen interval from 672 ft to 620 ft bgs, followed by a secondary filter pack of20/40 silica sand 
from 620 ft to 618 ft bgs. A swabbing tool was run through the screened interval to settle the 
primary filter pack before placement of the secondary filter pack. A final bentonite seal was then 
placed above the secondary filter pack from 618 ft to 70 ft bgs. Concrete backfill, consisting of 
2,500 pounds per square inch (psi) concrete with 4 percent bentonite, and was placed from 70 ft 
bgs to the near surface. Approximately 16,000 gal ofwater were used during well completion. 
The quantities of annular fill materials used in the completion ofR-26 are presented in Table 7.2
1. 
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Table 7.2-1 

Annular Fill Materials Used in Well R-26 


i 
FunctionlMaterial Amount Unit(a) Mix 

i Backfill: 10/20 sand 10 Bag -
Seal: Ys~in bentonite chips 15.5 Bag -

Primary filter pack, lower screen: 10/20 15.5 Bag -
sand 

Secondary filter pack, lower screen: i 1 Bag 
•20/40 sand 

i Transition seal: 10/20 sand and bentonite 65 sand/34 Bag/5~gal 50:50 
bentonite bucket 

Backfill: 20/40 sand 56 Bag -
Seal: Ys-in bentonite chips 5.875 Bag 

Primary filter pack, upper screen: 10/20 70 Bag -
sand 

Secondary filter pack, upper screen: 20/40 5 Bag 
sand 

• Seal: Ys~in bentonite chips. 7.75 Supersack -

Surface seal: concrete backfill 2 Cubic Yards 2,500 psi concrete 
with 4% bentonite 

Potable water 15,978 Gallons -
(a) 	 Sand bag 45 lb each, bentonite baglbucket = 50 lb ea, bentonite supersack = 3,000 Ib ea (equivalent to 3 yd3

). 


Sand bag 0.5 ftl each, bentonite bag/bucket = 0.67 ftl, bentonite supersack =41.4 fe 


7.3 Piezometer Construction 

Two piezometers were installed in the open 8:h-in R-26 corehole to monitor two potential zones 
of perched saturated water observed during Phase I drilling. Piezometer construction was 
performed on October 1,2003. Piezometers 1 and 2 were completed using I-in OD, Schedule 40 
flush-jointed polyvinyl chloride (PVC) casing and O.OlO-in slotted screen. PZ-l was screened 
across the interval 230 ft to 250 ft bgs. A filter pack of 10/20 silica sand was tremied across the 
screened interval from 250 ft to 225 ft bgs and a bentonite seal was then placed from 225 ft to 185 
ft bgs. PZ-2 was constructed above the bentonite seal with its screen positioned from 150 ft to 
180 ft bgs and sump from 180 ft to 185 ft bgs. The PZ-2 filter pack of 10/20 silica sand was 
installed from 185 ft to 145 ft bgs and a bentonite seal was placed from 145 ft to 60 ft bgs. The 
annular interval from 60 ft bgs to ground surface was backfilled with bentonite. A total of 14 
bags of 10/20 silica sand and 41.5 bags of bentonite chips were used in constructing the two 
piezometers. Figure 7.3-1 is a schematic as-built diagram of these piezometers. 

8.0 WELL DEVELOPMENT AND HYDROLOGIC TESTING 

Well development activities at R-26 were conducted from October 21,2003 to November 17, 
2003. Well development procedures, described below, included airlifting, well screen swabbing, 
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Well R-26 Completion Report 

surging, bailing, and pumping. A total of 55,294 gal of water were removed during well 
development and testing activities. All produced fluids were stored in lined pits and storage tanks 
until discharge approval was received from NMED. 

Hydrologic testing consisted of two constant rate pumping tests and one falling head test. The 
tests were conducted from February 11 to February 27, 2004. Results from these tests are 
pending and will be submitted under separate cover. 

8.1 Well Development 

Well development at R-26 was performed in three stages. The initial stage consisted of airlifting 
to remove excess drilling fluids and allow formation water to recharge the well. The second stage 
consisted of swabbing and surging the screened intervals to draw fine sediment from the 
constructed filter pack, and bailing to remove solid materials from the welL The final stage 
consisted of lowering a submersible pump into the well and drawing the pump repeatedly across 
the screened intervals. On/off cyclic pumping was performed to remove remaining fines from the 
filter pack and adjacent formation. Screens were isolated from one another with a packer. 
Initially the upper screen was pumped with the packer located below the pump. Once the target 
water quality parameters were reached (L5 nephelometric turbidity units (NTU)), the pump was 
tripped out and the packer placed above the pump. The lower screen and sump were then 
pumped. Pump development was then completed with additional pumping ofthe upper screen. 

The efficiency of well development was monitored by measuring field water-quality parameters 
(pH, temperature, specific conductance, and turbidity). To monitor progress during each 
development stage, samples ofwater were periodically collected and parameter measurements 
were recorded in the field log book and on field forms. The field log book and forms are on file at 
KA's Albuquerque office and copies will be included in the LANL record project file. The 
primary objective of well development was to remove suspended sediment from the water until 
turbidity was less than 5 NTUs for three consecutive samples. Similarly, other measured 
parameters were required to stabilize before terminating development procedures. In addition, 
total organic carbon (TOC) samples were collected and analyzed toward the end of development. 
The target level for TOC was 2 parts per million (ppm). Table 8.1-1 presents the fmal water 
quality parameter data values measured during the well development process. 

Preliminary bailing from the R-26 screened intervals and sump was performed to remove 
bentonite materials, drilling fluids, and formation sands and fmes that had been introduced into 
the well during drilling and installation activities. Bailing activities were conducted by WDC 
using a 5-gal capacity, 3-in diameter by 10-ft long stainless-steel bailer. Bailing activities 
continued until water clarity improved. Bailing was followed by swabbing across each screened 
interval to enhance filter-pack development. A swabbing tool consisting of a 4.25-in diameter, l
in thick rubber disc attached to the drill rod was lowered into the well and drawn repeatedly 
across the screen interval for approximately one hour. Water turbidity was not measured during 
the bailing and swabbing process. 

.te, 
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Table 8.1-1 

Development and Testing orWell R-26 


Method 
Water 

Removed 
(gal) pH 

Temperature 
(0C) 

Specific 
Conductance 

(p.S/cm) (a) 

Turbidity 
(NTU) 

Airlifting 3,872 NM(b) NM NM NM 

Eswabbing 1 7.92 12.7 146 NM 

ping Upper 
Screen 

5,899 NM 16.8 80 4.87 

Pumping Lower 
Screen 

25,210 NM 80 4.~R 

Sump 5,965 NM NM NM NM 
Hydrologic Testing 14,225 NM NM NM NM 
Total 55,294 

(a)Specific conductance is reported in microsiemens per centimeter (I-I.s/cm). 

(b~ = Not measured. 


Following swabbing, pump development procedures were applied to the screened intervals (651.8 
ft to 669.9 ft bgs and 1421.8 ft to 1445 ft bgs) using a 10 horsepower (hp), 4-in Grundfos 
submersible pump. The pump intake was lowered to each screened interval and cycled on at a 
nominal rate of 6.0 gal per minute (gpm). The pump intake was then drawn across the length 
each screened interval. While pumping at R-26, water samples were collected for parameter 
measurements. 

Figure 8.1-1 illustrates the effects ofwell development in the upper screen on measured field 
parameters. Figure 8.1-2 illustrates the effects of well development in the lower screen on 
measured field parameters. R-26 was considered fully developed when the limiting values of 
acceptability were met. The primary acceptance criterion was that turbidity be less than 5 NTUs. 
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8.2 Hydrologic Testing 

Hydrologic testing at R-26 has been completed and the results are pending. A hydrologic test 
report will be submitted under separate cover. 

8.3 Dedicated Sampling System Installation 

A Westbay mUlti-part sampling system will be installed in May 2004. When available, details of 
system installation will be provided. 

8.4 Wellhead Completion 

The surface completion for R-26 involved placing a reinforced (2,SOO psi) concrete pad, 6-ft wide 
by 6-ft long by 6-in thick. The pad was installed on December 19,2004. A brass survey pin was 
installed in the northwest comer of the pad. A 10.7S-in steel casing with locking lid protects the 
well riser. The pad was designed to be slightly elevated, with base course graded Up around the 
pad to allow for drainage. Bollards will be installed during site restoration activities. 

8.5 Geodetic Survey 

The location of the Well R-26 borehole was determined by geodetic survey on February 23, 2004, 
using a Leica TCR303 electronic total station. The location of the piezometers in the corehole 
was determined by geodetic survey on March IS, 2004. Lynn Engineering and Surveying, Inc. 
conducted the surveys. Coordinates and elevations were obtained from LANL Monument #A1601 
using a Static Global Positioning System (GPS). 

This survey located the brass cap monument at Well R-26 in the concrete pad, the top of the 
stainless-steel well casing, and the top of pvc casing for PZ-l and PZ-210cated in the R-26 
corehole. Table 8.S-1 summarizes the results of readings conducted for various components of 
the completed wellhead. The coordinates shown are in New Mexico State Plane Grid 
Coordinates, Central Zone (North American Datum, 1983 [NAD 83]), expressed in feet. 
Elevation is expressed in ft amsl relative to the National Geodetic Vertical Datum of 1929 
(NGVD29). 

Table 8.5-1 

Geodetic Data for Well R-26 


Description 

Brass cap in R-26 pad 

Top of stainless-steel casing 

I Piezometer 1 

Piezometer 2 

Northing Easting 

1764724.0 1610269.2 

1610269.2 

1764660.3 1610202.0 

1764660.4 1610202.2 

Elevation (8) 

7641.60 

7643.33 

(a) Measured in ft amsl relative to the National Geodetic Vertical Datum of 1929. 
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8.6 Site Restoration 

On December 12,2003, a Notice ofIntent (NOJ) to discharge drilling and development water 
from the borehole-cuttings containment area at R-26 was forwarded, via e-mail, to Mr. Curt 
Frishkorn with the NMED. Approval to discharge drilling and development water was received 
via e-mail from the NMED on January 14,2004. A copy of the e-mail received from the NMED 
is presented in Appendix F. 

Fluids produced during drilling and development were sampled in accordance with the NOJ to 
Discharge, Hydrogeologic Workplan Wells and filed with the NMED. Results of the sampling 
data were reviewed by the NMED and LANL and discharge was approved. A copy of the sample 
analysis is included in Appendix F. 

Water from the borehole-cuttings containment area has been land applied in the area of the 
general drill site using a 2,000-gal capacity water truck. Silt fencing and straw bales have been 
left in place to minimize possible sediment impacts from future precipitation. 

Future site restoration activities include: removal of the polyethylene liner and borehole cuttings 
from the borehole-cuttings containment, removing the containment area berms and backfilling 
and grading the containment area. The cuttings will be thin-spread onsite after NMED-approval 
has been obtained. Site re-seeding will be performed in the spring of2004. 

9.0 DEVIATIONS FROM THE R-26 SAP 

Appendix G compares the actual characterization activities that were performed at R-26 with the 
planned activities described in the "Hydrogeologic Workplan" (LANL 1998,59599) and the R-26 
SAP (LANL 2003, 03-4782. The main deviations from planned activities are summarized as 
follows: 

• 	 Planned depth the SAP stated that the approximate depth of the well would be 1414 ft 
bgs. The completed borehole TD was 1490.5 ft bgs to ensure that the top of the regional 
aquifer was penetrated. 

• 	 Number ofcore and cuttings samples collected for contaminant analysis-up to 15 
samples from the unsaturated zone and 2 samples each from saturated zones were planned 
for as specified in the R-26 SAP; 13 were actually collected. Use of drilling fluids 
precluded the collection of cuttings for contaminant characterization within the zones of 
saturation. 

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

• 	 Drilling methods - The borehole was reamed across the lower screen interval to increase 
the diameter of the hole. 
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GROUNDWATER ANALYTICAL RESULTS 

During drilling operations at R-26, alluvial groundwater was not encountered. Perched 
groundwater was encountered in the R-26 corehole at depths of 173 and 241 ft bgs. An upper 
saturated zone was encountered in the R-26 borehole at 604 ft bgs. A screening groundwater 
sample was collected from the open corehole at 240 ft on September 15, 2003. This groundwater 
may have flowed down from the 173-ft zone above. The groundwater sample from the R-26 
corehole was collected using a bailer and analyzed for inorganic constituents and high explosive 
compounds. Analytical results for the corehole sample are provided in Table 1. Two 
piezometers were installed at depths of 150 to 180 ft bgs and 230 to 250 ft bgs for collecting 
additional groundwater samples. To date, no samples have been collected from the piezometers. 
A groundwater sample was not collected from the 604 ft zone during drilling of the borehole, 
however, this zone was sampled during well development between depths of651.8 and 669.9 ft 
bgs (upper screened interval). A groundwater sample was collected from the regional aquifer 
between depths of 1421.8 and 1445 ft bgs (lower screened interval) on November 14,2003. 
These groundwater samples were analyzed for cations, anions, metals, and low-level tritium and 
the results are presented in Tables 2 and 3. 

,""' 
Core samples were collected from the alluvium and Tshirege Member of the Bandelier Tuff. 
Thirteen samples ofcore were collected from the vadose (unsaturated) zone during drilling from 
5 to 250 ft bgs. Approximately 500 g to 1000 g of core or cuttings samples were placed in 
appropriate sample jars in protective plastic bags before they were analyzed by EES-6, Coastal 
Science Laboratories, and Severn-Trent Laboratories (STL), Inc. These samples were analyzed 

., 	 for high explosive compounds, cations, anions, metals, and radionuclides for characterization 
purposes. The results will be reported in the investigation report for the Canon de Valle 
watershed. 

GEOCHEMISTRY OF SAMPLED WATERS FROM WELL R-26 

Groundwater samples were collected after well development from both the upper saturated zone 
within the Cerro Toledo interval (651.8 to 669.9 ft bgs) and the regional aquifer (1421.8 to 1445 
ft bgs) within the upper Puye Formation. Groundwater samples from the upper saturated zone 
and the regional aquifer were collected by using a submersible pump during well development. 
Analytical results for these two samples are provided in Tables 2 and 3. Temperature, turbidity, 
and pH were not determined onsite during sampling of the upper saturated zone and regional 
aquifer. Both filtered (metals, trace elements, and major cations and anions) and non filtered 
(tritium, TOC, radionuclides, and stable isotopes) samples were collected for chemical and 
radiochemical analyses. Aliquots of the samples were filtered through a OA5-llm Gelman filter. 
Groundwater samples were acidified with analytical-grade HN03 to a pH of 2.0 or less for metal 
and major cation analyses at EES-6. Alkalinity was determined at EES-6 using standard titration 
techniques. 

Groundwater samples were analyzed by EES-6 using techniques specified in the US 
Environmental Protection Agency (EPA) SW-846 manual. Ion chromatography (IC) was the 
analytical method for bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate, phosphate, 
and sulfate. The method detection limit (MDL) for perchlorate using IC is 0.002 ppm or mg/L (2 
ppb or 2 Ilg/L). Perchlorate was also analyzed by General Engineering Laboratories (GEL) 
using the LCIMSIMS method. This method is more sensitive than the IC method, having an 
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MDL of 0.00005 mg/L (0.050 flg/L) and a reporting limit (RL) or quantitation limit (QL) of 
0.0002 mg/L (0.2 flglL). Inductively coupled (argon) plasma emission spectroscopy (rCPES) 
was used for calcium. magnesium, potassium, silica, and sodium. Aluminum. antimony. arsenic. 
barium. beryllium. cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, 
selenium, silver, thallium. vanadium, uranium, and zinc were analyzed by inductively coupled 
(argon) plasma mass spectrometry (ICPMS). The precision limits (analytical error) for major 
ions and trace elements were generally less than ± 10% using rCPES and ICPMS. High 
explosive compounds were analyzed by using the liquid chromatography/mass 
spectrometry/mass spectrometry (LCIMSIMS) method. 

Radionuclide activity in groundwater was determined by alpha spectrometry for americium, 
plutonium, and uranium isotopes; gas proportional counting for strontium-90; and gamma 
spectrometry for cesium-137 and other gamma-emitting isotopes. General Engineering 
Laboratories performed the above radiometric analyses. Concentrations of tritium were 
determined by electrolytic enrichment at the University ofMiami. Stable isotopes of oxygen 
(oxygen-18 and oxygen-16, 8180) and hydrogen (hydrogen and deuterium, 8D) were analyzed 
by Geochron Laboratories (Cambridge, Massachusetts) using isotope ratio mass spectrometry 
(IRMS). Stable isotopes of nitrogen (nitrogen-IS and nitrogen-14, 815N) were analyzed by 
Coastal Science Laboratories, Inc. (Austin, Texas) using IRMS. Analytical results for nitrogen 
stable isotopes are pending for R-26. 

Table 1 

Hydrochemistry of Perched Groundwater from Open Corehole R-26 
(filtered samples except as noted) 

Depth (ft) 240 

Geologic Unit Cerro Toledo Interval 

Date Sampled 09/15/03 

pH 7.73 (Lab) 

Temperature (OC) Not reported 

Specific Conductance (JlS/cm) Not reported 

I Turbidity (NTU) Not reported 

Alkalinity (ppm CaC03/L) 83.8 

Al (ppm) 0.035 

I Sb (ppm) 0.001 

As (ppm) 0.0009 

B (ppm) 0.018 

Ba(ppm) 0.007 

'Be (ppm) [0.001], U 

HC03 (ppm) 90.0 

Br (ppm) 0.05 
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Cd (ppm) 

Ca (ppm) 

CI (ppm) 

CI04 (mglL) (LCIMSIMS) 

CI04 (ppm) (IC) 

Cr(ppm) 

Co (ppm) 

Cu (ppm) 

F (ppm) 

Fe (ppm) 

Pb (ppm) 

Mg(ppm) 

Mn(ppm) 

Hg(ppm) 

Mo(ppm) 

Ni(ppm) 

N03 (ppm) (as N) 

N02 (ppm) (as N) 

C204 (ppm) (oxalate) 

(ppm) (as P) 


K(ppm) 


Se (ppm) 


! Ag(ppm) 

Na(ppm) 

Si02 (ppm) 

i Sr (ppm) 0043. 
S04 (ppm) 2.46 

TI (ppm) [0.001], U 

U (ppm) 0.0022 

V (ppm) 0.001 

Zn (ppm) 0.003 

TOe (ppm), non filtered Not analyzed 

I RDX (JlglL), non filtered 0.019 

HMX (JlglL), non filtered 0.0634 

TDS (ppm) (calculated) I 185 

1 

[0.001], U 

9.77 

5.27 

yzed 

Not decipherable 

0.0010 

0.0059 

0.0081 

0.16 I 
I[0.01], U 

0.0003 

2.86 

0.062 

O.OlD 

0.061 

[0.001], U 

0.60 

0.01 

0.05 

0.18 

9.09 

[0.001], U 

[0.001], U 

23.1 

32.7 

I 

! 
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Note: U =not detected. Silica concentrations were calculated from measured silicon (ICPES). Bicarbonate 
concentrations were calculated from measured alkalinity. TOC =total organic carbon. 

Table 2 


Hydrochemistry of the Upper Saturated Zone and Regional Aquifer 

in Completed Well R-26 


(fIltered samples except as noted) 


651.8 to 669.9 i Depth (ft) 

Geologic Unit Cerro Toledo Upper Puye Formation 

1421.8 to 1445 

Interval 

Date Sampled 11116/03 11/14/03 

6.99 (Lab) 7.07 (Lab)pH 

Temperature (OC) Not reported Not reported 

Not reported Not reported Specific Conductance (J.!.S/cm) 

Turbidity (NTU) Not reported Not reported 

Alkalinity (ppm CaC031L) 46.1 46.3 

Al (ppm) 0.85 0.90 

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

As (ppm) 0.0009 0.0008 

B (ppm) 0.008 0.009 

Ba (ppm) 0.010 0.010 

Be (ppm) .001], U [0.001], U 

HC03 (ppm) 56.3 56.5 

Br(ppm) 0.02 0.02 

[0.001], U [0.001], U •Cd (ppm) 

Ca(ppm) 7.53 7.51 

CI (ppm) 1.12 1.13 

CI04 (mgIL) (LC/MS/MS) 0.000215 0.000218 

[0.002], U CI04 (ppm) (IC) [0.002], U 

, Cr(ppm) 0.0013 0.0015 

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

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

F (ppm) 0.08 0.08 

Fe (ppm) 0.14 0.21 

i Pb (ppm) 0.0004 0.0006 

2.93 2.90I Mg (ppm) 
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Mn(ppm) 0.0040 0.0062 

Hg(ppm) [0.00005], U [0.00005], U 

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

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

NO) (ppm) (as N) 0.38 0.37 

NOz (ppm) (as N) [0.01], U [0.01], U 

C20 4(ppm) (oxalate) [0.01], U [0.01], U 

P04 (ppm) (as P) 0.08 0.06 

K(ppm) 2.11 2.11 

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

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

Na(ppm) 9.35 9.27 

Si02 (ppm) 66.8 67.8 

Sr(ppm) 0.042 0.043 

S04 (ppm) 1.09 1.13 

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

U (ppm) 0.0005 0.0005 

V (ppm) 0.007 0.007 

Zn(ppm) 0.041 0.17 

• TDS (ppm) (calculated) 152 154 

Note: U = not detected. Silica concentrations were calculated from measured silicon (lCPES). Bicarbonate 
concentrations were calculated from measured alkalinity. 

"" 

"" 
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Table 3 


Hydrochemistry of the Upper Saturated Zone and Regional Aquifer 

in Completed Well R-26 

(non-filtered samples) 


i Depth (ft) 651.8 to 669.9 1421.8 to 1445.0 
i Geologic Unit Cerro Toledo Interval Upper Puye Formation 
Date Sampled 11/16/03 11/14/03 
Tritium (PCilL) [0.10], U [0.19], U 

i Am-241 (PCilL) [0.0054], U [0.0163], U 
Cs-137 (pCi/L) [-1.51], U [0.383], U 
Pu-238 (pCi/L) [0.0148], U [-0.0050], U 
Pu-239,240 (pCi/L) [0.0049], U [0.0050], U 

i Sr-90 (pCi/L) [0.0276], U [-0.0694], U 
U-234 (pCi/L) 0.371 0.351 

• U-235 (pCi/L) [0.0327], U [0.0312], U 
U-238 (pCi/L) 0.185 0.229 
RDX(mgIL) [0.000104], U [0.000104], U 
HMX(mg/L) [0.000104], U [0.000104], U 
TOC (ppm) 2.01 2.17 
81SN (%0) Results pending Results pending 

8D (%0) -88 -87 

8180 (%0) -12.0 -12.0 

"" 

-

Note: U not detected, %0 =permil, and TOC = total organic carbon. 
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Borehole Videos 

(DVDs included) 
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1.0 SUMMARY 

This report describes the borehole geophysical logging measurements acquired in 
characterization well R-26 by Schlumberger, logged at two separate times - September and 
October 2003 - prior to well completion. The report (l) summarizes the technology, 
measurements, and procedures employed, and (2) presents the processed results from these 
measurements and discusses their interpretation. The logs were acquired in two runs at two 
separate times as the well was drilled in an effort to maximize the amount ofopen hole versus 
cased hole measurements. The September logging suite was acquired from 20 ft. to 990 ft. bgs, 
when the borehole was open (uncased) below 70 ft., drilled with 12.25 in. diameter bit size, and 
contained 13.375 in. outer diameter steel casing above 68 ft. (as measured by the logs). The 
October logging suite was acquired from 655 ft. to 1378 ft. bgs, when the borehole was open 
below 1005 ft., drilled with 8.5 in. diameter bit size, and contained 9.625 in. outer diameter 
freestanding steel casing above 1005 ft. (as measured by the logs). 

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

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

The geophysical log measurements from Well R-26 provide good quality results that are 
consistent with each other through most ofthe borehole. The quality of some measurements was 
degraded across intervals where the borehole contains large washouts andlor rugose hole. The 
measurements most affected by the adverse borehole conditions were ones that have a shallow 
depth of investigation and require close contact to the borehole wall-the bulk density, 
photoelectric effect, and the porosity measurements. The greatest impact on the log processing 
was erroneously high estimated air-filled andlor water-filled porosity in the problem zones. 
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Through the integrated analysis and interpretation of all the logs, the individual shortcomings of 
the specific measurements are reduced. Thus, the integrated log analysis results (e.g. the 
optimized water-filled porosity log) are the most robust single representation of the geophysical 
log results-providing a wealth of valuable high resolution information on the geologic and 
hydrogeologic environment of the R-26 locale. 

Important results from the processed geophysical logs in R-26 include the following: 

1. 	 The Puye Formation fanglomerate at the bottom of the well (955-1490.5 ft bgs) is likely 
fully saturated with water throughout. The porosity across this interval is mostly in the 
range of 20-30% of the total rock volume, although there are a number of zones with 
higher porosity. The most porous zones (in which the logs are not obviously affected by 
hole conditions) appear to be 1075-1108 ft and 1186-1200 ft, with porosity mostly 
ranging 30-40% and a peak of over 50% at 1102 ft. Both these zones have high 
moveable water content (effective porosity) of 15-20% of total rock volume. 

2. 	 The high porosity glassy tuffi'pumice beds and volcaniclastic sediments of the Cerro 
Toledo interval and Otowi Member (472-955 ft bgs) lying above the Puye Formation are 
likely not fully saturated with water through most of the section, although they have very 
high water content (30-50% of total rock volume) from 570-955 ft. The general trend is 
an increase in water content with depth - culminating at 52% of total rock volume at the 
bottom of the Guaje Pumice Bed at 955 ft. The moveable water content is relatively high 
as well (5-25% of total rock volume, except 40% at the bottom of the Guaje Pumice 
Bed). Although much of the glassy tuffi'pumice interval may not be fully saturated with 
water, the high total and moveable water content suggests that, in general, the water is 
quite mobile. Likely, water in this interval is connected (in a broad sense) to the 
saturated Puye Formation below. 

3. 	 Three heterogeneous fanglomerate-type beds within the Cerro Toledo interval are clearly 
delineated by the logs at 505-524 ft, 530-544 ft, and 779-828 ft bgs. These beds have 
significantly lower porosity (mostly 20-30% of total rock volume) than the surrounding 
sediments (mostly 40-50% of total rock volume). The processed logs indicate that some 
zones within these beds may be fully saturated with water - particularly the interval 780
827 ft - but the moveable water content is highly variable and mostly less than 5% of 
total rock volume. 

4. 	 The crystalline tuff beds (60-472 ft bgs) generally have very low porosity (10-20% of 
total rock volume) and water content (5-10%). Some zones within this interval appear to 
be fully saturated with water, but the low moveable water content (5% of total rock 
volume) likely limits the flow of this water. The total porosity above 134 ft appears to be 
much higher (35-45%). 

5. 	 Fractures were identified from the electrical image log (acquired across the interval 390
1390 ft) at 412 ft, 681 ft, 687 ft, 690 ft, 700 ft, 701 ft, 705 ft, 710 ft, 870 ft, 880 ft, 882 ft, 
883 ft, 947.5 ft, 950 ft, 952 ft, sand 1363.5 ft. All are in the volcanic tuff sequence, 
except the deepest one is in the Puye Formation. 

6. 	 Clay-rich beds occur in the following zones: 1023-1026 ft, 1051-1053 ft, 1080-1114 ft, 
1135-1143 ft, 1171-1177 ft, and 1187-1200 ft. 
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2.0 INTRODUCTION 

Geophysical logging services were performed in characterization well R-26 by Schlumberger in 
September and October 2003, prior to initial well completion. The purpose of these services was 
to acquire in situ measurements that help characterize the borehole, near-borehole, and abutting 
geologic formation environment. The primary objective of the geophysical logging was to 
provide in situ evaluation of formation properties (hydrogeology and geology) intersected by the 
well. This information was (and is) used by scientists, engineers, and project managers in the 
Los Alamos Characterization and Monitoring Well Project to design the well completion, better 
understand subsurface site conditions, and assist in overall decision-making. 

The primary geophysical logging services performed by Schlumberger in well R-26 were the 

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

• 	 Compensated Neutron Tool (CNTTM) to measure volumetric water content of the 

formation, which is used to evaluate moist/porous zones; 


• 	 Triple detector Litho-Density (TLDTM) tool to measure formation bulk density and 
photoelectric factor, which are used to estimate total porosity and lithology; 

• 	 Array Induction Tool, (AITTM) to measure formation electrical resistivity at five depths of 
investigation and borehole fluid resistivity, which is used to evaluate drilling fluid 
invasion into the formation (an indicator of relative permeability and water saturation), 
presence ofmoist zones far from the borehole wall, and presence of clay-rich zones; 

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

• 	 General Purpose Inclinometry Tool (GPITTM) to measure borehole deviation and azimuth 
in OH - used to evaluate borehole position versus depth and to orient FMI images; 

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

• 	 Elemental Capture Spectroscopy (ECS™) tool to measure elemental weight percent 
concentrations ofa number ofelements - used to characterize mineralogy and lithology 
of the formation 

In addition, calibrated gross gamma ray (GR) was recorded with every service except the NGS, 
for the purpose ofdepth matching the logging runs to each other. Table 2.1 summarizes the 
geophysical logging runs performed in R-26. 

KA Project No.3 7151 C-4 April12,2004 
Final 



Well R-26 LOl71Dletum 

.., 


Table 2.1 

Geophysical logging senrices, their combined tool runs and intenrals logged, 


as performed by Schlumberger in borehole R-26 


Depth Interval 
Date of Logging Borehole Status Run # Tool 1 Tool 2 Tool 3 (ft) 

• 28-Sept-2003 · Open hole below 68 ft. 1 TLD CNT GR 26-984 ft 
• Bit size of 12.25 in. 
I Steel casing above 68 ft. 
• Casing OD of 13.375 in. 

-
Same i Same 2 NGS AIT • 20-990 ft 

• Same Same 3 CMR ECS GR • 58-988 ft 

I Same Same 4 FMI GPIT GR 389-990 ft 

14-0ct-2003 • Open hole below 1007 ft. 5 TLD I CNT GR 500-1482 ft 
• Bit size of 8.5 in. 

Steel casing above 1007 
ft. Casing OD of 9.625 in. 

: 

Same Same 6 AITH NGS 500-1484 ft 

115-Dct-2003 • Same 7 ECS CMR GR 500-1486 ft 

• Same 8 FMI GPIT GR 1005-1388 ftSame 

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

3.0 METHODOLOGY 

This section describes the methods employed by Schlumberger for performed geophysical 
logging services in Well R-26, including the following stages/tasks: 

• 	 Measurement acquisition at the well site 

• 	 Quality assessment of logs 

• 	 Reprocessing of field data 

3.1 Acquisition procedure 

Once the well drilling project team notified Schlumberger that R-26 was ready for geophysical 
well logging, the Schlumberger district in Farmington, NM, mobilized a wireline logging truck, 
the appropriate wireline logging tools and associated equipment, and crew to the job site. Upon 
arriving at the LANL site, the crew completed site entry paperwork and received a site-specific 
safety briefmg. 

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

• 	 Parking and stabilizing the logging truck in a position relative to the borehole that is best 
for performing the surveys; 
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• 	 Setting up a lower and an upper sheave wheel (the latter attached to, and hanging above, 
the borehole from the drilling rig/mast truck); 

• 	 Threading the wireline cable through the sheaves; and 

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

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

Upon reaching the surface any radioactive sources were removed from the tools and returned to 
their appropriate storage shields, thus eliminating any radiation hazards. Any post-logging 
measurement checks were performed as part of log quality control and assurance. The tool string 
was cleaned as it was pulled out of the hole, separated and disconnected. 

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

Before departure, the logging engineer printed field logs for on site distribution and sent the data 
via satellite to the Schlumberger data archiving center. The Schlumberger data processing center 
was alerted that the data were ready for post-acquisition processing. 

3.2 Log Quality Control and Assessment 

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

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

The base calibration is augmented through regular "master calibrations" for most Schlumberger 
tools - typically performed every one to six months in local Schlumberger shops (such as 
Farmington, NM), depending on tool design. Master calibrations consist of controlled 
measurements using specially designed calibration tanks/jigs and internal calibration devices that 
are built into the tools. The measurements are used to fine-tune the tool's calibration parameters 
and to verify that the measurements are valid. 
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In addition, on every logging job, onsite before and after "calibrations" are executed for most 
Schlumberger tools directly before/after lowering/removing the tool string from the borehole. 
For most tools these represent a measurement verification instead of an actual calibration - used 
to confirm the validity of the measurements directly before acquisition and to ensure that they 
have not drifted or been corrupted during the logging job. 

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

Additional information on specific tool calibration procedures can be found on the Schlumberger 
web page (http://www.hub.slb.comlindex.cfm?id=idl1618). 

3.3 Processing Procedure 

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

Environmental Corrections and Raw Measurement Reprocessing 

If required, the field log measurements were processed to correct for conditions in the well, 
including fluid type (water or air), presence of steel casing, and (to a much lesser extent) 
pressure, temperature, and water salinity. Basically these environmental corrections entail 
subtracting from the measurement response the known influences of the set of prescribed 
borehole conditions. In R-26 the log measurements requiring these corrections are the CNT 
porosity, TLD density, ECS elemental concentrations, and NGS spectral gamma ray logs. 

Two CNT neutron porosity measurements are available - one that measures thermal ("slow") 
neutrons and one that measures epithermal ("fast") neutrons. Measurement of epithermal 
neutrons is required to make neutron porosity measurements in air-filled hole. In water/mud
filled hole both the CNT epithermal and thermal neutron measurements are valid, but the thermal 
neutron porosity has better statistical precision. Both epithermal and thermal neutron porosity 
measurements were made in R-26 since the borehole was partly water-filled (below 435 ft) and 
partly air-filled (above 435 ft) during the September logging (the log interval during the October 
logging was all below the well water level). The thermal neutron porosity measurement was 
reprocessed for borehole conditions, although the results were very similar to the field logs. For 
further processing and analysis (e.g. ELAN analysis), the reprocessed thermal neutron porosity 
log was used. 
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The standard open hole processing algorithm used for the TLD density measurement is 
influenced by the steel density in cased hole. A cased hole density algorithm was applied to the 
raw TLD field measurements obtained in cased hole sections of the combined September and 
October log intervals (comprising 30-68 ft and 981-1007 ft) to try to eliminate the casing 
response. While the algorithm can account for the casing per say, it cannot account for air- or 
water-filled gaps in the annulus between the casing and the formation-that cause erroneously 
low bulk density readings. 

The raw ECS elemental yield measurements include the contribution of iron from steel casing 
and hydrogen from fluid in the borehole. The processing consists of subtracting these unwanted 
contributions from the raw normalized yields, then performing the normal elemental yields-to
weight fraction processing. The contribution to subtract is a constant baseline amount (or zoned 
constant values if there are bit/casing size changes), usually determined by comparing the 
normalized raw yields in zones directly below/above the borehole fluid/casing change. The ECS 
logs from R-26 have two short cased hole sections (30-68 ft and 981-1007 ft), for which casing 
corrections were applied. At the time of the September ECS logging in R-26 the borehole water 
level was 455 ft; no hydrogen correction was required in the air-filled section above 455 ft and 
the difference between the hydrogen yield above and below this depth was used to determine the 
baseline borehole hydrogen correction to apply below. For the October logging the entire ECS 
log interval was below the well water level; in this case the hydrogen baseline subtraction was 
determined by a trial and error comparison of the resulting estimated ECS water content with 
CNT and TLD porosities to check relative agreement. 

The NGS spectral gamma ray logs are affected by the material (fluid, air, casing) in the borehole 
because different types and amounts of these materials have different gamma ray shielding 
properties; the NGS measures incoming gamma rays emitted by radioactive elements in the 
formation surrounding the borehole. The processing algorithms try to correct for the damping 
influence ofthe borehole material. The NGS logs from R-26 were reprocessed to fully account 
for the environmental effects of the borehole fluid (water and air), hole size, and casing (the 
latter above 68 ft). 

The measurements cannot be fully corrected for borehole washouts or rugosity, as well as the 
annulus material (e.g., bentonite grout) between casing and the formation, since the specific 
characteristics of these features (e.g., geometry) are unknown and their effects on the 
measurements often too significant to account for. Thus, the compromising effects of these 
conditions on the measurements should be accounted for in the interpretation of the log results. 

Depth-Matching and Splicing 

Once the logs were environmentally corrected for the conditions in the borehole and the raw 
measurement reprocessing was completed, the logs from different tool runs were depth-matched 
to each other using the AIT -NGS tool run as the base reference. Gamma ray was used as the 
common correlation log measurement for depth-matching the different runs. The second logging 
suite (October 2003) was depth-matched to the first suite (September 2003) by shifting the AIT
NGS tool run logs from the second suite to the AIT-NGS run from the first suite (using gross 
gamma), then depth-matching the logs from the remaining second suite tool runs to the depth
shifted AIT-NGS run (using gross gamma). Once all the logs were on depth with each other, 
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logs from the October logging runs (spanning the bottom 500 ft ofR-26) were spliced to the 
equivalent logs from the September logging runs (spanning the top 1000 ft ofR-26). 

Integrated Log Analysis 

An integrated log analysis, using as many of the processed logs as possible, was performed to 
model the near-wellbore substrate lithologylmineralogy and pore fluids. This analysis was 
performed using the Elemental Log Analysis (ELAN *) program (Mayer and Sibbit, 1980; 
Quieren et al, 1986) - a petrophysical interpretation program designed for depth-by-depth 
quantitative formation evaluation from borehole geophysical logs. ELAN estimates the 
volumetric fractions ofuser-defmed rock matrix and pore constituents at each depth based on the 
known log measurement responses to each individual constituent by itself1. ELAN requires an a 
priori specification of the volume components present within the formation-fluids, minerals, 
and rocks. For each component, the relevant response parameters for each measurement are also 
required. For example, if one assumes that quartz is a volume component within the formation 
and the bulk density tool is used, then the bulk density parameter for this mineral is well known 
to be 2.65 g/cc. 

The logging tool measurements, volume components, and measurement response parameters 
used in the ELAN analysis for R-26 are provided in Table 3.1. The final results of the analysis 
an optimized mineral-fluid volume model- are shown on the integrated log montage (see 
montage on CD, inside back cover), 3rd track from the right (inclusive of the depth track). To 
make best use ofall the measurement data and to perform the analysis across as much of the well 
interval as possible (25-1484 ft.), as many as possible of the processed logs were included in the 
analysis, with less weighting applied to less robust logs. Not all the tool measurements shown in 
Table 3.1 are used for the entire interval analyzed, as not all the measurements are available, or 
of good quality, across certain sections of the borehole. To accommodate fewer tool 
measurements certain model constituents are removed from the analysis in some intervals. Most 
notably, within the cased interval (above 68 ft) many of the minerals had to be removed from the 
model due to the absence of many of the logs. 

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

'Mark of Schlumberger 

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

of equations relating the measured log results to combinations of the tool measurement response to individual constituents 
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Table 3.1 
Tool measurements, volumes, and respective parameters used in the R-26 ELAN analysis . 
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4.0 RESULTS 

Preliminary results from the wireline geophysical logging measurements acquired by 
Schlumberger in R-26 were generated in the logging truck at the time the geophysical services 
were performed and are documented in field logs provided onsite. However, the measurements 
presented in the field results are not fully corrected for undesirable (from a measurement 
standpoint) borehole and geologic conditions and are provided as separate, individual logs. The 
field log results have been processed (1) to correct/improve the measurements, as best as 
possible, for borehole/formation environmental conditions and (2) to depth-match the logs from 
different tool runs in the well and splice the top (September 2003) and bottom (October 2003) 
logging suites. Additiona110gs were generated from integrated analysis ofprocessed measured 
logs, providing valuable estimates ofkey geologic and hydrologic properties. 

The processed log results are presented as continuous curves of the processed measurement 
versus depth and are displayed as (1) one page, compressed summary log displays for selected 
directly related sets of measurements (see Figures 4.1, 4.2, and 4.3) and (2) an integrated log 
montage that contains all the key processed log curves, on depth and side by side (see montage 
on CD, inside back cover). The summary log displays address specific characterization needs, 
such as moisture content, water saturation, and lithologic changes. The purpose of the integrated 
log montage is to present, side by side, all the most salient reprocessed logs and log-derived 
models, depth-matched to each other, so that correlations and relationships between the logs can 
be identified. 

Important results from the processed geophysical logs in R-26 are described below. 

Well Water Level 

The standing water level in R-26 varied significantly during the September 2003 logging 
dropping from 434 ft bgs at time of the first logging run to 444 ft at time of the second logging 
run, to 455 ft at time ofthe third logging run. The borehole water level was not measured during 
the October 2003 logging - the logging interval was completely below the water level. 

Regional Aquifer 

There is strong evidence from the processed logs that the bottom ofR-26, below the Guaje 
Pumice Bed (bottom at 956 ft) in the Puye Formation, lies within the regional aquifer. The 
estimated pore volume water saturation (fraction of the total pore volume containing water) 
computed from the ELAN analysis is very high (mostly over 85%) from 954 ft to the bottom of 
the log interval (1484 ft). The estimate is even higher when computed directly from bulk density 
and ELAN water-filled porosity for a grain density range of2.45 glcc to 2.65 glcc - ranging 
from 90% (2.65 glcc) to a consistent 100% (2.45 glcc). Water-filled and total porosity2 mostly 
ranges 20-30% across the interval, although there are a number ofzones with elevated porosity: 

• 	 968-980 ft: Washed out zone characterized by unrealistically high total porosity (as high 
as 60% of total rock volume), although water-filled porosity is only 25-30%. This would 

2 Water-filled porosity is defined in this report as the fraction of the total rock volume occupied by water. Total porosity is defined as 

fraction of the total rock volume occupied by water plus air, plus any other fluid or gas (non-solid). 
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suggest the zone is unsaturated (estimated water saturation is less than 50%), but this 
condition could very well be an artifact of the huge washout. 

• 	 997-1001 ft: Characterized by very high total porosity (57% of total rock volume) and 
water-filled porosity (46%) -likely a result of a washout behind the casing across this 
interval at the time of logging. 

• 	 1075-1108 ft: Elevated porosity of 30-35%, increasing to 58% below 1100 ft. The hole 
condition and the log quality appear to be good across the interval (the hole does not 
contain any significant washouts). The zone is characterized by an increase in estimated 
clay content (5-20% of total volume), but high effective porosity (15-22%). A possible 
explanation for the very high porosity from 1100-1108 ft is that it is a pumice-rich zone 
within the Puye Formation. 

• 	 1173-1175 ft: Porosity of 50% associated with a sharp washout. 

• 	 1186-1200 ft: Elevated porosity of 30-43%, characterized by an increase in estimated 
clay content (10-30% of total volume), but high effective porosity (15-20%). 

• 	 1422-1452 ft: Elevated porosity of 30-35% possibly associated with a slight change in 
lithology (indicated by a drop in potassium content). There is a thin "tight" streak at 
1490 ft. 

• 	 1452-1483 ft (bottom of log interval): Continuation from above ofelevated total 
porosity (30-35%), but water-filled porosity drops 20-22% below 1475 ft. This suggests 
that the zone from 1475 ft might not be fully saturated, but this may well be an artifact of 
the bottom of the borehole being the start of the logging passes - resulting in not having 
coverage from all the measurements (being below the first reading of some 
measurements). 

Estimated water-filled effective porosity (moveable water) generally varies from 7% to 15% of 
total rock volume across this interval, except higher where noted above. The hydraulic 
conductivity estimated from the ELAN integrated log analysis (largely based on the CMR 
moveable water measurement) generally ranges 0.1-1 galldatlft2, but reaches over 3 gallday/ft2 
in a few zones - most notably 1100-1108 ft and 1186-1200 ft. 

Vadose Zone Perched Water 

The processed logs indicate high water-filled porosity within the porous, volcaniclastic 
sediments and glassy tuff/pumice sections in R-26 from 575-955 ft bgs - ranging from 30% to 
52% of the total rock volume. However, the processed logs, by themselves, indicate quite 
strongly that most of this interval is not fully saturated with water (that is not all of the pore 
space is occupied by water, instead partially fIlled with air). The total porosity in the sediments 
and glassy tuffs/pumice (estimated from the ELAN integrated log analysis) ranges from 40% to 
over 50% of total rock volume - resulting in water saturations of generally 50-80%. The 
computation ofwater saturation directly from bulk density and ELAN water-filled porosity for a 
grain density of2.45 glcc further confirms the conclusion that the glassy tuffs/pumice are not 
fully saturated. The highest estimated water saturation across this interval of water-rich 
sediments and glassy tuff/pumice (575-955 ft) occurs in the following zones: 
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• 	 580-620 ft: Highly variably water saturation reaching 100%, but the zone contains 
abrupt, large washouts -likely causing the elevated water-filled and total porosity values 
as high as 70%. 

• 	 620-640 ft: Water saturation ranges 85-90%, due to a decrease in total porosity to 30
40%, with water-filled porosity averaging 30%. 

• 	 642-662 ft: Water saturation reaches over 90% as a result of increased water-filled 
porosity as high as 42%. due to a decrease in total porosity to 30-40%, with water-filled 
porosity averaging 30%. 

• 	 780-827 ft: Water saturation reaches 100% across this "Puye-like" bed within the Cerro 
Toledo interval- mostly due to a marked decrease in total porosity to 30%. The actual 
water-filled porosity is also lower than the surrounding high porosity glassy tuff. The 
borehole condition across this interval is highly rugose - making the estimation of water 
saturation from the geophysical logs in the water-filled borehole difficult and not very 
reliable. 

• 	 950-955 ft: Water-filled porosity increases significantly to 50% within the Guaje Pumice 
Bed, but the total porosity also jumps to 58%. It is possible water saturation reaches 
100% at the very bottom of the bed, due to pooling ofwater. 

The estimated moveable water content is generally quite high across this water-rich sediments 
and glassy tuf£lpumice interval- ranging 5-25% of total rock volume. Although much of the 
575-955 ft interval may not be fully saturated with the water, the high total and moveable water 
content suggests that, in general, the water is quite mobile. Likely water in this interval is 
connected (in a broad sense) to the saturated Puye Formation below. 

Water-filled porosity drops off significantly above 575 ft (except in a washout at 475-485 ft)
averaging about 15-23% of total rock volume from 465-575 ft, 5-10% from 134-465 ft, and 
10--20% from 25-134 ft. The total porosity drops significantly as well in the crystalline tuff 
interval 125-450 ft, ranging mostly 10--20% of total rock volume. Correspondingly, estimated 
water saturation reaches 100% in a number ofplaces across this low porosity interval- most 
notably 370-440 ft - but the effective porosity is 5% or less. The apparent increase in water
filled porosity at the top of the well (above 134 ft) is coincident with a significant increase in 
total porosity (35-50%) - resulting in a low estimate ofwater saturation. The borehole is 
significantly washed out across this interval, as well, which may be partly responsible for the 
elevated porosity. 

Geology 

The processed geophysical log results clearly delineate the geologic material and formation 
contacts intersected by R-26. The generalized geologic stratigraphy observed from the logs 
across the logged interval is as follows (depth below ground surface): 

• 	 33-68 ft: Clay-rich zone in cased hole - characterized by clay content of 30% oftotal 
volume, but the elevated clay derived from the log measurements could well be due to 
bentonite used to seal the casing 
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• 	 68-134 ft: Porous volcanic tuff - characterized by high total porosity (40% oftotal rock 
volume), high sanidine content and moderate silica mineral/glass content 

• 	 134-465 ft: Low porosity volcanic tuff - characterized by low total porosity (10-20% 
oftotal rock volume), high sanidine and silica mineral/glass content 

• 	 465-505 ft: Porous volcanic tuff and Upper Cerro Toledo interval- characterized by 
high total porosity (40-50% of total rock volume), high sanidine and silica mineral/glass 
content 

• 	 505-524 ft: Heterogeneous bed within Cerro Toledo interval- characterized by 
relatively low total porosity (20-25% of total rock volume), high potassium feldspar, 
plagioclase and silica mineral/glass content 

• 	 524-530 ft: Porous zone characterized by high total porosity (30-50% of total rock 
volume), high sanidine and silica mineral/glass content 

• 	 530-544 ft: Heterogeneous bed within Cerro Toledo interval- characterized by 
relatively low total porosity (20-25% of total rock volume), high potassium feldspar, 
plagioclase and silica mineral/glass content 

• 	 544-779 ft: Porous zone in Cerro Toledo interval- characterized by high total 
porosity (40-50% of total rock volume), high sanidine and silica mineral/glass content 

• 	 779-865 ft: Heterogeneous bed within Cerro Toledo interval- characterized by 
highly variable porosity (20-40% of total rock volume), high potassium feldspar and 
silica mineral/glass content, and lesser plagioclase content 

• 	 865-930 ft: Porous volcanic tuff - characterized by high total porosity (40-50% of total 
rock volume), high sanidine and silica mineral/glass content 

• 	 930-955 ft: Very porous volcanic pumice bed - characterized by very high total 
porosity (58% of total rock volume), high sanidine and silica glass content 

• 	 955-968 ft: Heterogeneous fanglomerate characterized by moderate total porosity 
(20-30% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 968-980 ft: Washout in heterogeneous fanglomerate characterized by unrealistically 
high total porosity (50-60% oftotal rock volume), high potassium feldspar, plagioclase 
and silica mineral/glass content 

• 	 980-1010 ft: Heterogeneous fanglomerate - characterized by relatively high total 
porosity (25-35% of total rock volume), high potassium feldspar and silica mineral/glass 
content, and the presence ofclay (although the latter could be an artifact of the log 
measurement being made through casing in this interval) 

• 	 1023-1026 ft: Thin clay-rich bed - characterized by relatively high total porosity (35% 
oftotal rock volume), an indication of clay (clearly visible on the high resolution FMI 
image), high potassium feldspar, plagioclase and silica mineral/glass content 
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• 	 1026-1050 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1051-1053 ft: Thin clay-rich bed - characterized by relatively high total porosity (35% 
of total rock volume), moderate clay, potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1053-1080 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/ glass content 

• 	 1080-1114 ft: Clay-rich zone - characterized by high total porosity (30-55% of total 
rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass 
content 

• 	 1114-1135 ft: Heterogeneous fanglomerate characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1135-1143 ft: Clay-rich zone - characterized by relatively high total porosity (30-35% 
oftotal rock volume), moderate clay, potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1143-1171 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/ glass content 

• 	 1171-1177 ft: Clay-rich zone - characterized by high total porosity (50% oftotal rock 
volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

• 	 1177-1187 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/ glass content 

• 	 1187-1200 ft: Clay-rich zone characterized by high total porosity (30-45% of total 
rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass 
content 

• 	 1200-1233 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1233-1236 ft: Thin clay-rich bed - characterized by moderate total porosity (30% of 
total rock volume), moderate clay, potassium feldspar, plagioclase and silica 
mineral/glass content 

• 	 1236-1417 ft: Heterogeneous fanglomerate - characterized by relatively low total 
porosity (20-25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 
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• 	 1417-1423 ft: Clay-rich zone - characterized by moderate total porosity (30% oftotal 
rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass 
content 

• 	 1423-1483 ft (bottom of log interval): Heterogeneous, high porosity fanglomerate
characterized by relatively high total porosity (30-38% oftotal rock volume), high 
plagioclase and silica mineral/glass content 

4.1 Summary Logs 

Three summary log displays have been generated for R-26 to highlight the key hydrogeologic 
and geologic information provided by the processed geophysical log results: 

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

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

• 	 Spectral natural gamma ray and lithology summary showing a high vertical resolution, 
continuous volumetric analysis of formation mineral and pore fluid composition (based 
on an integrated analysis ofthe logs) and key lithologic/stratigraphic correlation logs 
from the spectral gamma ray measurement (concentrations ofgamma-emitting elements) 
- to highlight the geologic lithology, stratigraphy and correlation information obtained 
from the log results (Figure 4.3) 
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Figure 4.1. 	 Summary porosity logs in R-26 borehole from processed geophysical logs, interval 
25-1484 ft, with caliper, gross gamma, apparent chlorlnity, water saturation, and 
water hydraulic conductivity logs. Porosity, water saturation, and hydraulic 
conductivity logs are derived from the ELAN integrated log analysis. 
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Figure 4.2. 	 Summary bulk density and volume clay logs in R-26 borehole from processed 
geophysical logs, interval 25-1486 ft. Also shown - caliper, gross gamma, apparent 
grain density, and total porosity logs (the latter two derived from the ELAN analysis). 
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Figure 4.3. 	 Summary spectral natural gamma ray logs and ELAN mineralogy/lithology and pore 

fluid model from R-26 borehole, interval 25-1484 ft. Caliper log is also shown. 


4.2 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for R-26. The montage is 
provided in Appendix D. A description of each log curve in the montage follows-organized 
under the heading ofeach track, starting from track 1 on the left-hand side of the montage. Note 
that the descriptions in this section focus on what the curves are and how they are displayed; the 
specific characteristics and interpretations ofthe R-26 geophysical logs are provided in the 
previous section. 

Track I-Depth 

The first track on the left contains the depth below ground surface in units of feet, as measured 
by the geophysical logging system during the AIT logging run of September 2003 and the AIT 
logging run of October 2003 (the latter run depth-matched to former). All the geophysical logs 
are depth-matched to the spectral gross gamma measurement run with the AlT. 

Track 2-Basic Logs 

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

• 	 gamma ray (thick black), recorded in API units and displayed on a scale of 0 to 250 API 
units; 

• 	 two calipers from the FMI (thin dotted and dashed pink) and one from the TLD (thin 
solid pink) with bit size as a reference (dashed-dotted black) to show washout (pink 
shading), recorded as hole diameter in inches and displayed on a scale of 11 to 21 in.; 

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

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

• 	 borehole deviation displayed as a tadpole every ten feet (light blue dots and connected 
line segments) - the "head" marks the angular deviation from vertical at that particular 
depth, on a scale of zero to 5 degrees, and the "tail" shows the azimuth of the deviation, 
true north represented by the tail facing straight towards the top of the page. 

Two gamma ray curves from the NGS are presented: 

• 	 total gross gamma (thick solid black curve) and 

• 	 gross gamma minus the contribution ofuranium (dashed black). 

Track 3-Resistivity 

The third track displays the resistivity measurements from the AIT, spanning most of the open 
hole section. All the resistivity logs are recorded in units of ohmmeters and displayed on a 
logarithmic scale of2 to 2000 ohm-m. 
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Six electrical resistivity logs from the AIT are displayed: 

• 	 Borehole fluid resistivity (solid orange curve)-only valid in water-filled hole 

• 	 Bulk electrical resistivity at five median depths of investigation-l 0 in. (black solid), 20 
in. (long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 90 in. 
(solid purple)-each having a two-foot vertical resolution. 

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

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

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

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

Track 4-Porosity 

The fourth track displays the primary porosity log results. All the porosity logs are recorded in 
units ofvolumetric fraction and displayed on a linear scale of0.75 (left side) to negative 0.1 
(right side). Specifically, these logs consist of 

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

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

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

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

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

• 	 Total porosity derived from bulk density and neutron porosity using 2.65 glcc (dotted red 
curve), 2.45 glcc (long-dashed red curve), and 2.25 glcc (dashed red curve)-with red 
shading between the 2.25 and 2.65 glcc saturation curves to show the range; and 

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

Track 5-Density 

The fifth track displays the: 

• 	 bulk density (thick solid maroon curve) on a scale of 1 to 3 grams per cubic centimeter 
(glcc); 
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• 	 Pe (long-dashed black curve) on a scale of 0 to lOnon-dimensional units; 

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

• 	 apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on 
a scale of2 to 4 glcc. 

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

Track 6-NGS Spectral Gamma 

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

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

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

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

Track 7-CMR Porosity 

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

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

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

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

• 	 Clay-bound water (brown area shading between total and 3 ms porosity logs)

representing the water volume fraction that is bound within clays; 


• 	 Capillary-bound water (pink area shading between 3 ms and effective porosity logs)
representing the water volume fraction that is bound within matrix pores by capillary 
forces; 
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• 	 CMR wait-time flag (red area shading)-activates when there is significant measurement 
response at late T2 times, corresponding to large amounts ofcompletely free ("bathtub") 
water and often associated with washouts or very large pores; 

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

Track 8 -Pore Size Distribution 

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

• 	 Clay-bound water-brown area shading; 

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

• 	 Medium pore, large pore, and late decay (the sum comprising effective water-filled 
porosity)-yeUow, red, and green area shading, respectively. 

Track 9-CMR T2 Distribution (Waveforms) 

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

• 	 T210garithmic mean (solid blue curve) and 

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

Track 10-CMR T2 Distribution (Heated Amplitude) 

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

Track ll-CMR Hydraulic Conductivity 

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

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

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

Track 12- FMI Image (Dynamic Normalization) 

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

Also displayed are the interpreted bed boundaries (thin blue sinusoids) and electrically 
conductive fractures (bold purple sinusoids). 

Track 13- FMI Bedding and Fractures 

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

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

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

Track 14- FMI Image (Static Normalization) 

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

Track 15- Fracture Aperture and High Resolution Porosity 

Track 15 displays the estimated hydraulic aperture of any interpreted electrically conductive 
fractures (red circles on logarithmic scale of0.0001 to 1 inch) - computed using an FMI image 
scaled to the AIT shallow resistivity. Also displayed is the high resolution thermal neutron 
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porosity log (solid blue) and the high resolution density porosity (solid red), the latter computed 
assuming a matrix grain density of2.65 glee and pore fluid density of 1.0 glee. Both these logs 
have an 8 in depth resolution. Where the density porosity is greater than the neutron porosity the 
area between the two logs is shaded red. The red shading is an indication of air in the pore space 
(less than 100% water saturation). 

Tracks 16 to 20- Geochemical Elemental Measurements 

The narrow tracks 16 to 20 present the geochemical measurements iron (Fe) and silicon (Si), 
sulfur (S) and calcium (Ca), potassium (K) and estimated aluminum (AI), titanium (Ti) and 
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (CI) -from left to right respectively, in 
units ofdry matrix weight fraction (except H wet weight fraction, CI and K in ppk). 

Track 21-ELAN Mineralogy Model Results (Dry Weight Fraction) 

Track 21 displays the results from the ELAN integrated log analysis (the matrix portion}
presented as dry weight fraction ofmineral types chosen in the model: 

• Montmorillonite clay (brown/tan) 

• Quartz (yellow with small black dots) 

• Silica glass (orange) 

• Orthoclase or other potassium feldspar (lavender) 

• Sanidine (violet) 

• Labradorite or other plagioclase feldspar (Pink) 

• Hypersthene (purple) 

• Hornblende (forest green) 

• Augite (maroon) 

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

• Pyrite (cross-hatched red). 

Track 22-ELAN Mineralogy-Pore Space Model Results (Wet Volume Fraction) 

Track 22 displays the results from the ELAN integrated log analysis-presented as wet mineral 
and pore fluid volume fractions: 

• Montmorillonite clay (brown/tan) 

• Clay-bound water (checkered gray-black) 

• Quartz (yellow with small black dots) 

• Silica glass (yellow with large black dots) 

• Orthoclase or other potassium feldspar (lavender) 

• Sanidine (violet) 
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• 	 Labradorite or other plagioclase feldspar (pink) 

• 	 Pyrite (tan with large black squares). 

• 	 Hypersthene (purple) 

• 	 Hornblende (forest green) 

• 	 Augite (maroon) 

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

• 	 Air (red) 

• 	 Moveable water (white) 

• 	 Capillary-bound water (light blue). 

Track 23-Summary Logs 

Track 23, the second track from the right, displays several summary logs that describe the fluid 
and air-filled volume measured by the geophysical tools, including water saturation: 

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

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

• 	 Optimized estimate of total volume fraction of air-filled porosity from the ELAN analysis 
(solid red curve and dotted red area shading); 

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

• 	 Water saturation as calculated directly from the bulk density and geochemical estimated 
porosity using a grain density of2.65 glee (dotted light blue curve), 2.45 glee (long
dashed light blue curve), and 2.25 glee (dashed light blue curve}-with light blue shading 
between the 2.25 and 2.65 glee saturation curves to show the range; 

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

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

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

lii:f-, 
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Track 24-Depth 

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

This report describes the borehole geophysical logging measurements acquired in characterization well 
R-26 by Schlumberger, logged at two separate times – September and October 2003 – prior to well 
completion.  The report (1) summarizes the technology, measurements, and procedures employed, and 
(2) presents the processed results from these measurements and discusses their interpretation.  The logs 
were acquired in two runs at two separate times as the well was drilled in an effort to maximize the 
amount of open hole versus cased hole measurements.  The September logging suite was acquired from 
20 ft. to 990 ft. below ground surface, when the borehole was open (uncased) below 68 ft., drilled with 
12.25 in. diameter bit size, and contained 13.375 in. outer diameter steel casing above 68 ft. (as 
measured by the logs).  The October logging suite was acquired from 500 ft. to 1486 ft. below ground 
surface, when the borehole was open below 1007 ft., drilled with 8.5 in. diameter bit size, and contained 
9.625 in. outer diameter freestanding steel casing above 1007 ft. (as measured by the logs). 

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

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

The geophysical log measurements from Well R-26 provide good quality results that are consistent with 
each other through most of the borehole.  The quality of some measurements was degraded across 
intervals where the borehole contains large washouts and/or rugose hole.  The measurements most 
affected by the adverse borehole conditions were ones that have a shallow depth of investigation and 
require close contact to the borehole wall—the bulk density, photoelectric effect, and the porosity 
measurements.  The greatest impact on the log processing was erroneously high estimated air-filled 
and/or water-filled porosity in the problem zones.  Through the integrated analysis and interpretation of all 
the logs, the individual shortcomings of the specific measurements are reduced.  Thus, the integrated log 
analysis results (e.g. the optimized water-filled porosity log) are the most robust single representation of 
the geophysical log results—providing a wealth of valuable high resolution information on the geologic 
and hydrogeologic environment of the R-26 locale.   
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Important results from the processed geophysical logs in R-26 include the following: 

1. The Puye Formation fanglomerate at the bottom of the well (955–1484 ft below ground surface) 
is likely fully saturated with water throughout.  The porosity across this interval is mostly in the 
range of 20–30% of the total rock volume, although there are a number of zones with higher 
porosity.  The most porous zones (in which the logs are not obviously affected by hole conditions) 
appear to be 1075–1108 ft and 1186–1200 ft, with porosity mostly ranging 30–40% and a peak of 
over 50% at 1102 ft.  Both these zones have high moveable water content (effective porosity) of 
15–20% of total rock volume. 

2. The high porosity glassy tuff/pumice beds (465–955 ft below ground surface) lying above the 
Puye Formation are likely not fully saturated with water through most of the section, although they 
have very high water content (30–50% of total rock volume) from 570–955 ft.  The general trend 
is an increase in water content with depth – culminating at 52% of total rock volume at the bottom 
of the Guaje Pumice Bed at 955 ft.  The moveable water content is relatively high as well (5–25% 
of total rock volume, except 40% at the bottom of the Guaje Pumice Bed).  Although much of the 
glassy tuff/pumice interval may not be fully saturated with water, the high total and moveable 
water content suggests that, in general, the water is quite mobile.  Likely, water in this interval is 
connected (in a broad sense) to the saturated Puye Formation below. 

3. Three heterogeneous fanglomerate-type “interbeds” within the glassy tuff/pumice interval are 
clearly delineated by the logs at 505–524 ft, 530–544 ft, and 779–828 ft below ground surface.  
These beds have significantly lower porosity (mostly 20–30% of total rock volume) than the 
surrounding tuff (mostly 40–50% of total rock volume).  The processed logs indicate that some 
zones within these interbeds may be fully saturated with water – particularly the interval 780–827 
ft – but the moveable water content is highly variable and mostly less than 5% of total rock 
volume. 

4. The crystalline tuff beds (60–465 ft below ground surface) generally have very low porosity (10–
20% of total rock volume) and water content (5–10%).  Some zones within this interval appear to 
be fully saturated with water, but the low moveable water content (5% of total rock volume) likely 
limits the flow of this water.  The total porosity above 134 ft appears to be much higher (35–45%). 

5. Fractures were identified from the electrical image log (acquired across the interval 390–1390 ft) 
at 412 ft, 681 ft, 687 ft, 690 ft, 700 ft, 701 ft, 705 ft, 710 ft, 870 ft, 880 ft, 882 ft, 883 ft, 947.5 ft, 
950 ft, 952 ft, sand 1363.5 ft.  All are in the volcanic tuff sequence, except the deepest one is in 
the Puye Formation. 

6. Clay-rich beds occur in the following zones: 1023–1026 ft, 1051–1053 ft, 1080–1114 ft, 1135–
1143 ft, 1171–1177 ft, and 1187–1200 ft. 
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2.0 INTRODUCTION 

Geophysical logging services were performed in characterization well R-26 by Schlumberger in 
September and October 2003, prior to initial well completion.  The purpose of these services was to 
acquire in situ measurements that help characterize the borehole, near-borehole, and abutting geologic 
formation environment.  The primary objective of the geophysical logging was to provide in situ evaluation 
of formation properties (hydrogeology and geology) intersected by the well.  This information was (and is) 
used by scientists, engineers, and project managers in the Los Alamos Characterization and Monitoring 
Well Project to design the well completion, better understand subsurface site conditions, and assist in 
overall decision-making. 

The primary geophysical logging services performed by Schlumberger in well R-26 were the 

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

 Compensated Neutron Tool (CNT) to measure volumetric water content of the formation, which 
is used to evaluate moist/porous zones; 

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

 Array Induction Tool, (AIT*) to measure formation electrical resistivity at five depths of 
investigation and borehole fluid resistivity, which is used to evaluate drilling fluid invasion into the 
formation (an indicator of relative permeability and water saturation), presence of moist zones far 
from the borehole wall, and presence of clay-rich zones; 

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

 General Purpose Inclinometry Tool (GPIT*) to measure borehole deviation and azimuth in OH – 
used to evaluate borehole position versus depth and to orient FMI images; 

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

 Elemental Capture Spectroscopy (ECS*) tool to measure elemental weight percent 
concentrations of a number of elements – used to characterize mineralogy and lithology of the 
formation 
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In addition, calibrated gross gamma ray (GR) was recorded with every service except the NGS, for the 
purpose of depth matching the logging runs to each other.  Table 2.1 summarizes the geophysical 
logging runs performed in R-26. 

 

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

as performed by Schlumberger in borehole R-26 

Date of Logging Borehole Status Run # Tool 1 Tool 2 Tool 3 
Depth Interval  

(ft) 

28-Sept-2003 Open hole below 68 ft.  
Bit size of 12.25 in. 

Steel casing above 68 ft. 
Casing OD of 13.375 in.  

1 TLD CNT GR 26–984 ft 

Same Same 2 NGS AIT  20–990 ft 

Same Same 3 CMR ECS GR 58–988 ft 

Same Same 4 FMI GPIT GR 389–990 ft 

14-Oct-2003 Open hole below 1007 ft.  
Bit size of 8.5 in. 

Steel casing above 1007 ft. 
Casing OD of 9.625 in. 

5 TLD CNT GR 500–1482 ft 

Same Same 6 AITH NGS  500–1484 ft 

15-Oct-2003 Same 7 ECS CMR GR 500–1486 ft 

Same Same 8 FMI GPIT GR 1005–1388 ft 

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

3.0 METHODOLOGY 

This section describes the methods employed by Schlumberger for performed geophysical logging 
services in Well R-26, including the following stages/tasks: 

 Measurement acquisition at the well site 
 Quality assessment of logs 
 Reprocessing of field data 

3.1 Acquisition procedure 

Once the well drilling project team notified Schlumberger that R-26 was ready for geophysical well 
logging, the Schlumberger district in Farmington, NM, mobilized a wireline logging truck, the appropriate 
wireline logging tools and associated equipment, and crew to the job site.  Upon arriving at the LANL site, 
the crew completed site entry paperwork and received a site-specific safety briefing. 

After arriving at the well site, the crew proceeded to rig up the wireline logging system, including: 
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1. Parking and stabilizing the logging truck in a position relative to the borehole that is best for 
performing the surveys;  

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

3. Threading the wireline cable through the sheaves; and  

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

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

Upon reaching the surface any radioactive sources were removed from the tools and returned to their 
appropriate storage shields, thus eliminating any radiation hazards. Any post-logging measurement 
checks were performed as part of log quality control and assurance. The tool string was cleaned as it was 
pulled out of the hole, separated and disconnected.    

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

Before departure, the logging engineer printed field logs for on site distribution and sent the data via 
satellite to the Schlumberger data archiving center.  The Schlumberger data processing center was 
alerted that the data were ready for post-acquisition processing. 

3.2 Log Quality Control and Assessment 

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

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

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

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

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

Additional information on specific tool calibration procedures can be found on the Schlumberger web 
page (http://www.hub.slb.com/index.cfm?id=id11618). 

 

3.3 Processing Procedure 

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

Environmental Corrections and Raw Measurement Reprocessing 

If required, the field log measurements were processed to correct for conditions in the well, including fluid 
type (water or air), presence of steel casing, and (to a much lesser extent) pressure, temperature, and 
water salinity.  Basically these environmental corrections entail subtracting from the measurement 
response the known influences of the set of prescribed borehole conditions.  In R-26 the log 
measurements requiring these corrections are the CNT porosity, TLD density, ECS elemental 
concentrations, and NGS spectral gamma ray logs.  

Two CNT neutron porosity measurements are available – one that measures thermal (“slow”) neutrons 
and one that measures epithermal (“fast”) neutrons.  Measurement of epithermal neutrons is required to 
make neutron porosity measurements in air-filled hole.  In water/mud-filled hole both the CNT epithermal 
and thermal neutron measurements are valid, but the thermal neutron porosity has better statistical 
precision.  Both epithermal and thermal neutron porosity measurements were made in R-26 since the 
borehole was partly water-filled (below 435 ft) and partly air-filled (above 435 ft) during the September 
logging (the log interval during the October logging was all below the well water level).  The thermal 
neutron porosity measurement was reprocessed for borehole conditions, although the results were very 
similar to the field logs.  For further processing and analysis (e.g. ELAN analysis), the reprocessed 
thermal neutron porosity log was used.  

The standard open hole processing algorithm used for the TLD density measurement is influenced by the 
steel density in cased hole.  A cased hole density algorithm was applied to the raw TLD field 
measurements obtained in cased hole sections of the combined September and October log intervals 
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(comprising 30–68 ft and 981–1007 ft) to try to eliminate the casing response.  While the algorithm can 
account for the casing per say, it cannot account for air- or water-filled gaps in the annulus between the 
casing and the formation—that cause erroneously low bulk density readings.  

The raw ECS elemental yield measurements include the contribution of iron from steel casing and 
hydrogen from fluid in the borehole.  The processing consists of subtracting these unwanted contributions 
from the raw normalized yields, then performing the normal elemental yields-to-weight fraction 
processing.  The contribution to subtract is a constant baseline amount (or zoned constant values if there 
are bit/casing size changes), usually determined by comparing the normalized raw yields in zones directly 
below/above the borehole fluid/casing change.  The ECS logs from R-26 have two short cased hole 
sections (30–68 ft and 981–1007 ft), for which casing corrections were applied.  At the time of the 
September ECS logging in R-26 the borehole water level was 455 ft; no hydrogen correction was 
required in the air-filled section above 455 ft and the difference between the hydrogen yield above and 
below this depth was used to determine the baseline borehole hydrogen correction to apply below. For 
the October logging the entire ECS log interval was below the well water level; in this case the hydrogen 
baseline subtraction was determined by a trial and error comparison of the resulting estimated ECS water 
content with CNT and TLD porosities to check relative agreement.  

The NGS spectral gamma ray are affected by the material (fluid, air, casing) in the borehole because 
different types and amounts of these materials have different gamma ray shielding properties; the NGS 
measures incoming gamma rays emitted by radioactive elements in the formation surrounding the 
borehole.  The processing algorithms try to correct for the damping influence of the borehole material.  
The NGS logs from R-26 were reprocessed to fully account for the environmental effects of the borehole 
fluid (water and air), hole size, and casing (the latter above 68 ft). 

The measurements cannot be fully corrected for borehole washouts or rugosity, as well as the annulus 
material (e.g., bentonite grout) between casing and the formation, since the specific characteristics of 
these features (e.g., geometry) are unknown and their effects on the measurements often too significant 
to account for.  Thus, the compromising effects of these conditions on the measurements should be 
accounted for in the interpretation of the log results. 

Depth-Matching and Splicing 

Once the logs were environmentally corrected for the conditions in the borehole and the raw 
measurement reprocessing was completed, the logs from different tool runs were depth-matched to each 
other using the AIT-NGS tool run as the base reference.  Gamma ray was used as the common 
correlation log measurement for depth-matching the different runs.  The second logging suite (October 
2003) was depth-matched to the first suite (September 2003) by shifting the AIT-NGS tool run logs from 
the second suite to the AIT-NGS run from the first suite (using gross gamma), then depth-matching the 
logs from the remaining second suite tool runs to the depth-shifted AIT-NGS run (using gross gamma).  
Once all the logs were on depth with each other, logs from the October logging runs (spanning the bottom 
500 ft of R-26) were spliced to the equivalent logs from the September logging runs (spanning the top 
1000 ft of R-26). 

Integrated Log Analysis 

An integrated log analysis, using as many of the processed logs as possible, was performed to model the 
near-wellbore substrate lithology/mineralogy and pore fluids.  This analysis was performed using the 
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Elemental Log Analysis (ELAN) program (Mayer and Sibbit, 1980; Quieren et al, 1986) – a petrophysical 
interpretation program designed for depth-by-depth quantitative formation evaluation from borehole 
geophysical logs.  ELAN estimates the volumetric fractions of user-defined rock matrix and pore 
constituents at each depth based on the known log measurement responses to each individual 
constituent by itself1.  ELAN requires an a priori specification of the volume components present within 
the formation—fluids, minerals, and rocks.  For each component, the relevant response parameters for 
each measurement are also required.  For example, if one assumes that quartz is a volume component 
within the formation and the bulk density tool is used, then the bulk density parameter for this mineral is 
well known to be 2.65 g/cc.   

The logging tool measurements, volume components, and measurement response parameters used in 
the ELAN analysis for R-26 are provided in Table 3.1.  The final results of the analysis – an optimized 
mineral-fluid volume model – are shown on the integrated log montage (see Appendix **), 3rd track from 
the right (inclusive of the depth track).  To make best use of all the measurement data and to perform the 
analysis across as much of the well interval as possible (25–1484 ft.), as many as possible of the 
processed logs were included in the analysis, with less weighting applied to less robust logs.  Not all the 
tool measurements shown in Table 3.1 are used for the entire interval analyzed, as not all the 
measurements are available, or of good quality, across certain sections of the borehole.  To 
accommodate fewer tool measurements certain model constituents are removed from the analysis in 
some intervals.  Most notably, within the cased interval (above 68 ft) many of the minerals had to be 
removed from the model due to the absence of many of the logs. 

The ELAN analysis was performed with as few constraints or prior assumptions as possible.  A 
considerable effort was made to choose a set of minerals or mineral types for the model that is 
representative of Los Alamos area geology and it’s volcanic origins.  No prior assumption is made about 
water saturation—where the boundary between saturated and unsaturated zones lies (e.g. the depth to 
the top of the regional aquifer or perched zones).  Thus, the presence and amount of air in the pore 
space is unconstrained.  Total porosity and water-filled porosity are also left unconstrained throughout the 
analysis interval.  Thus, interpretations should be made from the ELAN results with the understanding 
that the mineral-fluid model represents a mathematically optimized solution that is not necessarily a 
physically accurate representation of the native geologic formation.  Within this context, the ELAN model 
is a robust estimate of the bulk mineral-fluid composition that accounts for the combined response from 
all the geophysical measurements.  
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Table 3.1 
Tool measurements, volumes, and respective parameters used in the R-26 ELAN analysis . 
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Bulk density 
(g/cc) 

–0.14 1.00 1.00 3.11 3.55 2.65 2.33 4.0 3.08 2.1 4.99 2.58  

2.56   

 2.64 

Epithermal 
neutron porosity 
(ft3/ ft3) 

-0.02 1.00 1.00 0.05 0.01 -0.01 0.0 0.02 -0.01 0.6 0.17 -0.01 0.0 -0.047 

Thermal neutron 
porosity  
(ft3/ ft3) 

–0.05 1.00 1.00 0.06 0.04 -0.01 0.0 0.07 0.02 0.65 0.01 -0.01 0.0 -0.073 

Volumetric 
photoelectric 
effect 

0 0 0.40 12 20.2 7 4.2 65 23.8 4.4 82.1 7.3    

7.0 

14.1 4.8 

Total CMR 
water-filled 
porosity 
(ft3/ ft3) 

0 1.0 1.0 0 0 0 0 0 0 0.425 0 0 0 0 

CMR bound fluid 
volume 
(ft3/ ft3) 

0 1.0 0 0 0 0 0 0 0 0.425 0 0 0 0 

Resistivity  
(ohm-m) 

Very 

high 

10 10 Very 

high 

Very 

high 

Very 

high 

Very 

high 

Very 

high 

Very 

high 

1.06 Very 

high 

Very 

high 

Very 

high 

Very 

high 

Dry weight 
silicon  
(lbf / lbf) 

0.0 0.0 0.0 0.21 0.24 0.24 0.47 0.18 0.23 0.26 0 0.3    

0.38 

0 0.47 

Dry weight 
calcium  
(lbf / lbf) 

0.0 0.0 0.0 0.09 0.0 0.09 0.0 0.0 0.10 0.01 0.0 0.0 0.405 0.0 

Dry weight iron  
(lbf / lbf) 

0.0 0.0 0.0 0.08 0.20 0.02 0.0 0.22 0.11 0.04 0.47 0.02 0.0 0.0 

Dry weight sulfur  
(lbf / lbf) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.53 0.0 0.0 0.0 

Dry weight 
titanium  
(lbf / lbf) 

0.0 0.0 0.0 0.005 0.01 0.0 0.0 0.0 0.048 0.0 0.0 0.0 0.0 0.0 

Dry weight 
aluminum  
(lbf / lbf) 

0.0 0.0 0.0 0.07 0.0 0.16 0.0 0.0 0.02 0.11 0.0 0.10 0.0 0.0 

Wet weight 
potassium  
(lbf / lbf) 

0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.003 0.005 0.0 0.102 0.0 0.0 

Weight water  
(lbf / lbf) 

0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.18 0.0 0.0 0.0 0.0 

Wet weight 
thorium 
(ppm) 

0.0 0.0 0.0 50 25 3 2 4 20 24 0 5.5 0.0 2 

Clay bound 
water volume 
(ft3/ ft3) 

0 0 0 0 0 0 0 0 0 0.425 0 0  0 
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4.0 RESULTS 

Preliminary results from the wireline geophysical logging measurements acquired by Schlumberger in R-
26 were generated in the logging truck at the time the geophysical services were performed and are 
documented in field logs provided on-site.  However, the measurements presented in the field results are 
not fully corrected for undesirable (from a measurement standpoint) borehole and geologic conditions 
and are provided as separate, individual logs.  The field log results have been processed (1) to 
correct/improve the measurements, as best as possible, for borehole/formation environmental conditions 
and (2) to depth-match the logs from different tool runs in the well and splice the top (September 2003) 
and bottom (October 2003) logging suites.  Additional logs were generated from integrated analysis of 
processed measured logs, providing valuable estimates of key geologic and hydrologic properties.   

The processed log results are presented as continuous curves of the processed measurement versus 
depth and are displayed as (1) one page, compressed summary log displays for selected directly related 
sets of measurements (see Figures 4.1, 4.2, and 4.3) and (2) an integrated log montage that contains all 
the key processed log curves, on depth and side by side (see Attachment **).  The summary log displays 
address specific characterization needs, such as moisture content, water saturation, and lithologic 
changes.  The purpose of the integrated log montage is to present, side by side, all the most salient 
reprocessed logs and log-derived models, depth-matched to each other, so that correlations and 
relationships between the logs can be identified. 

Important results from the processed geophysical logs in R-26 are described below. 

 

Well Water Level 

The standing water level in R-26 varied significantly during the September 2003 logging – dropping from 
434 ft below ground surface at time of the first logging run to 444 ft at time of the second logging run, to 
455 ft at time of the third logging run.  The borehole water level was not measured during the October 
2003 logging – the logging interval was completely below the water level.  

 

Regional Aquifer 

There is strong evidence from the processed logs that the bottom of R-26, below the Guaje Pumice Bed 
(bottom at 956 ft) in the Puye Formation, lies within the regional aquifer.  The estimated pore volume 
water saturation (fraction of the total pore volume containing water) computed from the ELAN analysis is 
very high (mostly over 85%) from 954 ft to the bottom of the log interval (1484 ft).  The estimate is even 
higher when computed directly from bulk density and ELAN water-filled porosity for a grain density range 
of 2.45 g/cc to 2.65 g/cc – ranging from 90% (2.65 g/cc) to a consistent 100% (2.45 g/cc).  Water-filled 
and total porosity2 mostly ranges 20–30% across the interval, although there are a number of zones with 
elevated porosity: 

                                                      

2 Water-filled porosity is defined in this report as the fraction of the total rock volume occupied by water.  Total porosity is defined as 

fraction of the total rock volume occupied by water plus air, plus any other fluid or gas (non-solid). 
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 968–980 ft: Washed out zone characterized by unrealistically high total porosity (as high as 
60% of total rock volume), although water-filled porosity is only 25–30%.  This would suggest 
the zone is unsaturated (estimated water saturation is less than 50%), but this condition 
could very well be an artifact of the huge washout. 

 997–1001 ft: Characterized by very high total porosity (57% of total rock volume) and water-
filled porosity (46%) – likely a result of a washout behind the casing across this interval at the 
time of logging. 

 1075–1108 ft: Elevated porosity of 30–35%, increasing to 58% below 1100 ft.  The hole 
condition and the log quality appear to be good across the interval (the hole is not contain 
any significant washouts).  The zone is characterized by an increase in estimated clay 
content (5–20% of total volume), but high effective porosity (15–22%).  A possible 
explanation for the very high porosity from 1100–1108 ft is that it is a pumice-rich zone within 
the Puye Formation. 

 1173–1175 ft: Porosity of 50% associated with a sharp washout. 

 1186–1200 ft: Elevated porosity of 30–43%, characterized by an increase in estimated clay 
content (10–30% of total volume), but high effective porosity (15–20%). 

 1422–1452 ft: Elevated porosity of 30–35% possibly associated with a slight change in 
lithology (indicated by a drop in potassium content).  There is a thin “tight” streak at 1490 ft. 

 1452–1483 ft (bottom of log interval): Continuation from above of elevated total porosity 
(30–35%), but water-filled porosity drops 20–22% below 1475 ft.  This suggests that the zone 
from 1475 ft might not be fully saturated, but this may well be an artifact of the bottom of the 
borehole being the start of the logging passes – resulting in not having coverage from all the 
measurements (being below the first reading of some measurements). 

Estimated water-filled effective porosity (moveable water) generally varies from 7% to 15% of total rock 
volume across this interval, except higher where noted above.  The hydraulic conductivity estimated from 
the ELAN integrated log analysis (largely based on the CMR moveable water measurement) generally 
ranges 0.1–1 gal/dat/ft2, but reaches over 3 gal/day/ft2 in a few zones – most notably 1100–1108 ft and 
1186–1200 ft. 

 

Vadose Zone Perched Water 

The processed logs indicate high water-filled porosity within the porous, glassy tuff/pumice sections in R-
26 from 575–955 ft below ground surface – ranging from 30% to 52% of the total rock volume.  However, 
the processed logs, by themselves, indicate quite strongly that most of this interval is not fully saturated 
with water (that is not all of the pore space is occupied by water, instead partially filled with air). The total 
porosity in the glassy tuffs/pumice (estimated from the ELAN integrated log analysis) ranges from 40% to 
over 50% of total rock volume – resulting in water saturations of generally 50–80%.  The computation of 
water saturation directly from bulk density and ELAN water-filled porosity for a grain density of 2.45 g/cc 
further confirms the conclusion that the glassy tuffs/pumice are not fully saturation.  The highest 
estimated water saturation across this interval of water-rich glassy tuff/pumice (575–955 ft) occurs in the 
following zones: 
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 580–620 ft: Highly variably water saturation reaching 100%, but the zone contains abrupt, 
large washouts – likely causing the elevated water-filled and total porosity values as high as 
70%.  

 620–640 ft: Water saturation ranges 85–90%, due to a decrease in total porosity to 30–40%, 
with water-filled porosity averaging 30%.  

 642–662 ft: Water saturation reaches over 90% as a result of increased water-filled porosity 
as high as 42%. due to a decrease in total porosity to 30–40%, with water-filled porosity 
averaging 30%.  

 780–827 ft: Water saturation reaches 100% across this “Puye-like” interbed – mostly due to 
a marked decrease in total porosity to 30%.  The actual water-filled porosity is also lower 
than the surrounding high porosity glassy tuff.  The borehole condition across this interval is 
highly rugose – making the estimation of water saturation from the geophysical logs in the 
water-filled borehole difficult and not very reliable. 

 950–956 ft: Water-filled porosity increases significantly to 50% within the Guaje Pumice Bed, 
but the total porosity also jumps to 58%.  It is possible water saturation reaches 100% at the 
very bottom of the bed, due to pooling of water. 

The estimated moveable water content is generally quite high across this water-rich glassy tuff/pumice 
interval – ranging 5–25% of total rock volume.  Although much of the 575–955 ft interval may not be fully 
saturated with the water, the high total and moveable water content suggests that, in general, the water is 
quite mobile.  Likely water in this interval is connected (in a broad sense) to the saturated Puye Formation 
below.  

Water-filled porosity drops off significantly above 575 ft (except in a washout at 475–485 ft) – averaging 
about 15–23% of total rock volume from 465–575 ft, 5–10% from 134–465 ft, and 10–20% from 25–134 
ft.  The total porosity drops significantly as well in the crystalline tuff interval 125–450 ft, ranging mostly 
10–20% of total rock volume.  Correspondingly, estimated water saturation reaches 100% in a number of 
places across this low porosity interval – most notably 370–440 ft – but the effective porosity is 5% or 
less.  The apparent increase in water-filled porosity at the top of the well (above 134%) is coincident with 
a significant increase in total porosity (35–50%) – resulting in low estimate water saturation.  The 
borehole is significantly washed out across this interval, as well, which may be partly responsible for the 
elevated porosity. 

 

Geology 

The processed geophysical log results clearly delineate the geologic material and formation contacts 
intersected by R-26.  The generalized geologic stratigraphy observed from the logs across the logged 
interval is as follows (depth below ground surface): 

 33–68 ft: Clay-rich zone in cased hole – characterized by clay content of 30% of total 
volume, but the elevated clay derived from the log measurements could well be due to 
bentonite used to seal the casing 

 68–134 ft: Porous volcanic tuff – characterized by high total porosity (40% of total rock 
volume), high sanidine content and moderate silica mineral/glass content 
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 134–465 ft: Low porosity volcanic tuff – characterized by low total porosity (10–20% of 
total rock volume), high sanidine and silica mineral/glass content 

 465–505 ft: Porous volcanic tuff – characterized by high total porosity (40–50% of total 
rock volume), high sanidine and silica mineral/glass content 

 505–524 ft: Heterogeneous interbed within volcanic tuff – characterized by relatively low 
total porosity (20–25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

 524–530 ft: Porous volcanic tuff – characterized by high total porosity (30–50% of total 
rock volume), high sanidine and silica mineral/glass content 

 530–544 ft: Heterogeneous interbed within volcanic tuff – characterized by relatively low 
total porosity (20–25% of total rock volume), high potassium feldspar, plagioclase and silica 
mineral/glass content 

 544–779 ft: Porous volcanic tuff – characterized by high total porosity (40–50% of total 
rock volume), high sanidine and silica mineral/glass content 

 779–828 ft: Heterogeneous interbed within volcanic tuff – characterized by highly 
variable porosity (20–40% of total rock volume), high potassium feldspar and silica 
mineral/glass content, and lesser plagioclase content 

 828–950 ft: Porous volcanic tuff – characterized by high total porosity (40–50% of total 
rock volume), high sanidine and silica mineral/glass content 

 950–955 ft: Very porous volcanic pumice bed – characterized by very high total porosity 
(58% of total rock volume), high sanidine and silica glass content 

 955–968 ft: Heterogeneous fanglomerate – characterized by moderate total porosity (20–
30% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 968–980 ft: Washout in heterogeneous fanglomerate – characterized by unrealistically 
high total porosity (50–60% of total rock volume), high potassium feldspar, plagioclase and 
silica mineral/glass content 

 980–1010 ft: Heterogeneous fanglomerate – characterized by relatively high total porosity 
(25–35% of total rock volume), high potassium feldspar and silica mineral/glass content, and 
the presence of clay (although the latter could be an artifact of the log measurement being 
made through casing in this interval) 

 1023–1026 ft: Thin clay-rich bed – characterized by relatively high total porosity (35% of 
total rock volume), an indication of clay (clearly visible on the high resolution FMI image), 
high potassium feldspar, plagioclase and silica mineral/glass content 

 1026–1050 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 
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 1051–1053 ft: Thin clay-rich bed – characterized by relatively high total porosity (35% of 
total rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass 
content 

 1053–1080 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1080–1114 ft: Clay-rich zone – characterized by high total porosity (30–55% of total rock 
volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

 1114–1135 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1135–1143 ft: Clay-rich zone – characterized by relatively high total porosity (30–35% of 
total rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass 
content 

 1143–1171 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1171–1177 ft: Clay-rich zone – characterized by high total porosity (50% of total rock 
volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

 1177–1187 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1187–1200 ft: Clay-rich zone – characterized by high total porosity (30–45% of total rock 
volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

 1200–1233 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1233–1236 ft: Thin clay-rich bed – characterized by moderate total porosity (30% of total 
rock volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

 1236–1417 ft: Heterogeneous fanglomerate – characterized by relatively low total porosity 
(20–25% of total rock volume), high potassium feldspar, plagioclase and silica mineral/glass 
content 

 1417–1423 ft: Clay-rich zone – characterized by moderate total porosity (30% of total rock 
volume), moderate clay, potassium feldspar, plagioclase and silica mineral/glass content 

 1423–1483 ft (bottom of log interval): Heterogeneous, high porosity fanglomerate – 
characterized by relatively high total porosity (30–38% of total rock volume), high plagioclase 
and silica mineral/glass content 
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4.1 Summary Logs  

Three summary log displays have been generated for R-26 to highlight the key hydrogeologic and 
geologic information provided by the processed geophysical log results:  

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

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

 Spectral natural gamma ray and lithology summary showing a high vertical resolution, 
continuous volumetric analysis of formation mineral and pore fluid composition (based on an 
integrated analysis of the logs) and key lithologic/stratigraphic correlation logs from the 
spectral gamma ray measurement (concentrations of gamma-emitting elements) – to 
highlight the geologic lithology, stratigraphy and correlation information obtained from the log 
results (Figure 4.3) 
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Figure 4.1. Summary porosity logs in R-26 borehole from processed geophysical logs, interval 

25–1484 ft, with caliper, gross gamma, apparent chlorinity, water saturation, and 
water hydraulic conductivity logs.  Porosity, water saturation, and hydraulic 
conductivity logs are derived from the ELAN integrated log analysis. 
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Figure 4.2. Summary bulk density and volume clay logs in R-26 borehole from processed 

geophysical logs, interval 25–1486 ft. Also shown – caliper, gross gamma, apparent 
grain density, and total porosity logs (the latter two derived from the ELAN analysis). 
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Figure 4.3. Summary spectral natural gamma ray logs and ELAN mineralogy/lithology and pore 

fluid model from R-26 borehole, interval 25–1484 ft.  Caliper log is also shown. 
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4.2 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for R-26.  The montage is provided in 
Appendix **.  A description of each log curve in the montage follows—organized under the heading of 
each track, starting from track 1 on the left-hand side of the montage.  Note that the descriptions in this 
section focus on what the curves are and how they are displayed; the specific characteristics and 
interpretations of the R-26 geophysical logs are provided in the previous section. 

Track 1–Depth 

The first track on the left contains the depth below ground surface in units of feet, as measured by the 
geophysical logging system during the AIT logging run of September 2003 and the AIT logging run of 
October 2003 (the latter run depth-matched to former). All the geophysical logs are depth-matched to the 
spectral gross gamma measurement run with the AIT.  

Track 2–Basic Logs 

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

 gamma ray (thick black), recorded in API units and displayed on a scale of 0 to 250 API units; 

 two calipers from the FMI (thin dotted and dashed pink) and one from the TLD (thin solid 
pink) with bit size as a reference (dashed-dotted black) to show washout (pink shading), 
recorded as hole diameter in inches and displayed on a scale of 11 to 21 in.;  

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

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

 borehole deviation displayed as a tadpole every ten feet (light blue dots and connected line 
segments) – the “head” marks the angular deviation from vertical at that particular depth, on 
a scale of zero to 5 degrees, and the “tail” shows the azimuth of the deviation, true north 
represented by the tail facing straight towards the top of the page. 

Two gamma ray curves from the NGS are presented:  

 total gross gamma (thick solid black curve) and  

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

Track 3–Resistivity 

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

Six electrical resistivity logs from the AIT are displayed:  

 Borehole fluid resistivity (solid orange curve)–only valid in water-filled hole  
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 Bulk electrical resistivity at five median depths of investigation–10 in. (black solid), 20 in. 
(long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 90 in. (solid 
purple)–each having a two-foot vertical resolution. 

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

 blue when the 10 in. resistivity is greater than the 90 in. resistivity (labeled “resistive 
invasive”) and 

 yellow when the 90 in. resistivity is greater than the 10 in. resistivity (labeled “conductive 
invasive”). 

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

Track 4–Porosity 

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

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

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

 CMR total water-filled porosity (solid black); 

 CMR effective water-filled porosity (dashed green); 

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

 Total porosity derived from bulk density and neutron porosity using 2.65 g/cc (dotted red 
curve), 2.45 g/cc (long-dashed red curve), and 2.25 g/cc (dashed red curve)–with red 
shading between the 2.25 and 2.65 g/cc saturation curves to show the range; and 

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

Track 5–Density  

The fifth track displays the: 

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

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

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

 apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on a 
scale of 2 to 4 g/cc.  
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Grey area shading is shown where the Pe increases above 3 (indicating the presence of heavy, possibly 
mafic, minerals) and orange shading is shown where the density correction is greater than the absolute 
value of 0.25 (indicating the density processing algorithm had to perform a major correction to the bulk 
density calculation). 

Track 6–NGS Spectral Gamma  

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

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

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

 uranium (dotted blue) in units of parts per million (ppm) and on a scale of 20 to 0 ppm. 

Track 7–CMR Porosity 

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

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

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

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

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

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

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

 CMR measurement noise flag (yellow and orange area shading)–activates when there is 
potentially detrimental amounts of measurement noise detected by the tool, at moderate 
(yellow) and high (orange) levels. 
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Track 8 –Pore Size Distribution 

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

 Clay-bound water–brown area shading; 

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

 Medium pore, large pore, and late decay (the sum comprising effective water-filled porosity)–
yellow, red, and green area shading, respectively. 

Track 9–CMR T2 Distribution (Waveforms) 

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

 T2 logarithmic mean (solid blue curve) and  

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

Track 10–CMR T2 Distribution (Heated Amplitude) 

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

Track 11–CMR Hydraulic Conductivity 

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

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

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

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

Track 12– FMI Image (Dynamic Normalization) 

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

Also displayed are the interpreted bed boundaries (thin blue sinusoids) and electrically conductive 
fractures (bold purple sinusoids). 

Track 13– FMI Bedding and Fractures 

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

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

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

Track 14– FMI Image (Static Normalization) 

Track 14 displays the FMI image again, but in a different way – processed with static normalization to 
highlight larger scale features and trends. (With static normalization the range of electrical resistivity 
amplitudes – colors in the image – is normalized across the entire length of the log interval.) 

Track 15– Fracture Aperture and High Resolution Porosity 

Track 15 displays the estimated hydraulic aperture of any interpreted electrically conductive fractures (red 
circles on logarithmic scale of 0.0001 to 1 inch) – computed using an FMI image scaled to the AIT 
shallow resistivity.  Also displayed is the high resolution thermal neutron porosity log (solid blue) and the 
high resolution density porosity (solid red), the latter computed assuming a matrix grain density of 2.65 
g/cc and pore fluid density of 1.0 g/cc.  Both these logs have an 8 in depth resolution.  Where the density 
porosity is greater than the neutron porosity the area between the two logs is shaded red.  The red 
shading is an indication of air in the pore space (less than 100% water saturation).  

Tracks 16 to 20– Geochemical Elemental Measurements 

The narrow tracks 16 to 20 present the geochemical measurements iron (Fe) and silicon (Si), sulfur (S) 
and calcium (Ca), potassium (K) and estimated aluminum (Al), titanium (Ti) and gadolinium (Gd), and 
hydrogen (H) and bulk chlorinity (Cl) —from left to right respectively, in units of dry matrix weight fraction 
(except H wet weight fraction, Cl and K in ppk). 
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Track 21–ELAN Mineralogy Model Results (Dry Weight Fraction) 

Track 21 displays the results from the ELAN integrated log analysis (the matrix portion)–presented as dry 
weight fraction of mineral types chosen in the model: 

 Montmorillonite clay (brown/tan) 

 Quartz (yellow with small black dots) 

 Silica glass (orange) 

 Orthoclase or other potassium feldspar (lavender) 

 Sanidine (violet) 

 Labradorite or other plagioclase feldspar (pink) 

 Hypersthene (purple) 

 Hornblende (forest green) 

 Augite (maroon) 

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

 Pyrite (cross-hatched red). 

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

Track 22 displays the results from the ELAN integrated log analysis–presented as wet mineral and pore 
fluid volume fractions: 

 Montmorillonite clay (brown/tan) 

 Clay-bound water (checkered gray-black) 

 Quartz (yellow with small black dots) 

 Silica glass (yellow with large black dots) 

 Orthoclase or other potassium feldspar (lavender) 

 Sanidine (violet) 

 Labradorite or other plagioclase feldspar (pink) 

 Pyrite (tan with large black squares). 

 Hypersthene (purple) 

 Hornblende (forest green) 

 Augite (maroon) 

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

 Air (red) 

 Moveable water (white) 

 Capillary-bound water (light blue). 
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Track 23–Summary Logs 

Track 23, the second track from the right, displays several summary logs that describe the fluid and air-
filled volume measured by the geophysical tools, including water saturation: 

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

 Optimized estimate of moveable volume fraction water (effective porosity in fully saturated 
conditions) from the ELAN analysis (dashed cyan curve and green area shading);  

 Optimized estimate of total volume fraction of air-filled porosity from the ELAN analysis (solid 
red curve and dotted red area shading); 

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

 Water saturation as calculated directly from the bulk density and geochemical estimated 
porosity using a grain density of 2.65 g/cc (dotted light blue curve), 2.45 g/cc (long-dashed 
light blue curve), and 2.25 g/cc (dashed light blue curve)–with light blue shading between the 
2.25 and 2.65 g/cc saturation curves to show the range; 

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

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

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

Track 24–Depth 

The final track on the right, same as the first track on the left, displays the depth below ground surface in 
units of feet, as measured by the geophysical logging system during the AIT-NGT logging run.  
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The interval 504–540 ft contains slightly higher water content (10–20% of total volume), 
moveable water (7–10%), and total porosity (30–40%) than the surrounding sections of the basalt 
sequence.  Again, the ELAN analysis predicts that the interval is underlain by more clay-rich 
zone, and that the whole interval contains small amounts of clay. 

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

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

The interval between the basalt sequence and the predicted top of the regional aquifer (612–833 
ft), which lies within the Puye Formation, has high total porosity (30–40% of total volume), but low 
water content (15% or less) and moveable water volume (3% or less).  The ELAN analysis 
predicts the presence of consistent, minor amounts of clay across the interval (5–20%).  Likely 
the water present in this section is mostly clay bound water. 
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~VERSION INFORMATION
VERS :CWLS LOG ASCII STANDARD-VERSION 2.0
WRAP :ONE LINE PER DEPTH STEP
~WELL INFORMATION
STRT 1474.85 :START DEPTH
STOP 1374.63 :STOP DEPTH
STEP -0.16404 :STEP
NULL -999.25 :NULL VALUE
COMP Kleinfelder:COMPANY
WELL :WELL
FLD :FIELD
LOC :LOCATION
PROV N/A :PROVINCE
SRVC N/A :SERVICE COMPANY
DATE ######## :DATE
UWI N/A :UNIQUE WELL ID
~CURVE INFORMATION
DEPT :DEPTH
GAMM :Gamma
CALI :Caliper
~PARAMETER INFORMATION
ELEV :ELEVATION
STE :STE
DENS :DENSITY
CASI :CASING TO1
OPER :OPERATING RIG TIME
WGT1 :WGT1
CASI :CASING SIZE1
CASI :CASING TO2
WGT2 :WGT2
CASI :CASING SIZE2
WELL R-26 :WELL ID
CASI :CASING TO3
K.B. :K.B.
WGT3 :WGT3
TYPE :TYPE LOG
CASI :CASING SIZE3
CASI :CASING TO4
SALI :SALINITY
TITL :TITLE
WGT4 :WGT4
TOP :TOP LOGGED INTERVAL
CASI :CASING SIZE4
WITN :WITNESSED BY
CASI :CASING TO5
DRIL :DRILLING MEAS. FROM
WGT5 :WGT5
CASI :CASING SIZE5
CTY :CTY
WGT6 :WGT6
CASI :CASING SIZE6
MAX. :MAX. REC. TEMP.
D.F. :D.F.
CASI :CASING TO6
OTHE :OTHER SERVICES
BIT1 :BIT1
DEPT :DEPTH-DRILLER
BIT2 :BIT2
RUN :RUN No
RUN1 :RUN1
BIT3 :BIT3
RUN2 :RUN2
PERM :PERMANENT DATUM
TWP :TWP
BIT4 :BIT4
LOG :LOG MEAS. FROM
BIT :BIT FROM1
RUN3 :RUN3
BIT5 :BIT5
CASI :CASING FROM1
TYPE :TYPE FLUID IN HOLE
RUN4 :RUN4
FLD :FLD
BIT6 :BIT6
BIT :BIT TO1
CASI :CASING FROM2
BIT :BIT FROM2
CO :CO
RGE :RGE
BIT :BIT TO2
DEPT :DEPTH-LOGGER
CASI :CASING FROM3
BIT :BIT FROM3
RUN5 :RUN5
SEC :SEC
BIT :BIT TO3
G.L. :G.L.
CASI :CASING FROM4
BIT :BIT FROM4
RUN6 :RUN6
BIT :BIT TO4
BTM :BTM LOGGED INTERVAL
CASI :CASING FROM5
BIT :BIT FROM5
STAT :STATE
BIT :BIT TO5
LEVE :LEVEL
CASI :CASING FROM6
BIT :BIT FROM6
COUN :COUNTRY
RECO Mark Ever :RECORDED BY
FILI :FILING No
BIT :BIT TO6
~OTHER
~A

1474.85 9.06115
1474.69 9.09963
1474.53 9.11072
1474.36 9.10419
1474.2 9.11593

1474.03 9.12376
1473.87 9.0768
1473.71 9.02268
1473.54 8.98094
1473.38 8.93203
1473.21 8.90529
1473.05 8.89942
1472.89 8.89029
1472.72 8.89877
1472.56 8.91181
1472.39 9.04615
1472.23 9.08789
1472.07 9.09441
1471.9 9.09963

1471.74 9.08593
1471.57 9.07811
1471.41 9.06115
1471.25 9.0592
1471.08 9.0618
1470.92 9.05463
1470.75 9.05985
1470.59 9.06115
1470.42 9.07289
1470.26 9.05985
1470.1 9.15963

1469.93 9.17202
1469.77 9.17332
1469.6 9.46157

1469.44 9.52288
1469.28 9.36114
1469.11 9.30767
1468.95 9.27636
1468.78 9.3018
1468.62 9.37745
1468.46 9.33636
1468.29 9.28875
1468.13 9.25028
1467.96 9.23528
1467.8 9.23006

1467.64 9.27441
1467.47 9.42179
1467.31 9.51635
1467.14 9.58613
1466.98 9.817
1466.82 9.82678
1466.65 9.81048
1466.49 9.7133
1466.32 9.71722
1466.16 9.70026

1466 9.64874
1465.83 9.57766
1465.67 9.55288
1465.5 9.52679

1465.34 9.5007
1465.18 9.52483
1465.01 9.50527
1464.85 9.4407
1464.68 9.38658
1464.52 9.38201
1464.36 9.3794
1464.19 9.39505
1464.03 9.38788
1463.86 9.36897
1463.7 9.3344

1463.54 9.32723
1463.37 9.32788
1463.21 9.31745
1463.04 9.31027
1462.88 9.26788
1462.72 9.22223
1462.55 9.21245
1462.39 9.20593
1462.22 9.17658
1462.06 9.17202
1461.89 9.16484
1461.73 9.16745
1461.57 9.14854
1461.4 9.14658

1461.24 9.14332
1461.07 9.14332
1460.91 9.15963
1460.75 9.14528
1460.58 9.13876
1460.42 9.14528
1460.25 9.14658
1460.09 9.14202
1459.93 9.14984
1459.76 9.14006
1459.6 9.14658

1459.43 9.15702
1459.27 9.13941
1459.11 9.14332
1458.94 9.14593
1458.78 9.15441
1458.61 9.14658
1458.45 9.14658
1458.29 9.2131
1458.12 9.31223
1457.96 9.41462
1457.79 9.56266
1457.63 9.58744
1457.47 9.62005
1457.3 9.69635

1457.14 9.6957
1456.97 9.68591
1456.81 9.60309
1456.65 9.59266
1456.48 9.58418
1456.32 9.58613
1456.15 9.58418
1455.99 9.59266
1455.83 9.607
1455.66 9.62526
1455.5 9.62983

1455.33 9.62526
1455.17 9.60309
1455.01 9.59461
1454.84 9.61613
1454.68 9.61548
1454.51 9.60309
1454.35 9.59005
1454.18 9.60244
1454.02 9.60244
1453.86 9.60244
1453.69 9.61548
1453.53 9.66765
1453.36 9.6807
1453.2 9.68918

1453.04 9.70744
1452.87 9.70091
1452.71 9.67874
1452.54 9.64679
1452.38 9.64418
1452.22 9.64418
1452.05 9.75961
1451.89 9.82352
1451.72 9.82221
1451.56 9.787
1451.4 9.84113

1451.23 10.057
1451.07 10.4248
1450.9 10.4822

1450.74 10.3439
1450.58 10.0818
1450.41 10.0329
1450.25 9.92982
1450.08 9.86982
1449.92 9.92786
1449.76 9.86786
1449.59 9.67418
1449.43 9.58548
1449.26 9.56005
1449.1 9.54244

1448.94 9.51049
1448.77 9.49875
1448.61 9.49092
1448.44 9.54309
1448.28 9.64809
1448.12 9.68918
1447.95 9.67939
1447.79 9.63831
1447.62 9.61353
1447.46 9.63179
1447.3 9.61613

1447.13 9.56396
1446.97 9.46679
1446.8 9.39897

1446.64 9.3481
1446.48 9.31745
1446.31 9.26136
1446.15 9.26071
1445.98 9.25158
1445.82 9.24767
1445.65 9.24506
1445.49 9.26919
1445.33 9.29919
1445.16 9.30571

1445 9.31093
1444.83 9.30571
1444.67 9.29919
1444.51 9.34027
1444.34 9.44201
1444.18 9.43614
1444.01 9.57766
1443.85 9.742
1443.69 9.90047
1443.52 10.1639
1443.36 10.46
1443.19 10.537
1443.03 10.3348
1442.87 10.0987
1442.7 10.0166

1442.54 9.99764
1442.37 9.97351
1442.21 9.96895
1442.05 9.9396
1441.88 9.9696
1441.72 10.0935
1441.55 10.0237
1441.39 10.0055
1441.23 9.98069
1441.06 9.9846
1440.9 9.95134

1440.73 9.95134
1440.57 9.91547
1440.41 9.88221
1440.24 9.81961
1440.08 9.78765
1439.91 9.74656
1439.75 9.70352
1439.59 9.70483
1439.42 9.67091
1439.26 9.64483
1439.09 9.64418
1438.93 9.64483
1438.77 9.64418
1438.6 9.63766

1438.44 9.64418
1438.27 9.63961
1438.11 9.64483
1437.94 9.65787
1437.78 9.65983
1437.62 9.64874
1437.45 9.64352
1437.29 9.63831
1437.12 9.64483
1436.96 9.73026
1436.8 9.83265

1436.63 9.82417
1436.47 9.80852
1436.3 9.94612

1436.14 9.99699
1435.98 9.98851
1435.81 9.97808
1435.65 9.97351
1435.48 9.91352
1435.32 9.86721
1435.16 9.89134
1434.99 9.90504
1434.83 9.93504
1434.66 9.93047
1434.5 9.91873

1434.34 9.89591
1434.17 9.87634
1434.01 9.87895
1433.84 10.3231
1433.68 10.7378
1433.52 10.7731
1433.35 10.6452
1433.19 10.5852
1433.02 10.4339
1432.86 10.4157
1432.7 10.3831

1432.53 10.3374
1432.37 10.2722
1432.2 10.2513

1432.04 10.2957
1431.88 10.3465
1431.71 10.22
1431.55 10.0792
1431.38 10.0583
1431.22 10.0557
1431.06 10.0557
1430.89 10.0505
1430.73 10.057
1430.56 10.0492
1430.4 10.0518

1430.24 10.0426
1430.07 10.04
1429.91 10.0531
1429.74 10.0394
1429.58 10.0413
1429.41 10.0361
1429.25 10.0479
1429.09 10.3374
1428.92 10.4092
1428.76 10.3179
1428.59 10.1926
1428.43 10.1666
1428.27 10.2331
1428.1 10.3492

1427.94 10.7548
1427.77 11.0978
1427.61 11.0848
1427.45 10.9857
1427.28 10.8891
1427.12 10.6439
1426.95 10.3531
1426.79 10.237
1426.63 10.2148
1426.46 10.1887
1426.3 10.2683

1426.13 10.1535
1425.97 9.93699
1425.81 9.77591
1425.64 9.65918
1425.48 9.54048
1425.31 9.47918
1425.15 9.45962
1424.99 9.4557
1424.82 9.45505
1424.66 9.41462
1424.49 9.41005
1424.33 9.41071
1424.17 9.38788

1424 9.39049
1423.84 9.40158
1423.67 9.3944
1423.51 9.38201
1423.35 9.41658
1423.18 9.44527
1423.02 9.45114
1422.85 9.44853
1422.69 9.43614
1422.53 9.43614
1422.36 9.41918
1422.2 9.40092

1422.03 9.4081
1421.87 9.40418
1421.7 9.39962

1421.54 9.41005
1421.38 9.36962
1421.21 9.35788
1421.05 9.34549
1420.88 9.35136
1420.72 9.35788
1420.56 9.35201
1420.39 9.35788
1420.23 9.35658
1420.06 9.35853
1419.9 9.36506

1419.74 9.35658
1419.57 9.35593
1419.41 9.35853
1419.24 9.35397
1419.08 9.34353
1418.92 9.35462
1418.75 9.3494
1418.59 9.35658
1418.42 9.34353
1418.26 9.32788
1418.1 9.3318

1417.93 9.32984
1417.77 9.32527
1417.6 9.33049

1417.44 9.33701
1417.28 9.33049
1417.11 9.3318
1416.95 9.32984
1416.78 9.32788
1416.62 9.32201
1416.46 9.32788
1416.29 9.33636
1416.13 9.3318
1415.96 9.33049
1415.8 9.32788

1415.64 9.33375
1415.47 9.33636
1415.31 9.33245
1415.14 9.33506
1414.98 9.33049
1414.82 9.33636
1414.65 9.32397
1414.49 9.01615
1414.32 9.33245
1414.16 9.33375

1414 9.32136
1413.83 9.32788
1413.67 9.32984
1413.5 9.32723

1413.34 9.32593
1413.17 9.33245
1413.01 9.35593
1412.85 9.37549
1412.68 9.36114
1412.52 9.38397
1412.35 9.41723
1412.19 9.41005
1412.03 9.38136
1411.86 9.35006
1411.7 9.35658

1411.53 9.33897
1411.37 9.35201
1411.21 9.34158
1411.04 9.33375
1410.88 9.31027
1410.71 9.29593
1410.55 9.29984
1410.39 9.30571
1410.22 9.29723
1410.06 9.28875
1409.89 9.29527
1409.73 9.29788
1409.57 9.29397
1409.4 9.3018

1409.24 9.30441
1409.07 9.31093
1408.91 9.30245
1408.75 9.30571
1408.58 9.30832
1408.42 9.29919
1408.25 9.30245
1408.09 9.29332
1407.93 9.2868



1407.76 9.29527
1407.6 9.29397

1407.43 9.29788
1407.27 9.31875
1407.11 9.32071
1406.94 9.31549
1406.78 9.32071
1406.61 9.31549
1406.45 9.3168
1406.29 9.31745
1406.12 9.3468
1405.96 9.35462
1405.79 9.35332
1405.63 9.35332
1405.47 9.35658
1405.3 9.35136

1405.14 9.34027
1404.97 9.32853
1404.81 9.32071
1404.64 9.28745
1404.48 9.28875
1404.32 9.29593
1404.15 9.29071
1403.99 9.27571
1403.82 9.28745
1403.66 9.31027
1403.5 9.30897

1403.33 9.31419
1403.17 9.31027

1403 9.30375
1402.84 9.3168
1402.68 9.30767
1402.51 9.31549
1402.35 9.30375
1402.18 9.31484
1402.02 9.31288
1401.86 9.32723
1401.69 9.3344
1401.53 9.33832
1401.36 9.32332
1401.2 9.32984

1401.04 9.33245
1400.87 9.32332
1400.71 9.33636
1400.54 9.33506
1400.38 9.33832
1400.22 9.33636
1400.05 9.33701
1399.89 9.32136
1399.72 9.3018
1399.56 9.2718
1399.4 9.23658

1399.23 9.23723
1399.07 9.2431
1398.9 9.25419

1398.74 9.28093
1398.58 9.28288
1398.41 9.24962
1398.25 9.23528
1398.08 9.23462
1397.92 9.23267
1397.76 9.21571
1397.59 9.20658
1397.43 9.19941
1397.26 9.21571
1397.1 9.20463

1396.93 9.19745
1396.77 9.20397
1396.61 9.2131
1396.44 9.20658
1396.28 9.2105
1396.11 9.21115
1395.95 9.21115
1395.79 9.19941
1395.62 9.21767
1395.46 9.20658
1395.29 9.22549
1395.13 9.20854
1394.97 9.21963
1394.8 9.20919

1394.64 9.21376
1394.47 9.19941
1394.31 9.19158
1394.15 9.19093
1393.98 9.19615
1393.82 9.19289
1393.65 9.18637
1393.49 9.19941
1393.33 9.25028
1393.16 9.24962

1393 9.23919
1392.83 9.23462
1392.67 9.23202
1392.51 9.22876
1392.34 9.22354
1392.18 9.2131
1392.01 9.20463
1391.85 9.1981
1391.69 9.21571
1391.52 9.19158
1391.36 9.19745
1391.19 9.19745
1391.03 9.20723
1390.87 9.20071
1390.7 9.22615

1390.54 9.21767
1390.37 9.22223
1390.21 9.41658
1390.05 9.46614
1389.88 9.4081
1389.72 9.37745
1389.55 9.38136
1389.39 9.36636
1389.23 9.35853
1389.06 9.37484
1388.9 9.44527

1388.73 9.45766
1388.57 9.41723
1388.4 9.3944

1388.24 9.35853
1388.08 9.33245
1387.91 9.3194
1387.75 9.32071
1387.58 9.31745
1387.42 9.32332
1387.26 9.31745
1387.09 9.3018
1386.93 9.29788
1386.76 9.28941
1386.6 9.29919

1386.44 9.26919
1386.27 9.24375
1386.11 9.23658
1385.94 9.21897
1385.78 9.21767
1385.62 9.2105
1385.45 9.21245
1385.29 9.21963
1385.12 9.21115
1384.96 9.20723
1384.8 9.22876

1384.63 9.22549
1384.47 9.2268
1384.3 9.2568

1384.14 9.31875
1383.98 9.28028
1383.81 9.2431
1383.65 9.23854
1383.48 9.23397
1383.32 9.21702
1383.16 9.18441
1382.99 9.14398
1382.83 9.14398
1382.66 9.14789
1382.5 9.14137

1382.34 9.14528
1382.17 9.13289
1382.01 9.14854
1381.84 9.12898
1381.68 9.14789
1381.52 9.13745
1381.35 9.16811
1381.19 9.1518
1381.02 9.17397
1380.86 9.2568
1380.69 9.32788
1380.53 9.27962
1380.37 9.26528
1380.2 9.23006

1380.04 9.22419
1379.87 9.2281
1379.71 9.2268
1379.55 9.22419
1379.38 9.23006
1379.22 9.21115
1379.05 9.1805
1378.89 9.14137
1378.73 9.14854
1378.56 9.14398
1378.4 9.14006

1378.23 9.14658
1378.07 9.15311
1377.91 9.16289
1377.74 9.1805
1377.58 9.1805
1377.41 9.20658
1377.25 9.18963
1377.09 9.19354
1376.92 9.18441
1376.76 9.18767
1376.59 9.1831
1376.43 9.18115
1376.27 9.18506
1376.1 9.1805

1375.94 9.17854
1375.77 9.18506
1375.61 9.16941
1375.45 9.18245
1375.28 9.17137
1375.12 9.16941
1374.95 9.17593
1374.79 9.15963
1374.63 9.17332
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~VERSION INFORMATION
VERS :CWLS LOG ASCII STANDARD-VERSION 2.0
WRAP :ONE LINE PER DEPTH STEP
~WELL INFORMATION
STRT 1459.99 :START DEPTH
STOP 977.524 :STOP DEPTH
STEP -0.16349 :STEP
NULL -999.25 :NULL VALUE
COMP :COMPANY
WELL :WELL
FLD :FIELD
LOC :LOCATION
PROV N/A :PROVINCE
SRVC N/A :SERVICE COMPANY
DATE ######## :DATE
UWI N/A :UNIQUE WELL ID
~CURVE INFORMATION
DEPT :DEPTH
GAMM :Gamma
CALI :Caliper
~PARAMETER INFORMATION
ELEV :ELEVATION
STE :STE
DENS :DENSITY
CASI :CASING TO1
OPER :OPERATING RIG TIME
WGT1 :WGT1
CASI :CASING SIZE1
CASI :CASING TO2
WGT2 :WGT2
CASI :CASING SIZE2
WELL R-26 :WELL ID
CASI :CASING TO3
K.B. :K.B.
WGT3 :WGT3
TYPE :TYPE LOG
CASI :CASING SIZE3
CASI :CASING TO4
SALI :SALINITY
TITL :TITLE
WGT4 :WGT4
TOP :TOP LOGGED INTERVAL
CASI :CASING SIZE4
WITN :WITNESSED BY
CASI :CASING TO5
DRIL :DRILLING MEAS. FROM
WGT5 :WGT5
CASI :CASING SIZE5
CTY :CTY
WGT6 :WGT6
CASI :CASING SIZE6
MAX. :MAX. REC. TEMP.
D.F. :D.F.
CASI :CASING TO6
OTHE :OTHER SERVICES
BIT1 :BIT1
DEPT :DEPTH-DRILLER
BIT2 :BIT2
RUN :RUN No
RUN1 :RUN1
BIT3 :BIT3
RUN2 :RUN2
PERM :PERMANENT DATUM
TWP :TWP
BIT4 :BIT4
LOG :LOG MEAS. FROM
BIT :BIT FROM1
RUN3 :RUN3
BIT5 :BIT5
CASI :CASING FROM1
TYPE :TYPE FLUID IN HOLE
RUN4 :RUN4
FLD :FLD
BIT6 :BIT6
BIT :BIT TO1
CASI :CASING FROM2
BIT :BIT FROM2
CO :CO
RGE :RGE
BIT :BIT TO2
DEPT :DEPTH-LOGGER
CASI :CASING FROM3
BIT :BIT FROM3
RUN5 :RUN5
SEC :SEC
BIT :BIT TO3
G.L. :G.L.
CASI :CASING FROM4
BIT :BIT FROM4
RUN6 :RUN6
BIT :BIT TO4
BTM :BTM LOGGED INTERVAL
CASI :CASING FROM5
BIT :BIT FROM5
STAT :STATE
BIT :BIT TO5
LEVE :LEVEL
CASI :CASING FROM6
BIT :BIT FROM6
COUN :COUNTRY
RECO Mark Ever :RECORDED BY
FILI :FILING No
BIT :BIT TO6
~OTHER
~A

1459.99 6.66906
1459.83 6.66906
1459.67 6.68077
1459.5 6.70877

1459.34 6.7335
1459.18 6.75108
1459.01 6.75694
1458.85 6.77711
1458.69 6.79404
1458.52 6.89363
1458.36 6.92162
1458.19 6.96719
1458.03 6.98867
1457.87 6.99062
1457.7 6.99128

1457.54 6.99453
1457.38 6.99909
1457.21 7.01276
1457.05 7.01666
1456.89 7.01471
1456.72 7.01666
1456.56 7.03424
1456.4 7.02968

1456.23 7.02708
1456.07 7.17745
1455.91 7.1833
1455.74 7.19372
1455.58 7.18981
1455.42 7.19177
1455.25 7.19893
1455.09 7.19763
1454.92 7.20023
1454.76 7.19632
1454.6 7.20023

1454.43 7.19893
1454.27 7.20088
1454.11 7.21129
1453.94 7.20674
1453.78 7.21129
1453.62 7.2152
1453.45 7.22236
1453.29 7.22822
1453.13 7.25035
1452.96 7.27639
1452.8 7.29396

1452.64 7.29852
1452.47 7.34279
1452.31 7.35125
1452.15 7.36947
1451.98 7.44303
1451.82 7.51854
1451.65 7.64873
1451.49 7.72229
1451.33 7.75483
1451.16 7.77566

1451 7.78087
1450.84 7.78022
1450.67 7.78087
1450.51 7.79129
1450.35 7.83165
1450.18 7.85573
1450.02 7.86029
1449.86 7.88112
1449.69 7.89674
1449.53 7.90325
1449.37 7.90716
1449.2 7.90976

1449.04 7.9039
1448.88 7.91497
1448.71 7.91887
1448.55 7.91171
1448.39 7.90976
1448.22 7.90325
1448.06 7.91366
1447.89 7.91236
1447.73 7.91432
1447.57 7.90781
1447.4 7.92278

1447.24 7.92017
1447.08 7.92538
1446.91 7.92473
1446.75 7.92733
1446.59 7.92864
1446.42 7.92538
1446.26 7.92929
1446.1 7.93189

1445.93 7.94816
1445.77 8.04581
1445.61 8.12262
1445.44 8.12262
1445.28 8.13629
1445.12 8.13889
1444.95 8.13889
1444.79 8.1441
1444.62 8.14735
1444.46 8.1415
1444.3 8.13954

1444.13 8.13433
1443.97 8.13889
1443.81 8.16102
1443.64 8.15582
1443.48 8.18446
1443.32 8.20203
1443.15 8.28796
1442.99 8.33417
1442.83 8.33157
1442.66 8.35696
1442.5 8.36217

1442.34 8.35956
1442.17 8.38169
1442.01 8.37258
1441.85 8.39016
1441.68 8.3843
1441.52 8.42075
1441.35 8.5236
1441.19 8.60432
1441.03 8.63491
1440.86 8.64793
1440.7 8.64598

1440.54 8.65184
1440.37 8.65379
1440.21 8.64923
1440.05 8.65184
1439.88 8.64077
1439.72 8.62189
1439.56 8.5952
1439.39 8.58739
1439.23 8.58674
1439.07 8.60627
1438.9 8.61018

1438.74 8.61669
1438.58 8.61538
1438.41 8.61343
1438.25 8.61734
1438.08 8.60236
1437.92 8.57763
1437.76 8.56266
1437.59 8.56331
1437.43 8.5594
1437.27 8.56331
1437.1 8.58544

1436.94 8.61538
1436.78 8.62515
1436.61 8.62775
1436.45 8.62319
1436.29 8.6284
1436.12 8.62124
1435.96 8.61864
1435.8 8.63491

1435.63 8.62775
1435.47 8.63426
1435.31 8.63621
1435.14 8.63231
1434.98 8.63491
1434.82 8.63882
1434.65 8.65119
1434.49 8.659
1434.32 8.65574
1434.16 8.64988

1434 8.65379
1433.83 8.659
1433.67 8.6603
1433.51 8.65119
1433.34 8.65379
1433.18 8.64923
1433.02 8.64533
1432.85 8.64793
1432.69 8.65249
1432.53 8.65119
1432.36 8.64923
1432.2 8.64923

1432.04 8.65379
1431.87 8.64533
1431.71 8.64923
1431.55 8.64337
1431.38 8.65444
1431.22 8.64923
1431.05 8.64468
1430.89 8.64337
1430.73 8.67267
1430.56 8.67397
1430.4 8.67136

1430.24 8.67983
1430.07 8.6974
1429.91 8.69936
1429.75 8.72084
1429.58 8.86014
1429.42 8.90115
1429.26 8.99619
1429.09 9.03459
1428.93 8.98512
1428.77 9.02157
1428.6 9.0079

1428.44 9.03459
1428.28 9.04761
1428.11 8.95192
1427.95 8.90766
1427.78 8.89334
1427.62 8.86014
1427.46 8.84386
1427.29 8.83801
1427.13 8.84191
1426.97 8.85037
1426.8 8.83931

1426.64 8.83996
1426.48 8.84191
1426.31 8.83736
1426.15 8.84452
1425.99 8.85493
1425.82 8.85233
1425.66 8.84582
1425.5 8.85037

1425.33 8.84842
1425.17 8.8699
1425.01 8.93044
1424.84 8.92653
1424.68 8.89138
1424.51 8.88553
1424.35 8.88553
1424.19 8.88683
1424.02 8.88162
1423.86 8.89203
1423.7 8.89659

1423.53 8.88943
1423.37 8.84647
1423.21 8.81392
1423.04 8.81653
1422.88 8.81653
1422.72 8.81392
1422.55 8.81197
1422.39 8.82694
1422.23 8.84712
1422.06 8.85233
1421.9 8.85493

1421.74 8.85103
1421.57 8.86404
1421.41 8.85688
1421.25 8.85493
1421.08 8.88032
1420.92 8.90245
1420.75 8.90636
1420.59 8.91091
1420.43 8.90505
1420.26 8.86404
1420.1 8.86014

1419.94 8.85363
1419.77 8.85103
1419.61 8.86014
1419.45 8.86339
1419.28 8.85688
1419.12 8.86404
1418.96 8.866
1418.79 8.86014
1418.63 8.86795
1418.47 8.85298
1418.3 8.8354

1418.14 8.82043
1417.98 8.80546
1417.81 8.80741
1417.65 8.80936
1417.48 8.81392
1417.32 8.80546
1417.16 8.79309
1416.99 8.79179
1416.83 8.80481
1416.67 8.81587
1416.5 8.82434

1416.34 8.83085
1416.18 8.8315
1416.01 8.83085
1415.85 8.82499
1415.69 8.82499
1415.52 8.82759
1415.36 8.82889
1415.2 8.82954

1415.03 8.82694
1414.87 8.84582
1414.71 8.84582
1414.54 8.85037
1414.38 8.866
1414.21 8.85753
1414.05 8.86535
1413.89 8.87381
1413.72 8.86209
1413.56 8.86535
1413.4 8.86014

1413.23 8.85753
1413.07 8.87186
1412.91 8.8699
1412.74 8.85233
1412.58 8.866
1412.42 8.86665
1412.25 8.86144
1412.09 8.8354
1411.93 8.82238
1411.76 8.80936
1411.6 8.81848

1411.44 8.82303
1411.27 8.83931
1411.11 8.86144
1410.95 8.8686
1410.78 8.8686
1410.62 8.88032
1410.45 8.84061
1410.29 8.81587
1410.13 8.81848
1409.96 8.80741
1409.8 8.81132

1409.64 8.85688
1409.47 8.866
1409.31 8.88487
1409.15 8.89138
1408.98 8.88292
1408.82 8.88683
1408.66 8.87837
1408.49 8.8699
1408.33 8.86535
1408.17 8.89203

1408 8.91156
1407.84 8.90766
1407.68 8.91156
1407.51 8.89789
1407.35 8.91742
1407.18 8.90701
1407.02 8.91417
1406.86 8.90636
1406.69 8.88032
1406.53 8.84386
1406.37 8.84452
1406.2 8.85233

1406.04 8.84452
1405.88 8.84061
1405.71 8.84907
1405.55 8.84452
1405.39 8.8686
1405.22 8.89399
1405.06 8.89399
1404.9 8.91156

1404.73 8.91091
1404.57 8.91287
1404.41 8.92198
1404.24 8.92719
1404.08 8.92588
1403.91 8.93955
1403.75 9.03394
1403.59 9.04826
1403.42 9.05217
1403.26 9.05412
1403.1 9.05152

1402.93 9.04501
1402.77 9.01767
1402.61 9.00595
1402.44 8.99423
1402.28 9.0079
1402.12 9.0027
1401.95 8.99749
1401.79 8.98512
1401.63 8.96364
1401.46 8.91742
1401.3 8.92003

1401.14 8.95843
1400.97 8.96364
1400.81 8.99619
1400.64 9.01311
1400.48 9.01246
1400.32 8.92458
1400.15 8.91156
1399.99 8.90766
1399.83 8.91156
1399.66 8.91091
1399.5 8.91287

1399.34 8.91091
1399.17 8.90505
1399.01 8.9044
1398.85 8.9005
1398.68 8.90505
1398.52 8.89464
1398.36 8.9031
1398.19 8.90766
1398.03 8.9005
1397.87 8.88683
1397.7 8.86665

1397.54 8.86339
1397.38 8.86404
1397.21 8.85753
1397.05 8.85363
1396.88 8.85558
1396.72 8.85688
1396.56 8.85884
1396.39 8.85233
1396.23 8.85363
1396.07 8.86014
1395.9 8.85493

1395.74 8.84647
1395.58 8.86144
1395.41 8.87381
1395.25 8.88683
1395.09 8.89594
1394.92 8.88813
1394.76 8.89789
1394.6 8.88487

1394.43 8.89594
1394.27 8.89334
1394.11 8.88683
1393.94 8.87902
1393.78 8.87706
1393.61 8.87641
1393.45 8.87641
1393.29 8.88032



1393.12 8.87251
1392.96 8.87837
1392.8 8.89203

1392.63 8.88292
1392.47 8.89789
1392.31 8.90961
1392.14 9.10424
1391.98 9.20579
1391.82 9.13223
1391.65 9.1088
1391.49 9.1062
1391.33 9.10359
1391.16 9.08927

1391 9.09448
1390.84 9.11271
1390.67 9.11401
1390.51 9.11466
1390.34 9.11205
1390.18 9.0717
1390.02 9.03004
1389.85 9.03199
1389.69 9.02873
1389.53 9.02743
1389.36 9.03264
1389.2 9.02613

1389.04 9.02418
1388.87 9.01897
1388.71 9.02222
1388.55 9.02613
1388.38 9.02092
1388.22 9.02418
1388.06 9.00855
1387.89 8.99163
1387.73 8.9682
1387.57 8.9695
1387.4 8.95518

1387.24 8.97015
1387.07 8.9734
1386.91 8.9695
1386.75 8.97861
1386.58 9.00009
1386.42 8.98512
1386.26 9.01311
1386.09 9.03459
1385.93 9.04761
1385.77 9.02418
1385.6 9.00595

1385.44 9.01506
1385.28 8.99098
1385.11 8.96299
1384.95 8.92003
1384.79 8.89854
1384.62 8.89789
1384.46 8.89464
1384.3 8.90115

1384.13 8.89203
1383.97 8.89399
1383.81 8.90115
1383.64 8.89203
1383.48 8.89594
1383.31 8.90245
1383.15 8.90245
1382.99 8.92068
1382.82 9.02353
1382.66 9.09708
1382.5 9.10099

1382.33 9.06128
1382.17 9.02548
1382.01 8.98968
1381.84 9.004
1381.68 9.0027
1381.52 8.99749
1381.35 8.99814
1381.19 8.99749
1381.03 8.97601
1380.86 8.94216
1380.7 8.92588

1380.54 8.92198
1380.37 8.92653
1380.21 8.92849
1380.04 8.935
1379.88 8.92653
1379.72 8.93955
1379.55 8.94541
1379.39 8.9389
1379.23 8.95648
1379.06 8.95387
1378.9 8.96038

1378.74 8.95713
1378.57 8.95908
1378.41 8.95257
1378.25 8.95518
1378.08 8.95843
1377.92 8.94086
1377.76 8.94411
1377.59 8.94997
1377.43 8.94606
1377.27 8.94867
1377.1 8.94606

1376.94 8.95192
1376.77 8.94802
1376.61 8.95648
1376.45 8.95648
1376.28 8.95908
1376.12 8.96038
1375.96 8.95453
1375.79 8.98903
1375.63 9.00204
1375.47 8.99619
1375.3 9.004

1375.14 8.99814
1374.98 8.99749
1374.81 8.99423
1374.65 9.0092
1374.49 8.99554
1374.32 9.0092
1374.16 8.95453

1374 8.9376
1373.83 8.94541
1373.67 8.95192
1373.5 8.95648

1373.34 8.95713
1373.18 8.94997
1373.01 8.94867
1372.85 8.95518
1372.69 8.95062
1372.52 8.95257
1372.36 8.94997
1372.2 8.94802

1372.03 8.9337
1371.87 8.92914
1371.71 8.92003
1371.54 8.93044
1371.38 8.92719
1371.22 8.92263
1371.05 8.92653
1370.89 8.92003
1370.73 8.91287
1370.56 8.90245
1370.4 8.91547

1370.24 8.91287
1370.07 8.96689
1369.91 8.97405
1369.74 8.99423
1369.58 8.99554
1369.42 8.98252
1369.25 8.97601
1369.09 8.9682
1368.93 8.96689
1368.76 8.96754
1368.6 8.95908

1368.44 8.95062
1368.27 8.94606
1368.11 8.92719
1367.95 8.93955
1367.78 8.96494
1367.62 8.98252
1367.46 8.98317
1367.29 8.97405
1367.13 8.98642
1366.97 8.98512
1366.8 8.99423

1366.64 8.99358
1366.47 8.98903
1366.31 8.98903
1366.15 8.9376
1365.98 8.92914
1365.82 8.90505
1365.66 8.90701
1365.49 8.89138
1365.33 8.88813
1365.17 8.88943

1365 8.88292
1364.84 8.89334
1364.68 8.91547
1364.51 8.91417
1364.35 8.92068
1364.19 8.92653
1364.02 8.95257
1363.86 8.98512
1363.7 8.99163

1363.53 8.99423
1363.37 8.98707
1363.2 8.99163

1363.04 8.99423
1362.88 8.98121
1362.71 8.99423
1362.55 8.97145
1362.39 8.95257
1362.22 8.93239
1362.06 8.91937
1361.9 8.9044

1361.73 8.91156
1361.57 8.90766
1361.41 8.90245
1361.24 8.89399
1361.08 8.89594
1360.92 8.88162
1360.75 8.88683
1360.59 8.88292
1360.43 8.89008
1360.26 8.88162
1360.1 8.89203

1359.94 8.88292
1359.77 8.89334
1359.61 8.87641
1359.44 8.88097
1359.28 8.87902
1359.12 8.87837
1358.95 8.87381
1358.79 8.87902
1358.63 8.87381
1358.46 8.87186
1358.3 8.87511

1358.14 8.87186
1357.97 8.87446
1357.81 8.87055
1357.65 8.88162
1357.48 8.88097
1357.32 8.87837
1357.16 8.91091
1356.99 8.94606
1356.83 9.00074
1356.67 9.004
1356.5 9.01897

1356.34 9.06649
1356.17 9.04956
1356.01 9.06779
1355.85 9.06063
1355.68 9.073
1355.52 9.06714
1355.36 9.06909
1355.19 9.02418
1355.03 9.01702
1354.87 9.02353
1354.7 9.01506

1354.54 9.01246
1354.38 9.01702
1354.21 9.0079
1354.05 8.95453
1353.89 8.93565
1353.72 8.94606
1353.56 9.01311
1353.4 9.06519

1353.23 9.073
1353.07 9.06258
1352.9 9.04566

1352.74 9.05477
1352.58 9.05607
1352.41 9.04566
1352.25 9.02157
1352.09 8.9695
1351.92 8.92653
1351.76 8.92263
1351.6 8.93695

1351.43 8.96689
1351.27 8.96038
1351.11 8.95713
1350.94 8.96169
1350.78 8.96364
1350.62 8.96169
1350.45 8.95192
1350.29 8.95062
1350.13 8.95908
1349.96 8.94346
1349.8 8.95062

1349.63 8.95453
1349.47 8.95648
1349.31 8.95453
1349.14 8.93109
1348.98 8.88943
1348.82 8.89399
1348.65 8.91352
1348.49 8.9376
1348.33 8.94411
1348.16 8.95387

1348 8.94346
1347.84 8.94541
1347.67 8.95453
1347.51 8.9389
1347.35 8.94997
1347.18 8.94086
1347.02 8.94411
1346.86 8.93239
1346.69 8.95387
1346.53 8.95387
1346.37 8.95713
1346.2 8.9389

1346.04 8.93695
1345.87 8.93044
1345.71 8.92198
1345.55 8.91742
1345.38 8.91937
1345.22 8.91287
1345.06 8.90115
1344.89 8.88487
1344.73 8.89464
1344.57 8.91091
1344.4 8.9005

1344.24 8.90701
1344.08 8.90961
1343.91 8.90961
1343.75 8.90766
1343.59 8.89985
1343.42 8.91417
1343.26 8.92588
1343.1 8.93955

1342.93 8.9337
1342.77 8.93565
1342.6 8.93565

1342.44 8.93565
1342.28 8.96104
1342.11 8.94802
1341.95 8.96559
1341.79 8.96559
1341.62 8.96689
1341.46 8.96364
1341.3 8.9682

1341.13 8.9734
1340.97 8.96494
1340.81 8.94867
1340.64 8.92393
1340.48 8.91612
1340.32 8.90701
1340.15 8.90245
1339.99 8.91091
1339.83 8.93304
1339.66 8.93565
1339.5 8.93044

1339.33 8.93304
1339.17 8.9747
1339.01 9.06974
1338.84 9.13158
1338.68 9.13679
1338.52 9.1446
1338.35 9.12963
1338.19 9.11401
1338.03 9.10099
1337.86 9.10554
1337.7 9.10229

1337.54 9.08016
1337.37 9.04956
1337.21 9.04305
1337.05 9.02808
1336.88 8.98252
1336.72 9.05347
1336.56 9.12703
1336.39 9.11401
1336.23 9.08927
1336.06 9.07755
1335.9 9.04371

1335.74 9.0411
1335.57 9.04175
1335.41 9.04956
1335.25 9.04175
1335.08 9.05217
1334.92 9.04175
1334.76 9.05998
1334.59 9.10554
1334.43 9.13223
1334.27 9.13614
1334.1 9.10815

1333.94 9.0717
1333.78 9.01441
1333.61 8.98772
1333.45 8.94802
1333.29 8.91807
1333.12 8.91352
1332.96 8.90896
1332.8 8.9031

1332.63 8.90701
1332.47 8.90766
1332.3 8.90766

1332.14 8.9044
1331.98 8.89789
1331.81 8.88553
1331.65 8.89399
1331.49 8.87902
1331.32 8.87251
1331.16 8.8686

1331 8.8699
1330.83 8.89138
1330.67 8.9005
1330.51 8.92653
1330.34 8.92393
1330.18 8.91742
1330.02 8.91937
1329.85 8.92263
1329.69 8.93044
1329.53 8.92393
1329.36 8.91547
1329.2 8.91807

1329.03 8.92263
1328.87 8.91807
1328.71 8.91417
1328.54 8.90115
1328.38 8.91612
1328.22 8.91547
1328.05 8.93695
1327.89 8.92588
1327.73 8.92068
1327.56 8.92198
1327.4 8.90961

1327.24 8.91156
1327.07 8.90245
1326.91 8.90766
1326.75 8.91156
1326.58 8.90896
1326.42 8.90115
1326.26 8.87837
1326.09 8.88683
1325.93 8.89008
1325.76 8.88032
1325.6 8.85884

1325.44 8.93304
1325.27 8.99944
1325.11 8.99749
1324.95 9.0027
1324.78 8.99749
1324.62 8.95453
1324.46 8.91807
1324.29 8.90505
1324.13 8.87837
1323.97 8.89854
1323.8 8.88097

1323.64 8.88748
1323.48 8.91807
1323.31 8.90896
1323.15 8.90245
1322.99 8.91417
1322.82 8.92588
1322.66 8.94086
1322.49 8.96494
1322.33 8.97015
1322.17 8.9747

1322 8.98056
1321.84 8.99944
1321.68 8.99098
1321.51 8.99293
1321.35 8.99554
1321.19 8.98056
1321.02 8.98772
1320.86 8.97796
1320.7 8.95648

1320.53 8.94867
1320.37 8.92914
1320.21 8.91417
1320.04 8.9044
1319.88 8.90701
1319.72 8.89464
1319.55 8.90245
1319.39 8.87837
1319.23 8.84842
1319.06 8.84386
1318.9 8.83801

1318.73 8.88487
1318.57 8.98512
1318.41 8.96104
1318.24 8.92263
1318.08 8.87186
1317.92 8.86339
1317.75 8.86795
1317.59 8.88683
1317.43 8.87837
1317.26 8.88292
1317.1 8.88553

1316.94 8.88487
1316.77 8.89789
1316.61 8.91807
1316.45 8.90505
1316.28 8.88487
1316.12 8.88292
1315.96 8.87055
1315.79 8.88097
1315.63 8.87837
1315.46 8.88683
1315.3 8.88032

1315.14 8.89138
1314.97 8.91547
1314.81 8.91612
1314.65 8.92393
1314.48 8.92393
1314.32 8.91612
1314.16 8.90701
1313.99 8.91287
1313.83 8.91091
1313.67 8.91352
1313.5 8.90636

1313.34 8.9044
1313.18 8.89334
1313.01 8.89138
1312.85 8.91807
1312.69 8.91937
1312.52 8.91742
1312.36 8.92068
1312.19 8.91807
1312.03 8.91807
1311.87 8.90896
1311.7 8.89659

1311.54 8.92003
1311.38 8.90766
1311.21 8.92068
1311.05 8.92458
1310.89 8.92393
1310.72 8.93239
1310.56 8.93565
1310.4 8.94086

1310.23 8.94606
1310.07 8.98707
1309.91 8.9747
1309.74 8.98512
1309.58 8.98121
1309.42 8.98252
1309.25 8.99293



1309.09 8.99423
1308.93 8.98642
1308.76 8.90505
1308.6 8.9005

1308.43 8.89203
1308.27 8.89985
1308.11 8.88162
1307.94 8.84712
1307.78 8.84061
1307.62 8.84647
1307.45 8.84191
1307.29 8.8328
1307.13 8.85558
1306.96 8.86535
1306.8 8.86209

1306.64 8.866
1306.47 8.86535
1306.31 8.866
1306.15 8.85884
1305.98 8.85298
1305.82 8.84452
1305.66 8.86535
1305.49 8.86144
1305.33 8.84712
1305.16 8.84582

1305 8.85363
1304.84 8.90245
1304.67 9.00074
1304.51 9.01897
1304.35 8.99163
1304.18 8.98252
1304.02 8.98968
1303.86 8.99423
1303.69 8.97796
1303.53 8.96689
1303.37 8.95843
1303.2 8.95713

1303.04 8.95453
1302.88 8.95518
1302.71 8.97991
1302.55 8.98121
1302.39 8.99293
1302.22 8.99944
1302.06 9.00595
1301.89 8.98707
1301.73 8.95192
1301.57 8.9376
1301.4 8.96104

1301.24 8.95843
1301.08 8.94216
1300.91 8.935
1300.75 8.92263
1300.59 8.92393
1300.42 8.92653
1300.26 8.92393
1300.1 8.91352

1299.93 8.92393
1299.77 8.92719
1299.61 8.92588
1299.44 8.92719
1299.28 8.92914
1299.12 8.92719
1298.95 8.93044
1298.79 8.92198
1298.62 8.92719
1298.46 8.92849
1298.3 8.96169

1298.13 8.97861
1297.97 8.99293
1297.81 9.00465
1297.64 8.98903
1297.48 8.97796
1297.32 8.97145
1297.15 8.96169
1296.99 8.94216
1296.83 8.87902
1296.66 8.85558
1296.5 8.87446

1296.34 8.9031
1296.17 8.93109
1296.01 8.93695
1295.85 8.94346
1295.68 8.94086
1295.52 8.92914
1295.36 8.93955
1295.19 9.01116
1295.03 9.01441
1294.86 9.02873
1294.7 9.00009

1294.54 8.94346
1294.37 8.93304
1294.21 8.89854
1294.05 8.89789
1293.88 8.88097
1293.72 8.88553
1293.56 8.89594
1293.39 8.88357
1293.23 8.9005
1293.07 8.95518
1292.9 9.00595

1292.74 8.95648
1292.58 8.91742
1292.41 8.92003
1292.25 8.92003
1292.09 8.91742
1291.92 8.92914
1291.76 8.91091
1291.59 8.92458
1291.43 8.92458
1291.27 8.91937
1291.1 8.91547

1290.94 8.91807
1290.78 8.91417
1290.61 8.92003
1290.45 8.92719
1290.29 8.92458
1290.12 8.935
1289.96 8.93109
1289.8 8.92719

1289.63 8.92719
1289.47 8.92849
1289.31 8.92719
1289.14 8.92849
1288.98 8.93239
1288.82 8.9337
1288.65 8.61213
1288.49 8.98317
1288.32 8.97666
1288.16 8.98252

1288 8.97405
1287.83 8.97861
1287.67 8.97796
1287.51 8.97796
1287.34 8.98056
1287.18 8.96169
1287.02 8.94997
1286.85 8.9337
1286.69 8.93239
1286.53 8.9337
1286.36 8.92003
1286.2 8.91807

1286.04 8.90961
1285.87 8.90115
1285.71 8.91417
1285.55 8.90245
1285.38 8.89985
1285.22 8.91937
1285.05 8.90961
1284.89 8.91287
1284.73 8.91742
1284.56 8.90636
1284.4 8.91937

1284.24 8.91937
1284.07 8.90766
1283.91 8.92198
1283.75 8.91937
1283.58 8.9031
1283.42 8.92393
1283.26 8.92393
1283.09 8.90636
1282.93 8.91547
1282.77 8.92003
1282.6 8.9031

1282.44 8.91417
1282.28 8.9005
1282.11 8.91807
1281.95 8.91352
1281.79 8.91417
1281.62 8.89854
1281.46 8.88292
1281.29 8.86795
1281.13 8.85949
1280.97 8.85233
1280.8 8.84256

1280.64 8.84842
1280.48 8.84647
1280.31 8.866
1280.15 8.87381
1279.99 8.88943
1279.82 8.89138
1279.66 8.89008
1279.5 8.89334

1279.33 8.86795
1279.17 8.86535
1279.01 8.8686
1278.84 8.86665
1278.68 8.87251
1278.52 8.86535
1278.35 8.85493
1278.19 8.8686
1278.02 8.87251
1277.86 8.8686
1277.7 8.86795

1277.53 8.86795
1277.37 8.85753
1277.21 8.866
1277.04 8.86404
1276.88 8.87055
1276.72 8.8686
1276.55 8.86795
1276.39 8.86339
1276.23 8.87186
1276.06 8.85949
1275.9 8.86665

1275.74 8.85363
1275.57 8.85558
1275.41 8.8699
1275.25 8.92068
1275.08 8.92198
1274.92 8.91156
1274.75 8.87641
1274.59 8.87381
1274.43 8.86144
1274.26 8.86209
1274.1 8.866

1273.94 8.85103
1273.77 8.85233
1273.61 8.81848
1273.45 8.81848
1273.28 8.80676
1273.12 8.80351
1272.96 8.8009
1272.79 8.7996
1272.63 8.80286
1272.47 8.80741
1272.3 8.78398

1272.14 8.81197
1271.98 8.81327
1271.81 8.82694
1271.65 8.82303
1271.49 8.82303
1271.32 8.94216
1271.16 8.9695
1270.99 8.97666
1270.83 8.9695
1270.67 9.11271
1270.5 9.19538

1270.34 9.17585
1270.18 9.18431
1270.01 9.23378
1269.85 9.18887
1269.69 9.04761
1269.52 9.01897
1269.36 9.01506
1269.2 9.01051

1269.03 9.01897
1268.87 9.01506
1268.71 9.01311
1268.54 9.01311
1268.38 9.01571
1268.22 9.01246
1268.05 9.01571
1267.89 9.01571
1267.72 9.02353
1267.56 9.02222
1267.4 9.01571

1267.23 9.02092
1267.07 9.01116
1266.91 9.01441
1266.74 9.01897
1266.58 9.02222
1266.42 9.01116
1266.25 9.01116
1266.09 9.02092
1265.93 8.99749
1265.76 8.9682
1265.6 8.9747

1265.44 8.98252
1265.27 8.9734
1265.11 8.97796
1264.95 8.98252
1264.78 8.96754
1264.62 8.99358
1264.45 8.9734
1264.29 8.98968
1264.13 8.97666
1263.96 8.99293
1263.8 8.99098

1263.64 8.98707
1263.47 8.98772
1263.31 8.97405
1263.15 8.98447
1262.98 8.98317
1262.82 8.98968
1262.66 8.98317
1262.49 8.99163
1262.33 8.97601
1262.17 8.98707

1262 8.98056
1261.84 8.98903
1261.68 8.98642
1261.51 9.004
1261.35 9.02157
1261.18 9.02613
1261.02 9.01311
1260.86 9.01702
1260.69 9.004
1260.53 9.01116
1260.37 9.00855
1260.2 9.00204

1260.04 9.00009
1259.88 8.99749
1259.71 8.98968
1259.55 9.004
1259.39 8.99423
1259.22 8.99163
1259.06 8.65574
1258.9 8.99423

1258.73 8.99619
1258.57 8.98642
1258.41 8.99554
1258.24 8.97601
1258.08 8.98707
1257.92 8.98512
1257.75 8.97861
1257.59 8.98707
1257.42 8.98056
1257.26 8.99749
1257.1 8.99358

1256.93 8.9747
1256.77 8.99098
1256.61 8.97796
1256.44 9.004
1256.28 8.99358
1256.12 9.02548
1255.95 9.03264
1255.79 9.03069
1255.63 9.0372
1255.46 9.04566
1255.3 9.05347

1255.14 9.07104
1254.97 9.09773
1254.81 9.1075
1254.65 9.13223
1254.48 9.1407
1254.32 9.12377
1254.15 9.08602
1253.99 9.08146
1253.83 9.06454
1253.66 9.04956
1253.5 9.04696

1253.34 9.03069
1253.17 9.04761
1253.01 9.02222
1252.85 9.01571
1252.68 9.0066
1252.52 9.0092
1252.36 9.01506
1252.19 9.02092
1252.03 9.03199
1251.87 9.01506
1251.7 9.02873

1251.54 9.02873
1251.38 9.01441
1251.21 9.02548
1251.05 9.01506
1250.88 9.01897
1250.72 9.02548
1250.56 9.03069
1250.39 9.00855
1250.23 8.95908
1250.07 8.94411
1249.9 8.95387

1249.74 8.93565
1249.58 8.93239
1249.41 8.92849
1249.25 8.91937
1249.09 8.91742
1248.92 8.91417
1248.76 8.92068
1248.6 8.90636

1248.43 8.92068
1248.27 8.90636
1248.11 8.91156
1247.94 8.92588
1247.78 8.89854
1247.61 8.92003
1247.45 8.91612
1247.29 8.92068
1247.12 8.91807
1246.96 8.90636
1246.8 8.92198

1246.63 8.91807
1246.47 8.91742
1246.31 8.91937
1246.14 8.90505
1245.98 8.9031
1245.82 8.90115
1245.65 8.9044
1245.49 8.87706
1245.33 8.87837
1245.16 8.8699

1245 8.88553
1244.84 8.87055
1244.67 8.87055
1244.51 8.87055
1244.35 8.87055
1244.18 8.87251
1244.02 8.88357
1243.85 8.92263
1243.69 8.92458
1243.53 8.98707
1243.36 9.03654
1243.2 9.04175

1243.04 9.06128
1242.87 9.13028
1242.71 9.14916
1242.55 9.2123
1242.38 9.22727
1242.22 9.24159
1242.06 9.30343
1241.89 9.32622
1241.73 9.32882
1241.57 9.26177
1241.4 9.16673

1241.24 9.13158
1241.08 9.1101
1240.91 9.02548
1240.75 9.00855
1240.58 9.00009
1240.42 8.98707
1240.26 9.00204
1240.09 8.99293
1239.93 8.98056
1239.77 8.96299
1239.6 8.95908

1239.44 8.94802
1239.28 8.95257
1239.11 8.95648
1238.95 8.95192
1238.79 8.94151
1238.62 8.94151
1238.46 8.93239
1238.3 8.90961

1238.13 8.89854
1237.97 8.90701
1237.81 8.90245
1237.64 8.90896
1237.48 8.91091
1237.31 8.91091
1237.15 8.92849
1236.99 8.9682
1236.82 8.97991
1236.66 8.98056
1236.5 8.98252

1236.33 8.97601
1236.17 8.95518
1236.01 8.95257
1235.84 8.95713
1235.68 8.935
1235.52 8.95062
1235.35 8.95062
1235.19 8.94541
1235.03 8.935
1234.86 8.92068
1234.7 8.92719

1234.54 8.92393
1234.37 8.92914
1234.21 8.9337
1234.04 8.92914
1233.88 8.92653
1233.72 8.935
1233.55 8.93239
1233.39 8.92849
1233.23 8.92849
1233.06 8.9389
1232.9 8.93304

1232.74 8.94411
1232.57 8.94867
1232.41 8.94346
1232.25 8.94346
1232.08 8.94411
1231.92 8.94216
1231.76 8.94411
1231.59 8.94411
1231.43 8.94606
1231.27 8.94216
1231.1 8.94216

1230.94 8.95192
1230.78 8.95713
1230.61 8.93695
1230.45 8.95257
1230.28 8.95908
1230.12 8.94411
1229.96 8.92588
1229.79 8.92849
1229.63 8.92003
1229.47 8.92393
1229.3 8.92458

1229.14 8.91807
1228.98 8.9337
1228.81 8.935
1228.65 8.9337
1228.49 8.9376
1228.32 8.94411
1228.16 8.935

1228 8.9337
1227.83 8.91547
1227.67 8.91417
1227.51 8.92198
1227.34 8.90701
1227.18 8.90766
1227.01 8.92003
1226.85 8.91417
1226.69 8.90896
1226.52 8.91612
1226.36 8.90896
1226.2 8.90701

1226.03 8.90115
1225.87 8.91742
1225.71 8.89985
1225.54 8.90766
1225.38 8.91091
1225.22 8.9005



1225.05 8.90505
1224.89 9.02873
1224.73 9.05217
1224.56 9.01246
1224.4 9.03264

1224.24 9.02222
1224.07 9.02353
1223.91 9.02743
1223.74 9.00855
1223.58 9.02873
1223.42 9.01767
1223.25 9.02092
1223.09 9.01441
1222.93 9.01506
1222.76 8.99358
1222.6 9.01051

1222.44 9.01702
1222.27 9.00074
1222.11 9.01702
1221.95 8.98968
1221.78 8.9695
1221.62 8.94997
1221.46 8.93044
1221.29 8.935
1221.13 8.95257
1220.97 8.98447
1220.8 8.97405

1220.64 8.96559
1220.48 8.96299
1220.31 8.95453
1220.15 8.97145
1219.98 8.96299
1219.82 8.96169
1219.66 8.96169
1219.49 8.96494
1219.33 8.96559
1219.17 8.96038

1219 8.97405
1218.84 9.05021
1218.68 9.91532
1218.51 10.6262
1218.35 10.0559
1218.19 9.3132
1218.02 9.11531
1217.86 9.05607
1217.7 9.0066

1217.53 9.0027
1217.37 8.99944
1217.21 8.99944
1217.04 8.99619
1216.88 8.99554
1216.71 8.99749
1216.55 9.004
1216.39 8.99423
1216.22 9.0079
1216.06 9.00074
1215.9 9.00009

1215.73 8.99358
1215.57 9.02092
1215.41 9.02222
1215.24 9.0092
1215.08 8.9682
1214.92 8.92393
1214.75 8.91742
1214.59 8.92653
1214.43 8.91807
1214.26 8.92914
1214.1 8.94802

1213.94 8.96559
1213.77 8.96754
1213.61 8.9682
1213.44 8.96559
1213.28 8.96559
1213.12 8.96559
1212.95 8.96689
1212.79 8.95908
1212.63 8.97145
1212.46 9.05803
1212.3 9.1075

1212.14 9.08927
1211.97 8.97405
1211.81 8.94737
1211.65 8.93695
1211.48 8.93239
1211.32 8.9376
1211.16 8.9337
1210.99 8.94086
1210.83 8.92588
1210.67 8.91417
1210.5 8.91612

1210.34 8.88813
1210.17 8.88097
1210.01 8.93239
1209.85 8.98968
1209.68 8.99358
1209.52 8.99423
1209.36 8.98968
1209.19 8.96169
1209.03 8.90636
1208.87 8.87641
1208.7 8.87511

1208.54 8.86535
1208.38 8.83801
1208.21 8.85949
1208.05 8.85753
1207.89 8.86014
1207.72 8.85753
1207.56 8.86014
1207.4 8.86535

1207.23 8.86535
1207.07 8.95387
1206.91 9.30538
1206.74 9.6634
1206.58 9.7617
1206.41 9.88473
1206.25 9.91532
1206.09 9.90621
1205.92 9.95698
1205.76 9.94917
1205.6 9.85804

1205.43 9.70962
1205.27 9.71092
1205.11 9.67903
1204.94 10.2017
1204.78 10.1184
1204.62 9.94461
1204.45 9.97781
1204.29 9.67252
1204.13 9.36527
1203.96 9.25787
1203.8 9.22857

1203.64 9.20319
1203.47 9.20709
1203.31 9.20188
1203.14 9.20188
1202.98 9.21686
1202.82 9.22467
1202.65 9.22857
1202.49 9.23118
1202.33 9.22271
1202.16 9.22857

1202 9.23573
1201.84 9.23378
1201.67 9.22988
1201.51 9.22467
1201.35 9.26633
1201.18 9.29888
1201.02 9.35225
1200.86 9.32882
1200.69 9.3835
1200.53 9.60091
1200.37 9.73175
1200.2 9.84502

1200.04 9.80922
1199.87 9.74022
1199.71 9.59245
1199.55 9.66145
1199.38 9.71418
1199.22 9.58985
1199.06 9.418
1198.89 9.37373
1198.73 9.35225
1198.57 9.36592
1198.4 9.35095

1198.24 9.35486
1198.08 9.34379
1197.91 9.34119
1197.75 9.35225
1197.59 9.33272
1197.42 9.33793
1197.26 9.33468
1197.1 9.32817

1196.93 9.30538
1196.77 9.26438
1196.6 9.24224

1196.44 9.23964
1196.28 9.22337
1196.11 9.20384
1195.95 9.1791
1195.79 9.16413
1195.62 9.14265
1195.46 9.13484
1195.3 9.12963

1195.13 9.11466
1194.97 9.0756
1194.81 9.09122
1194.64 9.07365
1194.48 9.08862
1194.32 9.07755
1194.15 9.08927
1193.99 9.08276
1193.83 9.07821
1193.66 9.08146
1193.5 9.09448

1193.34 9.08862
1193.17 9.09122
1193.01 9.08862
1192.84 9.08406
1192.68 9.06063
1192.52 9.03524
1192.35 9.03264
1192.19 9.03459
1192.03 9.02613
1191.86 9.02548
1191.7 9.03264

1191.54 9.01897
1191.37 9.02743
1191.21 9.02222
1191.05 9.0411
1190.88 9.02157
1190.72 9.0411
1190.56 9.04696
1190.39 9.03264
1190.23 9.04761
1190.07 9.03524
1189.9 9.04305

1189.74 9.04566
1189.57 9.0385
1189.41 9.04045
1189.25 9.04826
1189.08 9.05803
1188.92 9.04826
1188.76 9.04566
1188.59 9.01441
1188.43 9.0027
1188.27 9.01246
1188.1 9.01571

1187.94 9.00204
1187.78 9.01897
1187.61 9.0092
1187.45 9.01246
1187.29 9.00074
1187.12 9.01441
1186.96 9.0027
1186.8 9.01702

1186.63 9.00465
1186.47 9.01441
1186.3 9.01702

1186.14 8.99944
1185.98 9.01506
1185.81 9.00465
1185.65 9.01116
1185.49 9.01767
1185.32 9.00204
1185.16 8.98512

1185 8.94151
1184.83 8.92263
1184.67 8.92458
1184.51 8.92588
1184.34 8.93239
1184.18 8.94737
1184.02 8.94346
1183.85 8.94737
1183.69 8.95648
1183.53 8.95257
1183.36 8.94151
1183.2 8.9376

1183.03 8.94346
1182.87 8.94346
1182.71 8.93955
1182.54 8.93695
1182.38 8.9376
1182.22 8.93044
1182.05 9.03459
1181.89 9.22857
1181.73 9.74868
1181.56 11.4008
1181.4 11.7809

1181.24 13.3133
1181.07 15.3911
1180.91 15.9587
1180.75 14.9029
1180.58 12.8276
1180.42 11.2016
1180.26 10.0455
1180.09 9.39391
1179.93 9.13874
1179.77 9.12182
1179.6 9.40498

1179.44 9.60287
1179.27 9.50848
1179.11 9.37894
1178.95 9.39326
1178.78 9.28911
1178.62 9.23118
1178.46 9.22662
1178.29 9.19017
1178.13 9.19277
1177.97 9.19277
1177.8 9.18561

1177.64 9.18366
1177.48 9.16413
1177.31 9.14525
1177.15 9.13158
1176.99 8.95908
1176.82 8.91287
1176.66 8.90701
1176.5 8.89399

1176.33 8.89138
1176.17 8.91156

1176 8.91287
1175.84 8.90636
1175.68 8.90896
1175.51 8.91091
1175.35 8.90961
1175.19 8.91091
1175.02 8.90766
1174.86 8.90701
1174.7 8.91091

1174.53 8.91156
1174.37 8.90505
1174.21 8.91417
1174.04 8.90636
1173.88 8.9044
1173.72 8.9005
1173.55 8.91352
1173.39 8.89594
1173.23 8.89464
1173.06 8.88813
1172.9 8.88943

1172.73 8.91937
1172.57 8.94541
1172.41 8.95453
1172.24 8.94086
1172.08 8.91156
1171.92 8.90245
1171.75 8.89399
1171.59 8.89789
1171.43 8.9005
1171.26 8.90245
1171.1 8.91742

1170.94 8.91417
1170.77 9.01506
1170.61 9.01506
1170.45 9.01962
1170.28 9.02743
1170.12 9.02808
1169.96 9.03069
1169.79 9.02743
1169.63 9.0079
1169.47 8.97015
1169.3 8.94541

1169.14 8.94541
1168.97 8.94606
1168.81 8.9337
1168.65 8.92719
1168.48 8.93239
1168.32 8.92588
1168.16 8.93239
1167.99 8.93109
1167.83 8.98317
1167.67 9.03459
1167.5 9.04305

1167.34 9.02548
1167.18 9.00074
1167.01 8.97601
1166.85 9.02222
1166.69 9.01962
1166.52 9.04371
1166.36 9.0411
1166.2 9.03459

1166.03 8.98707
1165.87 8.96494
1165.7 8.95648

1165.54 8.94151
1165.38 8.94216
1165.21 8.93955
1165.05 8.94151
1164.89 8.93304
1164.72 8.91156
1164.56 8.88553
1164.4 8.87837

1164.23 8.8686
1164.07 8.85493
1163.91 8.86535
1163.74 8.51969
1163.58 8.88683
1163.42 8.89334
1163.25 8.88553
1163.09 8.87837
1162.93 8.85493
1162.76 8.84907
1162.6 8.85298

1162.43 8.85949
1162.27 8.86144
1162.11 8.85493
1161.94 8.84842
1161.78 8.85688
1161.62 8.85037
1161.45 8.85233
1161.29 8.84907
1161.13 8.85298
1160.96 8.88357
1160.8 8.88553

1160.64 8.88813
1160.47 8.88943
1160.31 8.88748
1160.15 8.91547
1159.98 8.95908
1159.82 8.96104
1159.66 8.95908
1159.49 8.94541
1159.33 8.90115
1159.16 8.84842

1159 8.84061
1158.84 8.82759
1158.67 8.82629
1158.51 8.8341
1158.35 8.8354
1158.18 8.9031
1158.02 8.91612
1157.86 8.92719
1157.69 8.94541
1157.53 8.95062
1157.37 8.94867
1157.2 8.94346

1157.04 8.89464
1156.88 8.88292
1156.71 8.88357
1156.55 8.87837
1156.39 8.88032
1156.22 8.87902
1156.06 8.86795
1155.9 8.8686

1155.73 8.85558
1155.57 8.85688
1155.4 8.866

1155.24 8.88097
1155.08 8.86339
1154.91 8.88553
1154.75 8.89464
1154.59 8.89399
1154.42 8.88097
1154.26 8.90701
1154.1 8.92198

1153.93 8.92719
1153.77 8.93109
1153.61 8.97601
1153.44 8.9747
1153.28 8.9695
1153.12 8.94151
1152.95 8.92393
1152.79 8.88097
1152.63 8.90766
1152.46 8.89464
1152.3 8.91091

1152.13 8.92198
1151.97 8.91807
1151.81 8.92588
1151.64 8.92003
1151.48 8.89594
1151.32 8.99619
1151.15 9.01441
1150.99 9.01506
1150.83 9.01441
1150.66 9.0027
1150.5 8.9721

1150.34 8.95843
1150.17 8.96494
1150.01 8.94606
1149.85 8.95518
1149.68 8.94541
1149.52 9.02808
1149.36 9.08146
1149.19 9.08471
1149.03 9.07104
1148.86 9.09057
1148.7 9.10359

1148.54 9.07495
1148.37 9.05607
1148.21 9.03915
1148.05 9.03004
1147.88 9.03654
1147.72 9.02222
1147.56 8.99293
1147.39 8.96169
1147.23 8.94151
1147.07 8.92653
1146.9 8.92653

1146.74 8.92393
1146.58 8.91937
1146.41 8.91547
1146.25 8.92458
1146.09 8.92003
1145.92 8.92198
1145.76 8.91287
1145.59 8.92653
1145.43 8.92068
1145.27 8.92588
1145.1 8.91807

1144.94 8.93109
1144.78 8.91742
1144.61 8.91287
1144.45 8.90505
1144.29 8.88162
1144.12 8.88162
1143.96 8.87837
1143.8 8.87381

1143.63 8.87511
1143.47 8.85558
1143.31 8.85493
1143.14 8.84256
1142.98 8.85233
1142.82 8.85884
1142.65 8.85558
1142.49 8.86339
1142.33 8.88292
1142.16 8.89334

1142 8.89203
1141.83 8.92263
1141.67 8.93695
1141.51 8.94086
1141.34 8.95062
1141.18 8.96169



1141.02 8.95713
1140.85 8.95387
1140.69 8.95518
1140.53 8.95453
1140.36 8.95453
1140.2 8.96104

1140.04 8.95387
1139.87 8.89334
1139.71 8.88553
1139.55 8.88097
1139.38 8.89203
1139.22 8.90701
1139.06 8.92393
1138.89 8.90636
1138.73 8.91547
1138.56 8.90245
1138.4 8.91612

1138.24 8.9044
1138.07 8.91091
1137.91 8.91091
1137.75 8.88943
1137.58 8.86404
1137.42 8.87251
1137.26 8.86795
1137.09 8.866
1136.93 8.86404
1136.77 8.86535
1136.6 8.86795

1136.44 8.88162
1136.28 8.88813
1136.11 8.89789
1135.95 8.90896
1135.79 8.92068
1135.62 8.93109
1135.46 8.94867
1135.29 8.96689
1135.13 8.93044
1134.97 8.92719
1134.8 8.92393

1134.64 8.89854
1134.48 8.88097
1134.31 8.88553
1134.15 8.88162
1133.99 8.88032
1133.82 8.88097
1133.66 8.87641
1133.5 8.88357

1133.33 8.90961
1133.17 8.92458
1133.01 8.92003
1132.84 8.92719
1132.68 8.92719
1132.52 8.91612
1132.35 8.87706
1132.19 8.85233
1132.03 8.83605
1131.86 8.82954
1131.7 8.8341

1131.53 8.8354
1131.37 8.8341
1131.21 8.85558
1131.04 8.84191
1130.88 8.84582
1130.72 8.82694
1130.55 8.82238
1130.39 8.81197
1130.23 8.82108
1130.06 8.81197
1129.9 8.82954

1129.74 8.81587
1129.57 8.81587
1129.41 8.81002
1129.25 8.81848
1129.08 8.82434
1128.92 8.84256
1128.76 8.89138
1128.59 8.90245
1128.43 8.90636
1128.26 8.90505
1128.1 8.90701

1127.94 8.90766
1127.77 8.90115
1127.61 8.91352
1127.45 8.95192
1127.28 8.95257
1127.12 8.95908
1126.96 8.95062
1126.79 8.94867
1126.63 8.93109
1126.47 8.91352
1126.3 8.89659

1126.14 8.89399
1125.98 8.9031
1125.81 8.90245
1125.65 8.89789
1125.49 8.88813
1125.32 8.8686
1125.16 8.86339
1124.99 8.87251
1124.83 8.85949
1124.67 8.86144
1124.5 8.85103

1124.34 8.866
1124.18 8.86209
1124.01 8.87706
1123.85 8.87055
1123.69 8.85949
1123.52 8.83085
1123.36 8.81783
1123.2 8.81848

1123.03 8.81978
1122.87 8.82629
1122.71 8.81587
1122.54 8.81327
1122.38 8.82238
1122.22 8.81002
1122.05 8.82499
1121.89 8.80546
1121.72 8.82043
1121.56 8.80936
1121.4 8.81978

1121.23 8.80936
1121.07 8.81783
1120.91 8.80351
1120.74 8.8354
1120.58 8.82108
1120.42 8.8328
1120.25 8.84452
1120.09 8.84582
1119.93 8.8341
1119.76 8.84582
1119.6 8.83996

1119.44 8.8315
1119.27 8.84712
1119.11 8.84907
1118.95 8.84907
1118.78 8.84452
1118.62 8.88748
1118.46 8.89334
1118.29 8.9044
1118.13 8.90636
1117.96 8.90245
1117.8 8.88683

1117.64 8.866
1117.47 8.86144
1117.31 8.86209
1117.15 8.86209
1116.98 8.8699
1116.82 8.86535
1116.66 8.85558
1116.49 8.86535
1116.33 8.86209
1116.17 8.88813

1116 8.92393
1115.84 8.91937
1115.68 8.96364
1115.51 9.06649
1115.35 9.09513
1115.19 9.11075
1115.02 9.11661
1114.86 9.11531
1114.69 9.11531
1114.53 9.1101
1114.37 9.11271
1114.2 9.1407

1114.04 9.15176
1113.88 9.15111
1113.71 9.20123
1113.55 9.21686
1113.39 9.22857
1113.22 9.22532
1113.06 9.22922
1112.9 9.23118

1112.73 9.24289
1112.57 9.24224
1112.41 9.2481
1112.24 9.23573
1112.08 9.26372
1111.92 9.25722
1111.75 9.25266
1111.59 9.2468
1111.42 9.25136
1111.26 9.25331
1111.1 9.25136

1110.93 9.25917
1110.77 9.26112
1110.61 9.25526
1110.44 9.2442
1110.28 9.21881
1110.12 9.18887
1109.95 9.17454
1109.79 9.17715
1109.63 9.16153
1109.46 9.17324
1109.3 9.17975

1109.14 9.14721
1108.97 9.15306
1108.81 9.1446
1108.65 9.14525
1108.48 9.12963
1108.32 9.13419
1108.15 9.14004
1107.99 9.13028
1107.83 9.13419
1107.66 9.12963
1107.5 9.14004

1107.34 9.13354
1107.17 9.13614
1107.01 9.11466
1106.85 9.11661
1106.68 9.1088
1106.52 9.11466
1106.36 9.1075
1106.19 9.1088
1106.03 9.10359
1105.87 9.08797
1105.7 9.07365

1105.54 9.07625
1105.38 9.07625
1105.21 9.07755
1105.05 9.07951
1104.89 9.07951
1104.72 9.06779
1104.56 9.07104
1104.39 9.07495
1104.23 9.07755
1104.07 9.09253
1103.9 9.08862

1103.74 9.09318
1103.58 9.08927
1103.41 9.09578
1103.25 9.08927
1103.09 9.09122
1102.92 9.09318
1102.76 9.08276
1102.6 9.073

1102.43 9.06063
1102.27 9.05868
1102.11 9.05412
1101.94 9.03915
1101.78 9.04826
1101.62 9.04305
1101.45 9.02808
1101.29 9.03199
1101.12 9.02353
1100.96 9.01051
1100.8 9.01702

1100.63 9.01506
1100.47 9.00074
1100.31 9.00595
1100.14 9.00074
1099.98 8.99554
1099.82 8.99619
1099.65 9.00009
1099.49 8.99619
1099.33 8.99163
1099.16 9.0027

1099 9.06909
1098.84 9.08927
1098.67 9.10229
1098.51 9.11075
1098.35 9.1101
1098.18 9.11205
1098.02 9.10815
1097.85 9.04305
1097.69 9.01506
1097.53 9.03264
1097.36 9.01702
1097.2 8.99098

1097.04 8.97666
1096.87 8.96169
1096.71 8.96364
1096.55 8.95257
1096.38 8.95062
1096.22 8.9389
1096.06 8.9389
1095.89 8.94086
1095.73 8.95387
1095.57 8.94606
1095.4 8.9682

1095.24 8.96559
1095.08 8.95518
1094.91 8.95518
1094.75 8.95713
1094.58 8.95648
1094.42 8.94867
1094.26 8.95192
1094.09 8.9682
1093.93 9.0079
1093.77 9.01246
1093.6 9.01311

1093.44 9.01767
1093.28 9.02548
1093.11 9.0092
1092.95 9.03654
1092.79 9.04175
1092.62 9.03394
1092.46 9.02418
1092.3 8.98772

1092.13 8.98707
1091.97 8.97666
1091.81 8.98121
1091.64 8.97601
1091.48 8.94606
1091.32 8.97991
1091.15 8.99358
1090.99 8.98121
1090.82 9.03394
1090.66 9.03654
1090.5 9.04175

1090.33 9.06714
1090.17 9.05152
1090.01 9.00009
1089.84 8.99423
1089.68 8.99619
1089.52 8.99423
1089.35 8.98968
1089.19 8.98772
1089.03 8.95908
1088.86 8.9389
1088.7 8.92458

1088.54 8.90961
1088.37 8.91091
1088.21 8.91287
1088.05 8.90505
1087.88 8.91612
1087.72 8.90701
1087.55 8.90115
1087.39 8.9044
1087.23 8.90701
1087.06 8.91156
1086.9 8.88813

1086.74 8.81783
1086.57 8.80676
1086.41 8.81587
1086.25 8.81783
1086.08 8.82954
1085.92 8.82694
1085.76 8.83996
1085.59 8.8315
1085.43 8.85298
1085.27 8.89594
1085.1 8.89399

1084.94 8.9044
1084.78 8.89594
1084.61 8.9031
1084.45 8.89594
1084.28 8.90766
1084.12 8.93044
1083.96 8.935
1083.79 8.9337
1083.63 8.93044
1083.47 8.93565
1083.3 8.93695

1083.14 8.93304
1082.98 8.93109
1082.81 8.92588
1082.65 8.93304
1082.49 8.93304
1082.32 8.92914
1082.16 8.93695

1082 8.93695
1081.83 8.93304
1081.67 8.93044
1081.51 8.93695
1081.34 8.9337
1081.18 8.92653
1081.02 8.92914
1080.85 8.93304
1080.69 8.93695
1080.52 8.93304
1080.36 8.93695
1080.2 8.9389

1080.03 8.93695
1079.87 8.935
1079.71 8.96169
1079.54 8.95387
1079.38 8.96104
1079.22 8.94802
1079.05 8.95387
1078.89 8.94411
1078.73 8.94737
1078.56 8.94346
1078.4 8.95648

1078.24 8.91156
1078.07 8.89594
1077.91 8.87706
1077.75 8.85103
1077.58 8.85233
1077.42 8.85884
1077.25 8.84647
1077.09 8.87186
1076.93 8.87055
1076.76 8.87511
1076.6 8.86665

1076.44 8.83996
1076.27 8.81002
1076.11 8.80155
1075.95 8.80741
1075.78 8.7983
1075.62 8.80936
1075.46 8.80155
1075.29 8.81132
1075.13 8.80351
1074.97 8.80351
1074.8 8.80741

1074.64 8.80741
1074.48 8.8009
1074.31 8.80806
1074.15 8.80676
1073.98 8.797
1073.82 8.80546
1073.66 8.80741
1073.49 8.80481
1073.33 8.79895
1073.17 8.80806

1073 8.80936
1072.84 8.81457
1072.68 8.7996
1072.51 8.80741
1072.35 8.81002
1072.19 8.81132
1072.02 8.81132
1071.86 8.83085
1071.7 8.87706

1071.53 8.88162
1071.37 8.8686
1071.21 8.88683
1071.04 8.88553
1070.88 8.8686
1070.71 8.8354
1070.55 8.84582
1070.39 8.82759
1070.22 8.84061
1070.06 8.82629
1069.9 8.83931

1069.73 8.8315
1069.57 8.84061
1069.41 8.83345
1069.24 8.8341
1069.08 8.84582
1068.92 8.83605
1068.75 8.84386
1068.59 8.8315
1068.43 8.84191
1068.26 8.83931
1068.1 8.84712

1067.94 8.8341
1067.77 8.83345
1067.61 8.84647
1067.45 8.8341
1067.28 8.83931
1067.12 8.8354
1066.95 8.84452
1066.79 8.84452
1066.63 8.89854
1066.46 8.91091
1066.3 8.95843

1066.14 9.02808
1065.97 9.03654
1065.81 9.03199
1065.65 9.03004
1065.48 9.03459
1065.32 9.00204
1065.16 8.96689
1064.99 8.96689
1064.83 8.95648
1064.67 8.9376
1064.5 8.95192

1064.34 8.94346
1064.18 8.90896
1064.01 8.88162
1063.85 8.82954
1063.68 8.83931
1063.52 8.85233
1063.36 8.91742
1063.19 8.91612
1063.03 8.91742
1062.87 8.90636
1062.7 8.87251

1062.54 8.85753
1062.38 8.86144
1062.21 8.85558
1062.05 8.84647
1061.89 8.85103
1061.72 8.85037
1061.56 8.82889
1061.4 8.84452

1061.23 8.84647
1061.07 8.82043
1060.91 8.84386
1060.74 8.84061
1060.58 8.85949
1060.41 8.89138
1060.25 8.88292
1060.09 8.89203
1059.92 8.88357
1059.76 8.86404
1059.6 8.88162

1059.43 8.85949
1059.27 8.87706
1059.11 8.86339
1058.94 8.87706
1058.78 8.87055
1058.62 8.86795
1058.45 8.86665
1058.29 8.87381
1058.13 8.88032
1057.96 8.86795
1057.8 8.86535

1057.64 8.86014
1057.47 8.85884
1057.31 8.86339
1057.14 8.88357



1056.98 8.9005
1056.82 8.9337
1056.65 8.93304
1056.49 8.9337
1056.33 8.94086
1056.16 8.93304

1056 8.93044
1055.84 8.92068
1055.67 8.87641
1055.51 8.866
1055.35 8.84256
1055.18 8.85493
1055.02 8.84907
1054.86 8.85688
1054.69 8.8699
1054.53 8.88162
1054.37 8.88097
1054.2 8.89464

1054.04 8.93109
1053.88 8.96689
1053.71 9.07755
1053.55 9.09904
1053.38 9.09122
1053.22 9.09773
1053.06 9.05868
1052.89 9.03264
1052.73 9.00204
1052.57 8.95192
1052.4 8.93109

1052.24 8.88748
1052.08 8.90896
1051.91 8.92914
1051.75 8.91937
1051.59 8.92719
1051.42 8.92653
1051.26 8.95062
1051.1 8.95453

1050.93 8.95387
1050.77 8.95387
1050.61 8.94802
1050.44 8.96494
1050.28 8.95062
1050.11 8.95518
1049.95 8.96364
1049.79 8.95453
1049.62 8.96169
1049.46 8.94867
1049.3 8.95908

1049.13 8.95518
1048.97 8.9389
1048.81 8.91417
1048.64 8.91742
1048.48 8.93044
1048.32 8.92458
1048.15 8.91417
1047.99 8.87902
1047.83 8.84842
1047.66 8.86209
1047.5 8.82759

1047.34 8.82954
1047.17 8.81783
1047.01 8.8328
1046.84 8.8354
1046.68 8.83345
1046.52 8.83801
1046.35 8.82629
1046.19 8.8354
1046.03 8.83996
1045.86 8.83345
1045.7 8.8354

1045.54 8.84191
1045.37 8.89399
1045.21 8.91156
1045.05 8.92263
1044.88 8.92003
1044.72 8.92263
1044.56 8.93044
1044.39 8.98968
1044.23 9.03199
1044.07 9.04305
1043.9 9.05868

1043.74 9.06323
1043.57 9.05607
1043.41 9.06323
1043.25 9.0372
1043.08 9.01897
1042.92 9.02222
1042.76 9.01506
1042.59 9.01246
1042.43 9.01441
1042.27 9.01246
1042.1 9.00074

1041.94 8.9389
1041.78 8.91091
1041.61 8.9044
1041.45 8.90961
1041.29 8.90896
1041.12 8.90896
1040.96 8.91807
1040.8 8.92914

1040.63 8.92653
1040.47 8.93565
1040.31 8.9337
1040.14 8.93044
1039.98 8.93044
1039.81 8.93109
1039.65 8.93239
1039.49 8.9337
1039.32 8.93044
1039.16 8.9337

1039 8.60367
1038.83 8.93239
1038.67 8.9376
1038.51 8.92849
1038.34 8.93239
1038.18 8.92914
1038.02 8.92393
1037.85 8.90766
1037.69 8.83801
1037.53 8.84386
1037.36 8.84582
1037.2 8.86535

1037.04 8.9005
1036.87 8.90961
1036.71 8.9031
1036.54 8.90766
1036.38 8.90896
1036.22 8.90636
1036.05 8.90896
1035.89 8.90245
1035.73 8.9031
1035.56 8.90636
1035.4 8.89789

1035.24 8.89594
1035.07 8.89789
1034.91 8.88292
1034.75 8.85493
1034.58 8.87186
1034.42 8.85558
1034.26 8.87641
1034.09 8.9044
1033.93 8.91156
1033.77 8.91417
1033.6 8.92393

1033.44 8.92588
1033.27 8.93109
1033.11 8.94802
1032.95 9.07495
1032.78 9.15111
1032.62 9.22727
1032.46 9.22662
1032.29 9.19212
1032.13 9.18756
1031.97 9.16218
1031.8 9.1446

1031.64 9.14916
1031.48 9.24289
1031.31 9.36072
1031.15 9.36072
1030.99 9.2787
1030.82 9.26763
1030.66 9.23183
1030.5 9.16283

1030.33 9.15176
1030.17 9.09448
1030.01 9.05217
1029.84 9.0717
1029.68 9.03394
1029.51 8.99098
1029.35 8.99944
1029.19 8.99163
1029.02 8.99358
1028.86 8.99293
1028.7 8.99293

1028.53 8.98903
1028.37 8.98772
1028.21 8.98512
1028.04 8.99293
1027.88 8.97991
1027.72 9.06909
1027.55 9.21425
1027.39 9.28781
1027.23 9.31189
1027.06 9.31645
1026.9 9.32491

1026.74 9.31124
1026.57 9.32947
1026.41 9.30994
1026.24 9.32491
1026.08 9.29237
1025.92 9.22532
1025.75 9.18431
1025.59 9.16478
1025.43 9.16022
1025.26 9.142
1025.1 9.10359

1024.94 9.09904
1024.77 9.11271
1024.61 9.13158
1024.45 8.83801
1024.28 9.18626
1024.12 9.23638
1023.96 9.2442
1023.79 9.22988
1023.63 9.23378
1023.47 9.23378
1023.3 9.22988

1023.14 9.24875
1022.97 9.24485
1022.81 9.2468
1022.65 8.91091
1022.48 9.22532
1022.32 9.2136
1022.16 9.11531
1021.99 9.10229
1021.83 9.1062
1021.67 9.10099
1021.5 9.07365

1021.34 8.99358
1021.18 8.94086
1021.01 8.93565
1020.85 8.94346
1020.69 8.93955
1020.52 8.9695
1020.36 8.95713
1020.2 8.93304

1020.03 8.91287
1019.87 8.91156
1019.7 8.91417

1019.54 8.91807
1019.38 8.92198
1019.21 8.91807
1019.05 8.91091
1018.89 8.91807
1018.72 8.92068
1018.56 8.92393
1018.4 8.91547

1018.23 8.90636
1018.07 8.9031
1017.91 8.90505
1017.74 8.88943
1017.58 8.90766
1017.42 8.89138
1017.25 8.9031
1017.09 8.9044
1016.93 8.91417
1016.76 8.92588
1016.6 8.90701

1016.44 8.9031
1016.27 8.89399
1016.11 8.88943
1015.94 8.91612
1015.78 8.93239
1015.62 8.92914
1015.45 8.93695
1015.29 8.95387
1015.13 8.94997
1014.96 8.95387
1014.8 8.96299

1014.64 8.96559
1014.47 8.95908
1014.31 8.96559
1014.15 8.95518
1013.98 8.95192
1013.82 8.95713
1013.66 8.95713
1013.49 8.95387
1013.33 8.94802
1013.17 8.93109

1013 8.90115
1012.84 8.86209
1012.67 8.84256
1012.51 8.83996
1012.35 8.8354
1012.18 8.84256
1012.02 8.84191
1011.86 8.83931
1011.69 8.8354
1011.53 8.84647
1011.37 8.83931
1011.2 8.8354

1011.04 8.84191
1010.88 8.83801
1010.71 8.8328
1010.55 8.82889
1010.39 8.83801
1010.22 8.84061
1010.06 8.83736
1009.9 8.8341

1009.73 8.83736
1009.57 8.83801
1009.4 8.83996

1009.24 8.83085
1009.08 8.82043
1008.91 8.83931
1008.75 8.83801
1008.59 8.84842
1008.42 8.83736
1008.26 8.83736
1008.1 8.83931

1007.93 8.83605
1007.77 8.84061
1007.61 8.8315
1007.44 8.84191
1007.28 8.83605
1007.12 8.84061
1006.95 8.83996
1006.79 8.84061
1006.63 8.8341
1006.46 8.83931
1006.3 8.83085

1006.13 8.8354
1005.97 8.84452
1005.81 8.82499
1005.64 8.83345
1005.48 8.83345
1005.32 8.83605
1005.15 8.8354
1004.99 8.84452
1004.83 8.83996
1004.66 8.83996
1004.5 8.8328

1004.34 8.82889
1004.17 8.82694
1004.01 8.83605
1003.85 8.8341
1003.68 8.84452
1003.52 8.83801
1003.36 8.8341
1003.19 8.8315
1003.03 8.8315
1002.87 8.83605
1002.7 8.8354

1002.54 8.8315
1002.37 8.84582
1002.21 8.84256
1002.05 8.8315
1001.88 8.83345
1001.72 8.83345
1001.56 8.82694
1001.39 8.83085
1001.23 8.82954
1001.07 8.82889
1000.9 8.82954

1000.74 8.84191
1000.58 8.83931
1000.41 8.83931
1000.25 8.83085
1000.09 8.83931
999.922 8.83345
999.759 8.83345
999.595 8.83345
999.432 8.84061
999.268 8.8315
999.105 8.83345
998.941 8.83736
998.778 8.8315
998.614 8.82889
998.451 8.8315
998.287 8.82954
998.124 8.83931
997.96 8.83801

997.797 8.83736
997.633 8.8315
997.47 8.83085

997.306 8.82499
997.143 8.8315
996.979 8.83801
996.816 8.83736
996.652 8.83801
996.489 8.83801
996.325 8.8341
996.162 8.8341
995.998 8.8354
995.835 8.83085
995.671 8.83085
995.508 8.83736
995.344 8.8354
995.181 8.82694
995.017 8.83801
994.854 8.83345
994.69 8.83931

994.527 8.8354
994.363 8.82759

994.2 8.84452
994.036 8.82954
993.873 8.83996
993.709 8.82499
993.546 8.82759
993.382 8.82954
993.219 8.8315
993.055 8.83801
992.892 8.83345
992.728 8.82889
992.565 8.82759
992.402 8.8341
992.238 8.8341
992.075 8.82629
991.911 8.82954
991.748 8.8354
991.584 8.82954
991.421 8.8328
991.257 8.83736
991.094 8.82629
990.93 8.83345

990.767 8.8315
990.603 8.82759
990.44 8.8328

990.276 8.83931
990.113 8.8315
989.949 8.83345
989.786 8.82954
989.622 8.82694
989.459 8.82954
989.295 8.83605
989.132 8.82954
988.968 8.83345
988.805 8.83931
988.641 8.83345
988.478 8.8341
988.314 8.8328
988.151 8.83931
987.987 8.83801
987.824 8.82954
987.66 8.82694

987.497 8.82629
987.333 8.83345
987.17 8.83345

987.006 8.8341
986.843 8.8354
986.679 8.8354
986.516 8.82954
986.352 8.8354
986.189 8.82694
986.025 8.82629
985.862 8.8354
985.698 8.82434
985.535 8.8354
985.371 8.8354
985.208 8.83085
985.044 8.8341
984.881 8.83345
984.717 8.82499
984.554 8.82759
984.39 8.8354

984.227 8.83085
984.063 8.8341

983.9 8.8341
983.736 8.8354
983.573 8.83085
983.409 8.8315
983.246 8.82694
983.082 8.83345
982.919 8.8315
982.755 8.8328
982.592 8.8328
982.428 8.82954
982.265 8.82954
982.101 8.82954
981.938 8.83085
981.774 8.83801
981.611 8.82694
981.447 8.8354
981.284 8.83085
981.12 8.82694

980.957 8.82889
980.793 8.84061
980.63 8.8341

980.466 8.82759
980.303 8.83605
980.139 8.83605
979.976 8.8328
979.813 8.82629
979.649 8.83345
979.486 8.83605
979.322 8.8354
979.159 8.83085
978.995 8.8341
978.832 8.83931
978.668 8.8354
978.505 8.82759
978.341 8.8354
978.178 8.8315
978.014 8.83605
977.851 8.8328
977.687 8.82108
977.524 8.82759



~VERSION INFORMATION
VERS .2.0 :CWLS LOG ASCII STANDARD-VERSION 2.0
WRAP .NO :ONE LINE PER DEPTH STEP
~WELL INFORMATION
STRT .FT 7.90675 :START DEPTH
STOP .FT 6.75846 :STOP DEPTH
STEP .FT 0 :STEP
NULL . -999.25 :NULL VALUE
COMP . Kleinfelder:COMPANY
WELL . :WELL
FLD . :FIELD
LOC . :LOCATION
PROV . N/A :PROVINCE
SRVC . N/A :SERVICE COMPANY
DATE . 9/15/2003 :DATE
UWI . N/A :UNIQUE WELL ID
~CURVE INFORMATION
DEPT .FT :DEPTH
COND .MS/M :Cond.
GAMM .CPS :Gamma
I__R .OHM-M :I. Res.
~PARAMETER INFORMATION
ELEV . :ELEVATION
STE . :STE
DENS . :DENSITY
CASI . 60' :CASING TO1
OPER . :OPERATING RIG TIME
WGT1 . :WGT1
CASI . 4.25" ID A :CASING SIZE1
CASI . :CASING TO2
WGT2 . :WGT2
CASI . :CASING SIZE2
WELL . R-26 Core :WELL ID
CASI . :CASING TO3
K.B. . :K.B.
WGT3 . :WGT3
TYPE . :TYPE LOG
CASI . :CASING SIZE3
CASI . :CASING TO4
SALI . :SALINITY
TITL . :TITLE
WGT4 . :WGT4
TOP . :TOP LOGGED INTERVAL
CASI . :CASING SIZE4
WITN . :WITNESSED BY
CASI . :CASING TO5
DRIL . :DRILLING MEAS. FROM
WGT5 . :WGT5
CASI . :CASING SIZE5
CTY . :CTY
WGT6 . :WGT6
CASI . :CASING SIZE6
MAX. . :MAX. REC. TEMP.
D.F. . :D.F.
CASI . :CASING TO6
OTHE . :OTHER SERVICES
BIT1 . 4.25" ID A :BIT1
DEPT . :DEPTH-DRILLER
BIT2 . 4" OD HQ :BIT2
RUN . :RUN No
RUN1 . :RUN1
BIT3 . :BIT3
RUN2 . :RUN2
PERM . :PERMANENT DATUM
TWP . :TWP
BIT4 . :BIT4
LOG . :LOG MEAS. FROM
BIT . 0 :BIT FROM1
RUN3 . :RUN3
BIT5 . :BIT5
CASI . 0 :CASING FROM1
TYPE . :TYPE FLUID IN HOLE
RUN4 . :RUN4
FLD . :FLD
BIT6 . :BIT6
BIT . 60' :BIT TO1
CASI . :CASING FROM2
BIT . 60 :BIT FROM2
CO . :CO
RGE . :RGE
BIT . 250' :BIT TO2
DEPT . :DEPTH-LOGGER
CASI . :CASING FROM3
BIT . :BIT FROM3
RUN5 . :RUN5
SEC . :SEC
BIT . :BIT TO3
G.L. . :G.L.
CASI . :CASING FROM4
BIT . :BIT FROM4
RUN6 . :RUN6
BIT . :BIT TO4
BTM . :BTM LOGGED INTERVAL
CASI . :CASING FROM5
BIT . :BIT FROM5
STAT . :STATE
BIT . :BIT TO5
LEVE . :LEVEL
CASI . :CASING FROM6
BIT . :BIT FROM6
COUN . :COUNTRY
RECO . M. Everett :RECORDED BY
FILI . :FILING No
BIT . :BIT TO6
~OTHER
~A

7.90675 -154.116 102.668 -6.48863
8.07079 -173.345 99.1875 -5.76885
8.23483 -185.416 101.359 -5.39328
8.39887 -166.528 91.0703 -6.00499
8.56291 -125.196 99.7266 -7.98744
8.72695 -150.111 106.008 -6.66175
8.89099 -166.048 96.7734 -6.02235
9.05503 -157.443 81.75 -6.35151
9.21907 -128.204 115.805 -7.80009
9.38311 -139.39 89.2617 -7.17411
9.54715 -189.894 84.9023 -5.2661
9.71119 -220.383 89.4727 -4.53756
9.87523 -230.929 83.3828 -4.33034
10.0393 -230.929 72.375 -4.33034
10.2033 -230.929 97.8008 -4.33034
10.3674 -230.929 65.9219 -4.33034
10.5314 -230.929 98.1875 -4.33034
10.6954 -230.929 83.9609 -4.33034
10.8595 -230.929 103.602 -4.33034
11.0235 -230.929 90.1563 -4.33034
11.1876 -230.929 135.414 -4.33034
11.3516 -230.929 84.7617 -4.33034
11.5156 -230.929 125.707 -4.33034
11.6797 -230.929 91.2422 -4.33034
11.8437 -228.852 110.352 -4.36964
12.0078 -188.682 79.7344 -5.29992
12.1718 -150.958 98.2578 -6.62437
12.3358 -118.396 103.457 -8.44622
12.4999 -214.069 107.875 -4.67138
12.6639 -230.929 118.996 -4.33034
12.828 -230.929 117.469 -4.33034
12.992 -230.929 104.785 -4.33034
13.156 -230.929 90.8906 -4.33034

13.3201 -230.929 140.555 -4.33034
13.4841 -230.929 78.7773 -4.33034
13.6482 -230.929 112.984 -4.33034
13.8122 -230.929 103.297 -4.33034
13.9762 -230.929 132.758 -4.33034
14.1403 -230.929 86.5352 -4.33034
14.3043 -230.929 116.801 -4.33034
14.4684 -230.929 114.938 -4.33034
14.6324 -230.929 104.867 -4.33034
14.7964 -230.929 89.3398 -4.33034
14.9605 -230.929 105.605 -4.33034
15.1245 -230.929 79.7461 -4.33034
15.2886 -230.929 48.3965 -4.33034
15.4526 -230.929 72.9883 -4.33034
15.6166 -230.929 72.457 -4.33034
15.7807 -230.929 106.113 -4.33034
15.9447 -230.929 93.7617 -4.33034
16.1088 -230.929 111.305 -4.33034
16.2728 -230.929 117.996 -4.33034
16.4368 -230.929 114.043 -4.33034
16.6009 -230.929 126.047 -4.33034
16.7649 -230.929 98.5586 -4.33034
16.929 -230.929 108.02 -4.33034
17.093 -230.929 77.0039 -4.33034
17.257 -230.929 138.289 -4.33034

17.4211 -230.929 99.6602 -4.33034
17.5851 -230.929 99.543 -4.33034
17.7492 -230.929 136.766 -4.33034
17.9132 -230.929 117.57 -4.33034
18.0772 -230.929 101.004 -4.33034
18.2413 -230.929 95.3867 -4.33034
18.4053 -230.929 105.547 -4.33034
18.5694 -230.929 101.996 -4.33034
18.7334 -230.929 113.352 -4.33034
18.8974 -230.929 101.617 -4.33034
19.0615 -230.929 107.203 -4.33034
19.2255 -230.929 87.875 -4.33034
19.3896 -230.929 100.672 -4.33034
19.5536 -230.929 109.262 -4.33034
19.7177 -230.929 147.609 -4.33034
19.8817 -230.929 105.938 -4.33034
20.0457 -230.929 90.0039 -4.33034
20.2098 -230.929 64.8711 -4.33034
20.3738 -230.929 67.1094 -4.33034
20.5379 -230.929 89.582 -4.33034
20.7019 -230.929 89.582 -4.33034
20.8659 -230.929 123.746 -4.33034

21.03 -230.929 141.891 -4.33034
21.194 -230.929 108.793 -4.33034

21.3581 -230.929 133.266 -4.33034
21.5221 -230.929 108.93 -4.33034
21.6861 -230.929 129.07 -4.33034
21.8502 -230.929 99.1563 -4.33034
22.0142 -230.929 90.0742 -4.33034
22.1783 -230.929 74.418 -4.33034
22.3423 -230.929 112.117 -4.33034
22.5063 -230.929 128.992 -4.33034
22.6704 -230.929 97.6445 -4.33034
22.8344 -230.929 78.832 -4.33034
22.9985 -230.929 77.9883 -4.33034
23.1625 -230.929 86.418 -4.33034
23.3265 -230.929 100.129 -4.33034
23.4906 -230.929 115.91 -4.33034
23.6546 -230.929 79.5156 -4.33034
23.8187 -230.929 92.6484 -4.33034
23.9827 -230.929 108.695 -4.33034
24.1467 -230.929 91.4336 -4.33034
24.3108 -230.929 99.8398 -4.33034
24.4748 -230.929 75.168 -4.33034
24.6389 -230.929 89.3438 -4.33034
24.8029 -230.929 77.2852 -4.33034
24.9669 -230.929 86.2578 -4.33034
25.131 -230.929 69.6797 -4.33034
25.295 -230.929 74.9492 -4.33034

25.4591 -230.929 54.8438 -4.33034
25.6231 -230.929 58.1543 -4.33034
25.7871 -230.929 112.73 -4.33034
25.9512 -230.929 98.4141 -4.33034
26.1152 -230.929 74.6328 -4.33034
26.2793 -230.929 83.7617 -4.33034
26.4433 -230.929 92.7891 -4.33034
26.6073 -230.929 72.6406 -4.33034
26.7714 -230.929 69.9883 -4.33034
26.9354 -230.929 86.4063 -4.33034
27.0995 -230.929 92.4375 -4.33034
27.2635 -218.863 102.906 -4.56907
27.4275 -210.188 91.8203 -4.75765
27.5916 -230.929 53.3457 -4.33034
27.7556 -230.929 62.1934 -4.33034
27.9197 -230.929 104.008 -4.33034
28.0837 -230.929 96.2305 -4.33034
28.2477 -230.929 95.1914 -4.33034
28.4118 -230.929 98.4258 -4.33034
28.5758 -230.929 81.7773 -4.33034
28.7399 -230.929 114.063 -4.33034
28.9039 -230.929 109.805 -4.33034
29.068 -230.929 92.3359 -4.33034
29.232 -230.929 97.9063 -4.33034
29.396 -230.929 91.9141 -4.33034

29.5601 -230.929 115.258 -4.33034
29.7241 -230.929 95.4648 -4.33034
29.8882 -230.929 123.539 -4.33034
30.0522 -230.929 95.4258 -4.33034
30.2162 -230.929 52.2559 -4.33034
30.3803 -230.929 55.2285 -4.33034
30.5443 -230.929 52.1406 -4.33034
30.7084 -230.929 81.293 -4.33034
30.8724 -230.929 91.2773 -4.33034
31.0364 -230.929 110.02 -4.33034
31.2005 -230.929 84.1719 -4.33034
31.3645 -230.929 52.0742 -4.33034
31.5286 -230.929 97.1445 -4.33034
31.6926 -230.929 88.9883 -4.33034
31.8566 -230.929 99.6484 -4.33034
32.0207 -230.929 71.1953 -4.33034
32.1847 -230.203 59.3574 -4.344
32.3488 -186.807 95.1797 -5.35313
32.5128 -218.375 97.8047 -4.57927
32.6768 -230.929 79.3008 -4.33034
32.8409 -230.929 80.8906 -4.33034
33.0049 -230.929 110.094 -4.33034
33.169 -230.929 90.0234 -4.33034
33.333 -230.929 84.4102 -4.33034
33.497 -230.929 77.5234 -4.33034

33.6611 -230.929 86.3281 -4.33034
33.8251 -230.929 105.953 -4.33034
33.9892 -230.929 81.1367 -4.33034
34.1532 -230.929 113.945 -4.33034
34.3172 -230.929 86.6953 -4.33034
34.4813 -230.929 102.879 -4.33034
34.6453 -230.929 120.801 -4.33034
34.8094 -230.929 75.4258 -4.33034
34.9734 -230.929 81.4063 -4.33034
35.1374 -230.929 46.5703 -4.33034
35.3015 -230.929 57.2012 -4.33034
35.4655 -230.929 56.9355 -4.33034
35.6296 -230.929 63.6523 -4.33034
35.7936 -230.929 107.734 -4.33034
35.9576 -230.929 81.75 -4.33034
36.1217 -230.929 96.1289 -4.33034
36.2857 -230.929 103.512 -4.33034
36.4498 -230.929 62.457 -4.33034
36.6138 -230.929 73.8516 -4.33034
36.7778 -230.929 112.754 -4.33034
36.9419 -230.929 83.2422 -4.33034
37.1059 -230.929 87.9336 -4.33034

37.27 -230.929 76.1484 -4.33034
37.434 -230.929 98.707 -4.33034

37.5981 -230.929 86.9102 -4.33034
37.7621 -230.929 84.5898 -4.33034
37.9261 -230.929 75.4961 -4.33034
38.0902 -230.929 75.1953 -4.33034
38.2542 -230.929 113.145 -4.33034
38.4183 -230.929 110.988 -4.33034
38.5823 -230.929 81.2344 -4.33034
38.7463 -230.929 98.6445 -4.33034
38.9104 -230.929 80.2891 -4.33034
39.0744 -230.929 77.3164 -4.33034
39.2385 -230.929 104.25 -4.33034
39.4025 -230.929 98.4766 -4.33034
39.5665 -230.929 93.168 -4.33034
39.7306 -230.929 67.7344 -4.33034
39.8946 -230.929 77.7656 -4.33034
40.0587 -230.929 68.8594 -4.33034
40.2227 -230.929 57.7637 -4.33034
40.3867 -230.929 79.4453 -4.33034
40.5508 -230.929 66.0039 -4.33034
40.7148 -230.929 101.074 -4.33034
40.8789 -230.929 87.543 -4.33034
41.0429 -230.929 113.406 -4.33034
41.2069 -230.929 88.3438 -4.33034
41.371 -230.929 110.129 -4.33034
41.535 -230.929 88.0195 -4.33034

41.6991 -230.929 121.582 -4.33034
41.8631 -230.929 66.918 -4.33034
42.0271 -230.929 112.59 -4.33034
42.1912 -230.929 71.7383 -4.33034
42.3552 -230.929 94.7227 -4.33034
42.5193 -230.929 83.0703 -4.33034
42.6833 -230.929 103.641 -4.33034
42.8473 -230.929 103.809 -4.33034
43.0114 -230.929 116.379 -4.33034
43.1754 -230.929 91.8672 -4.33034
43.3395 -230.929 120.895 -4.33034
43.5035 -230.929 118.422 -4.33034
43.6675 -230.929 85.6563 -4.33034
43.8316 -230.929 89.6094 -4.33034
43.9956 -230.929 107.105 -4.33034
44.1597 -230.929 104.383 -4.33034
44.3237 -230.929 95.4375 -4.33034
44.4877 -230.929 95.0898 -4.33034
44.6518 -230.929 71.1914 -4.33034
44.8158 -230.929 71.0547 -4.33034
44.9799 -230.929 86.2266 -4.33034
45.1439 -230.929 62.7773 -4.33034
45.3079 -230.929 60.1563 -4.33034
45.472 -230.929 39.1191 -4.33034
45.636 -230.929 55.1309 -4.33034

45.8001 -230.929 85.5859 -4.33034
45.9641 -230.929 72.9766 -4.33034
46.1281 -230.929 82.0625 -4.33034
46.2922 -230.929 85.5273 -4.33034
46.4562 -230.929 109.598 -4.33034
46.6203 -230.929 118.191 -4.33034
46.7843 -230.929 104.641 -4.33034
46.9484 -230.929 91.9375 -4.33034
47.1124 -230.929 77.3867 -4.33034
47.2764 -230.929 62.6543 -4.33034
47.4405 -230.929 45.0664 -4.33034
47.6045 -230.929 62.5859 -4.33034
47.7686 -230.929 70.8867 -4.33034
47.9326 -230.929 70.6797 -4.33034
48.0966 -230.929 67.8555 -4.33034
48.2607 -230.929 94.6211 -4.33034
48.4247 -230.929 80.4141 -4.33034
48.5888 -230.929 121.215 -4.33034
48.7528 -230.929 65.168 -4.33034
48.9168 -230.929 74.5273 -4.33034
49.0809 -230.929 107.848 -4.33034
49.2449 -230.929 110 -4.33034
49.409 -230.929 92 -4.33034
49.573 -230.929 62.1641 -4.33034
49.737 -230.929 84.1367 -4.33034

49.9011 -230.929 78.4805 -4.33034
50.0651 -230.929 65.7422 -4.33034
50.2292 -230.929 45.9805 -4.33034
50.3932 -230.929 58.7598 -4.33034
50.5572 -230.929 58.1816 -4.33034
50.7213 -230.929 80.4063 -4.33034
50.8853 -230.929 65.7031 -4.33034
51.0494 -230.929 77.2539 -4.33034
51.2134 -230.929 83.0156 -4.33034
51.3774 -230.929 93.6094 -4.33034
51.5415 -230.929 69.4922 -4.33034
51.7055 -230.929 75.7852 -4.33034
51.8696 -230.929 96.2617 -4.33034
52.0336 -230.929 87.2539 -4.33034
52.1976 -230.929 77.582 -4.33034
52.3617 -230.929 62.4727 -4.33034
52.5257 -230.929 90.4141 -4.33034
52.6898 -230.929 141.656 -4.33034
52.8538 -230.929 120.594 -4.33034
53.0178 -230.929 72.1484 -4.33034
53.1819 -230.929 95.6953 -4.33034
53.3459 -230.929 62.7363 -4.33034

53.51 -230.929 90.6367 -4.33034
53.674 -230.929 63.3809 -4.33034
53.838 -230.929 57.5391 -4.33034

54.0021 -230.929 115.598 -4.33034
54.1661 -230.929 77.4492 -4.33034
54.3302 -230.929 114.879 -4.33034
54.4942 -230.929 81.8945 -4.33034
54.6582 -230.929 88.4102 -4.33034
54.8223 -230.929 87.875 -4.33034
54.9863 -230.929 67.9336 -4.33034
55.1504 -230.929 71.6602 -4.33034
55.3144 -230.929 64.9219 -4.33034
55.4784 -230.929 61.6992 -4.33034
55.6425 -230.929 64.9492 -4.33034
55.8065 -230.929 73.2266 -4.33034
55.9706 -230.929 91.3086 -4.33034
56.1346 -230.929 106.188 -4.33034
56.2987 -230.929 99.0391 -4.33034
56.4627 -230.929 94.0781 -4.33034
56.6267 -230.929 114.598 -4.33034
56.7908 -230.929 127.988 -4.33034
56.9548 -230.929 117.293 -4.33034
57.1189 -230.929 130.281 -4.33034
57.2829 -230.929 129.328 -4.33034
57.4469 -230.929 83.9102 -4.33034
57.611 -230.929 100.813 -4.33034
57.775 -230.929 137.563 -4.33034

57.9391 -230.929 98.6484 -4.33034
58.1031 -230.929 130.086 -4.33034
58.2671 -230.929 88.168 -4.33034
58.4312 -230.929 114.723 -4.33034
58.5952 -230.929 95.9492 -4.33034
58.7593 -230.929 98.7617 -4.33034
58.9233 -230.929 95.9375 -4.33034
59.0873 -230.929 87.9258 -4.33034
59.2514 -230.929 75.7656 -4.33034
59.4154 -230.929 120.434 -4.33034
59.5795 -230.929 91.9063 -4.33034
59.7435 -230.929 108.117 -4.33034
59.9075 -230.929 83.3594 -4.33034
60.0716 -230.929 95.3359 -4.33034
60.2356 -230.929 80.1484 -4.33034
60.3997 -230.929 49.2109 -4.33034
60.5637 -230.929 76.8125 -4.33034
60.7277 -230.929 67.4727 -4.33034
60.8918 -230.929 63.5723 -4.33034
61.0558 -230.929 110.57 -4.33034
61.2199 -230.929 117.016 -4.33034
61.3839 -230.929 99.4805 -4.33034
61.5479 -230.929 81.6211 -4.33034
61.712 -230.929 111.664 -4.33034
61.876 -230.929 110.742 -4.33034

62.0401 -230.929 107.77 -4.33034
62.2041 -230.815 93.7539 -4.33247
62.3681 -195.347 68.8945 -5.11909
62.5322 -191.621 120.355 -5.21863
62.6962 -230.929 99.2422 -4.33034
62.8603 -230.872 81.3164 -4.3314
63.0243 -183.665 78.4609 -5.44468
63.1883 -144.129 86.9453 -6.93822
63.3524 -24.2454 110.719 -41.2449
63.5164 255.402 117.324 3.9154
63.6805 211.07 93.4961 4.73776
63.8445 126.341 91.4336 7.91508
64.0085 72.9455 51.6797 13.7089
64.1726 40.7838 122.219 24.5195
64.3366 27.0231 124.035 37.0053
64.5007 18.0909 136.477 55.2764
64.6647 12.8012 110.066 78.1176
64.8288 10.2317 101.801 97.7358
64.9928 8.30216 77.2656 120.451
65.1568 7.50212 98.9531 133.296
65.3209 6.85267 98.2031 145.928
65.4849 6.63619 57.1309 150.689
65.649 6.28794 50.8945 159.035
65.813 6.1091 115.164 163.69
65.977 6.01498 135.922 166.252

66.1411 6.05263 140.281 165.217
66.3051 6.04322 176.586 165.475
66.4692 6.00557 167.5 166.512
66.6332 6.08087 129.031 164.45
66.7972 6.26911 147.398 159.512
66.9613 6.09969 174.836 163.943
67.1253 6.04322 135.844 165.475
67.2894 6.2597 121.75 159.752
67.4534 6.08087 147.844 164.45
67.6174 5.9491 121.934 168.093
67.7815 5.95851 124.93 167.827
67.9455 5.7232 157.828 174.727
68.1096 5.50672 136.844 181.596
68.2736 6.04322 143.836 165.475
68.4376 5.84556 152.531 171.07
68.6017 5.89262 155.094 169.704
68.7657 5.44083 136.875 183.795
68.9298 6.23146 161.477 160.476
69.0938 5.89262 135.477 169.704
69.2578 5.62908 101.891 177.649
69.4219 5.58202 141.203 179.147
69.5859 5.67614 116.152 176.176

69.75 5.69496 116.391 175.594
69.914 5.76085 173.789 173.585
70.078 5.50672 90.1992 181.596

70.2421 5.61025 153 178.245
70.4061 5.67614 161.539 176.176
70.5702 5.46907 125.836 182.846
70.7342 5.69496 105.211 175.594
70.8982 5.54437 137.68 180.363
71.0623 5.69496 126.969 175.594
71.2263 5.65732 160.313 176.762
71.3904 5.75144 119.449 173.87
71.5544 5.61025 113.285 178.245
71.7184 5.76085 135.555 173.585
71.8825 5.69496 138.523 175.594
72.0465 5.7232 155.375 174.727
72.2106 5.58202 136.906 179.147
72.3746 5.29965 129.484 188.692
72.5386 5.27141 146.969 189.702
72.7027 5.27141 148.977 189.702
72.8667 5.20553 140.891 192.103
73.0308 5.38436 131.703 185.723
73.1948 5.50672 152.484 181.596
73.3588 5.13023 143.68 194.923
73.5229 5.25259 143.461 190.382
73.6869 5.22435 150.055 191.411
73.851 5.20553 142.875 192.103
74.015 5.29024 136.555 189.027

74.1791 5.57261 123.258 179.449
74.3431 5.4879 170.188 182.219
74.5071 5.22435 121.246 191.411
74.6712 5.37495 182.125 186.048



74.8352 5.4879 185.563 182.219
74.9993 5.42201 176.367 184.433
75.1633 5.29024 152.461 189.027
75.3273 5.08317 163.547 196.728
75.4914 5.22435 158.516 191.411
75.6554 5.22435 183.266 191.411
75.8195 5.00787 164.359 199.686
75.9835 5.01728 135.281 199.311
76.1475 5.20553 164.984 192.103
76.3116 5.22435 170.602 191.411
76.4756 5.17729 157.125 193.151
76.6397 5.13023 160.695 194.923
76.8037 5.17729 198.922 193.151
76.9677 5.16788 131.164 193.503
77.1318 5.20553 167.742 192.103
77.2958 5.13964 138.016 194.566
77.4599 5.06434 160.547 197.459
77.6239 5.20553 187.477 192.103
77.7879 5.19612 146.055 192.451
77.952 5.13023 212.734 194.923
78.116 4.92316 146.109 203.122

78.2801 5.06434 174.195 197.459
78.4441 4.9514 147.289 201.963
78.6081 5.03611 168.805 198.566
78.7722 4.9514 121.656 201.963
78.9362 5.07376 165.008 197.093
79.1003 4.78198 137.25 209.119
79.2643 4.73492 144.773 211.197
79.4283 4.78198 124.219 209.119
79.5924 4.81963 150.313 207.485
79.7564 5.01728 160.906 199.311
79.9205 5.04552 171.414 198.196
80.0845 5.04552 136.594 198.196
80.2485 5.29024 224.336 189.027
80.4126 5.34671 154.648 187.031
80.5766 5.262 165.641 190.042
80.7407 5.4126 157.531 184.754
80.9047 4.97963 174.281 200.818
81.0687 5.16788 170.586 193.503
81.2328 4.91375 173.078 203.511
81.3968 5.07376 135.727 197.093
81.5609 5.17729 169.117 193.151
81.7249 5.10199 198.586 196.002
81.8889 5.37495 170.461 186.048
82.053 5.47848 135.906 182.532
82.217 5.32789 167.602 187.692

82.3811 5.25259 157.32 190.382
82.5451 5.23376 174.711 191.067
82.7091 5.10199 153.32 196.002
82.8732 5.15847 145.656 193.856
83.0372 5.29965 152.344 188.692
83.2013 5.25259 138.094 190.382
83.3653 5.16788 153.336 193.503
83.5294 5.06434 136.828 197.459
83.6934 5.29965 152.688 188.692
83.8574 5.42201 151.625 184.433
84.0215 5.29965 138.711 188.692
84.1855 5.04552 145.797 198.196
84.3496 5.11141 138.523 195.641
84.5136 5.4879 213.484 182.219
84.6776 5.45025 126.695 183.478
84.8417 5.262 178.25 190.042
85.0057 5.4126 165.734 184.754
85.1698 5.11141 142.797 195.641
85.3338 5.31848 165.023 188.024
85.4978 5.42201 166.148 184.433
85.6619 5.262 135 190.042
85.8259 5.16788 159.008 193.503

85.99 5.07376 163.242 197.093
86.154 5.17729 151.883 193.151
86.318 5.13964 163.086 194.566

86.4821 5.29024 166.344 189.027
86.6461 5.06434 221.336 197.459
86.8102 4.92316 184.656 203.122
86.9742 5.03611 180.008 198.566
87.1382 5.07376 158.313 197.093
87.3023 5.07376 175.898 197.093
87.4663 5.22435 181.531 191.411
87.6304 5.39377 187.539 185.399
87.7944 5.07376 200.492 197.093
87.9584 5.29024 215.469 189.027
88.1225 5.39377 183.023 185.399
88.2865 5.32789 147.008 187.692
88.4506 5.25259 158.82 190.382
88.6146 4.94199 153.461 202.348
88.7786 4.85727 178.016 205.877
88.9427 5.10199 173.055 196.002
89.1067 5.19612 150.391 192.451
89.2708 5.25259 152.297 190.382
89.4348 5.17729 171.898 193.151
89.5988 5.42201 161.078 184.433
89.7629 5.31848 170.836 188.024
89.9269 5.32789 199.523 187.692
90.091 5.16788 158.281 193.503
90.255 5.07376 200.766 197.093
90.419 5.00787 159.273 199.686

90.5831 5.08317 147.281 196.728
90.7471 4.97022 128.664 201.198
90.9112 5.20553 140.133 192.103
91.0752 5.08317 170.563 196.728
91.2392 5.262 157.742 190.042
91.4033 5.4126 210.063 184.754
91.5673 5.17729 199.445 193.151
91.7314 5.19612 135.211 192.451
91.8954 5.16788 158.406 193.503
92.0594 5.06434 159.047 197.459
92.2235 5.25259 179.516 190.382
92.3875 4.56549 134.641 219.034
92.5516 4.49961 195.094 222.242
92.7156 5.45025 144.102 183.478
92.8797 5.22435 146.617 191.411
93.0437 5.06434 131.633 197.459
93.2077 5.46907 149.594 182.846
93.3718 5.70438 175.336 175.304
93.5358 4.49961 151.563 222.242
93.6999 4.60314 138.992 217.243
93.8639 4.81963 166.617 207.485
94.0279 4.81963 179.773 207.485
94.192 4.69727 168.094 212.89
94.356 4.94199 161.695 202.348

94.5201 4.8761 176.789 205.082
94.6841 5.07376 162.125 197.093
94.8481 4.92316 169.43 203.122
95.0122 4.61256 171.641 216.8
95.1762 4.76315 159.016 209.945
95.3403 4.8761 160.164 205.082
95.5043 4.8761 162.023 205.082
95.6683 4.98905 167.031 200.439
95.8324 5.20553 182.898 192.103
95.9964 5.11141 162.547 195.641
96.1605 5.15847 144.836 193.856
96.3245 4.9514 167.531 201.963
96.4885 4.8761 171.555 205.082
96.6526 4.92316 174.219 203.122
96.8166 5.07376 170.195 197.093
96.9807 5.03611 133 198.566
97.1447 4.98905 143.781 200.439
97.3087 5.04552 168.805 198.196
97.4728 4.9514 131.469 201.963
97.6368 5.01728 175.039 199.311
97.8009 4.9514 168.406 201.963
97.9649 5.16788 186.383 193.503
98.1289 5.17729 150.672 193.151
98.293 5.13964 164.313 194.566
98.457 5.08317 190.258 196.728

98.6211 5.01728 138.906 199.311
98.7851 4.88551 162.023 204.687
98.9491 4.81963 164.453 207.485
99.1132 4.89492 157.336 204.293
99.2772 5.13964 179.156 194.566
99.4413 5.10199 162.148 196.002
99.6053 5.03611 172.172 198.566
99.7693 5.56319 175.305 179.753
99.9334 5.11141 170.031 195.641
100.097 5.03611 159.945 198.566
100.261 5.16788 177.273 193.503
100.426 5.22435 153.055 191.411
100.59 5.29024 157.805 189.027

100.754 5.97733 167.016 167.299
100.918 8.51864 182.273 117.39
101.082 2.38185 176.031 419.841
101.246 -7.11511 164.602 -140.546
101.41 10.5705 160.836 94.6028

101.574 8.01038 164.43 124.838
101.738 5.20553 197.219 192.103
101.902 6.04322 146.617 165.475
102.066 20.8016 138.531 48.0732
102.23 -2.14544 168.133 -466.105

102.394 0.141738 173.094 7055.3
102.558 1.60064 183.086 624.752
102.722 5.00787 189.43 199.686
102.886 4.54667 144.203 219.941
103.05 7.04092 171.578 142.027

103.214 6.55148 128.641 152.637
103.378 5.85497 139.266 170.795
103.542 5.66673 116.582 176.469
103.706 6.35382 145.227 157.386
103.87 5.89262 153.953 169.704

104.034 5.65732 161.617 176.762
104.198 5.56319 162.398 179.753
104.362 5.50672 143.164 181.596
104.527 5.31848 155.82 188.024
104.691 5.50672 158.266 181.596
104.855 5.60084 173.711 178.545
105.019 5.47848 179.734 182.532
105.183 5.85497 187.063 170.795
105.347 5.98674 176.352 167.036
105.511 5.7985 165 172.458
105.675 5.44083 191.945 183.795
105.839 5.29965 156.063 188.692
106.003 5.00787 186.023 199.686
106.167 5.11141 175.43 195.641
106.331 5.44083 137.727 183.795
106.495 5.50672 147.422 181.596
106.659 5.57261 164.586 179.449
106.823 5.77026 129.25 173.302
106.987 5.56319 121.074 179.753
107.151 5.39377 171.391 185.399
107.315 5.31848 194.117 188.024
107.479 5.25259 156 190.382
107.643 5.29965 169.992 188.692
107.807 5.22435 147.484 191.411
107.971 5.29965 138.359 188.692
108.135 5.35612 167.617 186.702
108.299 5.37495 135.711 186.048
108.463 5.11141 165.539 195.641
108.628 5.17729 153.461 193.151
108.792 5.13023 162.359 194.923
108.956 4.94199 149.945 202.348
109.12 4.97022 156.195 201.198

109.284 4.97963 153.398 200.818
109.448 5.29965 150.094 188.692
109.612 5.03611 138.844 198.566
109.776 4.92316 163.469 203.122
109.94 5.01728 157.32 199.311

110.104 5.20553 201.938 192.103
110.268 5.11141 162.57 195.641
110.432 5.25259 157.641 190.382
110.596 5.17729 216.492 193.151
110.76 4.8761 161.594 205.082

110.924 4.89492 178.117 204.293
111.088 4.84786 181.023 206.276
111.252 4.89492 161.539 204.293
111.416 5.07376 168.992 197.093
111.58 5.16788 183.43 193.503

111.744 5.03611 139.148 198.566
111.908 5.17729 200.695 193.151
112.072 5.31848 191.344 188.024
112.236 5.31848 158.789 188.024

112.4 5.39377 169.164 185.399
112.564 5.51613 169.859 181.286
112.729 5.37495 157.359 186.048
112.893 5.47848 175.992 182.532
113.057 5.22435 153.859 191.411
113.221 5.27141 170.313 189.702
113.385 5.44083 188.625 183.795
113.549 5.42201 160.477 184.433
113.713 5.32789 172.305 187.692
113.877 5.39377 197.836 185.399
114.041 5.38436 152.453 185.723
114.205 5.53496 147.227 180.67
114.369 5.66673 163.906 176.469
114.533 5.62908 167.047 177.649
114.697 5.63849 156.25 177.352
114.861 5.13023 139.93 194.923
115.025 6.1091 201 163.69
115.189 6.05263 170.164 165.217
115.353 5.92086 136.516 168.894
115.517 5.91145 164.203 169.163
115.681 6.01498 210.977 166.252
115.845 5.262 186.445 190.042
116.009 5.06434 150.844 197.459
116.173 5.46907 170.43 182.846
116.337 5.45025 191.07 183.478
116.501 5.98674 184.914 167.036
116.666 6.36323 185.711 157.153
116.83 5.7985 142.711 172.458

116.994 5.61025 143.422 178.245
117.158 5.58202 184.523 179.147
117.322 5.54437 171.898 180.363
117.486 5.4879 179.18 182.219
117.65 5.47848 188.875 182.532

117.814 5.51613 158 181.286
117.978 5.4126 176.063 184.754
118.142 5.4126 139.188 184.754
118.306 5.35612 200.328 186.702
118.47 5.42201 170.641 184.433

118.634 5.38436 206.516 185.723
118.798 5.4879 177.477 182.219
118.962 5.35612 164.797 186.702
119.126 5.34671 171.102 187.031
119.29 5.4879 178.367 182.219

119.454 5.39377 166.773 185.399
119.618 5.29024 137.234 189.027
119.782 5.42201 183.875 184.433
119.946 5.38436 179.617 185.723
120.11 5.50672 169.953 181.596

120.274 5.57261 161.109 179.449
120.438 5.51613 167.664 181.286
120.602 5.57261 142.93 179.449
120.767 5.39377 138.75 185.399
120.931 5.62908 181.32 177.649
121.095 5.75144 157.75 173.87
121.259 5.53496 160.492 180.67
121.423 5.73261 191.016 174.44
121.587 5.81732 163.82 171.9
121.751 5.91145 167.898 169.163
121.915 5.66673 140.398 176.469
122.079 5.62908 176.953 177.649
122.243 5.85497 173.117 170.795
122.407 5.92086 182.852 168.894
122.571 5.69496 216.531 175.594
122.735 5.66673 192.508 176.469
122.899 6.08087 176.688 164.45
123.063 5.93968 130.18 168.359
123.227 5.89262 153.391 169.704
123.391 5.81732 190.797 171.9
123.555 6.03381 160.406 165.733
123.719 5.91145 159.188 169.163
123.883 5.89262 176.031 169.704
124.047 5.95851 196.766 167.827
124.211 5.70438 128.602 175.304
124.375 5.95851 195.859 167.827
124.539 6.01498 136.695 166.252
124.703 6.20323 180.828 161.206
124.868 6.09969 162.453 163.943
125.032 6.47618 191.164 154.412
125.196 6.51383 178.438 153.519
125.36 6.34441 181.578 157.619

125.524 6.51383 179.883 153.519
125.688 6.4103 164.203 155.999
125.852 6.29735 154.313 158.797
126.016 6.24088 167.594 160.234
126.18 6.22205 175.391 160.719

126.344 6.31617 169.109 158.324
126.508 6.19381 141.688 161.451
126.672 6.13734 177.156 162.937
126.836 6.07146 162.023 164.705

127 6.17499 146.484 161.944
127.164 6.13734 128.258 162.937
127.328 6.13734 132.82 162.937
127.492 6.01498 213.336 166.252
127.656 5.93968 147.75 168.359
127.82 6.00557 165.93 166.512

127.984 5.93968 164.5 168.359
128.148 5.93968 160.875 168.359
128.312 6.01498 161.742 166.252
128.476 5.91145 140.258 169.163
128.64 5.86439 184.602 170.521

128.804 5.81732 155.594 171.9
128.969 5.92086 125.633 168.894
129.133 6.08087 184.023 164.45
129.297 6.04322 152.539 165.475
129.461 6.03381 181.305 165.733
129.625 5.98674 156.07 167.036
129.789 5.98674 180.789 167.036
129.953 5.91145 218.836 169.163
130.117 5.75144 136.516 173.87
130.281 5.54437 212.586 180.363
130.445 5.22435 155.758 191.411
130.609 5.39377 151.188 185.399
130.773 5.17729 180.109 193.151
130.937 4.84786 177.125 206.276
131.101 5.04552 171.172 198.196
131.265 5.20553 174.227 192.103
131.429 5.25259 165.367 190.382
131.593 5.262 163.773 190.042
131.757 5.46907 164.188 182.846
131.921 5.45025 166 183.478
132.085 5.60084 187.422 178.545
132.249 5.62908 160.063 177.649
132.413 5.73261 156.641 174.44
132.577 5.86439 173.992 170.521
132.741 5.91145 165.797 169.163
132.905 5.88321 145.719 169.975
133.07 5.88321 150.945 169.975

133.234 6.05263 202.609 165.217
133.398 6.09969 160.898 163.943
133.562 6.04322 215.664 165.475
133.726 5.97733 208.32 167.299
133.89 6.07146 201.836 164.705

134.054 6.2597 184.133 159.752
134.218 6.19381 236.227 161.451
134.382 6.1091 147.836 163.69
134.546 6.20323 195.43 161.206
134.71 6.04322 159.242 165.475

134.874 6.08087 146.148 164.45
135.038 6.32559 163.117 158.088
135.202 6.17499 198.453 161.944
135.366 6.23146 169.883 160.476
135.53 6.13734 151.922 162.937

135.694 6.00557 163.852 166.512
135.858 6.08087 192.953 164.45
136.022 5.97733 178.813 167.299
136.186 6.03381 175.617 165.733
136.35 6.08087 209.523 164.45

136.514 5.7985 150.727 172.458
136.678 5.92086 135.234 168.894
136.842 6.07146 166.578 164.705
137.007 6.16558 157.992 162.191
137.171 6.34441 162.602 157.619
137.335 6.07146 111.59 164.705
137.499 5.89262 143.813 169.704
137.663 6.03381 183.109 165.733
137.827 6.34441 165.484 157.619
137.991 6.43853 170.469 155.315
138.155 6.26911 170.703 159.512
138.319 6.2597 192.336 159.752
138.483 6.66443 179.945 150.05
138.647 6.36323 157.5 157.153
138.811 5.92086 160.383 168.894
138.975 5.89262 164.32 169.704
139.139 5.53496 178.727 180.67
139.303 5.39377 133.492 185.399
139.467 5.35612 146.836 186.702
139.631 5.10199 151.133 196.002
139.795 4.98905 151.227 200.439
139.959 4.85727 163.242 205.877
140.123 4.79139 155.078 208.708
140.287 4.88551 164.656 204.687
140.451 4.8008 133.805 208.299
140.615 4.68785 151.531 213.317
140.779 4.54667 167.93 219.941
140.943 4.75374 170.641 210.361
141.108 4.75374 174.984 210.361
141.272 4.68785 163.5 213.317
141.436 4.61256 152.031 216.8

141.6 4.7255 146.625 211.618
141.764 4.50902 176.906 221.778
141.928 4.50902 182.32 221.778
142.092 4.45255 140.25 224.591
142.256 4.38666 147.867 227.964
142.42 4.32078 156.672 231.44

142.584 4.28313 161.898 233.474
142.748 4.28313 157.32 233.474
142.912 4.2643 171.414 234.505
143.076 4.10429 132.125 243.647
143.24 4.20783 172.023 237.652

143.404 4.18901 188.734 238.72
143.568 4.33019 189.781 230.937
143.732 4.00076 183.688 249.953
143.896 4.10429 176.516 243.647
144.06 4.30195 177.039 232.453

144.224 4.19842 179.18 238.185
144.388 4.28313 167.797 233.474
144.552 4.34901 143.445 229.937
144.716 4.47137 147.406 223.645
144.88 4.4149 162.648 226.506

145.044 4.51843 189.109 221.316
145.209 4.20783 170.484 237.652
145.373 4.38666 138.805 227.964
145.537 4.45255 211.93 224.591
145.701 4.47137 135.688 223.645
145.865 4.16077 177.523 240.34
146.029 4.07606 187.656 245.335
146.193 4.34901 184.758 229.937
146.357 4.54667 160.727 219.941
146.521 4.34901 168.609 229.937
146.685 4.78198 173.43 209.119
146.849 5.19612 169.547 192.451
147.013 4.97963 183.406 200.818
147.177 4.88551 164.359 204.687
147.341 4.88551 162.078 204.687
147.505 4.73492 174.727 211.197
147.669 4.8761 189.953 205.082
147.833 4.97963 152.195 200.818
147.997 4.8761 248.477 205.082
148.161 4.82904 172.602 207.081
148.325 4.64079 138.867 215.48
148.489 4.75374 180.563 210.361
148.653 4.7255 181.773 211.618
148.817 4.7255 189.68 211.618
148.981 4.8761 163.68 205.082
149.145 4.7255 133.742 211.618
149.31 4.64079 139.914 215.48

149.474 4.76315 163.336 209.945
149.638 4.97022 184.438 201.198
149.802 4.69727 172.195 212.89
149.966 4.79139 192.445 208.708
150.13 4.92316 174.805 203.122

150.294 4.81963 203.133 207.485
150.458 4.8761 160.836 205.082
150.622 5.00787 172.688 199.686
150.786 4.9514 187.797 201.963
150.95 5.01728 182.25 199.311

151.114 4.9514 162.07 201.963
151.278 4.92316 196.055 203.122
151.442 5.04552 138.32 198.196
151.606 5.10199 191.445 196.002
151.77 5.19612 185.633 192.451

151.934 5.16788 158.516 193.503
152.098 5.16788 186.906 193.503
152.262 5.38436 187.164 185.723
152.426 5.20553 153.047 192.103
152.59 4.98905 199.766 200.439

152.754 4.9514 221.336 201.963
152.918 5.04552 197.344 198.196
153.082 4.75374 185.844 210.361
153.247 4.66903 140.594 214.177
153.411 4.84786 217.75 206.276
153.575 4.79139 207.891 208.708
153.739 5.06434 179.992 197.459
153.903 4.9514 153.664 201.963
154.067 4.94199 192.203 202.348
154.231 4.79139 131.313 208.708
154.395 4.98905 155.797 200.439
154.559 4.97022 180.766 201.198
154.723 4.9514 163.359 201.963
154.887 4.76315 179.336 209.945
155.051 4.8761 170.117 205.082
155.215 4.92316 159.867 203.122
155.379 4.91375 160.656 203.511
155.543 4.94199 171.461 202.348
155.707 4.70668 158.352 212.464
155.871 4.70668 165.063 212.464
156.035 4.63138 168.727 215.918
156.199 4.63138 156.352 215.918
156.363 4.68785 159.672 213.317
156.527 4.64079 199.313 215.48
156.691 4.61256 191.43 216.8
156.855 4.33019 182.898 230.937
157.019 4.35843 175.297 229.441
157.183 4.30195 131.242 232.453
157.348 4.18901 180.492 238.72
157.512 4.30195 193.758 232.453
157.676 4.70668 145.461 212.464
157.84 4.50902 197.883 221.778

158.004 4.50902 213.625 221.778
158.168 4.2643 174.063 234.505
158.332 4.20783 217.469 237.652
158.496 4.03841 183.281 247.622
158.66 4.13253 208.242 241.982

158.824 4.17018 184.492 239.798
158.988 4.10429 175.18 243.647



159.152 4.35843 172.063 229.441
159.316 4.28313 198.023 233.474
159.48 4.30195 150.367 232.453

159.644 4.29254 189.133 232.962
159.808 4.16077 175.125 240.34
159.972 4.23607 171.992 236.068
160.136 4.04782 163.859 247.046

160.3 4.17018 194.273 239.798
160.464 4.06665 189.383 245.903
160.628 4.10429 203.188 243.647
160.792 4.22665 185.039 236.594
160.956 4.03841 125.016 247.622
161.12 4.22665 203.695 236.594

161.284 4.11371 150.102 243.09
161.449 4.22665 172.383 236.594
161.613 4.23607 176.43 236.068
161.777 4.23607 174.258 236.068
161.941 4.20783 159.336 237.652
162.105 4.07606 201.711 245.335
162.269 4.23607 197.992 236.068
162.433 4.14194 209.906 241.433
162.597 4.17018 165.008 239.798
162.761 4.28313 156.453 233.474
162.925 4.35843 161.422 229.441
163.089 4.22665 158.672 236.594
163.253 4.28313 162.203 233.474
163.417 4.07606 192.016 245.335
163.581 4.06665 120.84 245.903
163.745 4.17018 218.023 239.798
163.909 4.29254 170.617 232.962
164.073 4.17018 146.547 239.798
164.237 4.19842 163.953 238.185
164.401 4.20783 196.117 237.652
164.565 4.19842 160.758 238.185
164.729 4.33019 159.984 230.937
164.893 4.29254 120.723 232.962
165.057 4.18901 176.719 238.72
165.221 4.28313 153.18 233.474
165.385 4.40549 170.875 226.99
165.55 4.28313 180.68 233.474

165.714 4.06665 199.359 245.903
165.878 4.32078 165.242 231.44
166.042 4.32078 187.32 231.44
166.206 4.19842 163.875 238.185
166.37 4.2643 138.516 234.505

166.534 4.17018 192.484 239.798
166.698 4.33019 196.43 230.937
166.862 4.32078 192.594 231.44
167.026 4.25489 164.813 235.024
167.19 4.32078 176.398 231.44

167.354 4.37725 196.25 228.454
167.518 4.40549 193.117 226.99
167.682 4.37725 164.367 228.454
167.846 4.30195 162.227 232.453
168.01 4.33019 147.375 230.937

168.174 4.25489 179.477 235.024
168.338 4.33019 131.664 230.937
168.502 4.28313 156.313 233.474
168.666 4.37725 176.102 228.454
168.83 4.29254 187.797 232.962

168.994 4.30195 221.461 232.453
169.158 4.38666 183.508 227.964
169.322 4.25489 157.016 235.024
169.486 4.30195 168.5 232.453
169.651 4.47137 203.523 223.645
169.815 4.35843 192.586 229.441
169.979 4.44314 195.195 225.066
170.143 4.47137 208.602 223.645
170.307 4.32078 216.859 231.44
170.471 4.30195 190 232.453
170.635 4.19842 185.641 238.185
170.799 4.48078 210.273 223.175
170.963 4.32078 186.891 231.44
171.127 4.28313 179.203 233.474
171.291 4.30195 171.523 232.453
171.455 4.47137 175.891 223.645
171.619 4.29254 178.594 232.962
171.783 4.34901 182.484 229.937
171.947 4.11371 166.227 243.09
172.111 4.37725 175.75 228.454
172.275 4.34901 139.383 229.937
172.439 4.38666 182.344 227.964
172.603 4.49961 184.109 222.242
172.767 4.14194 187.93 241.433
172.931 4.34901 210.227 229.937
173.095 4.48078 148.305 223.175
173.259 4.63138 176.938 215.918
173.423 4.63138 122.848 215.918
173.588 4.82904 173.047 207.081
173.752 5.10199 180.281 196.002
173.916 4.78198 163.945 209.119
174.08 4.63138 135.398 215.918

174.244 4.69727 193.484 212.89
174.408 4.56549 175.43 219.034
174.572 4.29254 135.82 232.962
174.736 4.57491 175.852 218.584

174.9 4.70668 201.188 212.464
175.064 4.38666 182.25 227.964
175.228 4.49961 136.336 222.242
175.392 4.44314 153.125 225.066
175.556 4.22665 187.063 236.594
175.72 4.16077 195.008 240.34

175.884 4.35843 184.836 229.441
176.048 4.34901 172.844 229.937
176.212 4.4149 188.023 226.506
176.376 4.47137 197.883 223.645
176.54 4.22665 186.539 236.594

176.704 4.19842 196.219 238.185
176.868 4.13253 199.313 241.982
177.032 4.34901 138.031 229.937
177.196 4.20783 181.031 237.652
177.36 4.07606 201.883 245.335

177.524 4.35843 185.43 229.441
177.689 4.53726 178.383 220.397
177.853 4.22665 176.977 236.594
178.017 4.25489 147.719 235.024
178.181 4.34901 197.188 229.937
178.345 4.06665 150.273 245.903
178.509 4.40549 210.328 226.99
178.673 4.28313 172.594 233.474
178.837 4.37725 139.984 228.454
179.001 4.30195 145.148 232.453
179.165 4.22665 189.32 236.594
179.329 4.33019 201.531 230.937
179.493 4.28313 143.617 233.474
179.657 4.06665 190.203 245.903
179.821 4.10429 181.727 243.647
179.985 4.25489 141.117 235.024
180.149 4.29254 161.008 232.962
180.313 4.17018 168.328 239.798
180.477 4.30195 178.75 232.453
180.641 4.49961 171.023 222.242
180.805 4.32078 148.773 231.44
180.969 4.20783 172.969 237.652
181.133 4.40549 204.328 226.99
181.297 4.2643 164.469 234.505
181.461 4.10429 175.586 243.647
181.625 4.10429 194.328 243.647
181.79 4.16077 193.867 240.34

181.954 4.18901 164.617 238.72
182.118 3.97252 181.914 251.729
182.282 4.35843 164.461 229.441
182.446 4.38666 158.297 227.964
182.61 4.16077 110.469 240.34

182.774 4.17018 201.18 239.798
182.938 4.42431 164.438 226.024
183.102 4.20783 141.883 237.652
183.266 4.04782 147.18 247.046
183.43 4.51843 168.188 221.316

183.594 4.59373 135.844 217.688
183.758 4.44314 144.422 225.066
183.922 4.04782 174.844 247.046
184.086 4.49961 153.398 222.242
184.25 4.11371 175.32 243.09

184.414 4.01958 204.344 248.782
184.578 4.06665 186.406 245.903
184.742 4.32078 155.063 231.44
184.906 4.09488 214.086 244.207
185.07 4.19842 178.438 238.185

185.234 4.22665 156.18 236.594
185.398 4.32078 205.984 231.44
185.562 4.29254 189.656 232.962
185.726 4.34901 179.609 229.937
185.891 3.9537 178.336 252.928
186.055 4.18901 211.148 238.72
186.219 4.38666 158.984 227.964
186.383 4.07606 210.008 245.335
186.547 4.11371 175.406 243.09
186.711 4.23607 132.93 236.068
186.875 4.42431 145.695 226.024
187.039 4.03841 178.195 247.622
187.203 4.09488 175.391 244.207
187.367 4.03841 143.539 247.622
187.531 3.92546 165.625 254.747
187.695 4.07606 161.391 245.335
187.859 4.18901 165.336 238.72
188.023 3.9537 174.711 252.928
188.187 4.20783 161.07 237.652
188.351 4.19842 178.672 238.185
188.515 4.07606 149.578 245.335
188.679 4.13253 202.258 241.982
188.843 4.42431 196.047 226.024
189.007 4.10429 190.703 243.647
189.171 4.17018 159.445 239.798
189.335 4.17018 160.813 239.798
189.499 4.22665 145.602 236.594
189.663 4.16077 148.742 240.34
189.828 4.19842 170.586 238.185
189.992 4.4149 197.805 226.506
190.156 4.45255 173.172 224.591
190.32 4.33019 142.813 230.937

190.484 4.2643 211.078 234.505
190.648 4.11371 183.898 243.09
190.812 3.92546 178.547 254.747
190.976 4.18901 138.5 238.72
191.14 4.18901 173.211 238.72

191.304 4.03841 151.586 247.622
191.468 3.97252 156.898 251.729
191.632 4.07606 184.383 245.335
191.796 4.11371 193.789 243.09
191.96 4.00076 145.023 249.953

192.124 4.14194 153.664 241.433
192.288 3.91605 175.219 255.359
192.452 3.82193 182.32 261.648
192.616 3.78428 163.656 264.251
192.78 3.85958 161.586 259.096

192.944 4.06665 196.609 245.903
193.108 3.8784 190.883 257.838
193.272 3.94429 168.914 253.531
193.436 3.83134 173.25 261.005

193.6 3.69016 168.461 270.991
193.764 3.90664 160.492 255.975
193.929 3.88781 223.813 257.214
194.093 3.78428 194.313 264.251
194.257 3.7278 178.969 268.254
194.421 3.92546 183.672 254.747
194.585 3.69016 156.875 270.991
194.749 3.8784 161.469 257.838
194.913 3.71839 155.844 268.933
195.077 3.76545 157.203 265.572
195.241 3.69016 173.258 270.991
195.405 3.88781 204.453 257.214
195.569 3.91605 146.992 255.359
195.733 3.64309 185.617 274.492
195.897 3.69957 205.523 270.302
196.061 3.62427 183.477 275.918
196.225 3.54897 162.375 281.772
196.389 3.7278 166.422 268.254
196.553 3.85016 223.773 259.729
196.717 3.67133 159.852 272.381
196.881 3.8784 176.445 257.838
197.045 3.85016 192.172 259.729
197.209 4.11371 215.563 243.09
197.373 3.57721 220.883 279.548
197.537 3.71839 145.672 268.933
197.701 3.88781 149.719 257.214
197.865 3.78428 169.133 264.251
198.03 3.66192 182.734 273.081

198.194 4.06665 150.766 245.903
198.358 3.78428 184.594 264.251
198.522 3.71839 147.094 268.933
198.686 3.69016 155.016 270.991
198.85 3.81252 214.391 262.294

199.014 3.67133 167.172 272.381
199.178 3.76545 185.086 265.572
199.342 3.60545 148.711 277.358
199.506 3.60545 183.617 277.358
199.67 3.59603 169.82 278.084

199.834 3.4172 140.453 292.637
199.998 3.76545 153.094 265.572
200.162 3.62427 177.5 275.918
200.326 3.63368 158.383 275.203
200.49 3.73722 194.055 267.579

200.654 3.7278 100.09 268.254
200.818 3.67133 184.852 272.381
200.982 3.75604 181.453 266.238
201.146 3.75604 173.719 266.238
201.31 3.81252 198.195 262.294

201.474 3.69016 176.078 270.991
201.638 3.83134 134.984 261.005
201.802 3.62427 193.688 275.918
201.966 3.85958 182.648 259.096
202.131 3.83134 169.547 261.005
202.295 3.83134 174.68 261.005
202.459 3.83134 159.57 261.005
202.623 3.76545 175.883 265.572
202.787 3.64309 131.055 274.492
202.951 3.8784 154.586 257.838
203.115 3.79369 157.461 263.596
203.279 3.7278 176.938 268.254
203.443 4.01958 140.391 248.782
203.607 3.81252 181.344 262.294
203.771 3.53956 171.523 282.521
203.935 3.62427 138.531 275.918
204.099 3.60545 185.43 277.358
204.263 3.66192 147.242 273.081
204.427 3.69016 147.984 270.991
204.591 3.8784 175.805 257.838
204.755 3.73722 212.117 267.579
204.919 3.69957 201.125 270.302
205.083 3.60545 186.031 277.358
205.247 3.69957 192 270.302
205.411 3.76545 184.313 265.572
205.575 3.54897 170.305 281.772
205.739 3.59603 154.953 278.084
205.903 3.67133 187.305 272.381
206.067 3.48309 158.422 287.102
206.232 3.64309 154.977 274.492
206.396 3.71839 174.117 268.933
206.56 3.69957 160.289 270.302

206.724 3.53956 212.32 282.521
206.888 3.75604 171.539 266.238
207.052 3.60545 204.977 277.358
207.216 3.71839 154.984 268.933
207.38 3.63368 147.719 275.203

207.544 3.69957 173.641 270.302
207.708 3.9537 153.609 252.928
207.872 3.5678 145.695 280.285
208.036 3.67133 165.844 272.381

208.2 3.71839 144.047 268.933
208.364 3.5678 185.844 280.285
208.528 3.63368 150.641 275.203
208.692 3.66192 158.219 273.081
208.856 3.64309 169.859 274.492
209.02 3.48309 152.523 287.102

209.184 3.53015 178.93 283.274
209.348 3.83134 181.57 261.005
209.512 3.91605 209.383 255.359
209.676 3.69016 173.328 270.991
209.84 3.64309 154.547 274.492

210.004 3.85958 146.008 259.096
210.169 3.63368 158.82 275.203
210.333 3.62427 170.422 275.918
210.497 3.62427 187.297 275.918
210.661 3.47367 163.227 287.88
210.825 3.3419 166.117 299.231
210.989 3.76545 173.508 265.572
211.153 3.85016 153.977 259.729
211.317 3.7278 150.313 268.254
211.481 3.60545 208.914 277.358
211.645 3.66192 144.266 273.081
211.809 3.48309 199.57 287.102
211.973 3.37955 169.953 295.897
212.137 3.69016 183.516 270.991
212.301 3.53956 136.125 282.521
212.465 3.36073 165.883 297.555
212.629 3.63368 152.852 275.203
212.793 4.03841 167.727 247.622
212.957 3.66192 177.797 273.081
213.121 3.60545 180.852 277.358
213.285 3.67133 196.664 272.381
213.449 3.69016 146.469 270.991
213.613 3.83134 171.531 261.005
213.777 3.78428 223.086 264.251
213.941 3.43603 160.695 291.034
214.105 3.78428 133.102 264.251
214.27 3.78428 154.164 264.251

214.434 3.88781 196.625 257.214
214.598 3.69016 139.648 270.991
214.762 4.01017 168.367 249.366
214.926 4.01017 158.891 249.366
215.09 3.82193 175.141 261.648

215.254 3.79369 183.008 263.596
215.418 3.90664 157.141 255.975
215.582 4.00076 156.727 249.953
215.746 3.73722 139.344 267.579
215.91 3.8784 180.617 257.838

216.074 3.7278 182.906 268.254
216.238 3.94429 158.039 253.531
216.402 3.98194 179.125 251.134
216.566 4.10429 203.133 243.647
216.73 3.92546 179.711 254.747

216.894 3.82193 179.828 261.648
217.058 4.17018 183.898 239.798
217.222 4.07606 164.195 245.335
217.386 3.90664 182.508 255.975
217.55 3.91605 159.664 255.359

217.714 4.11371 161.875 243.09
217.878 3.97252 142.656 251.729
218.042 3.85016 183.172 259.729
218.206 3.73722 134.313 267.579
218.371 3.88781 163.852 257.214
218.535 4.03841 158.211 247.622
218.699 4.01017 170.039 249.366
218.863 3.92546 182.727 254.747
219.027 4.06665 184.758 245.903
219.191 4.28313 189.609 233.474
219.355 4.06665 222.336 245.903
219.519 3.94429 154.633 253.531
219.683 3.81252 171.898 262.294
219.847 4.09488 187.773 244.207
220.011 3.91605 149.406 255.359
220.175 4.06665 192.391 245.903
220.339 4.10429 195.789 243.647
220.503 4.25489 138.297 235.024
220.667 4.19842 184.133 238.185
220.831 4.04782 174.813 247.046
220.995 4.18901 188.289 238.72
221.159 4.18901 223.125 238.72
221.323 4.06665 165.289 245.903
221.487 4.22665 161.711 236.594
221.651 4.50902 136.602 221.778
221.815 4.53726 199.531 220.397
221.979 4.47137 178.727 223.645
222.143 4.56549 199.555 219.034
222.307 4.70668 177.906 212.464
222.472 4.57491 136.68 218.584
222.636 4.66903 183.375 214.177

222.8 5.00787 173.25 199.686
222.964 5.27141 192.414 189.702
223.128 5.22435 184.047 191.411
223.292 5.20553 213.391 192.103
223.456 5.13964 188.539 194.566
223.62 5.39377 170.828 185.399

223.784 4.84786 182.664 206.276
223.948 4.89492 154.063 204.293
224.112 4.82904 235.391 207.081
224.276 4.57491 225.063 218.584
224.44 4.42431 172.766 226.024

224.604 4.45255 166.359 224.591
224.768 4.25489 174.523 235.024
224.932 4.13253 168.148 241.982
225.096 4.16077 181.672 240.34
225.26 3.90664 141.039 255.975

225.424 3.7278 151.844 268.254
225.588 3.62427 190.719 275.918
225.752 3.71839 171.164 268.933
225.916 3.73722 173.148 267.579
226.08 3.73722 195.508 267.579

226.244 3.53015 174.273 283.274
226.409 3.53015 179.016 283.274
226.573 3.97252 190.938 251.729
226.737 4.07606 180.531 245.335
226.901 3.88781 179.93 257.214
227.065 3.8784 188.875 257.838
227.229 4.09488 192.406 244.207
227.393 3.85016 172.469 259.729
227.557 3.44544 175.023 290.239
227.721 3.53956 166.422 282.521
227.885 3.67133 198.375 272.381
228.049 3.59603 158.859 278.084
228.213 3.63368 185.719 275.203
228.377 3.92546 176 254.747
228.541 3.90664 182.75 255.975
228.705 3.81252 192.727 262.294
228.869 3.69957 208.453 270.302
229.033 3.82193 155.852 261.648
229.197 3.82193 166.719 261.648
229.361 3.79369 211.227 263.596
229.525 3.64309 155.547 274.492
229.689 3.62427 185.031 275.918
229.853 3.59603 167.883 278.084
230.017 3.73722 213.852 267.579
230.181 3.79369 175.313 263.596
230.345 3.8784 160.445 257.838
230.51 4.01958 185.891 248.782

230.674 3.91605 190.18 255.359
230.838 3.78428 204.477 264.251
231.002 4.14194 171.25 241.433
231.166 4.06665 186.227 245.903
231.33 4.01017 162.672 249.366

231.494 4.2643 172.633 234.505
231.658 4.06665 194.648 245.903
231.822 3.83134 174.75 261.005
231.986 3.97252 163.961 251.729
232.15 4.28313 168.789 233.474

232.314 4.03841 192.023 247.622
232.478 4.10429 163.266 243.647
232.642 4.19842 160.602 238.185
232.806 4.16077 166.766 240.34
232.97 3.76545 161.867 265.572

233.134 4.23607 187.789 236.068
233.298 4.53726 151.766 220.397
233.462 4.63138 172.281 215.918
233.626 4.60314 187.664 217.243
233.79 4.89492 197.805 204.293

233.954 4.97963 171.922 200.818
234.118 4.84786 184.023 206.276
234.282 5.16788 186.18 193.503
234.446 4.54667 171.68 219.941
234.611 4.37725 168.664 228.454
234.775 4.68785 186.008 213.317
234.939 4.73492 135.82 211.197
235.103 4.45255 178.297 224.591
235.267 4.37725 190.188 228.454
235.431 4.32078 190.547 231.44
235.595 4.35843 206.25 229.441
235.759 4.20783 162.813 237.652
235.923 4.29254 156.539 232.962
236.087 4.33019 199.859 230.937
236.251 4.37725 196.234 228.454
236.415 4.20783 177.586 237.652
236.579 4.18901 164.883 238.72
236.743 4.82904 195.727 207.081
236.907 4.29254 188 232.962
237.071 4.13253 178.906 241.982
237.235 4.59373 167.367 217.688
237.399 4.28313 175.227 233.474
237.563 4.09488 164.188 244.207
237.727 4.7255 175.766 211.618
237.891 4.29254 187.945 232.962
238.055 3.82193 161.047 261.648
238.219 4.09488 143.555 244.207
238.383 4.17018 167.547 239.798
238.547 4.04782 176.492 247.046
238.712 4.16077 203.938 240.34
238.876 4.20783 187.117 237.652
239.04 4.06665 199.156 245.903

239.204 4.09488 167.992 244.207
239.368 3.94429 161.258 253.531
239.532 3.98194 186.359 251.134
239.696 4.16077 178.188 240.34
239.86 4.23607 185.141 236.068

240.024 3.90664 166.422 255.975
240.188 3.82193 165.242 261.648
240.352 4.23607 165.469 236.068
240.516 4.28313 227.063 233.474
240.68 3.82193 166.273 261.648

240.844 3.85958 176.406 259.096
241.008 4.14194 155.43 241.433
241.172 4.07606 191.039 245.335
241.336 3.78428 175.398 264.251

241.5 3.97252 191.422 251.729
241.664 4.01958 175.914 248.782
241.828 3.88781 185.82 257.214
241.992 3.97252 177.102 251.729
242.156 4.13253 174.938 241.982
242.32 4.20783 169.891 237.652

242.484 4.17018 186.078 239.798
242.648 4.00076 211.18 249.953
242.813 4.14194 182.422 241.433
242.977 4.19842 153.664 238.185
243.141 4.00076 194.961 249.953
243.305 3.88781 199.5 257.214



243.469 4.17018 183.203 239.798
243.633 3.94429 222.57 253.531
243.797 4.14194 184.148 241.433
243.961 4.01958 179.563 248.782
244.125 4.34901 183.172 229.937
244.289 4.61256 181.781 216.8
244.453 4.40549 180.188 226.99
244.617 4.30195 217.664 232.453
244.781 4.45255 152.727 224.591
244.945 4.40549 140.68 226.99
245.109 4.47137 191.063 223.645
245.273 4.14194 204.188 241.433
245.437 4.37725 183.406 228.454
245.601 4.33019 170.367 230.937
245.765 4.44314 184.828 225.066
245.929 4.40549 165.961 226.99
246.093 4.34901 186.625 229.937
246.257 4.4149 168.047 226.506
246.421 4.40549 185.375 226.99
246.585 4.22665 163.391 236.594
246.75 4.42431 210.188 226.024

246.914 4.68785 157.203 213.317
247.078 5.45025 162.578 183.478
247.242 5.54437 215.844 180.363
247.406 5.25259 176.297 190.382
247.57 5.57261 178.234 179.449

247.734 5.44083 191.875 183.795
247.898 5.39377 177.25 185.399
248.062 5.25259 186.656 190.382
248.226 5.51613 185.453 181.286
247.898 5.23376 184.414 191.067
247.734 5.13964 179.891 194.566
247.57 4.9514 172 201.963

247.406 4.8761 185.094 205.082
247.242 4.68785 188.266 213.317
247.078 4.66903 183.594 214.177
246.914 4.66903 156.367 214.177
246.75 4.8008 168.25 208.299

246.585 4.22665 172.117 236.594
246.421 3.4172 185.219 292.637
246.257 3.37955 207.57 295.897
246.093 3.23837 163.906 308.798
245.929 3.32308 172.445 300.926
245.765 3.37955 180.742 295.897
245.601 3.28543 205.102 304.374
245.437 3.31367 208.867 301.781
245.273 3.28543 190.742 304.374
245.109 3.3419 154.109 299.231
244.945 3.23837 152.18 308.798
244.781 3.36073 217.781 297.555
244.617 3.21954 199 310.603
244.453 3.16307 171.547 316.149
244.289 3.25719 199.789 307.013
244.125 3.14425 183.328 318.041
243.961 3.3419 187.531 299.231
243.797 3.29484 164.914 303.505
243.633 3.25719 181.734 307.013
243.469 3.17248 191.211 315.211
243.305 3.16307 179.203 316.149
243.141 3.06895 196.797 325.845
242.977 3.20072 205 312.43
242.813 3.06895 178.492 325.845
242.648 3.04071 170.547 328.871
242.484 3.07836 170.094 324.848
242.32 3.29484 186.109 303.505

242.156 3.28543 199.703 304.374
241.992 3.06895 207.203 325.845
241.828 3.05012 194.211 327.856
241.664 3.14425 181.93 318.041

241.5 3.07836 151.75 324.848
241.336 3.20072 195.219 312.43
241.172 3.07836 175.781 324.848
241.008 3.28543 194.93 304.374
240.844 3.05012 162.391 327.856
240.68 3.05012 188.797 327.856

240.516 3.13483 192.094 318.996
240.352 3.16307 180.359 316.149
240.188 3.05012 196.305 327.856
240.024 3.17248 143.172 315.211
239.86 3.20072 176.203 312.43

239.696 3.04071 159.945 328.871
239.532 3.09718 180.977 322.874
239.368 2.97482 174.664 336.154
239.204 2.956 212.273 338.295
239.04 3.12542 172.703 319.957

238.876 3.19131 184.398 313.351
238.712 2.93718 197.469 340.463
238.547 2.94659 189.859 339.376
238.383 3.21954 159.203 310.603
238.219 2.98424 184.75 335.094
238.055 3.09718 166.766 322.874
237.891 3.22896 160.711 309.698
237.727 3.17248 163.797 315.211
237.563 3.31367 189.867 301.781
237.399 3.00306 179.586 332.994
237.235 3.43603 165.188 291.034
237.071 3.00306 199.602 332.994
236.907 3.25719 165.633 307.013
236.743 3.2666 171.516 306.128
236.579 3.22896 201.68 309.698
236.415 3.01247 180.57 331.953
236.251 3.47367 182.914 287.88
236.087 3.31367 175.367 301.781
235.923 3.16307 214.094 316.149
235.759 3.21954 204.891 310.603
235.595 3.59603 172.969 278.084
235.431 3.3419 188.461 299.231
235.267 3.29484 168.438 303.505
235.103 3.48309 190.938 287.102
234.939 3.48309 176.141 287.102
234.775 3.62427 178.438 275.918
234.611 3.59603 146.875 278.084
234.446 3.50191 182.055 285.558
234.282 3.60545 224.727 277.358
234.118 3.53015 152.078 283.274
233.954 3.45485 178.211 289.448
233.79 3.57721 179.023 279.548

233.626 3.53956 181.133 282.521
233.462 3.64309 181.359 274.492
233.298 3.47367 192 287.88
233.134 3.48309 164.445 287.102
232.97 3.36073 141.328 297.555

232.806 3.17248 162.75 315.211
232.642 2.91835 147.891 342.659
232.478 2.8807 236 347.138
232.314 2.85247 162.797 350.574
232.15 3.01247 190.055 331.953

231.986 2.90894 194.18 343.768
231.822 2.81482 202.492 355.263
231.658 2.78658 170.891 358.863
231.494 2.75834 169.758 362.536
231.33 2.78658 170.523 358.863

231.166 2.59833 201.133 384.862
231.002 2.66422 173.18 375.344
230.838 2.59833 168.531 384.862
230.674 2.60775 186.078 383.473
230.51 2.65481 198.984 376.675

230.345 2.69246 187.477 371.408
230.181 2.67363 137.688 374.023
230.017 2.51362 151.57 397.832
229.853 2.44774 132.742 408.54
229.689 2.29714 208.242 435.323
229.525 2.28773 185.5 437.114
229.361 2.29714 159.984 435.323
229.197 2.26891 159.828 440.741
229.033 2.23126 178.914 448.178
228.869 2.41009 177.688 414.922
228.705 2.25949 192.125 442.577
228.541 2.4195 172.172 413.308
228.377 2.38185 147.914 419.841
228.213 2.57951 172.547 387.67
228.049 2.31597 191.953 431.785
227.885 2.17478 170.313 459.816
227.721 1.98654 187.945 503.388
227.557 1.87359 175.281 533.734
227.393 1.91124 154.703 523.22
227.229 2.35362 157.547 424.878
227.065 2.22184 194.938 450.076
226.901 2.44774 170.109 408.54
226.737 2.62657 176.438 380.724
226.573 2.5701 165.93 389.09
226.409 2.44774 165.445 408.54
226.244 2.22184 187.477 450.076
226.08 2.29714 181.867 435.323

225.916 2.04301 193.211 489.473
225.752 2.12772 165.5 469.986
225.588 2.09949 204.422 476.307
225.424 2.41009 184.773 414.922
225.26 2.31597 196.875 431.785

225.096 2.29714 191.953 435.323
224.932 2.32538 178.039 430.037
224.768 2.57951 167.148 387.67
224.604 2.73011 159.984 366.286
224.44 2.75834 158.75 362.536

224.276 2.84305 169.148 351.735
224.112 2.94659 199.672 339.376
223.948 3.05012 183.531 327.856
223.784 3.06895 175.406 325.845
223.62 3.2666 183.406 306.128

223.456 3.1066 188.492 321.896
223.292 3.36073 180.555 297.555
223.128 3.57721 194.625 279.548
222.964 3.85958 197.813 259.096

222.8 3.59603 163.516 278.084
222.636 3.69016 181.781 270.991
222.472 3.43603 205.344 291.034
222.307 3.16307 183.188 316.149
222.143 2.91835 160.68 342.659
221.979 2.86188 206.484 349.421
221.815 2.74893 167.875 363.778
221.651 2.57951 162.352 387.67
221.487 2.51362 171.266 397.832
221.323 2.48539 173.031 402.352
221.159 2.48539 169.586 402.352
220.995 2.3442 194.664 426.584
220.831 2.43833 192.336 410.117
220.667 2.25008 163.313 444.428
220.503 2.16537 168.945 461.815
220.339 2.12772 187.992 469.986
220.175 2.09949 194.859 476.307
220.011 1.93948 177.547 515.603
219.847 2.08066 147.367 480.616
219.683 1.98654 167.914 503.388
219.519 1.98654 175.703 503.388
219.355 1.84535 178.633 541.901
219.191 1.92065 193.898 520.656
219.027 2.08066 176.883 480.616
218.863 1.97713 170.211 505.785
218.699 2.04301 165.461 489.473
218.535 1.85477 158.727 539.151
218.371 1.89242 181.094 528.425
218.206 1.92065 170.586 520.656
218.042 1.82653 181.391 547.486
217.878 1.81712 207.438 550.322
217.714 1.78888 149 559.009
217.55 1.89242 202.508 528.425

217.386 1.82653 178.359 547.486
217.222 1.98654 163.469 503.388
217.058 1.883 200.117 531.066
216.894 1.723 180.891 580.385
216.73 1.723 199.672 580.385

216.566 1.73241 169.758 577.231
216.402 1.73241 172.156 577.231
216.238 1.78888 186.047 559.009
216.074 1.89242 188.406 528.425
215.91 1.65711 186.289 603.46

215.746 1.76064 170.563 567.974
215.582 1.61005 148.664 621.099
215.418 1.75123 168.742 571.026
215.254 1.73241 130.18 577.231
215.09 1.78888 163.961 559.009

214.926 1.66652 195.141 600.052
214.762 1.70417 157.195 586.796
214.598 1.63829 142.273 610.394
214.434 1.65711 192.781 603.46
214.27 1.73241 171.883 577.231

214.105 1.61005 137.438 621.099
213.941 1.4971 173.938 667.957
213.777 1.82653 196.742 547.486
213.613 1.60064 190.797 624.752
213.449 1.75123 178.961 571.026
213.285 1.51593 179.648 659.663
213.121 1.73241 166.469 577.231
212.957 1.54416 198.617 647.6
212.793 1.73241 165.141 577.231
212.629 1.47828 210.898 676.463
212.465 1.65711 159.477 603.46
212.301 1.51593 214.5 659.663
212.137 1.59122 168.367 628.447
211.973 1.31827 137.32 758.571
211.809 1.63829 196.148 610.394
211.645 1.60064 211.914 624.752
211.481 1.62887 170.57 613.921
211.317 1.54416 187.688 647.6
211.153 1.60064 157.609 624.752
210.989 1.60064 173.453 624.752
210.825 1.65711 179.664 603.46
210.661 1.96771 158.711 508.204
210.497 1.77947 176.078 561.965
210.333 1.5724 184.086 635.971
210.169 1.5724 168.445 635.971
210.004 1.62887 173.586 613.921
209.84 1.40298 169.008 712.769

209.676 1.35592 199.789 737.508
209.512 1.32768 216.781 753.193
209.348 1.53475 183.25 651.572
209.184 1.31827 156.609 758.571
209.02 1.60064 163.203 624.752

208.856 1.65711 162.047 603.46
208.692 1.65711 161.117 603.46
208.528 1.53475 186.461 651.572
208.364 1.61005 161.984 621.099

208.2 1.91124 178.75 523.22
208.036 1.59122 187.734 628.447
207.872 1.59122 193.195 628.447
207.708 1.68535 163.617 593.35
207.544 1.51593 178.047 659.663
207.38 1.46886 164.602 680.798

207.216 1.4971 186.359 667.957
207.052 1.5724 153.703 635.971
206.888 1.54416 175.938 647.6
206.724 1.5724 178.68 635.971
206.56 1.65711 170.305 603.46

206.396 1.63829 156.727 610.394
206.232 1.51593 174.664 659.663
206.067 1.723 187.5 580.385
205.903 1.53475 183.344 651.572
205.739 2.09949 161.703 476.307
205.575 1.82653 143.203 547.486
205.411 1.53475 152.727 651.572
205.247 1.31827 156.328 758.571
205.083 1.59122 174.469 628.447
204.919 1.4218 167.148 703.332
204.755 1.41239 183.43 708.019
204.591 1.4218 159.82 703.332
204.427 1.62887 206.031 613.921
204.263 1.46886 205.32 680.798
204.099 1.56299 165.188 639.8
203.935 1.79829 175.766 556.083
203.771 1.37474 171.273 727.409
203.607 1.63829 194.125 610.394
203.443 1.70417 174.359 586.796
203.279 2.48539 174.383 402.352
203.115 2.32538 181.477 430.037
202.951 1.96771 206.633 508.204
202.787 1.51593 175.297 659.663
202.623 2.01478 166.867 496.333
202.459 2.37244 169.211 421.507
202.295 2.47598 168.508 403.881
202.131 2.20302 167.422 453.922
201.966 2.22184 149.445 450.076
201.802 2.20302 158.883 453.922
201.638 2.47598 148.203 403.881
201.474 2.43833 159.117 410.117
201.31 2.06184 142.391 485.005

201.146 1.84535 176.922 541.901
200.982 2.12772 170.18 469.986
200.818 2.00536 178.148 498.663
200.654 2.26891 200 440.741
200.49 1.89242 166.273 528.425

200.326 1.82653 181.18 547.486
200.162 1.75123 154.43 571.026
199.998 1.61005 150.445 621.099
199.834 1.61005 168.742 621.099
199.67 1.54416 199 647.6

199.506 1.63829 169.547 610.394
199.342 1.59122 177.867 628.447
199.178 1.44063 144.344 694.142
199.014 1.4218 162.883 703.332
198.85 1.62887 180.094 613.921

198.686 1.54416 167.094 647.6
198.522 1.59122 168.023 628.447
198.358 1.63829 152.508 610.394
198.194 1.66652 139.148 600.052
198.03 1.53475 182.32 651.572

197.865 1.73241 192.922 577.231
197.701 1.78888 170.023 559.009
197.537 1.81712 165.289 550.322
197.373 1.76064 167.016 567.974
197.209 2.16537 171.602 461.815
197.045 2.15596 167.844 463.831
196.881 1.81712 166.875 550.322
196.717 2.59833 183.32 384.862
196.553 2.4195 166.719 413.308
196.389 2.43833 198.516 410.117
196.225 2.53245 183.484 394.875
196.061 2.60775 128.453 383.473
195.897 2.38185 174.43 419.841
195.733 2.04301 174.055 489.473
195.569 1.69476 179.398 590.054
195.405 1.79829 162.453 556.083
195.241 1.76064 180.195 567.974
195.077 1.87359 150.273 533.734
194.913 1.73241 199.75 577.231
194.749 2.08066 142.758 480.616
194.585 1.82653 159.398 547.486
194.421 2.04301 158.031 489.473
194.257 1.98654 173.781 503.388
194.093 1.883 165.148 531.066
193.929 1.73241 167.25 577.231
193.764 1.77947 138.617 561.965

193.6 1.66652 148.445 600.052
193.436 1.60064 178.609 624.752
193.272 1.78888 160.477 559.009
193.108 1.883 174.102 531.066
192.944 1.85477 183.563 539.151
192.78 2.0336 153.484 491.739

192.616 2.00536 175.789 498.663
192.452 1.883 168.063 531.066
192.288 1.883 170.117 531.066
192.124 1.76064 157.453 567.974
191.96 1.85477 160.617 539.151

191.796 1.87359 190.508 533.734
191.632 2.08066 170.898 480.616
191.468 2.00536 186.125 498.663
191.304 2.0336 136.867 491.739
191.14 2.13713 156.781 467.916

190.976 1.92065 153.57 520.656
190.812 2.19361 182.984 455.87
190.648 2.17478 192.719 459.816
190.484 2.01478 193.688 496.333
190.32 1.98654 165.656 503.388

190.156 2.44774 153.797 408.54
189.992 2.31597 175.453 431.785
189.828 2.53245 179.867 394.875
189.663 2.51362 191.711 397.832
189.499 2.09949 167.516 476.307
189.335 2.09949 153.859 476.307
189.171 2.01478 195.844 496.333
189.007 2.00536 184.711 498.663
188.843 1.66652 145.625 600.052
188.679 1.78888 171.242 559.009
188.515 1.61005 188.883 621.099
188.351 1.68535 148.781 593.35
188.187 1.73241 154.531 577.231
188.023 1.4971 213.406 667.957
187.859 1.63829 172.602 610.394
187.695 1.723 185.867 580.385
187.531 1.69476 166.5 590.054
187.367 1.84535 164.5 541.901
187.203 1.50651 189.016 663.784
187.039 1.51593 169.234 659.663
186.875 1.53475 187.867 651.572
186.711 1.28062 152.461 780.872
186.547 1.45004 159.109 689.636
186.383 1.5724 168.313 635.971
186.219 1.63829 155.117 610.394
186.055 1.81712 182.32 550.322
185.891 1.59122 155.453 628.447
185.726 1.79829 164.266 556.083
185.562 1.63829 204.172 610.394
185.398 1.63829 196.352 610.394
185.234 1.98654 193.602 503.388
185.07 1.66652 160.086 600.052

184.906 1.723 208.352 580.385
184.742 1.79829 186.164 556.083
184.578 1.68535 176.109 593.35
184.414 1.89242 177.859 528.425
184.25 1.81712 182.008 550.322

184.086 1.73241 178.258 577.231
183.922 1.59122 152.609 628.447
183.758 1.93948 178.414 515.603
183.594 1.75123 173.25 571.026
183.43 1.56299 188.328 639.8

183.266 1.68535 190.523 593.35
183.102 1.89242 152.523 528.425
182.938 1.91124 149.922 523.22
182.774 1.81712 172.43 550.322
182.61 1.82653 178.945 547.486

182.446 1.54416 158.266 647.6
182.282 1.56299 187.688 639.8
182.118 1.60064 168.313 624.752
181.954 1.79829 163.398 556.083
181.79 1.85477 141 539.151

181.625 1.63829 150.531 610.394
181.461 1.73241 185.453 577.231
181.297 1.87359 149.859 533.734
181.133 1.68535 181.992 593.35
180.969 1.51593 146.664 659.663
180.805 2.0336 176.992 491.739
180.641 1.98654 178.875 503.388
180.477 2.08066 143.18 480.616
180.313 2.08066 179.102 480.616
180.149 2.07125 149.617 482.801
179.985 1.82653 162.383 547.486
179.821 1.96771 138.063 508.204
179.657 1.85477 147.68 539.151
179.493 1.59122 188.938 628.447
179.329 1.40298 167.5 712.769
179.165 1.61005 163.102 621.099
179.001 1.32768 175.922 753.193
178.837 1.60064 155.352 624.752
178.673 1.45004 154.039 689.636
178.509 1.59122 176.789 628.447
178.345 1.73241 164.242 577.231
178.181 1.723 164.563 580.385
178.017 1.46886 173.617 680.798
177.853 1.41239 180.258 708.019
177.689 1.37474 192.367 727.409
177.524 1.46886 145.094 680.798
177.36 1.28062 182.242 780.872

177.196 1.29944 177.477 769.56
177.032 1.1865 172 842.817
176.868 1.4218 201.445 703.332
176.704 1.56299 174.445 639.8
176.54 1.37474 149.383 727.409

176.376 1.32768 151.18 753.193
176.212 1.23356 173.82 810.663
176.048 1.34651 181.594 742.663
175.884 1.20532 166.891 829.654
175.72 1.20532 166.266 829.654

175.556 1.07355 160.656 931.489
175.392 1.41239 137.18 708.019
175.228 1.29944 183.281 769.56
175.064 1.51593 170.438 659.663

174.9 1.56299 162.297 639.8
174.736 1.5724 176.039 635.971
174.572 1.44063 175.117 694.142
174.408 1.84535 179.484 541.901
174.244 1.5724 176.836 635.971
174.08 1.60064 182.281 624.752

173.916 1.81712 181.734 550.322
173.752 1.79829 164.289 556.083
173.588 1.4218 174.867 703.332
173.423 1.61005 157.359 621.099
173.259 1.69476 184.805 590.054
173.095 1.63829 171.719 610.394
172.931 1.70417 172.883 586.796
172.767 1.73241 180.484 577.231
172.603 1.61005 168.953 621.099
172.439 1.34651 183.906 742.663
172.275 1.4971 154.148 667.957
172.111 0.979428 175.859 1021
171.947 0.970016 206.531 1030.91
171.783 0.90413 179.469 1106.04
171.619 1.10179 159.32 907.616
171.455 0.875893 154.039 1141.69
171.291 0.857068 163.555 1166.77
171.127 0.970016 163.828 1030.91
170.963 0.828832 190.523 1206.52
170.799 0.753534 176.273 1327.08
170.635 0.762946 192.547 1310.71
170.471 0.922954 182.563 1083.48
170.307 0.574701 164.063 1740.04
170.143 0.715885 168.938 1396.87
169.979 0.970016 178.383 1030.91
169.815 0.668824 174.367 1495.16
169.651 1.07355 180.688 931.489
169.486 0.668824 165.086 1495.16
169.322 0.922954 146.773 1083.48
169.158 0.69706 141.117 1434.6
168.994 0.781771 177.43 1279.15
168.83 1.07355 143.492 931.489

168.666 0.621762 171.883 1608.33



168.502 1.1865 157.469 842.817
168.338 0.753534 185.617 1327.08
168.174 0.659411 178.031 1516.5
168.01 1.29003 171.633 775.175

167.846 0.941779 177.781 1061.82
167.682 1.04531 182.828 956.651
167.518 1.0359 164.383 965.343
167.354 0.828832 187.125 1206.52
167.19 0.913542 166.641 1094.64

167.026 0.602938 164.758 1658.55
166.862 0.537052 147.25 1862.02
166.698 0.546464 193.352 1829.95
166.534 0.546464 177.555 1829.95
166.37 0.537052 159.203 1862.02

166.206 0.52764 185.688 1895.23
166.042 0.762946 153.391 1310.71
165.878 0.565289 186.242 1769.01
165.714 0.452342 183.047 2210.72
165.55 0.725297 179.664 1378.75

165.385 0.631175 163.125 1584.35
165.221 0.753534 173.477 1327.08
165.057 0.565289 161.398 1769.01
164.893 0.659411 197.195 1516.5
164.729 0.593525 163.172 1684.85
164.565 0.69706 181.5 1434.6
164.401 0.593525 174.727 1684.85
164.237 0.659411 167.07 1516.5
164.073 0.847656 156.766 1179.72
163.909 0.715885 164.992 1396.87
163.745 0.90413 181.695 1106.04
163.581 1.07355 182.938 931.489
163.417 0.847656 175.234 1179.72
163.253 0.951191 191.109 1051.31
163.089 1.2618 182.961 792.522
162.925 1.04531 168.789 956.651
162.761 1.0359 168.844 965.343
162.597 0.791183 156.25 1263.93
162.433 0.810007 152.219 1234.56
162.269 0.90413 151.578 1106.04
162.105 0.979428 177.141 1021
161.941 0.970016 195.031 1030.91
161.777 0.922954 158.273 1083.48
161.613 0.753534 167.039 1327.08
161.449 0.69706 191.016 1434.6
161.284 0.979428 164.852 1021
161.12 0.602938 164.813 1658.55

160.956 0.781771 173.125 1279.15
160.792 0.499403 180.266 2002.39
160.628 0.565289 174.938 1769.01
160.464 0.471166 189.344 2122.39

160.3 0.546464 180.32 1829.95
160.136 0.725297 187.719 1378.75
159.972 0.781771 180.906 1279.15
159.808 0.791183 185.328 1263.93
159.644 0.593525 172.688 1684.85
159.48 0.499403 205.078 2002.39

159.316 0.621762 195.016 1608.33
159.152 0.537052 190.203 1862.02
158.988 0.433517 203.445 2306.71
158.824 0.621762 157.867 1608.33
158.66 0.537052 193.445 1862.02

158.496 0.734709 199.594 1361.08
158.332 0.81942 180.867 1220.38
158.168 0.998252 187.164 1001.75
158.004 1.19591 170.977 836.184
157.84 1.2618 202.766 792.522

157.676 1.01708 184.133 983.21
157.512 1.53475 156.453 651.572
157.348 1.28062 187.063 780.872
157.183 1.32768 169.938 753.193
157.019 1.25238 172.305 798.478
156.855 1.15826 153.914 863.364
156.691 1.01708 197.492 983.21
156.527 0.941779 175.141 1061.82
156.363 1.16767 186.438 856.404
156.199 1.04531 144.008 956.651
156.035 1.13002 182.109 884.937
155.871 1.07355 157.789 931.489
155.707 0.941779 166.742 1061.82
155.543 1.10179 188.961 907.616
155.379 1.28062 154.945 780.872
155.215 1.51593 189.875 659.663
155.051 1.60064 187.344 624.752
154.887 1.76064 160.109 567.974
154.723 1.75123 177.906 571.026
154.559 1.60064 169.32 624.752
154.395 2.15596 184.438 463.831
154.231 1.63829 148.992 610.394
154.067 1.70417 183.039 586.796
153.903 2.12772 163.695 469.986
153.739 1.82653 164.398 547.486
153.575 1.81712 163.047 550.322
153.411 1.40298 189.859 712.769
153.247 1.60064 169.711 624.752
153.082 1.29003 216.141 775.175
152.918 1.29003 183.266 775.175
152.754 1.34651 177.828 742.663
152.59 1.38415 189.977 722.463

152.426 1.34651 164.125 742.663
152.262 1.40298 134.063 712.769
152.098 1.68535 160.5 593.35
151.934 1.66652 180.477 600.052
151.77 1.5724 198.305 635.971

151.606 1.62887 178.672 613.921
151.442 1.22415 194.273 816.896
151.278 1.66652 171.633 600.052
151.114 1.68535 167.344 593.35
150.95 1.16767 203.031 856.404

150.786 1.53475 176.086 651.572
150.622 1.46886 208.563 680.798
150.458 1.41239 172.508 708.019
150.294 1.19591 166.836 836.184
150.13 1.4218 186.875 703.332

149.966 1.5724 168.984 635.971
149.802 1.76064 182.82 567.974
149.638 1.31827 192.68 758.571
149.474 1.13944 189.641 877.627
149.31 0.941779 158.453 1061.82

149.145 0.857068 166.258 1166.77
148.981 0.753534 157.359 1327.08
148.817 0.90413 181.953 1106.04
148.653 0.941779 182.039 1061.82
148.489 0.857068 166.148 1166.77
148.325 0.762946 176.648 1310.71
148.161 0.922954 167.297 1083.48
147.997 0.913542 181.258 1094.64
147.833 1.01708 162.336 983.21
147.669 1.23356 178.398 810.663
147.505 1.82653 160.945 547.486
147.341 1.84535 207.602 541.901
147.177 2.06184 162.023 485.005
147.013 2.23126 191.633 448.178
146.849 1.66652 192.961 600.052
146.685 1.66652 151.172 600.052
146.521 1.23356 171.531 810.663
146.357 1.44063 176.898 694.142
146.193 1.01708 185.242 983.21
146.029 1.53475 162.031 651.572
145.865 1.70417 192.859 586.796
145.701 1.84535 200 541.901
145.537 1.35592 176.281 737.508
145.373 1.16767 162.352 856.404
145.209 0.941779 182.758 1061.82
145.044 1.16767 187.188 856.404
144.88 1.1865 165.484 842.817

144.716 1.29003 175 775.175
144.552 1.19591 170.68 836.184
144.388 1.68535 170.055 593.35
144.224 1.01708 166.477 983.21
144.06 1.40298 134.953 712.769

143.896 1.63829 182.367 610.394
143.732 0.970016 180.258 1030.91
143.568 1.15826 182.883 863.364
143.404 1.23356 149.5 810.663
143.24 1.1112 205.602 899.929

143.076 1.20532 172.492 829.654
142.912 1.06414 166.398 939.728
142.748 1.01708 141.578 983.21
142.584 1.20532 178.023 829.654
142.42 1.23356 160.141 810.663

142.256 1.13944 174.953 877.627
142.092 1.19591 162.477 836.184
141.928 1.54416 178.234 647.6
141.764 1.40298 163.5 712.769

141.6 1.40298 184.75 712.769
141.436 1.66652 185.977 600.052
141.272 2.06184 144.75 485.005
141.108 1.97713 149.195 505.785
140.943 1.97713 171.445 505.785
140.779 2.22184 156.555 450.076
140.615 2.37244 142.625 421.507
140.451 2.26891 168.68 440.741
140.287 2.22184 180.219 450.076
140.123 2.15596 144.203 463.831
139.959 2.25008 156.156 444.428
139.795 2.37244 163.922 421.507
139.631 2.17478 130.727 459.816
139.467 2.31597 169.602 431.785
139.303 2.19361 180.055 455.87
139.139 2.04301 171.023 489.473
138.975 2.37244 160.063 421.507
138.811 2.35362 175.633 424.878
138.647 2.28773 190.305 437.114
138.483 2.17478 153.359 459.816
138.319 2.26891 178.336 440.741
138.155 2.12772 138.172 469.986
137.991 2.22184 210.094 450.076
137.827 1.84535 156.398 541.901
137.663 1.79829 169.32 556.083
137.499 1.723 202.383 580.385
137.335 1.883 168.641 531.066
137.171 1.78888 160.078 559.009
137.007 1.78888 166.625 559.009
136.842 1.76064 173.648 567.974
136.678 1.47828 202.867 676.463
136.514 1.60064 159.68 624.752
136.35 1.73241 176.391 577.231

136.186 1.70417 185.5 586.796
136.022 1.82653 178.883 547.486
135.858 1.78888 141.75 559.009
135.694 1.38415 183.328 722.463
135.53 1.4971 184.438 667.957

135.366 1.25238 174.852 798.478
135.202 1.13944 183.641 877.627
135.038 1.37474 172.664 727.409
134.874 1.32768 149.852 753.193
134.71 1.4218 149.109 703.332

134.546 1.28062 209.289 780.872
134.382 1.34651 164.438 742.663
134.218 1.31827 161.969 758.571
134.054 1.37474 190.93 727.409
133.89 1.78888 156.313 559.009

133.726 2.15596 172.039 463.831
133.562 2.44774 187.266 408.54
133.398 2.20302 194.234 453.922
133.234 2.19361 167.5 455.87
133.07 2.37244 181.07 421.507

132.906 2.0336 189.227 491.739
132.741 1.89242 200.805 528.425
132.577 1.96771 166.875 508.204
132.413 1.73241 199.195 577.231
132.249 1.4218 158.094 703.332
132.085 1.32768 146.445 753.193
131.921 1.50651 181.898 663.784
131.757 1.40298 165.789 712.769
131.593 1.23356 180.336 810.663
131.429 0.941779 180.352 1061.82
131.265 0.687648 186.617 1454.23
131.101 0.640587 183.117 1561.07
130.937 0.593525 162.875 1684.85
130.773 0.791183 157.406 1263.93
130.609 0.847656 159.82 1179.72
130.445 0.951191 178.641 1051.31
130.281 1.23356 183.203 810.663
130.117 1.09237 143.047 915.437
129.953 1.10179 183.898 907.616
129.789 1.40298 153.242 712.769
129.625 1.23356 168 810.663
129.461 1.25238 144.445 798.478
129.297 1.32768 163.984 753.193
129.133 1.68535 162.461 593.35
128.969 1.68535 147.539 593.35
128.804 1.84535 132.961 541.901
128.64 1.76064 134.117 567.974

128.476 1.79829 190.672 556.083
128.312 1.82653 169.18 547.486
128.148 1.59122 168.023 628.447
127.984 1.73241 159.797 577.231
127.82 1.4218 162.117 703.332

127.656 1.41239 147.063 708.019
127.492 1.41239 181.422 708.019
127.328 1.38415 145.094 722.463
127.164 1.29003 178.539 775.175

127 1.35592 139.586 737.508
126.836 1.62887 190.852 613.921
126.672 1.723 170.227 580.385
126.508 1.65711 187.453 603.46
126.344 1.85477 175.258 539.151
126.18 1.91124 171.844 523.22

126.016 1.77947 161.391 561.965
125.852 2.01478 185.422 496.333
125.688 2.29714 170.328 435.323
125.524 2.19361 178.734 455.87
125.36 2.1089 183.867 474.181

125.196 2.09949 179.5 476.307
125.032 1.82653 178.195 547.486
124.868 1.76064 163.797 567.974
124.703 1.75123 151.039 571.026
124.539 1.62887 200.07 613.921
124.375 1.5724 180.992 635.971
124.211 1.81712 185.047 550.322
124.047 1.63829 174.492 610.394
123.883 1.59122 177.289 628.447
123.719 1.68535 174.672 593.35
123.555 1.4218 174.688 703.332
123.391 1.54416 140.758 647.6
123.227 1.5724 158.258 635.971
123.063 1.66652 186.102 600.052
122.899 1.62887 178.75 613.921
122.735 1.23356 174.336 810.663
122.571 1.37474 154.328 727.409
122.407 1.41239 158.492 708.019
122.243 1.15826 154.766 863.364
122.079 1.32768 139.617 753.193
121.915 1.20532 161.313 829.654
121.751 1.40298 155.867 712.769
121.587 0.998252 160.086 1001.75
121.423 1.15826 178.797 863.364
121.259 0.941779 137.742 1061.82
121.095 0.847656 139.617 1179.72
120.931 0.621762 176.258 1608.33
120.767 0.847656 199.984 1179.72
120.602 0.90413 171.602 1106.04
120.438 0.810007 181.391 1234.56
120.274 0.725297 157.258 1378.75
120.11 0.998252 168.211 1001.75

119.946 0.828832 173.148 1206.52
119.782 0.715885 154.945 1396.87
119.618 0.725297 179.688 1378.75
119.454 0.687648 168.031 1454.23
119.29 0.715885 180.125 1396.87

119.126 0.715885 159.32 1396.87
118.962 0.565289 163.617 1769.01
118.798 0.781771 164 1279.15
118.634 0.69706 175.383 1434.6
118.47 0.69706 204.813 1434.6

118.306 0.574701 181.156 1740.04
118.142 0.640587 136.602 1561.07
117.978 0.508815 184.266 1965.35
117.814 0.631175 159.367 1584.35
117.65 0.725297 175.109 1378.75

117.486 0.81942 155.273 1220.38
117.322 1.04531 169.758 956.651
117.158 1.0359 181.773 965.343
116.994 1.19591 180.305 836.184
116.83 1.20532 174.508 829.654

116.666 0.875893 189.641 1141.69
116.501 0.640587 164.164 1561.07
116.337 0.621762 174.336 1608.33
116.173 0.433517 165.883 2306.71
116.009 0.90413 173.648 1106.04
115.845 1.1865 158.203 842.817
115.681 1.15826 160.961 863.364
115.517 1.15826 164.109 863.364
115.353 1.32768 168.086 753.193
115.189 1.0359 171.602 965.343
115.025 0.565289 181.297 1769.01
114.861 0.90413 158.039 1106.04
114.697 0.857068 169.047 1166.77
114.533 0.885305 183.219 1129.55
114.369 0.537052 179.328 1862.02
114.205 0.753534 162.406 1327.08
114.041 0.574701 199.633 1740.04
113.877 0.668824 159.047 1495.16
113.713 0.546464 186.391 1829.95
113.549 0.687648 174.391 1454.23
113.385 0.44293 164.844 2257.7
113.221 0.414693 185.719 2411.42
113.057 0.52764 176.648 1895.23
112.893 0.565289 168.703 1769.01
112.729 0.452342 190.773 2210.72
112.564 0.292334 177.289 3420.75

112.4 0.452342 158.422 2210.72
112.236 0.311158 168.789 3213.8
112.072 0.282921 180.047 3534.55
111.908 0.06644 198.828 15051.3
111.744 0.23586 175.625 4239.8
111.58 0.000554 154.391 1.81E+06

111.416 -0.08416 148.094 -11882.6
111.252 -0.17828 198.883 -5609.19
111.088 -0.21593 161.844 -4631.17
110.924 0.028791 170.023 34733.7
110.76 -0.08416 144.125 -11882.6

110.596 0.104089 163.617 9607.21
110.432 -0.09357 193.164 -10687.3
110.268 0.094676 178.844 10562.3
110.104 -0.06533 154.508 -15306.4
109.94 0.009966 161.93 100341

109.776 -0.09357 171.977 -10687.3
109.612 0.047615 141.797 21001.8
109.448 -0.39476 153.727 -2533.18
109.284 -0.32888 183.273 -3040.67
109.12 -0.31005 151.859 -3225.28

108.956 -0.40417 163.383 -2474.19
108.792 -0.3477 152.078 -2876.05
108.628 -0.44182 144.852 -2263.35
108.463 -0.37594 156.219 -2660.03
108.299 -0.44182 181.852 -2263.35
108.135 -0.32888 157.039 -3040.67
107.971 -0.11239 150.938 -8897.33
107.807 -0.25358 162.109 -3943.58
107.643 -0.02768 136.672 -36123.3
107.479 0.075852 136.539 13183.6
107.315 0.23586 161.406 4239.8
107.151 0.329982 171.758 3030.46
106.987 0.546464 160.148 1829.95
106.823 0.028791 134.078 34733.7
106.659 0.254684 164.133 3926.43
106.495 0.000554 179.063 1.81E+06
106.331 -0.02768 155.203 -36123.3
106.167 -0.44182 183.297 -2263.35
106.003 -0.06533 142.992 -15306.4
105.839 0.329982 133.477 3030.46
105.675 0.546464 174.914 1829.95
105.511 0.659411 161.016 1516.5
105.347 0.075852 151.133 13183.6
105.183 0.160562 147.445 6228.12
105.019 0.009966 183.273 100341
104.855 -0.14063 186.133 -7110.86
104.691 -0.24417 167.914 -4095.6
104.527 0.160562 173.039 6228.12
104.362 0.038203 166.906 26176.1
104.198 0.009966 154.844 100341
104.034 0.781771 187.93 1279.15
103.87 0.047615 131.172 21001.8

103.706 0.094676 173.516 10562.3
103.542 0.537052 161.125 1862.02
103.378 1.06414 145.313 939.728
103.214 -0.33829 187.063 -2956.07
103.05 0.141738 169.766 7055.3

102.886 -2.71959 168.875 -367.703
102.722 -4.13142 166.477 -242.047
102.558 -6.93627 167.594 -144.17
102.394 -0.94067 141.086 -1063.07
102.23 11.8882 156.148 84.1168

102.066 -2.67253 183.273 -374.178
101.902 1.01708 134.867 983.21
101.738 4.4149 166.563 226.506
101.574 0.828832 167.578 1206.52
101.41 -9.80701 123.387 -101.968

101.246 4.20783 151.781 237.652
101.082 0.979428 165.305 1021
100.918 -0.31005 126.461 -3225.28
100.754 -0.47006 147.445 -2127.39
100.59 -0.46065 167.023 -2170.86

100.426 -0.58301 190.414 -1715.25
100.261 -0.58301 145.711 -1715.25
100.097 -0.31005 151.039 -3225.28
99.9334 -0.23475 148.406 -4259.81
99.7693 -0.51712 138.594 -1933.79
99.6053 -0.3477 218.602 -2876.05
99.4413 -0.48888 170.867 -2045.48
99.2772 -0.56418 142.406 -1772.48
99.1132 -0.82772 148.859 -1208.13
98.9491 -0.82772 146.914 -1208.13
98.7851 -0.7336 150.406 -1363.14
98.6211 -0.68654 176.625 -1456.58
98.457 -0.82772 153.336 -1208.13
98.293 -0.74301 134.102 -1345.87

98.1289 -0.7336 150.938 -1363.14
97.9649 -0.63948 165.125 -1563.77
97.8009 -0.82772 157.063 -1208.13
97.6368 -0.8089 176.039 -1236.25
97.4728 -0.59242 175.523 -1688
97.3087 -0.74301 161.664 -1345.87
97.1447 -0.6583 139.844 -1519.06
96.9807 -0.59242 168.266 -1688
96.8166 -0.4983 162.281 -2006.84
96.6526 -0.44182 166.664 -2263.35
96.4885 -0.47006 152 -2127.39
96.3245 -0.52653 168.469 -1899.22
96.1605 -0.43241 179.852 -2312.62
95.9964 -0.43241 163.234 -2312.62
95.8324 -0.58301 168.445 -1715.25
95.6683 -0.8089 134.391 -1236.25
95.5043 -1.06303 172.961 -940.707
95.3403 -1.29834 167.695 -770.216
95.1762 -1.06303 159.047 -940.707
95.0122 -1.02538 169.734 -975.247
94.8481 -0.83714 145.25 -1194.55
94.6841 -0.83714 165.836 -1194.55
94.5201 -0.94067 178.672 -1063.07
94.356 -0.86537 147.25 -1155.57
94.192 -1.29834 175.609 -770.216

94.0279 -1.33599 140.258 -748.511
93.8639 -1.50541 169.438 -664.273
93.6999 -0.53594 157.359 -1865.86
93.5358 0.047615 150.75 21001.8
93.3718 -0.47006 150.094 -2127.39
93.2077 -0.51712 183.305 -1933.79
93.0437 -0.2724 128.07 -3671.05
92.8796 -0.96891 166.57 -1032.09
92.7156 -1.68424 186.281 -593.74
92.5516 -0.37594 163.789 -2660.03
92.3875 -0.77125 159.75 -1296.6
92.2235 -0.6583 180.984 -1519.06
92.0595 -0.39476 185.344 -2533.18
91.8954 -0.7336 163.453 -1363.14
91.7314 -0.47006 172.313 -2127.39
91.5673 -0.48888 160.797 -2045.48
91.4033 -0.36652 174.586 -2728.33
91.2392 -0.36652 172.914 -2728.33
91.0752 -0.9595 144.5 -1042.21
90.9112 -0.63948 175.625 -1563.77
90.7471 -0.75243 180.578 -1329.03
90.5831 -0.94067 168.531 -1063.07
90.419 -0.74301 196.203 -1345.87
90.255 -0.62066 155.5 -1611.2
90.091 -0.48888 130.273 -2045.48

89.9269 -0.48888 154.633 -2045.48
89.7629 -0.63948 161.18 -1563.77
89.5988 -0.63948 166.984 -1563.77
89.4348 -0.71478 152 -1399.04
89.2708 -0.75243 153.297 -1329.03
89.1067 -0.8089 156.984 -1236.25
88.9427 -0.79949 173.766 -1250.8
88.7786 -0.63948 157.117 -1563.77
88.6146 -0.55477 164.523 -1802.55
88.4506 -0.59242 144.445 -1688
88.2865 -0.63948 185.328 -1563.77
88.1225 -0.70537 185.992 -1417.71
87.9584 -0.47006 192.523 -2127.39
87.7944 -0.78066 164.469 -1280.96
87.6304 -0.79949 202.148 -1250.8
87.4663 -0.8089 194.93 -1236.25
87.3023 -0.64889 155.242 -1541.09
87.1382 -0.83714 174.523 -1194.55
86.9742 -0.64889 159 -1541.09
86.8102 -0.67713 183.297 -1476.83
86.6461 -0.61124 147.031 -1636.01
86.4821 -0.6583 174.5 -1519.06
86.318 -0.64889 146.938 -1541.09
86.154 -0.61124 164.43 -1636.01
85.99 -0.63948 179.219 -1563.77

85.8259 -0.55477 154.875 -1802.55
85.6619 -0.59242 171.758 -1688
85.4978 -0.48888 128.828 -2045.48
85.3338 -0.64889 173.305 -1541.09
85.1698 -0.44182 167.336 -2263.35
85.0057 -0.4983 135.109 -2006.84
84.8417 -0.61124 182.695 -1636.01
84.6776 -0.70537 115.547 -1417.71
84.5136 -0.59242 156.094 -1688
84.3496 -0.78066 192.273 -1280.96



84.1855 -0.68654 158.234 -1456.58
84.0215 -0.71478 179.609 -1399.04
83.8574 -0.68654 138.344 -1456.58
83.6934 -0.70537 191.273 -1417.71
83.5293 -0.52653 150.039 -1899.22
83.3653 -0.64889 158.398 -1541.09
83.2013 -0.74301 143.328 -1345.87
83.0372 -0.59242 155.883 -1688
82.8732 -0.84655 140.133 -1181.27
82.7092 -0.63948 172.469 -1563.77
82.5451 -0.4983 129.563 -2006.84
82.3811 -0.4983 135.672 -2006.84
82.217 -0.70537 160.883 -1417.71
82.053 -0.6583 141.922 -1519.06

81.8889 -0.70537 152.781 -1417.71
81.7249 -0.82772 174.039 -1208.13
81.5609 -0.92185 145.031 -1084.78
81.3968 -0.83714 165.391 -1194.55
81.2328 -0.79949 174.328 -1250.8
81.0687 -0.59242 156.063 -1688
80.9047 -0.63948 176.664 -1563.77
80.7407 -0.56418 149.563 -1772.48
80.5766 -0.6583 183.352 -1519.06
80.4126 -0.82772 182.383 -1208.13
80.2485 -0.79949 126.461 -1250.8
80.0845 -0.8089 167.148 -1236.25
79.9205 -1.02538 154.633 -975.247
79.7564 -1.03479 186.414 -966.376
79.5924 -1.20421 164.359 -830.417
79.4283 -1.02538 183.813 -975.247
79.2643 -0.84655 156.391 -1181.27
79.1003 -0.93126 142.563 -1073.82
78.9362 -0.9595 134.516 -1042.21
78.7722 -0.78066 177.047 -1280.96
78.6081 -0.75243 150.641 -1329.03
78.4441 -1.15715 168.531 -864.19
78.2801 -1.06303 161.398 -940.707
78.116 -0.84655 160.109 -1181.27
77.952 -0.74301 188.227 -1345.87

77.7879 -0.71478 136.75 -1399.04
77.6239 -0.83714 154.563 -1194.55
77.4599 -0.78066 158.773 -1280.96
77.2958 -0.77125 193.188 -1296.6
77.1318 -0.47006 173.5 -2127.39
76.9677 -0.70537 163.234 -1417.71
76.8037 -0.75243 164.828 -1329.03
76.6397 -0.87479 160.305 -1143.14
76.4756 -0.82772 149.305 -1208.13
76.3116 -0.79949 155.836 -1250.8
76.1475 -0.86537 168.625 -1155.57
75.9835 -0.67713 127.07 -1476.83
75.8195 -0.62066 150.508 -1611.2
75.6554 -0.62066 146.016 -1611.2
75.4914 -0.77125 130.906 -1296.6
75.3273 -0.46065 189.836 -2170.86
75.1633 -0.64889 155.352 -1541.09
74.9993 -0.8089 170.523 -1236.25
74.8352 -0.68654 147.523 -1456.58
74.6712 -0.31005 140.086 -3225.28
74.5071 -0.56418 126.98 -1772.48
74.3431 -0.62066 155.625 -1611.2
74.1791 -0.67713 165.539 -1476.83
74.015 -0.4983 161.086 -2006.84
73.851 -0.77125 150.133 -1296.6

73.6869 -0.68654 155 -1456.58
73.5229 -0.36652 169.891 -2728.33
73.3588 -0.4983 147.352 -2006.84
73.1948 -0.58301 154.977 -1715.25
73.0308 -0.55477 133.852 -1802.55
72.8667 -0.46065 113.543 -2170.86
72.7027 -0.47006 139.969 -2127.39
72.5386 -0.30064 113.793 -3326.26
72.3746 -0.31005 129.117 -3225.28
72.2106 -0.3477 168.375 -2876.05
72.0465 -0.28181 159.945 -3548.44
71.8825 -0.46065 145.117 -2170.86
71.7184 -0.63948 143.68 -1563.77
71.5544 -0.70537 119.629 -1417.71
71.3904 -0.25358 154.711 -3943.58
71.2263 -0.51712 168.461 -1933.79
71.0623 -0.423 149.508 -2364.08
70.8982 -0.40417 158.109 -2474.19
70.7342 -0.2724 139.531 -3671.05
70.5702 -0.74301 155.641 -1345.87
70.4061 -0.40417 136.125 -2474.19
70.2421 -0.25358 139.242 -3943.58
70.078 -0.17828 151.82 -5609.19
69.914 -0.31005 101.621 -3225.28
69.75 -0.28181 151.281 -3548.44

69.5859 -0.37594 139.852 -2660.03
69.4219 -0.17828 142.961 -5609.19
69.2578 -0.58301 133.25 -1715.25
69.0938 -0.62066 149.141 -1611.2
68.9298 -0.46065 172.484 -2170.86
68.7657 -0.32888 137.469 -3040.67
68.6017 -0.48888 137.461 -2045.48
68.4376 -0.4983 154.234 -2006.84
68.2736 -0.18769 159.359 -5327.9
68.1096 -0.23475 134.867 -4259.81
67.9455 -0.20652 130.273 -4842.25
67.7815 -0.08416 154.078 -11882.6
67.6174 -0.08416 142.852 -11882.6
67.4534 0.06644 165.672 15051.3
67.2894 0.06644 159.016 15051.3
67.1253 0.132325 126.043 7557.14
66.9613 0.094676 136.555 10562.3
66.7972 0.038203 142.336 26176.1
66.6332 -0.02768 127.605 -36123.3
66.4692 -0.21593 139.477 -4631.17
66.3051 -0.31005 88.3164 -3225.28
66.1411 -0.05592 74.0625 -17882.8
65.977 0.282921 67.1563 3534.55
65.813 0.621762 72.9922 1608.33

65.6489 1.15826 96.168 863.364
65.4849 1.98654 122.914 503.388
65.3209 3.23837 101.02 308.798
65.1568 5.29024 114.223 189.027
64.9928 9.44104 106.066 105.921
64.8288 16.5096 94.0078 60.5707
64.6647 28.8491 102.852 34.6631
64.5007 52.9633 100.594 18.881
64.3366 98.7821 102.699 10.1233
64.1726 192.001 97.3047 5.20831
64.0085 -149.772 94.8945 -6.67682
63.8445 -40.0203 104.762 -24.9873
63.6805 -230.929 92.3906 -4.33034
63.5164 -230.929 109.863 -4.33034
63.3524 -230.929 90.0703 -4.33034
63.1883 -230.929 93.2461 -4.33034
63.0243 -230.661 79.1445 -4.33537
62.8603 -229.706 115.648 -4.35339
62.6962 -230.929 118.66 -4.33034
62.5322 -230.929 74.0547 -4.33034
62.3681 -230.929 95.5938 -4.33034
62.2041 -230.929 89.5625 -4.33034
62.0401 -230.929 104.848 -4.33034
61.876 -230.929 78.75 -4.33034
61.712 -230.929 107.563 -4.33034

61.5479 -230.929 103.277 -4.33034
61.3839 -230.929 75.9453 -4.33034
61.2199 -230.929 78.1094 -4.33034
61.0558 -230.929 66.4453 -4.33034
60.8918 -230.929 61.6406 -4.33034
60.7277 -230.929 72.7734 -4.33034
60.5637 -230.929 97.0625 -4.33034
60.3997 -230.929 104.148 -4.33034
60.2356 -230.929 111.305 -4.33034
60.0716 -230.929 120.961 -4.33034
59.9075 -230.929 111.227 -4.33034
59.7435 -230.929 111.297 -4.33034
59.5795 -230.929 93.3867 -4.33034
59.4154 -230.929 98.1094 -4.33034
59.2514 -230.929 110.883 -4.33034
59.0873 -230.929 109.836 -4.33034
58.9233 -230.929 98.9805 -4.33034
58.7593 -230.929 119.137 -4.33034
58.5952 -230.929 105.84 -4.33034
58.4312 -230.929 108.523 -4.33034
58.2671 -230.929 106.871 -4.33034
58.1031 -230.929 120 -4.33034
57.9391 -230.929 100.008 -4.33034
57.775 -230.929 118.078 -4.33034
57.611 -230.929 106.473 -4.33034

57.4469 -230.929 118.699 -4.33034
57.2829 -230.929 119.168 -4.33034
57.1189 -230.929 119.828 -4.33034
56.9548 -230.929 98.7461 -4.33034
56.7908 -230.929 100.707 -4.33034
56.6267 -230.929 92.8867 -4.33034
56.4627 -230.929 76.0391 -4.33034
56.2986 -230.929 50.3359 -4.33034
56.1346 -230.929 66.7617 -4.33034
55.9706 -230.929 53.6602 -4.33034
55.8065 -230.929 61.957 -4.33034
55.6425 -230.929 77.4805 -4.33034
55.4785 -230.929 81.543 -4.33034
55.3144 -230.929 68.9648 -4.33034
55.1504 -230.929 68.8164 -4.33034
54.9863 -230.929 82.1211 -4.33034
54.8223 -230.929 87.9766 -4.33034
54.6582 -230.929 67.5273 -4.33034
54.4942 -230.929 82.4688 -4.33034
54.3302 -230.929 100.914 -4.33034
54.1661 -230.929 84.2344 -4.33034
54.0021 -230.929 100.863 -4.33034
53.838 -230.929 94.6758 -4.33034
53.674 -230.929 101.109 -4.33034
53.51 -230.929 74.625 -4.33034

53.3459 -230.929 81.1719 -4.33034
53.1819 -230.929 77.5703 -4.33034
53.0178 -230.929 96.375 -4.33034
52.8538 -230.929 101.531 -4.33034
52.6898 -230.929 85.6758 -4.33034
52.5257 -230.929 90.9648 -4.33034
52.3617 -230.929 66.7852 -4.33034
52.1976 -230.929 84.2695 -4.33034
52.0336 -230.929 99.0234 -4.33034
51.8696 -230.929 74.3398 -4.33034
51.7055 -230.929 100.199 -4.33034
51.5415 -230.929 64.043 -4.33034
51.3774 -230.929 77.4727 -4.33034
51.2134 -230.929 72.5273 -4.33034
51.0494 -230.929 69.4648 -4.33034
50.8853 -230.929 48.3633 -4.33034
50.7213 -230.929 61.0879 -4.33034
50.5572 -230.929 70.4453 -4.33034
50.3932 -230.929 93.5078 -4.33034
50.2292 -230.929 85.1875 -4.33034
50.0651 -230.929 86.8477 -4.33034
49.9011 -230.929 94.4883 -4.33034
49.737 -230.929 97.8828 -4.33034
49.573 -230.929 85.8047 -4.33034
49.409 -230.929 75.5156 -4.33034

49.2449 -230.929 121.332 -4.33034
49.0809 -230.929 86.9805 -4.33034
48.9168 -230.929 96.7617 -4.33034
48.7528 -230.929 91.4414 -4.33034
48.5888 -230.929 95.9219 -4.33034
48.4247 -230.929 93.4258 -4.33034
48.2607 -230.929 78.6367 -4.33034
48.0966 -230.929 68.75 -4.33034
47.9326 -230.929 82.625 -4.33034
47.7686 -230.929 68.0859 -4.33034
47.6045 -230.929 80.8359 -4.33034
47.4405 -230.929 70.4023 -4.33034
47.2764 -230.929 77.668 -4.33034
47.1124 -230.929 107.445 -4.33034
46.9484 -230.929 60.1543 -4.33034
46.7843 -230.929 95.2578 -4.33034
46.6203 -230.929 71.1328 -4.33034
46.4562 -230.929 64.8125 -4.33034
46.2922 -230.929 84.1406 -4.33034
46.1282 -230.929 56.4727 -4.33034
45.9641 -230.929 51.4258 -4.33034
45.8001 -230.929 58.7773 -4.33034
45.636 -230.929 64.4414 -4.33034
45.472 -230.929 85.4063 -4.33034

45.3079 -230.929 82.793 -4.33034
45.1439 -230.929 65.3125 -4.33034
44.9799 -230.929 89.2422 -4.33034
44.8158 -230.929 80.8008 -4.33034
44.6518 -230.929 92.3242 -4.33034
44.4877 -230.929 107.992 -4.33034
44.3237 -230.929 80.7188 -4.33034
44.1597 -230.929 102.203 -4.33034
43.9956 -230.929 97.6875 -4.33034
43.8316 -230.929 112.832 -4.33034
43.6675 -230.929 97.4492 -4.33034
43.5035 -230.929 111.719 -4.33034
43.3395 -230.929 110.313 -4.33034
43.1754 -230.929 88.4023 -4.33034
43.0114 -230.929 107.563 -4.33034
42.8473 -230.929 96.3477 -4.33034
42.6833 -230.929 103.781 -4.33034
42.5193 -230.929 95.6758 -4.33034
42.3552 -230.929 115.113 -4.33034
42.1912 -230.929 98.8242 -4.33034
42.0271 -230.929 107.277 -4.33034
41.8631 -230.929 120.047 -4.33034
41.6991 -230.929 102.008 -4.33034
41.535 -230.929 125.859 -4.33034
41.371 -230.929 97.0117 -4.33034

41.2069 -230.929 78.168 -4.33034
41.0429 -230.929 71.6484 -4.33034
40.8789 -230.929 78.8047 -4.33034
40.7148 -230.929 75.6367 -4.33034
40.5508 -230.929 75.1133 -4.33034
40.3867 -230.929 99.582 -4.33034
40.2227 -230.929 103.699 -4.33034
40.0587 -230.929 83.8242 -4.33034
39.8946 -230.929 105.734 -4.33034
39.7306 -230.929 104.332 -4.33034
39.5665 -230.929 118.059 -4.33034
39.4025 -230.929 90.7188 -4.33034
39.2385 -230.929 95.4961 -4.33034
39.0744 -230.929 89.5625 -4.33034
38.9104 -230.929 71.7148 -4.33034
38.7463 -230.929 85.8086 -4.33034
38.5823 -230.929 120.773 -4.33034
38.4183 -230.929 86.1992 -4.33034
38.2542 -230.929 94.0898 -4.33034
38.0902 -230.929 84.6211 -4.33034
37.9261 -230.929 103.219 -4.33034
37.7621 -230.929 93.8672 -4.33034
37.598 -230.929 102.746 -4.33034
37.434 -230.929 94.2813 -4.33034
37.27 -230.929 101.672 -4.33034

37.1059 -230.929 112.055 -4.33034
36.9419 -230.929 96.1406 -4.33034
36.7778 -230.929 91.2695 -4.33034
36.6138 -230.929 94.8711 -4.33034
36.4498 -230.929 95.6094 -4.33034
36.2857 -230.929 81.875 -4.33034
36.1217 -230.929 76.9219 -4.33034
35.9576 -230.929 53.832 -4.33034
35.7936 -230.929 73.6172 -4.33034
35.6296 -230.929 76.9609 -4.33034
35.4655 -230.929 87.0313 -4.33034
35.3015 -230.929 105.574 -4.33034
35.1374 -230.929 122.789 -4.33034
34.9734 -230.929 86.0781 -4.33034
34.8094 -230.929 102.074 -4.33034
34.6453 -230.929 117.027 -4.33034
34.4813 -230.929 98.1523 -4.33034
34.3172 -230.929 103.66 -4.33034
34.1532 -230.929 97.2461 -4.33034
33.9892 -230.929 84.7461 -4.33034
33.8251 -230.929 100.551 -4.33034
33.6611 -230.929 79.2305 -4.33034
33.497 -230.929 70.5742 -4.33034
33.333 -230.929 92.0938 -4.33034
33.169 -230.929 96.3789 -4.33034

33.0049 -230.929 104.902 -4.33034
32.8409 -230.929 126.43 -4.33034
32.6768 -230.929 96.3594 -4.33034
32.5128 -230.929 90.3398 -4.33034
32.3488 -230.929 99.918 -4.33034
32.1847 -230.929 90.0156 -4.33034
32.0207 -230.929 78.6094 -4.33034
31.8566 -230.929 107.898 -4.33034
31.6926 -230.929 92.5586 -4.33034
31.5286 -230.929 83.8242 -4.33034
31.3645 -230.929 79.8086 -4.33034
31.2005 -230.929 83.5313 -4.33034
31.0364 -230.929 60.7324 -4.33034
30.8724 -230.929 53.9629 -4.33034
30.7084 -230.929 78.6992 -4.33034
30.5443 -230.929 98.0977 -4.33034
30.3803 -230.929 104.309 -4.33034
30.2162 -230.929 93.6875 -4.33034
30.0522 -230.929 101.258 -4.33034
29.8882 -230.929 92.0664 -4.33034
29.7241 -230.929 70.2773 -4.33034
29.5601 -230.929 94.6914 -4.33034
29.396 -230.929 81.6953 -4.33034
29.232 -230.929 110.422 -4.33034
29.068 -230.929 72.6719 -4.33034

28.9039 -230.929 75.0469 -4.33034
28.7399 -230.929 103.605 -4.33034
28.5758 -230.929 97.8789 -4.33034
28.4118 -230.929 82.9141 -4.33034
28.2477 -230.929 89.125 -4.33034
28.0837 -230.929 87.0859 -4.33034
27.9197 -230.684 74.7617 -4.33493
27.7556 -230.929 83.1055 -4.33034
27.5916 -230.929 96.7109 -4.33034
27.4275 -230.929 81.5977 -4.33034
27.2635 -230.929 93.4844 -4.33034
27.0995 -230.929 85.418 -4.33034
26.9354 -230.929 80.6836 -4.33034
26.7714 -230.929 85.6641 -4.33034
26.6073 -230.929 92.5234 -4.33034
26.4433 -230.929 84.3594 -4.33034
26.2793 -230.929 58.6895 -4.33034
26.1152 -230.929 75.9297 -4.33034
25.9512 -230.929 65.207 -4.33034
25.7871 -230.929 55.6172 -4.33034
25.6231 -230.929 72.6406 -4.33034
25.4591 -230.929 88.4297 -4.33034
25.295 -230.929 98.7344 -4.33034
25.131 -230.929 107.363 -4.33034

24.9669 -230.929 94.1133 -4.33034
24.8029 -230.929 77.7656 -4.33034
24.6389 -230.929 79.0195 -4.33034
24.4748 -230.929 87.5742 -4.33034
24.3108 -230.929 83.4492 -4.33034
24.1467 -230.929 74.4688 -4.33034
23.9827 -230.929 97.1797 -4.33034
23.8187 -230.929 117.039 -4.33034
23.6546 -230.929 75.0547 -4.33034
23.4906 -230.929 89.3906 -4.33034
23.3265 -230.929 102.633 -4.33034
23.1625 -230.929 95.7734 -4.33034
22.9985 -209.296 101.543 -4.77792
22.8344 -203.731 90.9023 -4.90843
22.6704 -230.929 97.2148 -4.33034
22.5063 -230.929 89.6523 -4.33034
22.3423 -230.929 88.9922 -4.33034
22.1783 -230.929 91.9766 -4.33034
22.0142 -230.929 92.0391 -4.33034
21.8502 -230.929 112.07 -4.33034
21.6861 -230.929 111.875 -4.33034
21.5221 -230.929 96.8398 -4.33034
21.3581 -230.929 85.375 -4.33034
21.194 -230.929 83.3789 -4.33034
21.03 -230.929 86.7695 -4.33034

20.8659 -230.929 82.5664 -4.33034
20.7019 -230.929 77.9961 -4.33034
20.5379 -230.929 113.039 -4.33034
20.3738 -230.929 116.969 -4.33034
20.2098 -230.929 105.043 -4.33034
20.0457 -230.929 105.41 -4.33034
19.8817 -230.929 123.426 -4.33034
19.7177 -230.929 105.953 -4.33034
19.5536 -230.929 122.895 -4.33034
19.3896 -230.929 112.316 -4.33034
19.2255 -230.929 117.906 -4.33034
19.0615 -230.929 102.797 -4.33034
18.8974 -230.929 121.063 -4.33034
18.7334 -230.929 123.699 -4.33034
18.5694 -230.929 132.703 -4.33034
18.4053 -230.929 99.5391 -4.33034
18.2413 -230.929 110.602 -4.33034
18.0772 -230.929 102.398 -4.33034
17.9132 -230.929 95.9453 -4.33034
17.7492 -230.929 85.2734 -4.33034
17.5851 -230.929 92.8555 -4.33034
17.4211 -230.929 107.852 -4.33034
17.257 -230.929 95.8906 -4.33034
17.093 -230.929 102.879 -4.33034
16.929 -230.929 101.621 -4.33034

16.7649 -230.929 107.82 -4.33034
16.6009 -230.929 88.5938 -4.33034
16.4368 -230.929 107.98 -4.33034
16.2728 -230.929 84.457 -4.33034
16.1088 -230.929 85.6367 -4.33034
15.9447 -230.929 69.5664 -4.33034
15.7807 -230.929 69.8477 -4.33034
15.6166 -230.929 62.3418 -4.33034
15.4526 -230.929 97.1836 -4.33034
15.2886 -230.929 91.2031 -4.33034
15.1245 -230.929 116.078 -4.33034
14.9605 -230.929 108.066 -4.33034
14.7964 -230.929 114.496 -4.33034
14.6324 -230.929 104.355 -4.33034
14.4684 -230.929 90.4453 -4.33034
14.3043 -230.929 107.863 -4.33034
14.1403 -230.929 107.039 -4.33034
13.9762 -230.929 106.184 -4.33034
13.8122 -230.929 106.289 -4.33034
13.6482 -230.929 112.551 -4.33034
13.4841 -230.929 93.1914 -4.33034
13.3201 -230.929 113.66 -4.33034
13.156 -229.739 97.9805 -4.35277
12.992 -107.741 110.492 -9.28148
12.828 -80.4695 115.906 -12.4271

12.6639 -176.121 97.6875 -5.6779
12.4999 -219.575 114.809 -4.55425
12.3358 -230.929 111.406 -4.33034
12.1718 -230.929 90.082 -4.33034
12.0078 -230.929 98.1484 -4.33034
11.8437 -230.929 111.414 -4.33034
11.6797 -230.929 116.957 -4.33034
11.5156 -230.929 129.875 -4.33034
11.3516 -230.929 94.9336 -4.33034
11.1876 -230.929 59.291 -4.33034
11.0235 -230.929 78.9375 -4.33034
10.8595 -230.929 68.8828 -4.33034
10.6954 -230.929 82.75 -4.33034
10.5314 -230.929 52.3008 -4.33034
10.3674 -227.428 95.3711 -4.39699
10.2033 -229.836 82.2617 -4.35093
10.0393 -223.034 112.172 -4.48362
9.87523 -226.791 104.199 -4.40934
9.71119 -230.929 102.344 -4.33034
9.54715 -230.929 98.4141 -4.33034
9.38311 -230.929 101.516 -4.33034
9.21907 -230.929 109.188 -4.33034
9.05503 -230.929 78 -4.33034
8.89099 -228.779 111.004 -4.37103
8.72695 -223.466 101.906 -4.47496
8.56291 -210.403 101.73 -4.75278
8.39887 -172.688 99.4492 -5.79078
8.23483 -154.659 80.9375 -6.46583
8.07079 -65.7346 117.469 -15.2127
7.90675 -65.2546 103.371 -15.3246
7.74271 -170.738 86.25 -5.85694
7.57866 -222.614 97.2734 -4.49208
7.41462 -230.929 88.875 -4.33034
7.25058 -183.416 90.0859 -5.45209
7.08654 -181.922 98.0586 -5.49687
6.9225 -188.736 94.3867 -5.2984

6.75846 -230.929 81.0039 -4.33034
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Well R-26 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 

Geologic Unit 
Qal, 

alluvium 

Sample Interval 
Lithologic Description (ft) 

No core recovery. Note: rock core samples examined for lithologic 
description in the interval from 5.0 to 105.0 ft bgs for this lithlog 
Unconsolidated material. Olive brown (2.5 YR 4/2), sandy gravel (GW) 5.0-13.0 
with cobbles and silt, non plastic; core damp. 
No core recovery. 13.0-14.0 

~ '" obov~ w,mb""" tuffplugging ""'pI" moo, 14.0-16.0 

very. 16.0-16.5 

Elevation Range 
(ft above msl) 
7641.6-7636.6 

7636.6-7628.6 

7628.6-7627.6 

7627.6-7625.6 

7625.6-7625.1 

Volcanic tuff; light brown (7.5 YR 6/4), devitrified, moderately 16.5-18.5 
weathered, medium dense, 30% quartz and sanidine phenocrysts (1- 2 

'ce (up to 2.5 cm), trace dacite xenoliths. 
No core recovery. 18.5-19.0 

7625.1-7623.1 

7623.1-7622.6 

Volcanic tuff, red brown (2.5 YR 4/4), severly weathered tuff composed 19.0-24.0 
of 5% pumice, 5-10% quartz and sanidine phenocrysts, clasts ofdacite 
5. core damp. 

material as above, with cobbles up to 7.5 cm. 24.0-25.0 

Volcanic tuff. Cobbles up to 7.5 em. 25.0-29.0 

7622.6-7617.6 

7617.6-7616.6 

7616.6-7612.6 

Volcaniclastic sediments, reddish gray (5YR 4/2), sandy clay with silt 29.0-31.0 
(SC), non-plastic to low plasticity. Composed of crystals and dacite 
fragments; core damp. 
No core recovery. 31.0-32.5 

Volcaniclastic sediments. Same material as above with larger (up to 10 32.5-35.0 
cm) dacite fragments. 
Volcaniclastic sediments, red brown (2.5 YR4/4), sandy gravel (GP) 35.0-45.0 
with silt and clay, non plastic, gravel 40%, sand 30%, silt 20%. 
Composed of dacite gravels (up to to 5 cm), fine to coarse sand. Large 
(up to 10 cm) dacite gravel clasts stuck in geobarrel at 41 ft bgs; core 
damp to moist. 
Volcaniclastic sediments. Large dacite fragment plugging barrel. Same 45.0-50.0 
material as above. 
Volcanic tuff; yellow brown (IOYR 5/8), predominantly coarse-grained 50.0-51.3 
sand composed of pumice fragments and quartz and sanidine crystals, 
20% ash, some devitrified pumice; core damp to moist. 

7612.6-7610.6 

7610.6-7609.1 
7609.1-7606.6 

7606.6-7596.6 

7596.6-7591.6 

7591.6-7590.3 

Qbt4, Unit 4 
Tshirege Member 
of the Bandelier 

Tuff 

Volcanic tuff; pink (7.5 YR 7/4), fine-grained ash matrix. Yellow 
phenocryst-rich vitric pumice ocurrence at 54 ft bgs. Note: base of 
alluvium and contact with underlying Unit 4 ofthe Tshirege Member 
of the Bandelier Tuff is interpreted to be at 60 ft bgs. 

51.3-63.5 7590.3-7578.1 

Volcanic tuff, pale red (IOYR 6/4), nonwelded to partially welded, 
slightly weathered. Composed of 20% white to light gray devitrified 
pumice, 10-20% quarts and sanidine phenocrysts (up to 2 mm), and 60
70% fine-grained ash matrix; core drY to damp. 
Volcanic tuff; light red (lOR 6/6). Similar to above, reddish brown to 
light gray pumice increasing in abundance to 25-30% by volume. 
Coloration change to pale red (lOR 5/4) in the interval 66.2-66.9 ft bgs. 
Volcanic tuff, similar to above, phenocrysts increasing in abundance (35
40%). 
Volcanic tuff, light red (lOR 6/6). Similar to above; slight increase in 
degree of welding, partially welded. 
Volcanic tuff; light red (lOR 6/6). Similar to above, partially welded. 

63.5-65.0 

65.0·70.0 

70.0-75.0 

75.0-80.0 

80.0-85.0 

7578.1-7576.6 

7576.6-7571.6 

7571.6-7566.6 

7566.6-7561.6 

7561.6-7556.6 

".' Volcanic tuff. Increase in pumice ratio to 5 to 1. .0-90.0 7556.6-7551.6 

Volcanic tuff. Same material as abo 
.~ 

.0-95.0 7551.6-7546.6 

Volcanic tuff, light red (lOR 6/6). Similar to above. 95.0-100.0 7546.6-7541.6 
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Well R-26 Completion Report 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

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

Volcanic tuff. Same material as above, becoming more dense at 103.6 ft 100.0·105.0 7541.6·7536.6 
bgs. Note: drill cuttings were collected and are described in the R·26 
interval from 105 ft to the bottom ofthe borehole at 1,485 ft bgs. 
Volcanic tuff; light brownish gray (5YR 6/1) to grayish orange (lOYR 105·110 7536.6· 7531.6 
7/4), crystal rich, moderately to strongly welded. +lOF (Le., plus No. 10 
sieve-size fraction): 20·30% quartz and sanidine crystals, 1·2% 
unidentified dark mafic minerals; 1·2% lithic fragments (up to 1 mm); 
strong Fe-oxide staining. +35F (Le., plus No. 35 sieve-size fraction): 70
75% quartz and sanidine crystals, 25·30% welded tuff fragments. WR 
l(i.e., unsieved whole rock sample): clayey. 


Qbt 3t. 
 Volcanic tuff; moderate yellowish brown (lOYR 5/4), crystal rich, 110·125 7531.6·7516.6 
Unit 3t. strongly welded. +1 OF: no sample recovery. +3 5F 85·95% quartz and 

Tshirege Member sanidine crystals; 10· 15% welded crystal-tuff fragments. Note: base of 

of the Bandelier 
 Unit 4 and contact with underlying Unit 3t of the Tshirege Member ofthe 


Tuff 
 Bandelier Tuff is interpreted to be at 120 ft bgs. 


Volcanic tuff; light brownish gray (5YR 611), moderately to strongly 
 7516.6· 7501.6 
welded. +I OF: welded crystal tuff fragments composed of 15-25% quartz 
and sanidine phenocrysts; 3-7% ferromagnesian phenocrysts (1·2 mm); 3
5% intermediate volcanic lithic fragments (1-2 mm); fragments exhibiting 
local Fe-oxide staining and white clay lining vugs. +35F: 30-40% free 
quartz and sanidine crsytals; 60·70% welded tuff fragments. 
Volcanic tuff; yellowish gray (5Y 8/1), moderately to strongly welded. 

125·140 

140-150 7501.6-7491.6 
+IOF: welded crystal tuff fragments composed of30·40% quartz, 

Isanidine, and minor ferromagnesian crystals; 3-5% dacite lithic fragments 
(up to Imm), chips locally stained with Fe-oxide. +35F: 20-30% free 

Iquartz and sanidine crystals; 70-80% welded tuff fragments. 

No cuttings returned; no sample available for examination. 
 150-155 7491.6-7486.6 

Volcanic tuff, pale yellowish brown (1 OYR 6/2), moderately to strongly 155-165 7486.6-7476.6 
welded. + 1 OF: crystal-rich welded tuff fragments composed of 35-40% . 
quartz, sanidine, and minor oxidized ferromagnesian phenocrysts; 2-3% : 
white lithic fragments in an aphanitic groundmass of welded ash. +35F: I 
15-20% free quartz and sanidine crystals; 80-85% welded tuff fragments. 
Volcanic tuff; medium gray (N5 6/2), strongly welded. + 1 OF: welded 165-180 7476.6-7461.6 
crystal tuff fragments composed of35-40% quartz, sanidine, and minor 
ferromagnesian phenocrysts in an aphanitic matrix of welded ash. +35F: 
15-20% free quartz and sanidine crystals; 80-85% welded tuff fragments. 
Volcanic tuff; brownish gray (5YR 4/1), strongly welded. +1 OF: crystal 180-195 7461.6-7446.6 
rich welded tuff fragments composed of 35-40% quartz, sanidine, and 
minor oxidized pyroxene(?) phenocrysts in an aphanitic groundmass of 
welded ash. +35F: 15-20% free quartz and sanidine crystals; 80-85% 
welded tuff fragments. 
Volcanic tuff; light gray (N7) to very light gray (N8), strongly welded. 7446.6-7431.6195-210 
+10F: welded crystal tuff fragments composed of 15-20% quartz, 

sanidine, and minor oxidized pyroxene(?) phenocrysts in an aphanitic 

groundmass of welded ash. +35F: 10·15% free quartz and sanidine 

crystals; 80·90% welded tuff fragments. 

Volcanic tuff, medium light gray (N6), strongly welded. +IOF: welded 
 210-225 7431.6-7416.6 
crystal tuff fragments composed of40-50% quartz, sanidine, and minor 
oxidized ferromagnesian phenocrysts in a siliceous, aphanitic groundmass 
of welded ash. White fines (clay) coating chip fragments. +35F: 5·10% 
free quartz and sanidine crystals; 90-95% welded tuff ~ents. 
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Well R-26 LOJrrlnl'etit)7l 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Geologic Unit LithololZic Description 
Volcanic tuff, light brownish gray (5YR 611) to medium light gray (N6), 
strongly welded. +1 OF: welded crystal tuff fragments composed of 15
20% quartz, sanidine, and minor oxidized ferromagnesian phenocrysts 
and minor lithic fragments in a siliceous aphanitic groundmass of welded 
ash; local Fe-oxide staining. White fmes (clay) coating tuff fragments. 
+35F: 10-15% free quartz and sanidine crystals; 85-90% welded tuff 
• fragments. 
Volcanic tuff, medium light gray (N6), moderately to strongly welded. 
+ IOF: welded crystal tuff fragments composed of 20-30% quartz, 
sanidine, and minor oxidized ferromagnesian (bioitite) phenocrysts in an 
aphanitic groundmass of welded ash; local Fe-oxide staining. +35F: 
100% welded crystal tuff fragments. 
No cuttings returned; no sample available for examination. 
Volcanic tuff, pale yellowish brown (1 OYR 6/2), moderately welded, 
weathered appearance. + 1 OF: welded crystal tuff fragments composed of 
5·10% quartz, sanidine, and minor oxidized ferromagnesian phenocrysts 
in a fine-grained groundmass of welded ash; local Fe-oxide staining. 
+35F: 100% welded crystal tuff fragments. 
Volcanic tuff, medium dark gray (N4), moderately to strongly welded. 
+ 10F: welded crystal tuff fragments composed of 50-60% quartz, 
sanidine, and minor oxidized ferromagnesian phenocrysts in an aphanitic 
groundmass of welded ash. WR sample: very fine yellowish gray (5Y 
6/1) ash coating chips. 
Volcanic tuff, light gray (N7) to medium light gray (N6), strongly 
welded. +10F: welded crystal tuff fragments composed of 15-20% 
quartz, sanidine, and minor ferromagnesian phenocrysts; trace volcanic 
lithics (up to 1 mm); aphanitic groundmass of welded ash. +35F: 5% free 
Iquartz and sanidine crystals; 95% welded tuff fragments. 

Qbt3, Volcanic tuff, medium light gray (N6), moderately to strongly welded. 
Unit 3, +1OF: welded crystal tuff fragments composed of 15-20% quartz, 

Tshirege Member sanidine, and minor ferromagnesian phenocrysts; 2-5% volcanic lithics 
of the Bandelier (1-3 mm); fme-grained groundmass exhibits sugary texture; local Fe-

Tuff oxide staining. + 35F: 30-40010 free quartz and sanidine crystals; 60·70% 
welded tuff fragments. 
Insufficent recovery for sample collection and description. 
Volcanic tuff, medium gray (N5), crystal-rich, strongly welded. +lOF: 
welded crystal tuff fragments composed of 40-60% quartz, sanidine, and 
minor ferromagnesian phenocrysts; fine-grained groundmass; local Fe-
oxide staining. 
Volcanic tuff, medium light gray (N6), strongly welded. +1 OF: welded 
crystal tuff fragments composed of 30-35% quartz, sanidine, and minor 
ferromagnesian (pyroxene?) phenocrysts; 1 % aphyric volcanic lithics (2
5 mm); aphanitic groundmass. + 35F: 50% free quartz and sanidine 
crystals; 50% welded tuff fragments. WR sample: 50% pale yellowish 
brown (10YR 612) fmes; 50% crystals and tuff fragments. 
No cuttings returned; no sample available for examination. 

Volcanic tuff, light brownish gray (5YR 611), strongly welded. + 10F: 
welded crystal tuff fragments composed of 30-40% quartz, sanidine, and 
minor ferromagnesian phenocrysts; fme-grained groundmass. +3 5F: 70
80% free quartz and sanidine Crystals; 20-30% welded tuff fragments. 

Sample Interval 
(ft) 

225-230 

230-240 

240·245 
245·255 

255-280 

280-300 

300-305 

305-315 
315·325 

325-340 

340-345 

345-360 

Elevation Range 
(ft above msl) 
7416.6·7411.6 

7411.6-7401.6 

7401.6·7396.6 
7396.6·7386.6 

7386.6-7361.6 

7361.6-7341.6 

7341.6-7336.6 

7336.6-7326.6 
7326.6-7316.6 

7316.6-7301.6 

7301.6-7296.6 

7296.6-7281.6 
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__________________________JiVj_el_l~R~26 Completion Report 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Sample Interval 
(ft) 

360-370 

Elevation Range 
(ft above msl) 
7281.6-7271.6 

Lithologic Description Geologic Unit 
Volcanic tuff; medium light gray (N6), strongly welded. +IOF: welded 

Unit 2, 
Qbt2, 

crystal tuff fragments composed of3 0-40% quartz, sanidine, and minor 
Tshirege Member ferromagnesian phenocrysts; 1-2% volcanic lithics (up to 1 cm); aphanitic 
of the Bandelier groundmass. +35F: 70·80% free quartz and sanidine crystals; 20-30% 

Tuff welded tuff fragments. WR sample: 50% pale light brownish gray fmes; 
50% welded tuff fragments. Note: base ofUnit 3 and contact with 
underlying Unit 2 ofthe Tshirege Member ofthe Bandelier Tuffis 
interpreted to be at 365 ft bgs. 
Volcanic tuff; pale brown (5YR 5/2), moderately welded. +lOF: 50% 370-375 7271.6-7266.6 ... 
welded crystal tuff fragments composed of quartz, sanidine, and minor 
ferro magnesian (hornblende?) phenocrysts in apphanitic groundmass of 
welded ash; 50% dacite lithic fragments with varicolored (yellow, white, 
green) clay filling vugs); Fe-oxide staining common. +35F:.70·80% free 
Iquartz and sanidine crystals; 20·30% welded tuff fragments. 
Volcanic tuff; brownish gray (5YR 4/1), strongly welded. +1 OF: welded 375·385 7266.6-7256.6 
crystal tuff fragments composed of 50-60% quartz, sanidine, and minor 
ferromagnesian phenocrysts and trace felsic volcanic lithics in an 
aphanitic groundmass. +35F: 30-40% free quartz and sanidine crystals; 
60-70% welded tuff fragments. WR sample: 50% pale light brownish 
Igray fines; 50% welded tuff fragments. 
No cuttings returned; no sample available for examination. 385·390 7256.6· 7251.6 
Volcanic tuff;medium gray (N5), strongly welded. +1 OF: welded crystal 390-410 7251.6-7231.6 
tuff fragments composed of 20-25% quartz, sanidine, and minor 
ferromagnesian phenocrysts and 1·2% volcanic lithics in an aphanitic 
groundmass. WR sample: yellowish gray, clayey. 
Volcanic tuff; light brownish gray (5YR 611), strongly welded. + IOF: 400-4]0 7231.6-7221.6 
welded crystal tuff fragments composed of3 0-40% quartz, sanidine, and 
. minor ferromagnesian phenocrysts and ] ·2% volcanic lithics (up to 2 
mm) in an aphanitic groundmass. +35F: 50% free quartz and sanidine 
crystals; 50% welded tuff fragments. WR sample: 50% light brownish 
gray fines; 50% welded tuff fragments. 
No cuttings returned; no sample available for examination. 410-415 7221.6-7216.6 

Volcanic tuff; mottled coloration light brownish gray (5YR 611) to 415-425 72]6.6-7206.6 
medium gray (N5), strongly welded. +IOF: welded crystal tuff fragments 

i composed of40-50% quartz, sanidine, and minor ferromagnesian 
phenocrysts and 3-5% volcanic lithics (up to 3 mm) in an aphanitic 
groundmass. +35F: 50-60% free quartz and sanidine crystals; 40-50% 
welded tuff fragments. 
No cuttings returned; no sample available for examination. 425·430 7206.6-7201.6 

Volcanic tuff; medium gray (N5), strongly welded. +1 OF: 90% welded 430-450 7201.6-7181.6 
crystal tuff fragments made up of quartz, sanidine, and minor 
ferromagnesian phenocrysts (30-40% volume) and black and dark gray 
'volcanic lithics (5-10% volume, up to 2 mm) in an aphanitic groundmass. 
IFree lithic fragments (10% volume, up to 1.0 em) composed ofvarious 
intermediate volcanic rocks (up to 1.0 cm). +35F: 20-30% free quartz 
and sanidine crystals; 70-80% welded tufffragIllents. 
Volcanic tuff; light brownish gray (5YR 6/1), strongly welded. +10F: 450-465 7181.6-7166.6 
welded crystal tuff fragments composed of 50-60% quartz, sanidine, and 
minor ferromagnesian phenocrysts and 20-30% medium gray (N5) 
volcanic lithics (up to 5 mm) in an aphanitic groundmass of welded ash. 
+35F: 40-50% free quartz and sanidine crystals; 50-60% welded tuff 
fragments. 

Qbt Iv No cuttings returned; interpreted to be Unit 1 v 465-470 7166.6-7161.6 
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Well R-26 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Geologic Unit 

Qct, 


Cerro Toledo 

Interval 


"'" 

..., 

Litbolo2ic Description 
Volcanic tuff: light brownish gray (5YR 6/1), strongly welded. +1OF: 
welded crystal tuff fragments composed of 50-60% quartz, sanidine, and 
minor ferromagnesian phenocrysts and 20-30% medium gray (N5) 
volcanic lithics (up to 5 mm) in an aphanitic groundmass of welded ash. 
WR sample: light grayish brown (5YR 6/1), 70-75% fmes, 25-30% free 
quartz and sanidine crystals/welded tuff fragments. Note: base of Unit 
1 v of the Tshirege Member of the Bandelier Tuff and contact with 
underlying Cerro Toledo interval is interpreted to be at 472 ft bgs. This 
sample is likely contaminated with tuff fragments of the Bandelier Tuff 
from above. 
Volcanic tuft light brownish gray (5YR 611), strongly welded. + 10F: 
welded crystal tuff fragments composed of50-60% quartz, sanidine, and 
minor ferro magnesian phenocrysts and 20-30% medium gray (N5) 
volcanic lithics (up to 5 mm) in an aphanitic groundmass ofwelded ash. 
WR sample: light grayish brown (5YR 6/1) 80-90% fines, 10-15% free 
quartz and sanidine crystals; 5-10010 welded tuff fragments. This sample 
is likely contaminated with tufffragments of the Bandelier Tuff from 

Iabove. 
No cuttings returned; no sample available for examination. 

Volcaniclastic sediments, grayish orange pink (5YR 7/2), silty sand (SM). 
very fine to coarse sand, gravel clasts (5-10% volume, up to 6 mm) 
angular to subrounded, poor sample recovery. +10F: detrital constituents 
made up of welded tuf fragments and minor white cherts. 
Volcaniclastic sediments, grayish orange pink (5YR 7/2), silty sand with 
gravel (SM), very fine to coarse sand, gravel clasts (l0-15% volume, up 
to 1.0 cm) subangular, poor sample recovery. + 1 OF: detrital constituents 
composed of 5-1 0% welded tuff fragments, 10-15% white porphyritic 
rhyolite, 80-85% dacite, trace black vitrophyre. 
Insufficient sample recovery. Sample appears similar to that ofinterval 
495·500 ft. 
No cuttings returned; no sample available for examination. 
Volcaniclastic sediments, very pale orange (10YR 8/2), gravelly silt 
(ML), very fine to medium sand, gravel clasts (15-20% volume, up to 1.0 
cm) subangular to subrounded, commonly broken. +1OF: detrital 
constituents composed of 75-85% porphyritic dacite, 10-15% vitophyre 
of intennediate volcanic composition, 5-10% porphyritic rhyolite . 
No cuttings returned; no sample available for examination. 

Volcaniclastic sediments, medium light gray (N6) to yellowish gray (5Y 
8/1), poorly graded gravel with silt and sand (GP-GM), fine to coarse 
sand, gravel clasts (0.5-5 cm) subangularto subrounded, commonly 
broken. +1 OF: detrital constituents composed of 40-50% hornblende
dacite, 40·50% other aphanitic rocks of intermediate volcanic 
composition, trace white vitric pumice, trace black vitrophyre (obsidian); 
clasts commonly stained with Fe-oxides. 
Volcaniclastic sediments, grayish orange (10YR 7/4), silty sand with 
gravel (SM), very fine to coarse sand, gravel clasts (up to 1.0 cm) angular 
to subrounded. +1OF: varied detrital constituents composed mostly of 
porphyritic dacite and rhyolite; 1-2% obsidian, 1-2% flow-banded 
rhyolite; 8·15% gray and red-brown vitrophyre. 
Volcaniclastic sediments, grayish orange (10YR 7/4), silty sand (SM), 
very fme to coarse sand, gravel clasts (up to 1.0 cm) broken to 
subrounded. +10F: varied detrital constituents composed of hornblende
dacite, andesite, and black vitrophyre. 
No cuttings returned; no sample available for examination. 

Sample Interval Elevation Range 
(ft) (ft above msl) 

470-475 7161.6-7156.6 

475-485 7156.6-7146.6 

485-490 

490-495 

7146.6-7141.6 

7141.6-7136.6 

495·500 7136.6· 7131.6 

500-510 

510-515 
515-520 

7131.6-7121.6 

7121.6-7116.6 
7116.6-7111.6 

520-530 

530·545 

7111.6-7101.6 

7101.6·7086.6 

545·560 7086.6-7071.6 

560-565 7071.6· 7066.6 

565·570 7066.6· 7061.6 
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Well R-26 \,.-VIUJ./.".....,,, 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

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

IVolcaniclastic sediments, very pale orange (IOYR 8/2), poorly graded 570-580 7061.6-7051.6 
sand with gravel (SP), predominantly medium sand, gravel clasts (up to 8 
Imm) subangular to subrounded. + 1 OF: detrital consituents composed of 
50% white to pale orange pumices, partly vitric; 50% volcanic lithic 
clasts including dacite and gray aphanitic varieties of intermediate 

•composition. 

I~olcaniclastic sediments, very pale orange (lOYR 8/2), silt with sand 
 580-595 7051.6-7036.6 
(ML), fine to coarse sand (15-20% volume) grains subangular to 


Isubrounded. + 1 OF: coarse sand (less than 5 mm) made up of varied 

,dacite, andesite, and quartz crystals. +35F: 60-70% quartz and sanidine 

Ict}'Stals, 30-40010 varied volcanic lithics, trace pumice. 

Volcaniclastic sediments, very pale orange (IOYR 8/2), silty sand (SM). 595-600 7036.6-7031.6 
WR: fine to coarse sand composed ofquartz and sanidine crystals plus 
volcanic lithic fragments. 
Volcaniclastic sediments, grayish orange (lOYR 7/4), well-graded sand 600-615 7031.6-7016.6 
(SW) with silt, fine to very coarse sand grains subangular to rounded. 
+ IOF: very coarse sand composed ofquartz and sanidine crystals and 

volcanic lithics (dacite, other intermediate volcanic rocks, welded tuff;, 

vitrophyre ). 

Volcaniclastic sediments, grayish orange (IOYR 7/4), well-graded sand 
 615-625 7016.6-7006.6 
(SW) with gravel, fine to very coarse sand, gravel clasts (up to 1 cm) 
angular to subangular. + IOF: detrital clasts dominantly dacite, lesser 
amounts ofandesite, medium gray vitrophyre, and welded tuff; Fe-oxide 
staining of clasts common. 
Volcaniclastic sediments, very pale orange (lOYR 8/2) to pale yellowish 625-645 7006.6-6986.6 
brown (IOYR 6/2), well-graded sand (SW) with gravel, fme to very 
coarse sand, gravel clasts up to 2 cm. + IOF: detrital clasts composed of 
varied volcanic constituents including indurated ash flow tuff;, andesite, 
dacite, and vitrophyre. 
Volcaniclastic sediments, grayish orange (lOYR 7142), silty sand (SM) 645-655 6986.6-6976.6 
.with gravel, fine to coarse sand, gravel clasts (up to 1.5 cm) are angular 
land broken. +IOF: detrital clasts composed mainly of hornblende dacite 
with lesser amounts ofporphyritic rhyolite, vitrophyre, and welded tuff. 
No cuttings returned; no sample available for examination. 655-660 6976.6-6971.6 
Volcaniclastic sediments, very pale orange (lOYR 8/2) to pale yellowish 660-680 6971.6-6951.6 
brown (lOYR 6/2), well-graded sand (SW) with gravel, very fine to very 


icoarse sand, gravel clasts angular to rounded (up to 5 cm). + 10F: detrital 

. clasts composed of 80-85% vitric pumice and indurated ash-flow tuff 

Ifragments; 5-10% indurated sandstone clasts; and 5% volcanic rocks of 

intermediate composition. 

Volcaniclastic sediments, medium dark gray (N4) to medium light gray 
 680-690 6951.6-6941.6 
(N6), well graded sand (SW), very fine to very coarse sand, gravel clasts 
(3-5% volume) generally broken (up to 1.0 cm). + IOF: clasts composed 
of 80-90% hornblende-dacite, 3-5% andesite, 5-7% vitrophyre and trace 
white pumice; weak local Fe-oxide staining. 
Volcaniclastic sediments, pale yellowish brown (I OYR 612) to grayish 690-700 6941.6-6931.6 
orange pink (5YR 7/2), well-graded sand (SW), very fine to coarse sand, 
gravel clasts (5-10% volume) angular to subangular. +1 OF: detrital clasts 
composed of 20-25% hornblende-dacite, 20-25% andesite, 30-40% 
brown vitreous pumice, 15-20% indurated ash-flow tuff fragments, 5
10% vitrophyre. 

Volcaniclastic sediments, varicolored grayish orange pink (5YR 7/2) to 700-710 6931.6-6921.6 
light brown (5YR 6/4), well graded sand (SW), very fine to coarse sand, 
gravel clasts (5-10% volume, up to 1 cm) angular to subangular. + IOF: 
detrital pebbles composed of 20-25% hornblende-dacite, 20-25% 
andesite, 30-40% brown vitreous pumice, 15-20% indurated ash-flow tuff 
fragments, 5-10% vitrophyre. 
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Well R-26 COimm:eIUm 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Geologic Unit 

,~, 

Lithologic Description 
Volcaniclastic sediments, grayish orange pink (5YR 7/2),silt (ML). 
+ IOF: detrital pebbles (up to 1.2 cm) composed of 80·85% vitric pumice 
. that is Fe-oxide +Ior Mn-oxide stained and 15·20% varied volcanic lithics 
i(Le., hornblende-biotite-dacite, pumice, trace vitrophyre). 
Volcaniclastic sediments, light brown (5YR 6/4), silt (ML). + lOF: 715-720 
subrounded to rounded pebbles (up to 1.0 cm) composed of 100% vitric 
pumice that is Fe-oxide +Ior Mn-oxide stained. 
Volcaniclastic sediments, varicolored grayish orange pink (5YR 7/2) to 
medium gray (N 5), fine to coarse sand (SW), gravel clasts (5-10% 
:volume, up to 1.0 cm) generally broken. + 10F: 80% varied volcanic 
iIithics (Le., hornblende-biotite-dacite, rhyolite, andesite, minor 
vitrophyre), 20% orange-colored vitric pumice. Note: percent detrital 
Ipumices increasing to 50-70% in lower 15 ft of the interval. 
Volcaniclastic sediments, grayish orange pink (5YR 8/4), silty sand (SM), 
predominantly fine sand. +1 OF: detrital clasts composed of 50·75% vitric 
pumice that is Fe-oxide +Ior Mn-oxide stained and 25-50% varied 

: volcanic Iithics including rhyolite, hornblende-biotite-dacite, and 
vitrophyre. 
Volcaniclastic sediments, varicolored grayish orange pink (5YR 7/2) to 
medium gray (N5), clayey sand (SC), predominantly very coarse sand, 
gravel clasts (5% volume, 0.2-0.7 cm) are generally broken. +IOF: 
detrital clasts composed of 60-70% orange pumice and 25-40% varied 
volcanic lithics including dark brown vitrophyre, rhyolite, and dacite. 
Note: increase in lithic content to 50% and increase in vitrophyre 
abundance at 760 ft. 
Volcaniclastic sediments, varicolored grayish orange pink (5YR 7/2) to 
medium gray (N5), clayey sand (SC), fme to medium sand, gravel clasts 
(5-10% volume, 0.2-1.1 cm) are generally broken. +lOF: detrital clasts 
composed of50-80010 pumice and 20-50% varied volcanic lithics 
including dark bfO'wn vitrophyre, rhyolite, and dacite; local Mn-oxide 
staining on pumice clasts. 
Volcaniclastic sediments, grayish orange pink (5YR 8/4), silty sand (SM), 
predominantly fine sand. + lOF: detrital clasts composed of 50-75% vitric 
pumice that is Fe-oxide +/or Mn-oxide stained and 25-50% varied 
volcanic lithics including rhyolite, hornblende-biotite-dacite, and 
vitrophyre. 
Volcaniclastic sediments, medium light gray (N6), sand (SW) with 
gravel, abundant broken gravel clasts (30-40% volume, 0.3-1.5 cm) 
exhibiting subrounded fresh surfaces. + 1 OF: detrital clasts composed of 
varied volcanic lithics including rhyolite, andesite, hornblende-dacite, and 
vitrophyre. 
Volcaniclastic sediments, varicolored to light gray (N7), gravel (GW) 
with sand, medium to coarse sand, abundant broken gravel clasts (70% 
volume, 0.5·2.0 cm). +lOF: detrital clasts composed ofvaried volcanic 
lithics including rhyolite, andesite, hornblende-biotite-dacite, vesicular 
basalt, and vitrophyre; local Fe-oxide staining of clasts. 
Volcaniclastic sediments, medium light gray (N6), sand with gravel 
(SW), fine to coarse sand, broken to subrounded gravel clasts (8% 
volume, 0.5-2.0 cm). + 10F: detrital clasts composed ofvaried volcanic 
lithics including rhyolite, andesite, hornblende-biotite-dacite, vesicular 
basalt, and vitrophyre; local Fe-oxide staining ofclasts. 
Volcaniclastic sediments, varicolored to medium light gray (N6), sand 
(SW) with gravel, fme to coarse sand, broken to subrounded gravel clasts 
(15% volume, 0.3·1.0 em). + lOF: detrital clasts composed of varied 
volcanic lithics including rhyolite, rhyodacite and vitrophyre with lesser 
pumice, andesite, and dacite; strong Fe-oxide staining of clasts. 

Sample Interval 
(ft) 

710-715 

720-740 

740-755 

755-765 

765-785 

785-800 

800-815 

815-825 

825-840 

840-845 

Elevation Range 
(ft above msl) 
6921.6-6916.6 

6916.6-6911.6 

6911.6-6891.6 

6891.6-6876.6 

6876.6-6866.6 

6866.6-6846.6 

6846.6-6831.6 

6831.6-6816.6 

6816.6-6806.6 

6806.6-6791.6 

6791.6-6786.6 
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Well R-26 "-rUtlUJ.C;;. 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Sample Interval Elevation Range 
Geol02ic Unit (ft)Lithologic Description (ft above msl) 

Volcaniclastic sediments, varicolored medium light gray (N6) to grayish 845-850 6786.6-6781.6 
orange pink (5YR 7/2), sand with clay and gravel (SP-SC), fine to coarse 
sand, broken to subrounded gravel clasts (8% volume, 03-13 em). 
+1OF: detrital clasts composed oforange sugary pumice (35-40% 
volume) and vitrophyre; other volcanic Ethics (60-65% volume) include 
rhyolite, andesite, and hornblende-biotite-dacite; local Fe-oxide and Mo
oxide staining of pumices. 
Volcaniclastic sediments, varicolored grayish orange pink (5YR 7/2) to 850-860 6781.6-6771.6 
medium light gray (N6), clayey (SC), very fme to coarse sand, broken to 
subrounded gravel clasts (15% volume, 03-0.8 cm). +1 OF: detrital clasts 
composed of 60% pumice and 400/0 volcanic lithics including porphyritic 
andesite, hornblende-biotite-dacite, and vitrophyre; local Fe-oxide 
staining ofpumice clasts. 
No cuttings returned; no sample available for examination. 860-865 6771.6-6766.6 

Qbo Volcanic tuff, grayish orange pink (5YR 7/2) to light gray (N6), poorly 865-870 6766.6-6761.6 
Otowi Member welded. + 1 OF: composed of 50% orange vitric pumice, 50% lithic 
of the Bandelier fragments (up to 1.5 em) including dacite, andesite and lesser vitrophyre. 

Tuff +35F: 15-20% pumice fragments, 70-75% quartz and sanidine crystals, 
and 10-15% lithics. 
Volcanic tuff, grayish orange pink (5YR 7/2) to light gray (N6), poorly 870-900 6761.6-6731.6 
welded. + I OF: composed of 50-80% white pumice, 20-50% lithic 
fragments including vitrophyre, biotite-dacite, and andesitic vitrophyre. 
+35F: 10-15% pumice fragments, 70-75% quartz and sanidine crystals, 
and 10-15% lithics. 
No cuttings returned; no sample available for examination. 900-905 6731.6-6726.6 

Volcanic tuff, very light gray (N8) to medium dark gray (N4), poorly 905-910 6726.6-6721.6 
welded, lithic-rich. +IOF: composed mostly oflithic fragments including 
: andesite, vitrophyre, rhyolite, porphyritic dacite and minor pumice. 
'+35F: 10-15% pumice fragments, 60-65% quartz and sanidine crystals, 
and 20-25% Ethics. 
Volcanic tuff, very light gray (N8), poorly welded. + 10F: very little 910-920 6721.6-6711.6 
sample return. + 35F: 2-5% pumice fragments, 70-75% quartz and 
sanidine crystals, and 25-30% lithics. 
Volcanic tuff, very light gray (N8) to grayish orange pink (5YR 7/2), 920-930 6711.6-6701.6 
poorly welded, broken fragments up to 0.7 cm. + 10F: very little sample 
return. +35F: 40% pumice fragments, 30% quartz and sanidine crystals, 
and 30% lithics. 

Qbog, Volcanic tuff, pinkish gray (5YR 811), poorly welded to nonweJded, 930-935 6701.6-6696.6 
Guaje Pumice broken fragments up to 2.2 cm. WR sample: has texture of clayey sand. 

Bed I~1OF: very little sample returns. + 35F: 50-60% pumice fragments, 25
30% quartz and sanidine crystals, and 10-15% volcanic lithics. 
IVolcanic tuff, pinkish gray (SYR 8/1) to grayish red (lOR 4/2), 93S-940 6696.6-6691.6 
nonwelded, lithic-rich. +10F: contains variety of lithic fragments (0.3-0.6 
:cm) including altered andesite, white vitric and Fe-oxide-stained pumice, 
i and hornblende-biotite-dacite. + 35F: 40-45% pumice fragments, 40-45% 
: quartz and sanidine crystals, and 10% volcanic lithics. 
Volcanic tuff, pinkish gray (SYR 8/1) to grayish red (lOR 4/2), 940-945 6691.6-6686.6 
nonwelded, lithic-rich. +1 OF: contains variety oflithic fragments (0.3-0.6 
cm) including altered andesite, white vitric and Fe-oxide-stained pumice, 
and hornblende-biotite-dacite. + 3SF: 40-45% pumice fragments, 40-4S% 
quartz and sanidine crystals, and 10-S0% volcanic lithics. 
Volcanic tuff, very light gray (N8), nonwelded, pumice-rich. +1 OF: very 945-9S0 6686.6-6681.6 
little sample returns +35F: mostly pumice fragments, 35% quartz and 
sanidine crystals, minor lithic fragments. Increase in lithic fragments 
noted in interval 11 0-11S ft. 
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Well R-26 LOI'1lDlenCm 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

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

Tpt; Volcanic tu~ very light gray (N8) to white (N9), pwnice-rich, lithic-rich, 950-960 6681.6-6671.6 
Puye moderately welded, vitric. + lOF: 70-75% white vitric pwnice fragments, 

Fanglomerate 25-30% lithic (vitrophyre, dacite, andesite, rhyolite) fragments. +35F: 
'60-65% vitric pumice fragments, 25-30% quartz and sanidine crystals, 5
110% lithic fragments. Probable Guaje Pumice Bed contamination from 
above. Note: base of Guaje Pumice Bed and contact with underlying 
:Puye Formation is interpreted to be at 955 ft bgs. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), sand with silt 960-965 6671.6-6666.6 
and clay (SP-SM). +1 OF: no sample returns. +35F: 25-30% pumice, 30
35% quartz and sanidine crystals, 40-45% volcanic lithic fragments. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), sand with silt 965-980 6666.6-6651.6 
and clay (SP-SM), very fine to coarse sand, gravel clasts up to 1.8 em. 
+1 OF: very little sample returns. +35F: 65% lithic fragments including 
porphyritic dacite, andesite, rhyodacite and vitrophyre. Note: reddish 
brown clay at 975 ft bgs. 
Volcaniclastic sediments, light brownish gray (5YR 611), sand with silt 980-985 6651.6-6646.6 
and clay (SP-SM). +1 OF: no sample return. + 35F: 80% hornblende
bioitite-plagioclase dacite, 20% other volcanic Iithics (andesite, 
vitrophyre, rhyodacite, minor pwnice). 
Volcaniclastic sediments, varicolored to pale yellowish brownish (I OYR 985-990 6646.6-6641.6 
6/2), poorly graded sand with silt and gravel (SP-SM), subrounded to 
broken clasts up to 0.7 cm. +IOF: varied volcanic liithics including 
vitrophyre, dacite, andesite, trace rhyodacite, and poorly welded ash flow 
tuff. 
Volcaniclastic sediments, varicolored to pale yellowish brownish (10YR 990-1000 6641.6-6631.6 
6/2), poorly graded sand with silt and gravel (SP-SM), subrounded to 
broken clasts up to 0.7 cm. +10F: mainly dacite with lesser amounts of 
vitrophyre, andesite, trace rhyodacite, and poorly welded ash flow tuff. 
No cuttings returned; no sample available for examination. 1000-1005 6631.6-6626.6 
Volcaniclastic sediments, varicolored to pale yellowish brownish (lOYR 1005-1025 6626.6-6606.6 
6/2), poorly graded sand (SP), coarse sand grains subangular to 
subrounded. +1 OF: grains (up to 5 rnm) dacite, rhyodacite, and andesite. 
+35F: 80-85% dacite and rhyodacite, 15-20% quartz and sanidine 
crystals. 
Volcaniclastic sediments, moderate yellowish brown (IOYR 4/2), silty, 1025-1040 6606.6-6591.6 
clayey sand (SC-SM), angular grains up to 5 rnm. + 1 OF: grains 
dominantly composed of dacite with other volcanics of intermediate 
com~osition. +35F: grains similar in com~ositon to that of +lOF. 
Volcaniclastic sediments, moderate reddish brown (I OYR 4/6), silty, 1040-1050 6591.6-6581.6 
clayey sand (SC-SM), angular grains up to 5 rnm. + 1 OF: grains 
dominantly composed ofhom bien de-biotite-dacite with other volcanics 
of intermediate composition. + 35F: grains similar in composition to that 
of + 1 OF sample. 
Volcaniclastic sediments, pale yellowish brown (IOYR 6/2), well graded 1050-1055 6581.6-6576.6 

! sand (SW) with clay, angular to subrounded grains up to 5 rnm. +1 OF: 
/grains dominantly composed ofhom bien de-dacite and porphyritic 
rhyolite, Fe-oxide staining cornmon. +35F: grains similar in 
. composition to that of+ 1 OF sample. 
Volcaniclastic sediments, pale yellowish brown (IOYR 612), well graded 1055-1075 6576.6-6556.6 
sand (SW) with clay, angular to subrounded grains up to 5 rnm. + 1 OF: 
grains composed of dacite, andesite, vitorphyre, trace white chert. +35F: 
Igrains similar in composition to that of+ 1 OF sample. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), poorly graded 1075-1090 6556.6-6541.6 
sand with silt (SP-SM), very fine to fine sand, angular to subrounded 
grains up to 5 rnm. +lOF: grains composed ofandesite, dacite, 
vitorphyre; 2-5% Fe-oxide staining. +35F: grains similar in 
composition to that of+ 1 OF sample. 
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Well R-26 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

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

Volcaniclastic sediments, light brownish gray (5YR 6/1), poorly graded 
sand with silt (SP-SM), very fme to fme sand, angular to subrounded 
grains up to 5 rom. + 1 OF: (very little sample returns) grains composed of 
andesite, dacite, vitorphyre; 2-5% Fe-oxide staining. +35F: grains of 
similar in compositon to that of+ 1 OF sample, minor pale yellow orange 
chert fragments. 
Volcaniclastic sediments, pale yellowish brown (10YR 6/2), poorly 1105-1115 6526.6-6516.6 
graded sand with silt (SP-SM), very fine to fme sand, grains angular to -sUbrounded. + 1 OF: grains composed of andesite, dacite, and orange-pink 
clay-altered pumice andlor indurated tuff. 
Volcaniclastic sediments, pale yellowish brown (lOYR 6/2), poorly 1115-1125 6516.6-6506.6 
graded sand with silt (SP-SM), very fine to fme sand, grains angular to 
subrounded. + 1 OF: grains composed of andesite and dacite with 
significantly increased abundance (60-70% volume) oforange-pink clay-
altered bitotite-bearing tuff; minor well-indurated sandstone clasts. Note: ,..' 
Ipoor sample returns for +1 OF in the interval 1120-1125 ft bgs. 
Volcaniclastic sediments, pale yellowish brown (lOYR 6/2), poorly 
graded sand (SP), very fme to fme sand, grains angular to subangular. 
+ 1 OF: (poor sample returns) grains composed of dacite, other 
intermediate voilcanic rocks, with tuff fragments. +35F: similar in 

1125-1145 6506.6-6486.6 

\ri: 

compositon to that of+ 1 OF: sample. 
Volcaniclastic sediments, pale brown (5YR 5/2), poorly graded sand with 
silt (SP-SM), very fme to fme sand, grains angular to subrounded. + 1 OF: 
grains composed of varied volcanic constituents including dacite, 
andesite, vitrophyre, porphyritic rhyolite, and white biotite-bearing tuff. 
Note: poor sample returns for +1 OF at 1150 to 1165 ft bgs. 
Volcaniclastic sediments, pale yellowish bro'wn (lOYR 6/2), poorly 
graded sand (SP), fme sand grains angular to subangular. + 1 OF: grains 
composed of dacite, porphyritic rhyolite, orange and white tuff fragments, 
and indurated sandstone. +35F: similar coposition to +10F sample. 
Volcaniclastic sediments, pale yellowish brown (IOYR 6/2), poorly 
graded sand with silt (SP-SM), fine sand grains angular to subangular. 
+ IOF: no sample returns. + 35F: grains composed of intermediate 
volcanics and vitrophyre. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), poorly graded 
sand (SP), very fine to fine sand grains mostly angular. + 1 OF: grains 
composed ofhornblende-dacite and trace porphyritic rhyolite. +35F: 
angular intermediate volcanic grains. 
Volcaniclastic sediments, grayish orange pink (5YR 7/2), poorly graded 
sand (SP), fine sand grains angular to subangular. + 10F: (poor sample 
returns) grains composed of intermediate volcanic rocks, obsidian, quartz, 
altered tuff. Note: sample lacking in obsidian in the interval 1205-1210 ft 
bgs. 
Volcaniclastic sediments, grayish orange pink (5YR 7/2), poorly graded 
sand with silt (SP-SM), very fine to fme sand grains mostly angular. 
+ 1OF: (poor sample returns) grains composed of intermediate volcanic 
rocks. +35F: similar in compositon to that of+ lOF: sample. 
Volcaniclastic sediments, pale yellowish brown (IOYR 6/2), poorly 
graded sand (SP) to sand with silt (SP-SM), very fine to fine sand grains 
mostly angular. +10F: very little sample returns. +35F: grains composed 
of intermediate volcanic rocks. 
Volcaniclastic sediments, pale yellowish brown (5YR 6/1), poorly graded 
sand (SP) to sand with silt (SP-SM), very fine to fine sand grains angular 
to subangular (up to 5 rom). +IOF: grains composed predominantly of 
intermediate volcanic composition. +35F: grains composed of dacite and 
intermediate volcanic rocks, trace quartz. Note: poor sample returns for 
+1 OF at 1260 to 1280 ft bgs. 

1090-1105 6541.6-6526.6 

1145-1165 6486.6-6466.6 

1165-1180 6466.6-6451.6 

1180-1195 6451.6-6436.6 

6436.6-6431.61195-1200 

1200-1210 6431.6-6421.6 

1210-1225 6421.6-6406.6 

1225-1255 6406.6-6376.6 

1255-1285 6376.6-6346.6 -
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Well R-26 Completion Report 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

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

'"'!Ca 

"" 

Volcaniclastic sediments, brownish gray (5YR 411) to pale brown (5YR 
5/2), poorly graded sand (SP), fine to medium sand grains angular to 
subangular. +1 OF: no sample returns. +35F: grains of intermediate and 
felsic volcanic composition, minor abundances of quartz and vitrophyre. 
Volcaniclastic sediments, pale brown (5YR S/2) to pale yellowish brown 1305-1330 6326.6-6301.6 
(I OYR 6/2), poorly graded sand (SP), very fine to fme sand, grains 
angular to subangular. + lOF: no sample returns. +35F: grains of 
intermediate and felsic volcanic composition. 
Volcaniclastic sediments, pale brov.ll (5YR 512) to pale yellowish brown 1330-1360 6301.6-6271.6 
(1 OYR 6/2), poorly graded sand (SP), fine to medium sand, grains angular 
to subangular. + I OF: poor sample returns. +3 SF: light-colored grains of 
intermediate and felsic volcanic composition. 
Volcaniclastic sediments, pale yellowish brown (I OYR 6/2), poorly 
graded sand with silt (SP-SM), very fine to fme sand, grains angular to 
subangular. + I OF: very poor sample returns. + 35F: light-colored grains 
of intermediate and felsic volcanic composition. 
Volcaniclastic sediments, pale yellowish brown (I OYR 6/2), poorly 
graded sand (SP), very fme to fine sand, grains angular to subangular. 
+ IOF: very poor sample returns; reddish brown clay noted at 1395 to 
1400 ft bgs. +3SF: light-colored grains of intermediate and felsic 
volcanic composition. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), poorly graded 
sand (SP), fine to medium sand, grains angular to subangular (up to 3 
mm). + 1 OF: (poor sample returns) grains composed of intermediate 
volcanic rocks; trace reddish brown clay. +35F: grains of intermediate 
and felsic volcanic composition, vitrophyre, altered volcanic tuff. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), poorly graded 
sand (SP), very fine to fme sand, grains angular to subangular. + 1 OF: 
poor sample returns. +35F: grains ofintermediate and felsic volcanic 
composition, vitrophyre, altered volcanic tuff. 
Volcaniclastic sediments, light brownish gray (SYR 6/1), poorly graded 
sand with silt (SP-SM), very fine to fine sand, grains angular to 
subangular. +1 OF: poor sample returns. +35F: grains predominantly of 
intermediate and felsic volcanic composition. 
No cuttings returned; no sample available for examination. 1430-1440 6211.6-6201.6 
Volcaniclastic sediments, grayish orange pink (5YR 7/2), poorly graded 
sand with silt (SP-SM), very fine to fine sand, grains angular to 
sub angular. +10F: grains composed of intermediate volcanic 
composition and minor gray-orange indurated sandstone. +35F: grains of 
similar in compositon to that of + 1 OF: sample with trace vitrophyre. 
Volcaniclastic sediments, light brownish gray (5YR 6/1), well graded 
sand (SW), very fine to medium sand, grains angular to subrounded (up 
to 3 mm). +10F: grains composed of light gray and orange-pink 
hornblende-dacite intermediate volcanic composition and minor gray-
orange indurated sandstone. +3SF: grains of similar in compositon to that 
of + 1 OF: sample. 
Volcaniclastic sediments, light brownish gray (SYR 6/1), poorly graded 
sand (SP), very fine to fine sand, grains angular to subangular. + 1 OF: 
grains composed oflight gray and orange-pink hornblende-dacite 
intermediate volcanic composition. +35F: grains ofdacite, other 
intermediate volcanics, vitrophyre, and indurated tuff. 
Volcaniclastic sediments, light gray (N8), poorly graded sand (SP), very 
fine to medium sand, grains angular to subangular. +10F: grains 
composed of dacite and other intermediate volcanic composition. +35F: 
grains of hornblende-biotite-dacite, other intermediate volcanics, 
vitrophyre, and indurated tuff. 

1285-1305 6346.6-6326.6 

1360-1380 6271.6-6251.6 

1380-1400 6251.6-6231.6 

1400-1405 6231.6-6226.6 

1405-1420 6226.6-6221.6 

1420-1430 6221.6-6211.6 

1440-1445 6201.6-6196.6 

1445-1455 6196.6-6186.6 

1455-1460 6186.6-6181.6 

1460-1490.5 6181.6-6151.1 

TOTAL BOREHOLE DEPTH (ill) IS AT 1,490.5 FT BGS. 
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Well R-26 Completion Report 

Lithologic Descriptions of Core and Drill Cuttings at Borehole R-26 (Continued) 

Sam pIe Interval 
Litholo ic Descri tion (ft) 

GW Well-graded gravel GP-GM Poorly gaded gravel with silt to silty gravel, transitional 
GP Poorly graded gravel SP-SC Poorly graded sand with clay to clayey sand, transitional 
GM Silty gravel SP-SM Poorly graded sand with silt to silty sand, transitional 
SW Well-graded sand SC-SM Clayey sand to silty sand, transitional 
SP Poorly graded sand 
SM Silty sand 

Elevation Range 
Geolo . c Unit ft above msl 

...SC Clayey sand 
REFERENCE 
ASTM D 2488-90. Standard Practice and Identification of Soils (Visual-Manual Procedure) 
Note: The tenn "per cent" (%), as used in the above descriptions, refers to relative abundance by volume for a given sample 
component 
Note: Contact locations are based on cuttings retrieval. There is general agreement between this borehole log and the geophysics 
report. 
Note: Grain size descriptions are based on analysis of the cuttings. FM! logs indicate that a much larger grain size is present 
throughout much of the Puye Formation. 
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Well R-26 

AppendixE 

Hydrologic Testing Report and Test Data 
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Well R-26 

Hydrologic Testing Report and Test Data 

When available, results of Hydrologic Testing Report and Test Data will be presented under 
separate cover. 
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Well R-26 CompJ~tion Report 

Appendix F 

NMED Discharge Approval and 


Discharge Media Analytical Results 
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Well R-26 Completion Report __..___._________________..____...!c__~_ 

------ Forwarded message follows ------
From: uEnz, Robert D." <renz@doeal.gov> 

To: "'meverett@kleinfelder.com'" <meverett@kleinfelder.com>, 


"'bbockisch@kleinfelder.com'" <bbockisch@kleinfelder.com> 
Date sent: Thu, 12 Feb 2004 14:11 :34 -0700 
Subject: FW: Land Application of Drilling and 
Development Water From R-26 

-----Original Message----
From: Curt Frischkorn [mailto:curt frischkorn@nmenv.state.nm.us] 
Sent: Wednesday, January 14, 20044:38 PM 

., 	 To: Enz, Robert D.; John Young@nmenv.state.nm.us 
Cc: mjohanson@doeal.gov; Whitacre, Thomas; spearson@lanl.gov; bbeers@lanl.gov 
Subject: RE: Land Application of Drilling and Development Water From R-26 

Bob: 

This email confirms NMED approval for the discharge of drilling and 
development water from regional well R-26 (described below). The 
drilling and development water must be discharged as described in the 
Hydrogeologic Workplan NOI dated July 16, 2002. If you have any 
questions, please contact me at 505-827-0078. 

Curt Frischkorn 
NMED Ground Water Pollution Prevention Section 

-----Original Message---
From: Enz, Robert D. [mailto:renz@doeal.gov] 
Sent: Friday, December 12, 2003 4:35 PM 
To: 'curt frischkorn@nmenv.state.nm.us'; 
'John Young@nmenv.state.nm.us' 
Cc: 'mjohanson@doeal.gov'; Whitacre, Thomas; 
'spearson@lanl.gov'; 'bbeers@lanl.gov' 
Subject: Land Application of Drilling and Development Water From R-26 

Dear Curt and John, 

I am transmitting the analytical screening data from the 
sampling of Workplan Well R-26 drilling and development 
water. Workplan Well R-26 is located at the top of 
Canyon de Valle in the NW corner of TA-16. 
Approximately 100,000 gallons of drilling and 
development water was recently produced during the 
construction of R-26. The details are as follows. 

Pit Water 
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Well R-26 Completion Report 

Approximately 130,000 gallons of drilling and development water are being stored in 

a lined pit and frac tank at the R-26 drill site. Screening analysis of the pit water 

produced the following results: 


1) No PCBs were detected at concentrations greater than Method Detection Limits. 
2) No VOAs were detected with the exception of acetone at 2100 ppb and toluene at 

13 ppb. It is believed that the acetone detected in the pit water is an artifact of the 
drilling additive, Quickfoam, that contains isopropyl alcohol. 

3) No SVOAs were detected in the sample. 
4) Gross alpha activity is 10.7 pCi/l (+1-1.0 pCi/l), below the EPA drinking water MCl 

of 15 pCi/L. 
5) Tritium results were non detect (Rl=1200 pCi/l). 
6) No perchlorate was detected in the sample (MRl=4.0 ppb). Note: Result was 

reported as <400 ppb due a 1 OOX dilution performed on the sample. 
7) Screening results show that no contaminants exceeded NM WQCC Regulation 

3103 ground water standards with the exception of the following: 
* 	 AI=7.23 ppm (ground water std=5.0 ppm) 
* 	 Fe=1.08 ppm (ground water std=1.0 ppm) 

R-26 is located on the west side of TA-16 near Canon de Valle. It is located 
upgradient of any PRSs or historic TA-16 outfalls. It will serve as a background well 
for the southwestern portion of LANL. 

DOE proposes to land apply the R-26 drilling and development water, using a water 
truck, to the dirt sides of the paved road leading from the old fire house at TA-16 to the 
R-26 location, as well as in the borrow pit located north of R-26 and Canon De Valle. 
The application will be conducted in accordance with the terms and conditions of the 
Hydrogeologic Workplan NO!. 

Please contact me at 667-7640 or Bob Beers at 667-7969 (office) or 699-2342 (cell) -

should you have any questions regarding this notification. This notification will be 
formally transmitted to you via a letter signed by Mat Johansen, DOE Ground Water 
Compliance Manager. 

Bob Enz 
------ End of forwarded message -----
KlEINFElDER 
EXPECT MORE 

Warning: Information provided via electronic media is not 
guaranteed against defects including translation and 
transmission errors. 

If the reader is not the intended recipient, you are hereby 
notified that any dissemination, distribution or copying of this 
communication is strictly prohibited. If you have received this 
information in error, please notify the sender immediately. 
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12/22/03 - HEAL Results - Order No, 0311068 
(A, Freeman) 
Project No: 37151 Task No, ]3,9 
4,1 Rev: 0 
DeN: ALB04TDOOl Copy: 0Hall Environmental 

Analysis Laboratory 

COVER LETTER By
:::::::::::::::====:=1

December 22,2003 

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

RE: R-26 Order No.: 0311068 

Dear Mark Everett: 

Hall Environmental Analysis Laboratory received 3 samples on 11110/2003 for the analyses 
presented in the following report. 

These were analyzed according to EPA procedures or equivalent. 

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

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

Sincerely, 

Andy Freeman 

Business Manager 

4901 Hawkins NE, Suite A, Albuquerque, NM 87109' 505.345-3975, Fax 505.345-4107 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: R·26 pit 

Lab Order: 031106& Collection Date: 11110/2003 12:50:00 PM 

Project: R-26 

Lab ID: 031106&-01 Matrix: AQUEOUS 

Analyses Result Limit Qual Units DF Date Analyzed 

EPA METHOD 300.0: ANIONS Analyst: BDH 
Fluoride 0.21 0.10 mg/L 11/10/200310:16:48 PM 

Chloride 2.4 0.10 mg/L 11/101200310:16:48 PM 

Nitrogen, Nitrite (As N) ND 0.10 mg/L 11/101200310:16:48 PM 

Bromide 6.7 0.10 mglL 11/10/200310:16:48 PM 

Nitrogen. Nitrate (As N) ND 0.10 mglL 11/10/200310:16:48 PM 

Phosphorus. Orthophosphate (As P) ND 0.50 mg/L 11/101200310:16:48 PM 

Sulfate 49 0.50 mg/L 11/101200310:16:48 PM 

EPA METHOD 8082: PCB'S Analyst: GT 
Aroelor 1016 ND 1.0 1J91L 11/20/200310:20:09 AM 

Aroelor 1221 ND 5.0 IJglL 11/20/200310:20:09 AM 

Aroelor 1232 ND 1.0 IJglL 11/20/200310:20:09AM 

Aroclor 1242 ND 1.0 1J9/L 11/20/200310:20:09 AM 

Aroelor 1248 ND 1.0 1J9/L 11/20/2003 10:20:09 AM 

Aroelor 1254 ND 1.0 1J91L 11/20/2003 10:20:09 AM 

Aroclor 1260 ND 1.0 1J91L 1 11/201200310:20:09 AM 

Surr: Decachlorobiphenyl 87.4 76-111 %REC 1 11120/2003 10:20:09 AM 

Surr: Tetrachloro-m-xylene 67.4 47·94 %REC 1 11/2012003 10:20:09 AM 

EPA METHOD 8260B: VOLATILES Analyst: JDC 
Benzene ND 10 1J91L 10 11/11/2003 

Toluene 13 10 IJg/L 10 11/11/2003 

Ethylbenzene ND 10 IJg/L 10 11/1112003 

Methyl tert-butyl ether (MTBE) ND 10 IJglL 10 11/11/2003 

1.2.4-Trimethylbenzene ND 10 IJ9IL 10 11/11/2003 

1,3,5-T rimethylbenzene ND 10 IJglL 10 11/11/2003 

1.2-Dichloroethane (EDC) ND 10 IJg/L 10 11/11/2003 

1.2-Dibromoethane (EDB) ND 10 1J9/L 10 11/11/2003 

Naphthalene ND 20 1J9/L 10 11/11/2003 

1-Methylnaphthalene ND 40 WL 10 11/11/2003 

2-Methylnaphthalene ND 40 IJglL 10 11/11/2003 

Acetone 2100 100 1J9/L 10 11/11/2003 

Bromobenzene ND 10 IJg/L 10 11/11/2003 

Bromochloromethane ND 10 1J9/L 10 11/11/2003 

Bromodichloromethane ND 10 1J91L 10 11/11/2003 

Bromoform ND 10 IJg/L 10 11/11/2003 

Bromomethane ND 20 1J9/L 10 11/11/2003 

2-Butanone ND 100 IJg/L 10 11/11/2003 

Carbon disulfide ND 100 IJg/L 10 11/11/2003 .." 
Carbon Tetrachloride ND 10 IJglL 10 11/11/2003 

Chlorobenzene ND 10 IJg/L 10 11/11/2003 

Chloroethane ND 20 IJg/L 10 11/11/2003 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

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

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

* - Value exceeds Maximum Contaminant Level Page I of 11 



1-)OJ HaIl Environmental Analysis Laboratory Date: 22-Dec-03 
....._---_ ... 

CLIENT: Kleinfelder Client Sample ID: R-26 pit 

Lab Order: 0311068 Collection Date: 11110/2003 12:50:00 PM 
Project: R-26 

Lab ID: 0311068-01 Matrix: AQUEOUS 
,..., 

Analyses Result Limit Qual Units DF Date Analyzed 

Chloroform NO 10 ~g/L 10 11/11/2003 

Chloromethane NO 10 ~g/L 10 11/11/2003 
2-Chlorotoluene ND 10 ~g/L 10 11/11/2003 

4-Chlorotoluene ND 10 ~g/L 10 11/11/2003 

cis-1,2-DCE ND 10 ~glL 10 11/11/2003 
*il 

cis-1,3-Dichloropropene ND 10 ~g/L 10 11/11/2003 
1,2-Dibromo-3-chloropropane ND 20 ~g/L 10 11/1112003 
Dibromochloromethane ND 10 ~glL 10 11/11/2003 
Dibromomethane ND 20 1J9/L 10 11/11/2003 
1,2-Dichlorobenzene ND 10 IJg/L 10 11/11/2003 

1,3-Dichlorobenzene ND 10 ~g/L 10 11/1112003 
1,4-Dichlorobenzene ND 10 1J9/L 10 11/11/2003 

Dichlorodifluoromethane ND 10 1J9/L 10 11/11/2003 
1,1-Dichloroethane ND 10 IJglL 10 11/11/2003 

1 ,1-Dichloroethene ND 10 IJglL 10 11/11/2003 

1.2-Dichloropropane ND 10 IJg/L 10 11/11/2003 

-'''~ 
1,3-0ichloropropane ND 10 IJglL 10 11/1112003 
2,2-Dichloropropane ND 10 IJg/L 10 11/1112003 
1 ,1-Dichloropropene ND 10 1J9/L 10 11/11/2003 
Hexachlorobutadiene ND 10 IJglL 10 11/11/2003 
2-Hexanone ND 100 IJg/L 10 11/1112003 
Isopropylbenzene ND 10 IJglL 10 11/11/2003 

4-lsopropyltoluene NO 10 IJg/L 10 11/11/2003 

4-Methyl-2-pentanone NO 100 IJglL 10 11/1112003 
Methylene Chloride ND 30 IJg/L 10 11/1112003 
n-Butylbenzene ND 10 IJg/L 10 1111112003 
n-Propylbenzene NO 10 1J9/L 10 11/11/2003 
sec-Butylbenzene ND 10 IJglL 10 11/11/2003 

Styrene NO 10 IJg/L 10 11/1112003 
tert-Butylbenzene ND 10 1J9/L 10 11/11/2003 
1.1,1,2-TetraChloroethane ND 10 1J9/L 10 11/11/2003 
1,1,2,2-Tetrachloroethane ND 10 IJg/L 10 11/1112003 
Tetrachloroethene (PCE) ND 10 1J9/L 10 11/1112003 

trans-1,2-DCE NO 10 IJg/L 10 11/11/2003 
trans-1,3-Dichloropropene ND 10 IJg/L 10 11/1112003 
1,2,3-Trichlorobenzene ND 10 1J9/L 10 11/1112003 
1.2,4-Trichlorobenzene ND 10 IJg/L 10 11/11/2003 
1,1,1-Trichloroethane ND 10 1J9/L 10 11/11/2003 
1,1.2-Trichloroethane NO 10 IJg/L 10 11/1112003 
Trichloroethene (TCE) ND 10 IJg/L 10 11/1112003 

Trichlorofluoromethane NO 10 IJg/L 10 11/11/2003 
1,2.3-Trichloropropane ND 20 1J9/L 10 11/1112003 

Qualifiers: ND Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

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

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

.. - Value exceeds Maximum Contaminant Level Page 2 ofll 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: R-26 pit 

Lab Order: 0311068 Collection Date: 11110/2003 12:50:00 PM 
Project: R-26 

LabID: 0311068-01 Matrix: AQUEOUS 

Analyses Result Limit Qual Units DF Date Analyzed 

Vinyl chloride NO 20 ~g/L 10 11/11/2003 

Xylenes. Total NO 10 ~g/L 10 11/11/2003 

Surr: 1.2-0ichloroethane-d4 96.4 70.6-124 %REC 10 11/1112003 

Surr: 4-Bromofluorobenzene 92.8 76.2-122 %REC 10 11/11/2003 

Surr: Dibromofluoromethane 94.1 67.2-131 %REC 10 11/11/2003 

Surr: Toluene-d8 107 82.1-123 %REC 10 11/11/2003 

EPA METHOD 82700: SEMIVOLATILES Analyst: CS ,., 
Acenaphthene NO 100 ~g/L 11/14/2003 

Acenaphthylene NO 100 ~g/L 11/1412003 

Aniline NO 100 ~g/L 11/14/2003 

Anthracene NO 100 ~g/L 11/1412003 

Azobenzene NO 100 ~glL 11/14/2003 .... 
Benz( a )anthracene NO 100 ~IL 11/14/2003 

Benzidine NO 200 ~/L 11/14/2003 fh1' 

Benzo( a )pyrene NO 100 ~/L 11/14/2003 

Benzo(b )fluoranthene NO 100 tJglL 11/14/2003 

Benzo(g.h,i)perylene NO 100 ~glL 11/14/2003 .
Benzo(k)f1uoranthene NO 100 tJglL 11/14/2003 

Benzoic acid NO 500 ~glL 1111412003 

Benzyl alcohol NO 200 ~glL 11/14/2003 

Bis(2-chloroethoxy)methane NO 100 ~glL 11/14/2003 

Bis(2-chloroethyl)ether NO 100 ~g/L 11/14/2003 ;',I?~ 

Bis(2-chloroisopropyl)ether NO 100 ~g/L 11/14/2003 

Bis(2-ethylhexyl)phthalate NO 100 ~g/L 11114/2003 ..~ 
4-Bromophenyl phenyl ether NO 100 ~g/L 11/1412003 ... 
Butyl benzyl phthalate NO 100 ~g/L 11/1412003 

Carbazole NO 100 ~g/L 1 11/14/2003 

4-Chloro-3-methylphenol NO 200 tJg/L 1 11/14/2003 

4-Chloroaniline NO 200 ~g/L 1 11/14/2003 

2-Chloronaphthalene NO 100 ~glL 11/14/2003 

2-Chlorophenol NO 100 ~g/L 11/14/2003 

4-Chlorophenyl phenyl ether NO 100 tJg/L 11/14/2003 

Chrysene NO 100 ~g/L 11/14/2003 

Oi-n-butyl phthalate NO 100 ~g/L 11/14/2003 

Oi-n-octyl phthalate NO 100 ~g/L 11/14/2003 

Oibenz( a.h )anthracene NO 100 ~g/L 11/14/2003 

Oibenzofuran NO 100 tJg/L 11/1412003 "", 
1.2-0ichlorobenzene NO 100 ~g/L 11/14/2003 

1.3-0ichlorobenzene NO 100 ~/L 11/14/2003 

1.4-0ichlorobenzene NO 100 ~/L 11/14/2003 

3,3· -Oichlorobenzidine NO 100 ~g/L 11/14/2003 
~,.c, 

Oiethyl phthalate ND 100 ~/L 11/14/2003 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

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

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

.. - Value exceeds Maximum Contaminant Level Page 3 of 11 
"'" 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: K1einfe1der Client Sample ID: R-26 pit 

Lab Order: 0311068 CoUection Date: 11110/2003 12:50:00 PM 
Project: R-26 

Lab ID: 0311068-01 Matrix: AQUEOUS 

Analyses Result Limit Qual Units DF Date Analyzed 

Dimethyl phthalate ND 100 1J9/L 11/14/2003 

,,' 2,4-Dichlorophenol 

2,4-Dimethylphenol 

ND 

ND 

100 

100 
1J9/L 

1J9/L 

11/14/2003 

11/14/2003 

4,6-Dinitro-2-methylphenol ND 500 1J9/L 11/14/2003 

2,4-Dinitrophenol ND 500 IJg/L 11/14/2003 

2,4-Dinitrotoluene ND 100 1J9/L 11/14/2003 

2,6-Dinitrotoluene ND 100 1J9/L 11/14/2003 

Fluoranthene ND 100 IJg/L 11/14/2003 

Fluorene ND 100 1J9/L 11/14/2003 

Hexachlorobenzene ND 100 1J9/L 11/14/2003 

Hexachlorobutadiene ND 100 IJg/L 11/14/2003 

Hexachlorocyclopentadiene ND 100 IJg/L 11/14/2003 

Hexachloroethane ND 100 IJg/L 11/14/2003 

I ndeno( 1 ,2,3-cd )pyrene ND 100 1J9/L 11/14/2003 

Isophorone ND 100 1J9/L 11/14/2003 

2-Methylnaphthalene ND 100 IJg/L 11/14/2003 

2-Methylphenol ND 100 1J9/L 11/14/2003 

3+4-Methylphenol ND 100 1J9/L 11/14/2003 

N-Nitrosodi-n-propylamine ND 100 1J9/L 11/14/2003 

N-Nitrosodiphenylamine ND 100 IJg/L 11/14/2003 

Naphthalene ND 100 1J9/L 11/14/2003 

2-Nitroaniline ND 500 1J9/L 11/14/2003 
.II;~ 

3-Nitroaniline ND 500 1J9/L 11/14/2003 

":, 4-Nitroaniline ND 200 IJg/L 11/14/2003 

Nitrobenzene ND 100 IJg/L 11/14/2003 

,'" 2-Nitrophenol ND 100 1J9/L 11/14/2003 

4-Nitrophenol ND 500 IJg/L 11/14/2003 

Pentachlorophenol ND 500 IJg/L 11/14/2003 

Phenanthrene ND 100 IJg/L 11/14/2003 

Phenol ND 100 1J9/L 11/14/2003 

Pyrene ND 100 IJg/L 11/14/2003 

Pyridine ND 100 IJg/L 11/14/2003 
;-;j1' 1,2,4-Trichlorobenzene ND 100 1J9/L 11/14/2003 

2,4,5-Trichlorophenol ND 100 IJg/L 11/14/2003 
"~' 

2,4,6-Trichlorophenol ND 100 IJglL 11/14/2003 

'., Surr: 2,4,6-Tribromophenol 57.2 16.6-115 %REC 11/14/2003 

'., 
Surr: 2-Fluorobiphenyl 

Surr: 2-Fluorophenol 

47.4 

39.3 

37-95.7 

9.54-89.8 

%REC 

%REC 

11/14/2003 

11/14/2003 

Surr: 4-Terphenyl-d14 68.0 47.9-115 %REC 11/14/2003 

Surr: Nitrobenzene-d5 45.7 38-106 %REC 11/14/2003 

Surr: Phenol-d6 31.5 10.7-63.4 %REC 11/14/2003 

>~I 

'" 
Qualifiers: ND - Not Detected at the Reporting Limit 

J - Analyte detected below quantitation limits 

S - Spike Recovery outside accepted recovery limits 

R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank 

* - Value exceeds Maximum Contaminant Level 

E - Value above quantitation range 

Page 4 of 11 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: Trip Blank 

Lab Order: 0311068 Collection Date: 
Project: R-26 

Lab ID: 0311068-02 Matrix: TRIP BLANK !II"!~} 

Analyses Result Limit Qual Units DF Date Analyzed 

I'w 

EPA METHOD 82608: VOLATILES Analyst: JOe 
Benzene ND 1.0 IJg/L 11/11/2003 

Toluene ND 1.0 IJg/L 11/11/2003 
Ethyl benzene ND 1.0 1J9/L 11/1112003 "'" 
Methyl tert-butyl ether (MTBE) ND 1.0 IJg/L 11/1112003 
1,2,4-Trimethylbenzene ND 1.0 IJgIL 11/11/2003 

1.3,5-Trimethylbenzene ND 1.0 IJg/L 11/11/2003 W';' 

1 ,2-Dichloroethane (EDC) ND 1.0 IJg/L 11/11/2003 

1,2-Dibromoethane (EDB) ND 1.0 IJg/L 11/1112003 
Naphthalene ND 2.0 IJglL 11/11/2003 ,.. 
1-Methylnaphthalene ND 4.0 IJg/L 11/11/2003 

2-Methylnaphthalene ND 4.0 IJg/L 11/11/2003 
Acetone ND 10 IJglL 11/1112003 
Bromobenzene ND 1.0 IJg/L 11/11/2003 ,.,. 

Bromochloromethane ND 1.0 IJg/L 11/11/2003 
Bromodichloromethane ND 1.0 1J9/L 11/11/2003 
Bromoform ND 1.0 IJg/L 11/11/2003 -~-' 

Bromomethane ND 2.0 IJg/L 11/11/2003 
2-Butanone ND 10 IJglL 11/11/2003 

Carbon disulfide ND 10 IJg/L 11/11/2003 

Carbon Tetrachloride ND 1.0 IJg/L 11/1112003 
Chlorobenzene ND 1.0 1J9/L 11/11/2003 

Chloroethane ND 2.0 IJg/L 11/11/2003 

Chloroform ND 1.0 1J9/L 11/1112003 
Chloromethane ND 1.0 IJg/L 11/1112003 

w" 
2-Chlorotoluene ND 1.0 IJglL 11/11/2003 
4-Chlorotoluene ND 1.0 IJg/L 11/11/2003 ~ 

cis-1,2-DCE ND 1.0 1J9/L 11/1112003 
cis-1,3-Dichloropropene ND 1.0 IJg/L 11/11/2003 
1,2-Dibromo-3-chloropropane ND 2.0 1J9/L 11/11/2003 
Dibromochloromethane ND 1.0 IJg/L 11111/2003 
Dibromomethane ND 2.0 IJg/L 11/11/2003 
1 ,2-Dichlorobenzene ND 1.0 IJg/L 11/11/2003 
1 ,3-Dichlorobenzene ND 1.0 IJg/L 11/11/2003 ",. 

1,4-Dichlorobenzene ND 1.0 IJg/L 11/11/2003 
Dichlorodifluoromethane ND 1.0 IJ9/L 11/11/2003 
1 ,1-Dichloroethane ND 1.0 IJg/L 11/11/2003 

"" 
1,1-Dichloroethene 

1,2-Dichloropropane 

ND 

ND 

1.0 

1.0 

IJg/L 

IJglL 

11/11/2003 

11/11/2003 ..., 

1,3-Dichloropropane ND 1.0 1J9/L 11/11/2003 
2,2-Dichloropropane ND 1.0 IJg/L 11/11/2003 ""r 

1,1-Dichloropropene ND 1.0 IJg/L 11/11/2003 .'w 

Qualifiers: ND Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 
p:* 

J - Analyte detecte,d below quantitation limits R - RPD outside accepted recovery limits 

B - Analyte detected in the associated Method Blank E - Value aoove quantitation range "" 
,. - Value exceeds Maximum Contaminant Level Page 5 of 11 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 
~". 

CLIENT: K1einfelder Client Sample ID: Trip Blank 

",Wfl Lab Order: 0311068 Collection Date: 
Project: R-26 

LabID: 0311068-02 Matrix: TRIP BLANK 

Analyses Result Limit Qual Units DF Date Analyzed 

Hexad1lorobutadiene NO 1.0 ~g/L 11/11/2003 
2-Hexanone NO 10 ~g/L 11/11/2003 
lsopropylbenzene NO 1.0 ~glL 11/11/2003 

'~-
4-lsopropyltoluene NO 1.0 ~g1L 11/11/2003 

4-Methyl-2-pentanone NO 10 ~g/L 11/11/2003 
Methylene Chloride NO 3.0 ~g/L 11/1112003 
n-Butylbenzene NO 1.0 ~g/L 11/11/2003 
n-Propylbenzene NO 1.0 ~g/L 11/11/2003 

sec-Butyl benzene NO 1.0 ~g1L 11/11/2003 
Styrene NO 1.0 ~g/L 11/11/2003 

tert-Butylbenzene NO 1.0 ~g/L 11/11/2003 

1.1.1,2-Tetrad1loroethane NO 1.0 ~g/L 11/11/2003 
1,1,2,2-Tetrachloroethane NO 1.0 ~g/L 11/11/2003 
Tetrachloroethene (PCE) NO 1.0 ~g1L 11/11/2003 

trans-1,2-0CE NO 1.0 ~g1L 11/11/2003 
trans-1,3-0id1loropropene NO 1.0 ~g1L 11/11/2003 
1,2,3-Trid1lorobenzene NO 1.0 ~g/L 11/11/2003 

1.2,4-T rid1lorobenzene NO 1.0 ~g/L 11111/2003 
1.1.1-Trid1loroethane NO 1.0 ~g/L 11/1112003 
1,1.2-Trid1loroethane NO 1.0 ~g1L 11/11/2003 

Trid1loroethene (TCE) NO 1.0 ~g1L 11/11/2003 
Trid1lorofluoromethane NO 1.0 ~/L 11/11/2003 

1,2.3-Trid1loropropane NO 2.0 ~g1L 11/11/2003 

"'..., Vinyl d1loride NO 2.0 ~g/L 11/1112003 
Xylenes, Total NO 1.0 ~g/L 11/11/2003 

Surr: 1.2-0ichloroethane-d4 96.2 70.6-124 %REC 11/11/2003 

", 
Surr: 4-Bromofluorobenzene 

Surr: Oibromofluoromethane 

89.1 

95,4 

76.2-122 

67.2-131 

%REC 

%REC 

11/11/2003 

11/11/2003 

~"i Surr: T oluene-d8 105 82.1-123 %REC 11/11/2003 

..., 

Qualifiers: NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

J - Analyte detected below quantitation limits R - RPO outside accepted recovery limits 

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

* -Value exceeds Maximum Contaminant Level Page 6 ofl! 



Environmental Health Laboratories 
The Nation's Drinking Water Laboratory 

LABORATORY REPORT 

Client: Hall Environmental 
Attn: Andy Freeman 

4901 Hawkins NE 
Suite A 
Albuquerque, NM 87109 

Project/Site: R-26 pit /0311068-01 E 

Samples Submitted: One groundwater sample 

Copies to: None 

Collected: 11/10/03 By: Client 

110 S. Hill Street 

South Bend, IN 46617 

574.233.4777 

800.332.4345 

Fax: 574.233.8207 

www.ehl.cc 

Report#: 966062 

Priority: Standard Written 

Status: Final 

Received: 11/12/03 

-

REPORT SUMMARY 


One groundwater sample was submitted for perchlorate analysis. 


Note: Sample container was provided by the client. 


Detailed quantitative results are presented on the following page. 


We appreciate the opportunity to provide you with this analysis. If you have any questions 
concerning this report, please do not hesitate to call us at (574) 233-4777. 

Note: This report may not be reproduced, except in full, without written approval from 
Environmental Health Laboratories (EHL). EHL is accredited by the National Environmental 
Laboratory Accreditation Program (NELAP). This report satisfies the requirements of your 
project but has not been prepared to comply with NELAP reporting requirements. 

REVIEWED BY: ?//LJ--=-~ ;¥:&~q,

FINALIZED BY: .iy~---" /~ DATE: /1- 2/- 0;/ 
7~ . 
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Client: Hall Environmental Report#: 966062 

PERCHLORATE - Groundwater 

Lab# Sampling Point MRL Results 
966062 R-26 pit 10311068-01 E 4.0 < 400 t ug/L 

Analyzed: 11/14/03 Analyst: NB Method: 314.0 

t Result presented is based upon a dilution factor of 100, due to poor sample matrix. 

". 

Page 2 of 3 
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Client: Hall Environmental 	 Report#: 966062 

REFERENCES AND DEFINITIONS OF TERMS 

General Chemistry 
References: 	 1. EPA-600/4-79-020 

Methods for Chemical Analysis of Water and Wastes 
2. Standard Methods For the Examination of Water and Wastewater 
Vol. 19,1995 

MRL =EHL:s Minimum Reporting Limit 

Results: Values presented in the result column represent the lowest reportable value for a 
parameter after correcting for all sample dilutions. 

< ="less than:' This number is the lowest reportable value by the procedure used for analysis 
afterfactoring in all dilutions. 

;J =If dilutions were required for quantitation of specific parameters, they are indicated by a (;J) 
preceding the result. 

1 ug/L =1 microgram per liter (ug/L) =1 part per billion 

Page 3 of 3 
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ENERGYLABORATORIE5, INC • •2393 Salt Creek Highway (82601) .P.o. Box3258 • Casper; WY82602 
TollFree 888.235.0515 • 301.235.0515 • Fax 301.234.1639 • casper@energylab.com • www.energylab.com 

LABORATORY ANALYTICAL REPORT 

Client: Hall Environmental Report Date: 12/04/03 

Project: Not Indicated Collection Date: 11110/03 12:50 

., LabID: C03110337-001 Date Received: 11111103 

Client Sample ID: R-26 Pit 0311068-0 I D Matrix: Aqueous 

.! 

MCLI 
Analyses Result Units Qual RL QCL Method Analysis Date I By 

MAJOR IONS 
Calcium 10.1 mg/L 1.0 E200.7 11/12/03 18:331 cp 

Magnesium 2.2 mg/L 1.0 E200.7 11/12/03 18:33 1cp 

Potassium 4.4 mg/L 1.0 E200.7 11/12/0318:331 cp 

Sodium 69.4 mg/L 1.0 E200.7 11/12/03 18:331 cp 

'.>fi' 	 METALS ~ DISSOLVED 
Aluminum 7.23 mg/L 0.001 E200.8 11/22/0302:141 smd 

Antimony 0.004 mg/L 0.001 E200.8 11/22/03 02: 14 I smd 

Arsenic 0.031 mg/L 0 0.002 E200.8 11122103 02:141 smd 

Barium 0.100 mg/L 0.001 E200.8 11/22/0302:14 1smd 

Beryllium NO mg/L 0.001 E200.8 12/02/0318:411 smd 

Cadmium NO mg/L 0.001 E200.8 11/22/0302:141 smd 

Chromium 0.003 mg/L 0 0.002 E200.8 11/22/0302:141 smd 

Cobalt NO mg/L 0.001 E200.8 11/22/0302:141 smd 

Copper 0.029 mg/L 0.001 E200.8 11122/03 02: 14 1smd 

Iron 1.08 mg/L 0.030 E200.7 11/12103 18:33 1cp 

Lead 0.011 mg/L 0.001 E200.8 11/22/0302:141 smd 

Manganese 0.072 mg/L 0.001 E200.8 11/22/0302:141 smd 

Mercury 0.001 mg/L 0.001 E200.8 11/22/0302:141 smd 

Nickel NO mg/L 0.001 E200.8 11/22/0302:141 smd 

Selenium NO mg/L 0 0.005 E200.8 11122/0302:141 smd 

Silver 0.009 mg/L 0.001 E200.8 11/22/0302:141 smd 

Thallium NO mg/L 0.001 E200.8 11122/0302:141 smd 

Vanadium 0.005 mg/L 0.001 E200.8 11/22/0302:141 smd 

Zinc 0.135 mg/L 0.001 E200,8 11/22/0302:141 smd 

RADIONUCLIDES • TOTAL 
Gross Alpha 10.7 pCilL 1.0 E900.0 11/17/0309:001 rs 

Gross Alpha precision (±) 1.0 pCi/L E900.0 11/17/0309:001 rs 

Gross Gamma NO pCi/L 20.0 E901.1 11/13/03 09:38 1db 

Tritium NO pCi/L 1200 E906.0 11/12/03 12:001 db 

..__..._-------------
Report RL - Analyte reporting limit. MCL - Maximum contaminant level. 
Definitions: 

- ...-~- ...---------------~------

QCL - Quality control limit. NO - Not detected at the reporting limit. 

o -RL increased due to sample matrix interference. 

i I n'J~7RnOO', '.' ...J J U L i 
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ENERGYLASORATORIE5, INC• • 2393 Salt Creek Highway (82601) • Po. Box 3258 • Casper, WY82602 
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QAlQC Summary Report 

Client: Hall Environmental Report Date: 12/04/03 

Project: Not Indicated Work Order: C03110337 

Analyte Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual 

Method: E200.7 Batch: 4581 

Sample 10: 
Calcium 

Magnesium 

Potassium 
Sodium 

C03110365-001CMS1 Matrix Spike 

766 

528 

504 

541 

mg/L 

mglL 

mg/L 
mglL 

1.00 

1.00 
1.00 

1.00 

99.5 

96.3 

94.8 

88.7 

80 

80 

80 

80 

120 

120 

120 
120 

11/12/0317:57 

Sample 10: 
Calcium 

Magnesium 

Potassium 

Sodium 

C03110365·001CMS01 Matrix Spike Duplicate 
763 mg/L 

528 mg/L 
507 mg/L 

543 mglL 

1.00 

1.00 
1.00 

1.00 

98.9 
96,3 

95.4 

89.1 

80 

80 

80 

80 

120 

120 

120 

120 

0.4 

o 
0.6 
0.4 

11/12/03 18:05 

20 

20 

20 
20 

Method: E200.8 Batch: 4581 

Sample 10: C03110534·001BMS Matrix Spike 11121/0323:09 

Antimony 0.534 mg/L 0.00100 106 70 130 

Arsenic 0.456 mglL 0.00200 91.2 70 130 

Barium 0.567 mg/L 0.00100 109 70 130 

Beryllium 0.383 mg/L 0.00100 75.7 70 130 

Cadmium 0.468 mg/L 0.00100 91.7 70 130 

Chromium 0.509 mglL 0.00200 102 70 130 

Cobalt 0.548 mg/L 0.00100 99,3 70 130 

Copper 0.520 mg/L 0,00100 87,6 70 130 

Lead 0.530 mg/L 0,00100 106 70 130 

Mercury 0.0543 mg/L 0.00100 109 70 130 

Nickel 0.621 mg/L 0.00100 83.2 70 130 

Thallium 0.531 mg/L 0.00100 106 70 130 

Vanadium 0.536 mg/L 0.00100 106 70 130 

Sample 10: C03110534-001BMSO Matrix Spike Duplicate 11/21/0323:14 

Antimony 0.516 mglL 0.00100 103 70 130 3,4 20 

Arsenic 0,450 mg/L 0.00200 90 70 130 1.3 20 

Barium 0.562 mg/L 0.00100 108 70 130 0.9 20 

Beryllium 0.367 mg/L 0.00100 72.5 70 130 4,3 20 

Cadmium 0,455 mg/L 0.00100 89.2 70 130 2.8 20 

Chromium 0,511 mg/L 0.00200 102 70 130 0.4 20 

Cobalt 0.545 mg/L 0.00100 98.7 70 130 0.5 20 

Copper 0.504 mglL 0.00100 84.4 70 130 3.1 20 

Lead 0.522 mglL 0.00100 104 70 130 1.5 20 

Mercury 0.0551 mg/L 0,00100 110 70 130 1,5 20 

Nickel 0.597 mglL 0.00100 78.4 70 130 4.0 20 

Thallium 0.522 mglL 0.00100 104 70 130 1.7 20 

Vanadium 0,530 mg/L 0.00100 105 70 130 1.2 20 

Qualifiers: RL - Analyte reporting limit. ND· Not detected at the reporting limit. 

I I0337ROOO? 
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QAlQC Summary Report 

Client: Hall Environmental Report Date: 12/04/03 

Project: Not Indicated Work Order: C031 10337 

Analyte Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual 
'¢t 

Method: E900.0 Batch: R28843 

Sample 10: C03110308-001A 

Gross Alpha 

Matrix Spike 

445 pCilL 1.00 91.6 70 130 

11/17/0309:00 

"~t Sample 10: C03110308-001A 

Gross Alpha 

Matrix Spike Duplicate 

419 pCi/L 1.00 86.3 70 130 5.9 

11/17/03 09:00 

30 

Sample ID: MB-R28843 

Gross Alpha 

Method Blank 

ND pCi/L 1.00 

11/17/0309:00 

Sample ID: LCS·R28843 

Gross Alpha 

Laboratory Control Spike 

454 pCi/L 1.00 93.4 70 130 

11/17/03 09:00 

"iii' Method: E901.1 Batch: R28507 

Sample 10: LCS-R28507 

Gross Gamma 

Laboratory Control Spike 

616000 pC ilL 20.0 95.4 70 130 

11/13/03 09:38 

Sample ID: MB-R28507 

Gross Gamma 

Method Blank 

ND pCi/L 20.0 

11/13/03 09:38 

Sample 10: C03110337-001AOUP 

Gross Gamma 

Sample Duplicate 

ND pCi/L 20.0 0 

11/13/0309:38 

30 

Method: E906.0 Batch: R28499 

Sample 10: 

Tritium 

C0311 0337-001 BMS Matrix Spike 

2000 pCi/L 1200 88.2 70 130 

11/12/0312:00 

Sample 10: 

Tritium 

C0311 0337-001 BMS D Matrix Spike Duplicate 

1900 pCi/L 1200 82.4 70 130 6.9 

11/12/03 12:00 

30 

Sample 10: 

Tritium 

MB-R28499 Method Blank 

ND pCilL 1200 

11/12/03 12:00 

Qualifiers: RL - Analyte reporting limit. ND - Not detected at the reporting limit. 

TRACfWIG fIO. PAGE NO , 
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Hall Environmental Analysis Laboratory Page I of ICHAIN-OF-CUSTODY RECORD490 I Hawkins NE, Suite D 


Albuquerque, New Mexico 87109
(505) 345-3975 

Subcontractor: 
Energy Labs TEL: (888) 235·0515 
2393 Salt Creek Highway FAX: (307) 234-1639 

Project Name: 
Casper, WY 82601 Acct#: lO-Nov-03 -·--.-------.... ----.-..-JRequested Tests 

Client Samp 10 LAB 10 Matrix Collection Date Bottle Type E~01.1r-E906.9 JjW931"()-_1
l( 

FiTI 
R-26 pit rU0311068-01 D I Aqueous ~ 1/10/200312:50:00 pM 1LHDPEHNOU=1_~J - --1

'I d~~,
dtj1-~ { ()eA/ #~ .J{-ru~ ~4~~ 

"-

J 
/(iMdJZ01-~~ -1~ ~?V'1 4~ 

Comments: fu~y TAT. PIe,,, fax (50S) 345-4107 results when completed, or email to lab@hallenvrronmentsl.corTh~~ 
--, ? -:-== '> 

:::0 
>

-t.::.J '"'::i1'\ 
(....,,) :£: 

enc..v 
-...J - - DatelTime II 
::0 
o t_..L-__-l/?r'?,OeJ J R,c,iv,dby: ~~..- SktLffirL., jdLl)~trv I:::.:.J 
a Received by: -- -- - ... --00193. __ 
r-..,.. ~====~====~---------

, c 
o 

~ ~ ~ ! r 

mailto:lab@hallenvrronmentsl.corTh


11/10/2003 

'". 
-
-. 

.' 

.' 

~ 

-

-, 
. 

~ 

. 
-


r 

~ 

Report I T Analyte MOL PQl Mel 
y A Aluminum' i 01 01 0 
y , A :h,ltiilfv, ,. 0 01 0 
y A iArsenic 0 (l' 0 
y A 'Barium· 0 0 0 
y A i Beryllium , i 0, 0 0 
N A IBismuth. 01 0 0 
N A !Boron 01 Oi ...~ - y , A ICadmium' 0 Oi 0 
y , A ICalcium i 0 01 0 
y A !Chromium 0 0 0 
y !A Cobalt ! Oi Oi 0 
Y jA gopper 0 01 0 
y !A Iron 0 0 0 

- y :A Lead 0 0' 0 
f- iN , A Lithium I 0 0 0 

y IA 'Magnesium 0 0 0 
y 'A Manganese 1 0 O! 0 
y 'A Mercury 0 0 0 
N i A iMolybdenum 0 0 0 .. 

y I A Nickel 1 0 0 0 .. 

y jA !Potassium 0 0 0 
y IA Selenium 0 0 0 
N IA Silicon 0 01 0 
y IA !Silver 0 0 0 
y IA Sodium 0 0: 0 
N A 'Strontium 01 01 0 
y I A iThallium 0 0 0 

N 'A Inn i o! o! 0 
N 'A 'Titanium Oi Oi 0 
N iA Uranium 0 0 0 
y , A Vanadium i 0 1 0 1 0 
Y , A !Zinc , 0, 0, 0 

TRACHING no. PAGE NO. 
Page 1 
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-------------------

Energy Laboratories Inc. 

Sample Receipt Checklist 

Work Order Number C03110337 

L~'"Checklist completed by ~ 
~~~~~~~~~~~LL~WW~~______ 

Client Name: HLL-ENVRNMNTL-AlBQRQ 	 Date and Time Received: 111111200310:00:00 

Received by: sh 

Reviewed by 
_ 

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

Carrier name: UPS 

Shipping container/cooler in good condition? Yes ~ No Not Present 

Custody seals intact on shipping container/cooler? Yes ~ No Not Present D 

Custody seals intact on sample bottles? Yes D NoD Not Present ~ 

Chain of custody present? Yes ~ No 

Chain of custody signed when relinquished and received? Yes ~ No 

Chain of custody agrees with sample labels? Yes ~ No 

Samples in proper container/bottle? Yes ~ NoD 

Sample containers intact? Yes ~ No 

Sufficient sample volume for indicated test? Yes ~ No 

All samples received within holding time? Yes ~ No 

BOCContainerlTemp Blank temperature in compliance? Yes ~ NoD 

Water - VOA vials have zero headspace? Yes NoD No VOA vials submitted ~ 

Water - pH acceptable upon receipt? Yes ~ No Not Applicable 

Adjusted? 	 Checked by 

Any No and/or NA (not applicable) response must be detailed in the comments section below. 

Client contacted: Date contacted: 	 Person contacted 

Contacted by: 	 Regarding: 

Comments: 


Sample split. filtered and preserved by lab. Per TAE per Anne Thome 11-11-03 11:30 disregard perchlorate. she will send a new sample to 

another lab. Cancel G-Beta per Nancy McDuffie 11-11-03 11 :34 per TAE. 


Corrective Action 

TRACt'ONG NO. PAGE NO. 
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ENERGYLABORATORIE5, INC • •2393 Salt Creek Highway (82601) .PO Box3258 • Casper, WY82602 
Toll Free 888.235.0515 • 307.235.0515 • Fax 307.234.1639 • casper@energylab.com •www.energy/ab.com 

ANALYTICAL SUMMARY REPORT 

December 04, 2003 

Nancy McDuffie 

Hall Environmental 

4901 Hawkins NE 
Ste D 

Albuquerque, NM 87109 

Workorder No.: C03110337 

Project Name: Not Indicated 

Energy Laboratories Inc. received the following 1 sample from Hall Environmental on 1111112003 for analysis. 

Sample ID Client Sample ID Collect Date Receiye Date Matrix Test 
------ .~---------------------------------------------------------

C031I0337-001 R-26 Pit 0311068-01D 11110/03 12:50 11111103 Aqueous Sample Filtering 
Metals by ICP, Dissolved 
Metals by ICP-MS, Dissolved 
Gross Alpha 
Gross Ganuna 
Tritium in Water 

There were no problems with the analyses and all data for associated QC met EPA or laboratory specifications 

except where noted in the Case Narrative or Report. 


If you have any questions regarding these tests results, please call. 


Report Approyed By: -RO . ./~;-
~..,t;;"" ::;- ...... _".Cj ,," 

.,_=.:::~~..,;:".:::>. ~ _"'"i."- ': .•• ' 

TRAC!W!G r~O. PAGE NO. 
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ENERGYLABORATORIES. INC. ·2393 Salt Creek Highway (82601) •Po. Box 3258 • Casper, WY82602
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Date: 04-Dec-03 

CLIENT: Hall Environmental 

Project: Not Indicated CASE NARRATIVE 
Sample Delivery Group: C03110337 

THIS IS THE FINAL PAGE OF THE LABORA TORY ANALYTICAL REPORT 

BRANCH LAB ORA TORY LOCATIONS 

eli-b - Energy Laboratories, Inc. - Billings, MT 

eli-cs - Energy Laboratories, Inc. - College Station, TX 

eli-g - Energy Laboratories, Inc. - Gillette, WY 

eli-h - Energy Laboratories, Inc. - Helena, MT 

eli-r - Energy Laboratories, Inc. - Rapid City, SD 


SUBCONTRACTING ANALYSIS 

Subcontracting of sample analyses to an outside laboratory may be required. If so, ENERGY LABORATORIES will utilize 

its branch laboratories or qualified contract laboratories for this service. Any such laboratories will be indicated within the 

Laboratory Analytical Report. 


SAMPLE TEMPERATURE COMPLIANCE: 4CC (±2°C) 

Temperature of samples received may not be considered properly preserved by accepted standards. Samples that are hand 

delivered immediately after collection shall be considered acceptable if there is evidence that the chilling process has begun. 


ENERGY LABORATORIES, INC. - CASPER,WY certifies that certain method selections contained in this report meet 

requirements as set forth by NELAC. Some client specific reporting requirements may not require NELAC reporting 

protocol. 


ELI appreciates the opportunity to provide you with this analytical service. For additional information and services visit our 

web page www.energylab.com. 


The total number of pages of this report are indicated by the last four digits of the tracking number located in the lower right 

corner. 


... 


NO. 
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Date: 22-Dec-03 
~,..- Hall Environmental Analysis Laboratory 

CLIENT: Kleinfelder Client Sample ID: R-26 cuttings 

Lab Order: 0311068 Collection Date: 11110/200312:50:00 PM 

Project: R-26 

LabID: 0311068-03 Matrix: SOIL 

"'IlI1 

Analyses Result Limit Qua) Units DF Date Analyzed 

EPA METHOD 8082: PCB'S Analyst: JMP 
~~ Aroclor 1016 NO 0.050 mglKg 1214/2003 5:05:43 PM 

Aroclor 1221 NO 0.25 mg/Kg 1214/2003 5:05:43 PM 

Aroclor 1232 NO 0.050 mglKg 12/4/20035:05:43 PM 

Aroclor 1242 NO 0.050 mglKg 12/4/20035:05:43 PM 

Aroclor 1248 NO 0.050 mglKg 12/4/20035:05:43 PM 

Aroclor 1254 NO 0.050 mglKg 12/4/20035:05:43 PM 

Aroclor 1260 NO 0.050 mg/Kg 1214/2003 5:05:43 PM 

Surr: oecachlorobiphenyl 87.4 50.1-115 %REC 12/4/20035:05:43 PM 

EPA METHOD 8260B: VOLATILES Analyst: BL 
Benzene NO 0.050 mg/Kg 11/13/2003 

Toluene NO 0.050 mg/Kg 11/13/2003 

Ethylbenzene NO 0.050 mg/Kg 11/1312003 

Methyl tert-butyl ether (MTBE) NO 0.050 mglKg 11/13/2003 

1,2,4-Trimethylbenzene NO 0.050 mglKg 11/13/2003 

1 ,3,5-Trimethylbenzene NO 0.050 mg/Kg 11/13/2003 

1,2-0ichloroethane (EOC) NO 0.050 mg/Kg 11/13/2003 

1 ,2-0ibromoethane (EOB) NO 0.050 mg/Kg 11/13/2003 

Naphthalene NO 0.10 mglKg 11/1312003 

1-Methylnaphthalene NO 0.20 mglKg 11/13/2003 

2-Methylnaphthalene NO 0.20 mg/Kg 11/1312003 

Acetone NO 0.50 mg/Kg 11113/2003 

Bromobenzene NO 0.050 mglKg 11/1312003 

Bromochloromethane NO 0.050 mglKg 1 11/13/2003 ..; Bromodichloromethane NO 0.050 mg/Kg 1 11/1312003 

Bromoform NO 0.050 mglKg 11/1312003 

Bromomethane NO 0.10 mg/Kg 11/13/2003 .. 2-Butanone NO 0.50 mglKg 11/13/2003 

Carbon disulfide NO 0.50 mg/Kg 11/13/2003 

".' Carbon tetrachloride NO 0.050 mglKg 11/13/2003 

Chlorobenzene NO 0.050 mglKg 11/13/2003 

Chloroethane NO 0.10 mg/Kg 11/13/2003 

Chloroform NO 0.050 mg/Kg 11/13/2003 

Chloromethane NO 0.050 mglKg 11/13/2003 

2-Chlorotoluene NO 0.050 mglKg 11/1312003 

4-Chlorotoluene NO 0.050 mg/Kg 11/1312003 

cls-1,2-0CE NO 0.050 mg/Kg 11/13/2003 

cls-1.3-0ichloropropene NO 0.050 mg/Kg 11/13/2003 

1.2-0ibromo-3-chloropropane NO 0.10 mglKg 11/13/2003 

Oibromochloromethane NO 0.050 mg/Kg 11/1312003 

Oibromomethane NO 0.10 mg/Kg 11/13/2003 

Qualifiers: 	 NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

J - Analyte detected below quantitation limits R RPD outside accepted recovery limits 
~..~ 

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

.... * - Value exceeds Maximum Contaminant Level Page 7 of 11 



Hall Environmental Analysis Laboratory 	 Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: R-26 cuttings 

Lab Order: 031lO68 CoUection Date: 11IlO/2003 12:50:00 PM 
Project: R-26 

Lab ID: 0311068-03 Matrix: SOIL 

Analyses 	 Result Limit Qual Units DF Date Analyzed "" 

1.2-Dichlorobenzene ND 0.050 mg/Kg 11/13/2003 "'" 
1.3-Dichlorobenzene ND 0.050 mg/Kg 11/1312003 .... 
1 A-Dichlorobenzene ND 0.050 mg/Kg 11/13/2003 

Dichlorodifluoromethane ND 0.050 mg/Kg 11/1312003 .. 
1,1-Dichloroethane ND 0.050 mgIKg 11/1312003 

1 ,1-Dichloroethene ND 0.050 mg/Kg 11/1312003 "';"' 

1,2-Dichloropropane ND 0.050 mg/Kg 11/1312003 

1,3-Dichloropropane ND 0.050 mg/Kg 11/13/2003 
IJI" 

2,2-Dichloropropane ND 0.050 mg/Kg 11/13/2003 

1 ,1-Dichloropropene ND 0.050 mg/Kg 11/13/2003 

Hexachlorobutadiene ND 0.050 mg/Kg 11/1312003 v 

2-Hexanone ND 0.50 mg/Kg 11/1312003 

lsopropylbenzene ND 0.050 mg/Kg 11/13/2003 

4-lsopropyltoluene ND 0.050 mg/Kg 11/13/2003 WiN 

4-Methyl-2-pentanone ND 0.50 mgIKg 11/13/2003 

Methylene chloride ND 0.15 mg/Kg 11/13/2003 "" 
n-Butylbenzene ND 0.050 mglKg 11/13/2003 

n-Propylbenzene ND 0.050 mgIKg 11/1312003 
Ii!f<.'; 

sec-Butyl benzene ND 0.050 mglKg 11/1312003 ... 
Styrene ND 0.050 mg/Kg 11/1312003 

tert-Butylbenzene ND 0.050 mg/Kg 1111312003 

1,1,1.2-Tetrachloroethane ND 0.050 mg/Kg 11/1312003 

1.1,2,2-Tetrachloroethane ND 0.050 mg/Kg 11/13/2003 "" 
Tetrachloroethene (PCE) ND 0.050 mg/Kg 11/13/2003 

trans-1,2-DCE ND 0.050 mg/Kg 11/13/2003 

trans-1.3-Dichloropropene ND 0.050 mglKg 11/13/2003 

1,2,3-Trichlorobenzene ND 0.050 mgIKg 11/13/2003 

1,2,4-Trichlorobenzene ND 0.050 mgIKg 11/1312003 

1,1,1-Trichloroethane ND 0.050 mgIKg 11/1312003 

1.1.2-Trichloroethane ND 0.050 mglKg 11/13/2003 

Trichloroethene (TCE) ND 0.050 mglKg 11/13/2003 

Trichlorofluoromethane ND 0.050 mg/Kg 1111312003 

1,2,3-Trichloropropane ND 0.10 mglKg 11/13/2003 

Vinyl chloride ND 0.10 mg/Kg 11/13/2003 

Xylenes. Total ND 0.050 mg/Kg 11/13/2003 

Surr: 1,2-Dichloroethane-d4 111 68.4-123 %REC 11/13/2003 

Surr. 4-Bromofluorobenzene 93.8 70-119 %REC 11/13/2003 

Surr. Dibromofluoromethane 98.3 76.8-123 %REC 11/13/2003 

Surr: Toluene-d8 111 85.2-123 %REC 11/13/2003 .,. 

EPA METHOD 82700: SEMIVOLATILES Analyst: CS 
Acenaphthene ND 0.20 mgIKg 11/21/2003 

Acenaphthylene ND 0.20 mglKg 11/21/2003 .., 

Qualifiers: 	 ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

J .. Analyte detected below quantitation limits R - RPD outside accepted recovery limits 

B .. Analyte detected in the associated Method Blank E .. Value ahove quantitation range 

* .. VaJue exceeds Maximum Contaminant Level 	 Page 8 of 11 
~;: 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 
~f 

CLIENT: Kleinfelder Client Sample ID: R-26 cuttings 

Lab Order: 0311068 Collection Date: 11110/2003 12:50:00 PM 

Project: R-26 

Lab ID: 0311068-03 Matrix: SOIL 
...--~-.... ... -~-~~...

Analyses Result Limit Qual Units DF Date Analyzed 

Aniline ND 0.20 mg/Kg 11/2112003 

.., Anthracene ND 0.20 mglKg 11/21/2003 

Azobenzene ND 0.20 mg/Kg 11/21/2003 

~, Benz( a )anthracene ND 0.20 mg/Kg 11/21/2003 

Benzidine ND 0.20 mglKg 11/2112003 

Benzo( a )pyrene ND 0.20 mg/Kg 11/21/2003 

Benzo(b )f1uoranthene ND 0.20 mglKg 11/2112003 

Benzo(g.h.i)perylene ND 0.20 mg/Kg 11/2112003 

Benzo(k)fluoranthene ND 0.20 mg/Kg 11/21/2003 

Benzoic acid ND 0.50 mg/Kg 11/21/2003 

Benzyl alcohol ND 0.20 mg/Kg 11/2112003 

"", Bis(2-chloroethoxy)methane 

Bis(2-chloroethyl)ether 

ND 

ND 

0.20 

0.20 

mg/Kg 
mg/Kg 

11/21/2003 

11/21/2003 

Bis(2-chloroisopropyl)ether ND 0.20 mg/Kg 11/21/2003 

Bis(2-ethylhexyl)phthalate ND 0.20 mg/Kg 11/2112003 

"~. 4-Bromophenyl phenyl ether ND 0.20 mg/Kg 11/2112003 

Butyl benzyl phthalate ND 0.20 mg/Kg 11/2112003 

Carbazole ND 0.20 mg/Kg 11/2112003 

-.. 4-Chloro-3-methylphenol ND 0.20 mg/Kg 11/2112003 

4-Chloroaniline ND 0.20 mg/Kg 11/21/2003 

2-Chloronaphthalene ND 0.20 mg/Kg 11121/2003 

... 2-Chlorophenol ND 0.20 mg/Kg 11/2112003 

4-Chlorophenyl phenyl ether ND 0.20 mg/Kg 11/21/2003 

Chrysene ND 0.20 mg/Kg 11/2112003 

Di-n-butyl phthalate 0.25 0.20 B mg/Kg 11/21/2003 

Di-n-octyl phthalate ND 0.20 mglKg 11/21/2003 

Dibenz( a,h )anthracene ND 0.20 mg/Kg 11/21/2003 

Dibenzofuran ND 0.20 mg/Kg 11/21/2003 

1,2-Dichlorobenzene ND 0.20 mg/Kg 11/21/2003 

1 ,3-Dichlorobenzene ND 0.20 mglKg 11/21/2003 
., 1 ,4-Dichlorobenzene ND 0.20 mglKg 11/21/2003 

3,3'-Dichlorobenzidine ND 0.20 mg/Kg 11/21/2003 

Diethyl phthalate ND 0.20 mglKg 11/21/2003 

'g,'I" 
Dimethyl phthalate ND 0.20 mg/Kg 11/21/2003 

2,4-Dichlorophenol ND 0.20 mg/Kg 11/2112003 

2,4-Dimethylphenol ND 0.20 mg/Kg 11121/2003 

4,6-Dinitro-2-methylphenol ND 0.50 mg/Kg 1 11/21/2003 

2,4-Dinitrophenol ND 0.50 mg/Kg 1 11/21/2003 

2,4-Dinitrotoluene ND 0.20 mg/Kg 11/21/2003 

2.6-Dinitrotoluene ND 0.20 mg/Kg 11/21/2003 

Fluoranthene ND 0.20 mg/Kg 11/21/2003 

Fluorene ND 0.20 mg/Kg 11/21/2003 

Qualifiers: ND - Not Detected at the Reporting Limit S Spike Recovery outside accepted recovery limits 

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

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

.. - Value exceeds Maximum Contaminant Level Page 9 of 11 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: R-26 cuttings ,~ 

Lab Order: 0311068 Collection Date: 11110/2003 12:50:00 PM 

Project: R-26 

Lab ID: 0311068-03 Matrix: SOIL JIr-" 

.. _ ...._-----_..... 

Analyses Result Limit Qual Units DF Date Analyzed 

Hexachlorobenzene NO 0.20 mglKg 11/21/2003 "'" 
Hexachlorobutadiene NO 0.20 mg/Kg 11/21/2003 .... 
Hexachlorocyclopentadiene NO 0.20 mg/Kg 11/21/2003 

Hexachloroethane NO 0.20 mg/Kg 11/21/2003 .... 
Indeno{1.2.3-cd)pyrene NO 0.20 mg/Kg 11/21/2003 

Isophorone NO 0.20 mg/Kg 11/21/2003 

2-Methylnaphthalene NO 0.20 mg/Kg 11/21/2003 
~ 

2-Methylphenol NO 0.20 mg/Kg 11/21/2003 

3+4-Methylphenol NO 0.20 mg/Kg 1 11/21/2003 0

N-Nitrosodi-n-propylamine NO 0.20 mg/Kg 1 11/21/2003 

N-Nitrosodiphenylamine NO 0.20 mg/Kg 11/21/2003 

Naphthalene NO 0.20 mg/Kg 11/21/2003 

2-Nitroaniline NO 0.50 mg/Kg 11/21/2003 

3-Nitroaniline NO 0.50 mg/Kg 11/21/2003 

4-Nitroaniline NO 0.20 mg/Kg 11/21/2003 

Nitrobenzene NO 0.20 mg/Kg 11/21/2003 

2-Nitrophenol NO 0.20 mg/Kg 11/21/2003 

4-Nitrophenol NO 0.20 mg/Kg 11/21/2003 

Pentachlorophenol NO 0.50 mg/Kg 11/21/2003 

Phenanthrene NO 0.20 mglKg 11/21/2003 

Phenol NO 0.20 mg/Kg 1 11/21/2003 

Pyrene NO 0.20 mg/Kg 11/21/2003 

Pyridine NO 0.50 mg/Kg 11/21/2003 

1,2,4-Trichlorobenzene NO 0.20 mg/Kg 11/21/2003 

2,4,5-T richlorophenol NO 0.20 mg/Kg 11/21/2003 

2,4,6-Trichlorophenol NO 0.20 mg/Kg 11/21/2003 

Surr: 2,4,6-Tribromophenol 75.9 26-156 %REC 11/21/2003 

SUIT: 2-Fluorobiphenyl 82.5 23.6-111 %REC 11/21/2003 

Surr: 2-Fluorophenol 67.4 21.5-107 %REC 1 11/21/2003 

SUIT: 4-Terphenyl-d14 98.3 30-220 %REC 11/21/2003 

SUIT: Nitrobenzene--d5 70.3 25.3-115 %REC 11/21/2003 

Surr: Phenol-d6 79.0 25.2-115 %REC 11/21/2003 

MERCURY, TCLP LEACHED Analyst: MAP 
Mercury NO 0.020 mg/L 11/21/2003 

EPA METHOD 6010C: TCLP METALS Analyst: NMO 
Arsenic NO 5.0 mg/L 1 11/21/2003 11 :14:44 AM 

Barium NO 100 mg/L 1 11/21/200311:14:44 AM 

Cadmium NO 1.0 mg/L 11/21/200311:14:44AM 

Chromium NO 5.0 mglL 11/21/200311:14:44AM 

Lead 

Selenium 

NO 

NO 

5.0 

1.0 

mg/L 

mg/L 1 
11/21/2003 11 :14:44 AM 

11/21/2oo311:14:44AM ."" 

Qualifiers: NO - Not Detected at the Reporting Limit S Spike Recovery outside accepted recovery limits 
~" 

J • Analyte detected below quantitation limits R - RPD outside accepted recovery limits 

B • Analyte detected in the associated Method Blank E - Value above quantitation range 

*. Value exceeds Maximum Contaminant Level Page 10 of11 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder Client Sample ID: R-26 cuttings 

Lab Order: 0311068 Collection Date: 11110/2003 12:50:00 PM 

Project: R-26 

LabID: 0311068-03 Matrix: SOIL 

Analyses Result Limit Qual Units DF Date Analyzed 

Silver ND 5.0 mg/L 11/21/2003 11 :14:44 AM 

.., 

Qualifiers: ND Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits 

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

B - Analyte detected in the associated Method Blank E - Value above quantitation range 

* -Value exceeds Maximum Contaminant Level Page 11 of 11 



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

Certificate of Analysis 


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

Suite D 
Albuquerque, New Mexico 87109 Report Date: December 18,2003 

Contact: Nancy McDuffie 

Project: Hall Environmental Page of 3 

Client Sample ID: 
Sample ID: 

R-26 Cuttings (Chemistry) 
]0253800] 

Proiect: 
Client ID: 

HALLOO 10:; 
HALLOO I 

Matrix: Soil 
Collect Date: 
Receive Date: 

IO-NOV-03 ]2:50 
24-NOV-03 

Collector: Client 
Moisture: 3.46% 

Parameter Qualifier Result DL RL Units DF AnalystDate Time Batch Metbod 

PLC Explosives 

8330 EXPLO. Std list Soil 
1,3,5-Trinitrobenzene Vh ND 29.0 80.0 ug/kg MAP 12/02/03 1937 293844 
2,4,6-Trinitrotoluene Vb ND 48.0 80.0 ug/kg 
2,4-Dinitrotoluene Vh ND 55.0 80.0 ug/kg 
2,6-Dinitrotoluene Vb ND 48.0 80.0 ug/kg 
2-Amino-4,6-dinitrotoluene Vh ND 18.1 80.0 ug/kg 
4-Amino-2,6-dinitrotoluene Vb ND 34.1 80.0 ug/kg 
HMX Vh ND 48.0 80.0 ug/kg 
Nitrobenzene Vh ND 48.0 80.0 ug/kg 
RDX Vh ND 48.0 80.0 ug/kg 
Tetryl Vh ND 22.1 80.0 ug/kg 
m-Dinitrobenzene Vh ND 34.1 80.0 ug/kg 
m-Nitrotoluene Vh ND 24.0 80.0 ug/kg 
o-Nitrotoluene Vh ND 24.0 80.0 ug/kg 
p-Nitrotoluene Vb ND 24.0 80.0 ug/kg 
[ercury Analysis-CV AA 

7471 Cold Vapor Hg in Solid 
Mercury J 9.75 0.992 10.1 ug/kg I NORI 12/01/03 1118 293699 2 
leta Is Analysis-ICP 

601013050ICP SCAN Metals Soil 
Aluminum 5930000 822 10400 ug/kg 2 RMJ 12/03/03 2104 293758 3 
Antimony V ND 356 1040 ug/kg 2 
Arsenic 2640 214 518 ug/kg 2 
Barium 70500 69.1 518 ug/kg 2 
Beryllium J 460 51.8 518 ug/kg 2 
Cadmium V ND 49.5 518 ug/kg 2 
Calcium 2700000 1350 10400 ug/kg 2 
Chromium 5660 167 518 ug/kg 2 
Cobalt 2370 82.7 518 ug/kg 2 
Copper 7720 210 518 ug/kg 2 
Iron 7650000 1620 10400 ug/kg 2 
Lead 38000 294 518 ug/kg 2 
Magnesium 776000 606 10400 ug/kg 2 
Manganese 295000 135 1040 ug/kg 2 
Nickel 5490 88.5 518 ug/kg 2 
Potassium 515000 3700 10400 ug/kg 2 
Selenium J 471 168 518 ug/kg 2 

http:www.gel.com


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

Certificate of Analysis 

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

Suite D 
Albuquerque, New Mexico 87 I09 Report Date: December 18,2003 

Contact: Nancy McDuffie 
Project: Hall Environmental Page 2 of 3 

Client Sample ID: R-26 Cuttings (Chemistry) 

Parameter Qualifier Result DL RL Time Batch Method 

Metals Analysis-ICP 
601013050ICP SCAN Metals Soil 
Silver U ND 93.4 518 ug/kg 2 

Sodium 441000 3760 10400 ug/kg 2 

Thallium U ND 1040 2070 ug/kg 2 

Vanadium 9820 94.1 518 ug/kg 2 

Zinc 27100 174 518 ug/kg 2 


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

SW8463050B 
SW846 7471A Prep 
SW846 8330 PREP 

846 3050BS PREP 
EPA 7471A Mercury Prep Soil 
8330 EXPLOSIVES BY HPLC Prep in soil 

CQHl 
ETL 
HMFI 

12/02/03 

11126/03 

12101103 

1623 
ll15 

1200 

293757 
293697 
293843 

The fullowing Analytical Methods were performed 
Methud Description Analyst Comments 

SW8468330 

2 SW8467471A 


3 SW846 30508/601 OB 


,¥ Surrogaterrracer recovery Test 	 Recovery% Acceptable Limits 

1,2-dinitrobenzene 8330 EXPLO. Std list Soil 	 83 (76%-114%) 

Notes: 

The Qualifiers in this report are defined as follows: 


< Result is less than amount reported. 

> Result is greater than amount reported. 

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

BD Flag for results below the MDC or a flag for low tracer recovery. 


"E Concentration of the target analyte exceeds the instrument calibration range. 
R Analytical holding time exceeded. 
J Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit. 
P The response between the confirmation column and the primary column is >40%D. 
U Indicates the target'analyte was analyzed for but not detected above the detection limit. 
Ul Uncertain identification for garmna spectroscopy. ' 

Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details. 
Y QC Samples were not spiked with this compound. 
h Sample preparation or preservation holding time exceeded. 

The above sample is reported on a dry weight basis except where prohibited by the analytical procedure. 

X 

http:www.gel.com


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

Certificate of Analysis 

Company: Hall Environmental Analysis Labs 
Address: 4901 Hawkins Ne 

Suite D 
Albuquerque, New Mexico 87109 Report Date: December 18,2003 

Contact: Nancy McDuffie 

Project: Hall Environmental Page 3 of 3 

Client Sample ID: R-26 Cuttings (Chemistrv) Proiect: HALLOO103 

Sample ID: 102538001 Client ID: HALLOO} 


Parameter Qualifier Result DL RL Units DF AnalystDate Time Batch Method 


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

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

leviewed by 

http:www.gel.com


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

Certificate ofAnalysis 

Company: 	 Hall Environmental Analysis Labs 
Address: 	 4901 Hawkins Ne 

Suite D 
Albuquerque, New Mexico 87109 Report Date: December 18,2003 

Contact: 	 Nancy McDuffie 

Project: 	 Hall Environmental Page of 2 

Client Sample ID: R-26 CuttingS (Radiochemistry) Proiect: HALLOO I03 
Sample ID: 102538002 Client ID: HALLOO I 
Matrix: Soil 
Collect Date: 1O-NOV-03 12:50 
Receive Date: 24-NOV-03 

,," Parameter 
--_...---_.. 

Qualifier Result DL RL Units DF AnalystDate 
---------------------------------------------------- 

Time Batch Method 

Rad Alpha Spec Analysis 

Alphaspec Am241 Solid 
Americium-241 U ND +1-0.136 0.264 1.00 pCi/g MLA 12116/03 1205 296051 

Alphaspec Pu, Solid 
Plutonium-238 U ND +1-2.00 0.0805 1.00 pCilg MLA 12116/03 1224 296052 2 
Plutonium-239/240 U ND +1-0.0129 0.141 1.00 pCi/g 

"' Alphaspec Th, Solid 
Thorium-232 1.84 +1-0.759 0.207 1.00 pCi/g MLA 12116/03 ll58 296055 3 

Alphaspec U, Solid 
Uranium-233/234 0.957 +1-0.406 0.263 1.00 pCi/g MLA 12/16/03 1226 296053 4 
Uranium-235/236 U ND +1-0.0803 0.236 1.00 pCi/g 
Uranium-238 0.786 +1-0.361 0.200 1.00 pCi/g 

.• Rad Gamma Spec Analysis 

Gammaspec, Gamma, Solid Cs137 
Cesium-137 U ND +1-0.029 0.0396 0.100 pCilg SRB 12/08/03 1914295765 5 

Rad Gas Flow Proportional Counting 

GFPC, Sr90, solid 
Strontium-90 U ND +1-0.241 0.502 2.00 pCi/g JASI 12/05/03 1710 293858 6 

Rad Liquid Scintillation Analysis 

LSC, Tritium Dist, Solid 
Tritium 3.89 +1-2.22 3.42 6.00 pCi/g CTOI 12/12/03 1043 296153 7 

The following Prep Methods werep...e_r_fo_rmed___________________________________________ -;:-___________ 
~, Method Description Analyst Date Time Prep Batch 

--------_. -_._----------------_._----------------------------- 
Ash Soil Prep 

Dry Soil Prep 
Ash Soil Prep, G~RAD·A-02lB 

Dry Soil Prep G~RAD-A-021 

AWB 

AWB 

11/26/03 

11125103 

0728 

1249 

293729 

293727 

-', 
The following Analytical Methods were performed 
Method Description Analyst Comments 

2 

3 
4 

5 

6 

DOE EML HASL-3oo, Am-05-RC Modified 

DOE EML HASL-300, Pu-ll-RC Modified 

DOE EML HASL-300, Th_OI-RC Modified 

DOE EML HASL-300, U-02-RC Modified 

EML HASL 300, 4.5.2.3 

EPA 905.0 Modified 

http:www.gel.com


GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 (843) 556-8171 - www.ge1.com 

Certificate of Analysis 

Company: Hall Environmental Analysis Labs 
Address: 4901 HawkinsNe 

Suite D 
Albuquerque, New Mexico 87109 Report Date: December 18, 2003 

Contact: Nancy McDuffie 

Project Hall Environmental Page 2 of 2 

Client Sample ID: 
____-=S=am=p=le I""D!..!-:___ 

R-26 Cuttin,gs (Radiochemistry) 
102538002 

Proiect: 
Client ID: 

HALLOO I 03 
HALLOO} 

Parameter Qualifier Result DL RL Units DF AualystDate Time Batch Method 

EPA 906.0 Modified 

lotes: 

The Qualifiers in this report are defmed as follows: 


,,"Result is less than amount reported. 

Result is greater than amount reported. 

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


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

Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit. 
The response between the confmnation column and the primary column is >40%D. 

J Indicates the target analyte was analyzed for but not detected above the detection limit. 
IT Uncertain identification for gamma spectroscopy. 
~ Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details. 
r QC Samples were not spiked with this compound. 

Sample preparation or preservation holding time exceeded. 

The above sample is reported on a dry weight basis except where prohibited by the analytical procedure. 

Nhere the analytical method has been performed under NELAP certification, the analysis has met all ofthe 
-equirements of the NELAC standard unless qualified on the Certificate ofAnalysis. 

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

R.eviewed by 

http:www.ge1.com


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

QC Summarl: Report Date: December 18, 2003 
Client: Hall Emironmental Analysis Labs Page 1 of 8 

4901 Hawkins Ne 
Suite D 
Albuquerque, New Mexico 

Contact: Nancy McDuffie 

Workorder: 102538 

"', 

XI 
HPLC-Explosives 
Batch 293844 

QC1200531987 LeS 
1,3,5-Trinitrobenzene 800 846 ug/kg 106 (570/.,..130%) MAP 12/02/03 18:55 

""". 
2,4,6-Trini trotoluene 
2,4-Dinitrotoluene 

800 
800 

849 
841 

ug/kg 
ug/kg 

106 
105 

(610/.,..130"10) 
(56%,..127%) 

_I 2,6-Dinitrotoluene 800 852 ug/kg 106 (57°/.,..) 31 %) 
2,..Amino-4,6-dinitrotoluene 800 855 ug/kg 107 (57%-133%) 

-, 4-Amino-2,6-dinitrotoluene 800 746 ug/kg 93 (57%-119%) 
HMX 800 888 ug/kg III (61%,..138%) 

~'I Ni trobenzene 800 784 ug/kg 98 (55°/.,..124%) 
RDX 800 873 ug/kg 109 (62%... 134%) 
Tetryl 800 701 ug/kg 88 (48%... 122%) 
m-Dinitrobenzene 

\'10'11 
800 847 ug/kg 106 (78%-11 0"10) 

m-Nitrotoluene 800 759 ug/kg 95 (55%.124%) 
o-Nitrotoluene 800 911 ug/kg 114* (72%... 109%) 
p-Nitrotoluene 800 775 ug/kg 97 (550/.,..126%) 

"'. hl,2-dinitrobenzene 400 374 ug/kg 94 (760/.... 114%) 
QC1200531986 MB 

1,3,5-Trinitrobenzene V NO ug/kg 12102103 18: 12 
2,4,6...Trinitrotoluene V NO ug/kg 

\~~ 2,4-Dinitrotoluene V NO ug/kg 
2,6-Dinitrotoluene U NO ug/kg 
2...Amino-4,6-dinitrotoluene U NO ug/kg 
4-Amino-2,6-dinitrololuene V NO ug/kg 
HMX V NO ug/kg 
Nitrobenzene V NO ug/kg 
RDX U NO ug/kg 
Tetryl 

<,. m-Dinitrobenzene 
V 
V 

NO 
NO 

ug/kg 
ug/kg 

m-Nitrotoluene V NO ug/kg 
o-Nitrotoluene U NO ug/kg 
p-Nitrotoluene V NO ug/kg 

... **1 ,2-dinitrobenzene 400 336 ug/kg 84 (76°/.,..114%) 
QCI200531988 102538001 MS 

1,3,5· Trinitrobenzene 800 Vb NO b 742 ug/kg 93 (800/.,..118%) 12102103 20:20 
2,4,6-Trinitrotoluene 800 Vb NO b 777 ug/kg 97 (73%-133%) 
2,4-Dinitrotoluene 800 Vb NO b 766 ug/kg 96 (750/..,..118%) 
2,6-Dini trotoluene 800 Vb NO h 823 ug/kg 103 (75%-130%) 
2-Amino-4,6-dinitrotoluene 800 Vb NO h 693 ug/kg 87 (67%-124%) 
4·Amino-2,6-dinitrotoluene 800 Vb NO b 387 ug/kg 48 (43%...126%) 
HMX 800 Vb NO b 812 ug/kg 101 (74%... 131%) 
Nitrobenzene 800 Vb NO b 739 ug/kg 92 (72%-115%) 
RDX 800 Vh NO b 767 ug/kg 96 (68%-125%) 
Tetryl 800 Vb ND h 306 ug/kg 38* (50%-116%) 

http:www.gel.com


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

QC SUmmary 
Vorkorder: 102538 Page 2 of 8 

PLC-Explosives 
atch 293844 

l-Dinitrobenzene 800 Vh ND h 778 ug/kg 97 (80%-118%) ..;.. 

l-Nitrotoluene 
-Nitrotoluene 

800 
800 

Vh 
Vh 

ND 
ND 

h 
h 

689 
728 

ug/kg 
ug/kg 

86 
91 

(74%-115%) 
(74%-115%) ", 

-Nitrotoluene 800 Vh ND h 705 ug/kg 88 (740/0-116%) 
,2-dini trobenzene 400 330 328 ug/kg 82 (76%-114%) 4IYli/ 

QCI 20053 1989 102538001 
,3,5-Trinitrobenzene 

MSD 
800 Vh ND h 667 ug/kg 11 83 (0%-30%) 12102103 21 :02 

iW<.' 

:,4,6-Trinitrotoluene 
:,4-DinitrotoJuene 

800 
800 

Vh 
Vh 

ND 
ND 

h 
h 

735 
737 

ug/kg 
ug/kg 

6 
4 

92 
92 

(0%-30%) 
(0%-30%) -.1 

:,6-Dinitrotoluene 
:-Amin0-4,6-dinitrotoluene 

800 
800 

Vh 
Vb 

ND 
ND 

h 
h 

780 
667 

ug/kg 
ug/kg 

5 
4 

98 
83 

(0%-30%) 
(0%-30%) 

lilly" 

f-Amino-2,6-dinitrotoluene 
IMX 

800 
800 

Vh 
Vh 

ND 
ND 

h 
h 

370 
782 

ug/kg 
ug/kg 

5 
4 

46 
98 

(0%-30%) 
(0%-30%) 

... 
-1itrobenzene 800 Vh ND b 707 ug/kg 4 88 (0%-30%) 
illX 800 Vb ND h 745 ug/kg 3 93 (0%-30%) 
retryl 800 Vh ND h 117 ug/kg 90* 15* (0%-30%) 
n-Dinitrobenzene 800 Vh ND b 749 ug/kg 4 94 (0%-30%) 
n-Nitrotoluene 800 Vb ND h 652 ug/kg 6 82 (0%-30%) M. 

l-Nitrotoluene 800 Vb ND h 725 ug/kg 0 91 (0%-30%) 
J-Nitrotoluene 800 Vb ND h 673 ug/kg 5 84 (0%-30%) Ii!'""~ 

I ,2-dinitrobenzene 400 330 301 ug/kg 75* (76%-114%) 

4etals Analysis-ICP "'" 
latch 293758 

QCI 200531 726 102538001 DUP 
"'~d' 

-\lumimun 5930000 6600000 ug/kg 11 (0%-20%) RMJ 12103/0321:19 
"" I\ntimony V ND V ND ug/kg N/A (+1-996) 

-usenic 2640 2780 ug/kg 5 (0%-20%) "'.... 
Barium 70500 79100 ug/kg 11 (0%-20%) 
Beryllium J 460 525 ug/kg N/A /\ (+/-498) 
Cadmium V ND V ND ug/kg N/A (+/-498) 
Calcium 2700000 2900000 ug/kg 7 (0%-20%) 
Chromium 5660 5900 ug/kg 4 (0%-20%) 
Cobalt 2370 2610 ug/kg 10 (0%-20%) ... 
Copper 7720 8270 ug/kg 7 (0%-20%) 
Iron 7650000 8360000 ug/kg 9 (0%-20%) "'" 
Lead 38000 32200 ug/kg 17 (0%-20%) 
Magnesium 776000 820000 ug/kg 6 (0%-20%) ."' 

Manganese 295000 288000 ug/kg 2 (0%..20%) 
Nickel 5490 5470 ug/kg 0 (0%..20%) .... 
Potassium 515000 559000 ug/kg 8 (0%-20%) 
Selenium J 471 J 401 ug/kg N/A /\ (+/-498) 

I!R~. 

Silver 
Sodium 

V ND 
441000 

V ND 
444000 

ug/kg 
ug/kg 

N/A (+/-498) 
(0%-20%) 

.... 
Thallium V ND V ND ug/kg N/A (+1.. 1990) 
Vanadium 9820 10300 ug/kg 5 (0%..20%) 
Zinc 

QC1200531730 Les 
27100 31000 ug/kg 13 (0%-20%) "'., 

Aluminum 6640000 6030000 ug/kg 91 (44%·157%) 12/03/03 20:58 

http:www.gel.com
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GENERAL ENGINEERING LABORATORIES, LLC 
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'ill 

4, 

QC Summary ..I 

Workorder: 102538 Page 3 of 8 

Parmname 	 NOM Sample Qual QC Units RPD% REC% Range AnIst Date Time .... 	 ... 

,to 	 Metals Analysis-ICP 

Balch 293158 


Antimony 78900 	 32900 ug/kg 42 (1%-205%) 
Arsenic 197000 	 199000 uglkg 101 (79%-121%)

Filii 

Barium 392000 	 388000 ug/kg 99 (80%-120%) 
Beryllium 75700 	 ug/kg 101 (81%·119%)76300 

Cadmium 69100 68600 ug/kg 99 (81%-120%) 

Calcium 3380000 3620000 ug/kg 107 (76%-124%) 

Chromium 82600 78900 ug/kg 96 (770/... 123%) 

Cobalt 81500 81500 ug/kg 100 (85%.115%) 

Copper 127000 127000 ug/kg 100 (800/...120%) 

Iron 12200000 10100000 ug/kg 83 (47%·153%) 

Lead 95000 95900 ug/kg 101 (770/...123%) 

Magnesium 2050000 2030000 ug/kg 99 (71%-129%) 

Manganese 452000 458000 ug/kg 101 (76%·124%) 


0....' 

... Nickel 	 85700 86500 ug/kg 101 (74%·121%) 
Potassium 1910000 	 ug/kg 95 (64%-136%)1820000',. Selenium 117000 118000 ug/kg 100 (740/... 126%) 

Silver 141000 164000 ug/kg 117 (45%.. 155%) 

Sodium 352000 303000 ug/kg 86 (51%-149%) 

Thallium 103000 ug/kg 101 (71%-128%)
104000 

Vanadium 158000 147000 ug/kg 93 (70%-129%) 

Zinc 	 275000 273000 ug/kg 99 (77%-123%) 

QC120053 J125 MB 
Aluminum J 1130 ug/kg 12103/03 20:51 
iilltimony U ug/kg 

... 

ND .., Arsenic U ND uglkg 
Barium U ND ug/kg 
Beryllium U ND ug/kg 
Cadmium U ND ug/kg 
Calcium J 2360 ug/kg 

Chromium U ND ug/kg 
Cobalt U ND ug/kg 
Copper U ND uglkg ... Iron 	 U ug/kgND 

Lead U ND ug/kg 


'''' 	 NDMagnesium 	 U ug/kg 
Manganese U ND ug/kg 

"'IIi. Nickel 	 U ND ug/kg 
Potassium 	 U ND uglkg 

.toII' 
Selenium U ND uglkg 12104/03 12:47 
Silver J 91.6 ug/kg 12103/0320:51

4ili. 

Sodium U ND ug/kg 

Thallium U ND ug/kg 

Vanadium U ND ug/kg 


," Zinc J 268 ug/kg 
QC1200531128 102538001 MS 

Aluminum 251000 5930000 uglkg N/A (750/...125%) 12103/03 21 :25 
iilltimony 25100 U ND 3820 ug/kg IS'" (750/... 125%) 
Arsenic 25100 2640 25300 uglkg 90 (75%..125%) 

9090000 
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QC SUmmary 
Vorkorder: 102538 Page 4 of 8 

annname NOM Sam~le Qual QC Units RPD% REC% Range Anlst Date Time II" 

letals Analysis-ICP 
....·0 

al<:h 293758 

...,;arium 25100 70500 88600 uglkg 72* (75%-125%) 

leryllium 25100 J 460 24000 uglkg 94 (75%-125%) 

:admium 25100 U NO 23100 uglkg 92 (75%-125%) "'" 

:a1cium 251000 2700000 2350000 uglkg N/A (75%-125%) 

:hromium 25100 5660 27700 uglkg 88 (750/... 125%) 
 -
:obalt 25100 2370 24800 uglkg 89 (75%-125%) 

me 
:Opper 25100 7720 31100 uglkg 93 (75%·125%) 

ron 251000 7650000 8140000 uglkg N/A (75%-125%) 
..earl 25100 38000 41000 uglkg 12* (75%-125%) "'" 
viagnesium 251000 776000 1080000 uglkg 121 (75%-125%) 

fo,." 

vianganese 25100 295000 281000 uglkg N/A (75%-125%) 

.,fickel 25100 5490 28100 uglkg 90 (75%..125%) 

"'~ 


'otassium 251000 515000 826000 uglkg 124 (750/.,..125%) 

)elenium 25100 471 21000 uglkg 82 (75%..125%) 

;ilver 25100 U NO uglkg 90 (75%..125%)
22700 
>Odium 251000 441000 637000 uglkg 78 (75%..125%) 
[ballium 25100 U NO 21000 uglkg 83 (750/... 125%) 
Vanadium 25100 9820 uglkg 88 (75%..125%)32000 
linc 25100 27100 uglkg 93 (75%..125%)50500 

QCI200531729 102538001 MSD 
<\luminum 235000 5930000 8070000 uglkg 12 N/A (00/... 20%) 12103/0321:31 
Antimony 23500 U NO 4830 uglkg 24* 21* (0%..20%) "" 
Arsenic 23500 2640 23800 uglkg 6 90 (0%..20010) 

Barium 23500 70500 uglkg 2 71 * (0%..20%) ",.

87200 
Beryllium 23500 J 460 22400 uglkg 7 93 (0%-20%) 

Cadmium 23500 U NO 21600 uglkg 7 92 (0%-20%) 
Calcium 235000 2700000 2300000 uglkg 2 N/A (00/... 20%) 
Chromium 23500 5660 27000 uglkg 3 91 (00/... 20%) 

~,~ 

Cobalt 23500 2370 uglkg 7 89 (0%..20%)23200 
Copper 23500 7720 31200 uglkg 0 100 (0%-20%) 
Iron 235000 7650000 8120000 uglkg 0 N/A (0%..20%) 
Lead 23500 38000 36100 uglkg 13 0* (0%..20%) 
Magnesium 235000 776000 998000 uglkg 8 94 (00/.,..20%) 

Manganese 23500 295000 272000 uglkg 4 N/A (0%·20%) 
Nickel 23500 5490 27300 uglkg 3 93 (0%·20%) 
Potassium 235000 515000 755000 uglkg 9 102 (00/...20010) 
Selenium 23500 J 471 uglkg 2 85 (00/... 20%) 20500 
Silver 23500 U NO 21400 uglkg 6 91 (0%-20%) 
Sodium 235000 441000 588000 uglkg 8 63* (0%-20%) lit"'; 

Thallium 23500 U NO 20300 uglkg 3 86 (00/.,..20%) 

Vanadium 23500 9820 31200 uglkg 3 91 (00/... 20%) 
Zinc 23500 27100 48100 uglkg 5 89 (00/... 20%) 

QCI 20053 1727 102538QOI SDILT 
Aluminum 57300 11600 ugIL 1.16 12103/0321:12 
Antimony U NO U NO ugIL N/A 
Arsenic 25.5 J ugIL 15.6 
Barium 681 142 ugIL 4.02 
Beryllium J 4.44 J 0.940 ugIL 5.8 

4.30 

~,"; 
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.1"" 	 QC Summar:y 
Workorder: 102538 Page 5 of 8 

Parmname 	 NOM Sam)!le Qual QC Units RPD% REC% Range AnIst Date Time 

1)'; 	 Metals Analysis-ICP 
Batch 293758 

Cadmiwn U NO U NO ug/L N/A 

Calcium 26100 5280 ug/L 1.11 

Chromium 54.6 11.5 ug/L 4.99 


Cobalt 22.9 ug/L 14.9
5.25 

Copper 74.5 15.8 ug/L 6.1 


Iron 73900 15100 ug/L 2.15 

Lead 366 77.6 ug/L 5.95 


Magnesiwn 7490 1530 ug/L 2.12 


Manganese 2840 594 ug/L 4.43 
.. 	 Nickel 53.0 11.6 ug/L 9.84 

Potassium 4970 962 ug/L 3.26 
'1i1 Seleniwn J 4.55 J 3.78 ug/L 315 


Silver U NO U NO ug/L N/A 

0",1 Sodiwn 4250 834 ug/L 1.99 


Thalliwn U NO U NO ug/L N/A 

Vanadium 94.8 19.0 ug/L .00844 


Zinc 262 55.2 ug/L 5.37 

''''''' Metals Analysis-Mercury 


Batch 293699 


QCI200531605 102538001 DUP 
... Mercury J 9.75 J 9.67 ug/kg N/A (+1-10.3) NORI 12101103 11: 20 A 

QC120053 1608 LCS 
Mercury 9410 10400 ug/kg 111 (66%-134%) 12/01103 11:16 

""i~ 

QC1200531604 MB 
Mercury U ug/kg 1210110311:14."". 	 NO 

QCI 20053 1606 102538001 MS 
Mercury 103 J 9.75 120 ug/kg 107 (75%-125%) 12/01103 11:22 

QCI20053 1607 102538001 MSD 

,'~. 
Mercury 100 1 9.75 117 ug/kg 3 107 (0%-20%) 12101103 II :23 

Rad Alpha Spec 

Batch 296051 


QCI200537343 102538002 DUP 

" Americiwn-24I U 0.0914 U 0.0947 pCi/g 4 MLA 12116/03 12:06 
+1-0.136 +1-0.129 

QC1200537345 LCS 

Americiwn-24I 13.3 13.2 pCi/g 99 


+1-2.05 
QC1200537342 MB 


Americiwn-24I U 0.131 pCi/g 

+1-0.149 

QC1200537344 102538002 MS 

Americiwn-24I 13.3 U 0.0914 13.1 pCi/g 98 


+1-0.136 +1-2.13 
Batch 296052 

~'"i 

QC1200537347 102538002 DUP 
Plutoniwn-238 U 0.00 U -0.0213 pCi/g N/A (0%-20%) MLA 12116/03 12:25 

+1-2.00 +1-0.0247 
., Plutonium-239/240 U -0.00643 U -0.00709 pCi/g N/A (0%-20%) 
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QC Summary 
Vorkorder: 102538 Page 6 of 8 

Iil""'''annname NOM Sl\m~le Qual QC Units RPD% RECo/" Range Anlst Date Time 

ad Alpha Sp"" 

atch 296052 


+1-0.0129 +1-0.0142 
QCI200537349 LCS 


'lutonium-238 21.4 pCi/g (150/0-125%) 

+1-2.61 f>'" 

'Jutonium-239/240 21.0 U 0.0488 pCi/g 102 (75%-125%) 
+1-0.0197 

..+ 

QCI200537346 MB 
'lutonium-238 U 0.0306 pCi/g .... 

+/-0.105 .." 
')utonium-239/240 U pCilg-0.0068 

+1-0.0136 
QC1200537348 102538002 MS 

~ 

'lutonium-238 U 0.00 23.0 pCi/g (75%..125%) 
+/-2.00 +1-2.81 

'lutonium-239/240 21.0 U -0.00643 0.308 pCi/g 110 (15%..125%) 
+/-0.0129 +/-0.193 

iatch 296053 

QCI200537351 102538002 DUP 
Jranium..233/234 0.951 0.823 pCi/g 15 (0%-20%) MLA 1211610312:26 

+/..0.406 +/-0.362 ..Jranium ..235/236 U 0.0198 U -0.00109 pCi/g N/A (0%..20%) 
+1-0.0803 +1-0.0805 

Jranium..238 0.186 0.101 pCi/g 11 (0%-20%) 
+1..0.361 +/-0.328 

QC1200537353 LCS 
Uranium..2331234 pCi/g (15%-125%) 12116103 12:2812.6 

+1-2.06 
Uranium..235/236 0.114 pCi/g (15°/0-125%) ..". 

+/-0.335 
Uranium-238 12.1 12.9 pCi/g 101 (15%..125%) 

+/..209 
1'&' 

QCI200537350 MB 
Uranium-233/234 U 0.135 pCi/g 12116/03 12:26 

II!* 

+/-0.145 
1It"'':"-

Urani um-235/236 U pCi/g0.019 
+/-0.120 

Uranium-238 U -0.0606 pCi/g 
+/-0.0435 

QC1200537352 102538002 MS 
Uranium-233/234 0.957 14.6 pCi/g (15%-125%) 12116/0312:28 ",. 

+/-0.406 +/-2.38 
Uranium-235/236 U 0.0198 0.511 pCi/g (15%-125%) ". 

+/-0.0803 +/-0.295 
Uranium-238 12.1 0.186 pCi/g 112 (150/0-125%) 11>""14.3 

+1-0.361 +/..2.33 
Batch 296055 

QC1200537355 102538002 DUP 
#;'8 
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QCSummary 
Workorder: 102538 Page 7 of 8 

Rad Alpha Spec 

Batch 296055 


Thorium-232 1.84 0.917 pCi/g 67* (0%-20%) MLA 12116/03 II :58 
+1-0.759 +/-0.404 

QCI2oo537357 LCS 

Thorium-232 5.17 5.54 pCi/g 107 (75%-125%) 


+1-1.79 
QCI200537354 MB 


Thorium-232 U 0.235 pCi/g 

+/-0.403 

QCI2oo537356 102538002 MS 

Thorium-232 5.17 1.84 6.25 pCi/g 85 (75%-125%) 


+1-0.759 +1-1.95 

Rad Gamma Spec 

Batch 295765 


QCI200536683 103013016 DUP 
Cesium-137 0.103 U 0.0509 pCi/g 67* (00/0-20%) SRB 12108/0323:38 

+/-0.0439 +/-0.102 
QC1200536684 LCS 

,.jt 8.93Cesium-137 9.25 pCi/g 97 (75%-125%) 12108/03 17:42 
+/-0.778 

QC1200536682 MB 
Cesium-137 U 0.0036 pCi/g 1210810319:19 

+1-0.0317 

Rad Gas Flow 
-"'~, Batch 293858 

QC12oo532058 101971006 DUP 
Strontium-90 0.0849 U 0.0447 pCi/g 62* (00/0-20%) JASI 12105/03 22: 10 

+/-0.0273 +/-0.0279
>k~ 

QC1200532060 LeS 
Strontium-90 3.35 3.24 pCi/g 97 (75%-125%) 12105/0319:17 

+1-0.186 

-Nfl 
QC12oo532057 MB 

Strontium-90 U 0.0134 pCi/g 12105/0322:10 
+1-0.0251 

QCI2oo532059 101971006 MS 
Strontium-90 6.82 0.0849 6.74 pCi/g 98 (75%-125%) 12105/03 19: 17 

+/-0.02n +1-0.422 

·~tt 

-"q 	 Rad Uquid Scintillation 
Batch 296153 

QC12oo537559 102913001 DUP 
Tritium U -2.93 U -1.46 pCi/g N/A (0%-20%) CTOI 12112103 13:48 

+1-9.68 +1-9.80 
QCI200537561 LCS 

Tritium 26.4 25.5 pCi/g 97 (75%-125%) 1211210314:50 
+1-3.13 

QC12oo537558 MB 
Tritium U -0.964 pCi/g 12112/03 13: 17 

+1-1.54 
QC1200537560 102913001 MS 
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ad Liquid Scintillation 
llcb 296153 

'ritium 6690 U -2.93 6660 pCilg 100 (750/0-125%) 
+1-9.68 +1-810 

\/otes: 
The Qualifiers in this report are defined as follows: 

< Result is less than amount reported 

> Result is greater than amount reported 

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

BD Flag for results below the MDC or a flag for low tracer recovery. 

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

H Analytical holding time exceeded. 

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

P The response between the confirmation column and the primary column is >40"/oD. 

U Indicates the target analyte was analyzed for but not detected above the detection limit. 

UI Uncertain identification fOT gamma spectroscopy. 

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

Y QC Samples were not spiked with this compound 

h Sample preparation or preservation holding time exceeded 

NIA indicates that spike recovery limits do not apply when sample concentration exceeds spike conc. by a factor of 4 or more. 

" The Relative Percent Difference (RPD) obtained from the sample duplicate (DUP) is evaluated against the acceptence criteria when the sample is greater than 


five times (5X) the contract required detection limit (RL). In cases where either the sample or duplicate value is less than 5X the RL, a control limit of +1
the RL is used to evaluate the DUP result. 
For PS, PSD, and SDILT results, the values listed are the measured amounts, not final concentrations. 

Where the analytical method has been performed under NELAP certification, the analysis has met all of the 
requirements ofthe NELAC standard unless qualified on the QC Summary. 

..... 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Sample 10 MB 111003 Batch 10: R10067 Test Code: E300 Units: mg/L Analysis Date 11/10/200310:20:34 A Prep Date 

Client 10: Run 10: LC_031110A SeqNo: 225682 

Analyte Result PQL SPKvalue SPK Ref Val %REC LowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 
'""- ~~.-----

Fluoride NO 0.10 
Chloride NO 0.10 
Nitrogen. Nitrite (As N) NO 0.10 
Bromide NO 0.10 
Nitrogen. Nitrate (As N) NO 0.10 
Phosphorus. Orthophosphate (As P) NO 0.50 
Sulfate NO 0.50 

Sample 10 mb 111003·b Batch 10: R10067 Test Code: E300 Units: mg/L Analysis Date 11/10/20039:43:19 PM Prep Date 

Client 10: Run 10: LC_031110A SeqNo: 225721 

Analyte Result PQL SPKvalue SPK Ref Val %REC LowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 

Fluoride NO 0.10 
Chloride NO 0.10 
Nitrogen. Nitrite (As N) NO 0.10 

Bromide NO 0.10 

Nitrogen. Nitrate (As N) NO 0.10 
Phosphorus. Orthophosphate (As P) NO 0.50 
Sulfate NO 0.50 

Qualifiers: ND - Not Detected at the Reporting Limit s ' Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J Analyte detected below quantitation limits R - RPD outside accepted recovery limits 1 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Sample 10 MB-4692 Batch 10: 4692 Test Code: SW8080A Units: mg/Kg Analysis Date 1213120034:28:09 AM Prep Date 1111912003 

Client 10: Run 10: ECD(17AL031202A SeqNo: 229821 

Analy1e Result PQL SPKvalue SPKRefVal %REC LowLimit HiQhLimit RPO Ref Val %RPO RPOLimit Qual 

Aroelor 1016 NO 0.050 

Aroelor 1221 NO 0.25 

Aroelor 1232 NO 0.050 

Aroelor 1242 NO 0.050 

Aroelor 1248 NO 0.050 

Aroelor 1254 NO 0.050 

Aroelor 1260 NO 0.050 

Surr: Oecachlorobiphenyl 0.2338 0 0.25 0 93.5 50.1 115 0 

Sample 10 MB-4653 Batch 10: 4653 Test Code: SW8080A Units: 1J91L Analysis Date 11/2012003 8:01 :27 AM Prep Date 11113/2003 

Client 10: Run 10: HUGO_031119A SeqNo: 228120 

Analy1e Result PQL SPK value SPK Ref Val %REC LowLimit HiQhLimit RPO Ref Val %RPO RPOLimit Qual 

Aroelor 1016 

Aroelor 1221 

Aroelor 1232 

Aroelor 1242 

Aroelor 1248 

Aroelor 1254 

Aroelor 1260 

Surr: Oecachlorobiphenyl 

Surr: Tetrachloro-m-xylene 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

4.62 

3.75 

1.0 

5.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0 

0 

5 

5 

0 

0 

92.4 

75.0 

76 

47 

111 

94 

0 

0 

Qualifiers: 	 NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J • Analyte detected below quantitation limits R - RPD outside accepted recovery limits 

t ~ 	 , .~! 1 	 ~ 1 1 ! " f 'I ~ ~ 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Sample 10 mb-4691 Batch 10: 4691 Test Code: SW8270A Units: mg/Kg Analysis Oate 11/21/2003 Prep Oate 11/19/2003 

Client 10: Run 10: ELMO_031121A SeqNo: 228469 

Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 

Acenaphthene NO 0.20 

Acenaphthylene NO 0.20 

Aniline NO 0.20 

Anthracene NO 0.20 

Azobenzene NO 0.20 

Benz(a)anthracene NO 0.20 

Benzidine NO 0.20 

Benzo(a)pyrene NO 0.20 

Benzo(b )f1uoranthene NO 0.20 

Benzo(g.h.i)perylene NO 0.20 

Benzo(k)f1uoranthene NO 0.20 

Benzoic acid NO 0.50 

Benzyl alcohol NO 0.20 

Bis(2 -chloroethoxy)methane NO 0.20 

Bis(2-chloroethyl)ether NO 0.20 

Bis(2-chloroisopropyl)ether NO 0.20 

Bis(2-ethylhexyl)phthalate NO 0.20 

4-Bromophenyl phenyl ether NO 0.20 

Butyl benzyl phthalate 0.0565 0.20 J 

Carbazole NO 0.20 

4-Chloro-3-methylphenol NO 0.20 

4-Chloroaniline NO 0.20 

2-Chloronaphthalene NO 0.20 

2-Chlorophenol NO 0.20 

4-Chlorophenyl phenyl ether NO 0.20 

Chrysene NO 0.20 

Oi-n-butyl phthalate 0.356 0.20 

Oi-n-octyl phthalate NO 0.20 

Qualifiers: NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPO outside accepted recovery limits 3 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Dibenz(a.h)anthracene 
Dibenzofuran 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
3.3' -Dichlorobenzidine 
Diethyl phthalate 
Dimethyl phthalate 
2.4-Dichlorophenol 
2,4-Dimethylphenol 
4.6-Dinitro-2-methylphenol 

2,4-Dinitrophenol 

2,4-Dlnltrotoluene 
2,6-Dinitrotoluene 

Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobuladiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1.2.3-cd)pyrene 
lsophorone 
2-Methylnaphthalene 
2-Methylphenol 
3+4-Methylphenol 
N-Nitrosodi-n-propylamine 

N-Nltrosodiphenylamine 

Naphthalene 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Nitrobenzene 
2-Nitrophenol 

0.0995 
ND 
ND 
ND 
ND 

0,09 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

0.0695 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.50 
0.50 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

0.20 

0.20 
0.50 
0.50 
0.20 
0.20 
0.20 

J 

J 

J 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B Analyte detected in the associated Method Blank 

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

~ ~ 
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CLIENT: 

Work Order: 

Kleinfelder 

0311068 
QC SUMMARY REPORT 

Project: R-26 Method Blank 

4-Nitrophenol 0.1655 0.20 J 
Pentachlorophenol 0.1685 0.50 J 
Phenanthrene NO 0.20 

Phenol NO 0.20 

Pyrene NO 0.20 

Pyridine NO 0.50 

1,2,4-Trichlorobenzene NO 0.20 

2,4,5-Trichlorophenol NO 0.20 

2,4.6-Trichlorophenol NO 0.20 

Surr; 2,4,6-Tribromophenol 4.182 0 5 0 83.6 26 156 0 

Surr: 2-Fluorobiphenyl 2.244 0 2.5 0 89.7 23.6 111 0 

Surr: 2-Fluorophenol 4.26 0 5 0 85.2 21.5 107 0 

Surr: 4-T erphenyl-d 14 2.482 0 2.5 0 99.3 30 120 0 

Surr: Nitrobenzene-d5 2.035 0 2.5 0 81.4 25.3 115 0 

Surr: Phenol-d6 5.002 0 5 0 100 25.2 115 0 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 5 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 


Sample 10 mb-4645 Batch 10: 4645 Test Code: SW8270A Units: IJ9IL Analysis Oate 1111412003 Prep Oate 1111212003 


Client 10: Run 10: ELMO_031114A Seq No: 226987 


Analyte Result PQL SPKvalue SPK Ref Val %REC LowLimit HighLimit RPO Ref Val %RPO RPOLimit Qual 


Acenaphthene 

Acenaphthylene 

Aniline 

Anthracene 

Azobenzene 

Benz(a)anthracene 

Benzidine 

Benzo(a )pyrene 

Benzo(b )f1uoranthene 

Benzo(g.h,i)perylene 

Benzo(k)fluoranthene 

Benzoic acid 

Benzyl alcohol 

Bis(2-chloroethoxy)m ethane 

Bis(2-chloroethyl)ether 

Bis(2-chloroisopropyl)ether 

Bis(2-ethylhexyl)phthalate 

4-Bromophenyl phenyl ether 

Butyl benzyl phthalate 

Carbazole 

4-Chloro-3-methylphenol 

4-Chloroanlline 

2-Chloronaphthalene 

2-Chlorophenol 

Chrysene 

Oi-n-butyl phthalate 

Oi-n-octyl phthalate 

4-Chlorophenyl phenyl ether 

NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 20 


NO 10 


NO 10 


NO 10 


NO 10 


NO 50 


NO 20 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 20 


NO 20 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


NO 10 


Qualifiers: 	 NO Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPO outside accepted recovery limits 

~ f 1 1 f l' ~' 	 ~r ! " '. 	 f 11 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 


Olbenz(a,h)anthracene NO 10 


Oibenzofuran NO 10 


1,2-0ichlorobenzene ND 10 


1,3-Dichlorobenzene NO 10 


1 A-Dichlorobenzene ND 10 


3.3·-Oichlorobenzidine NO 10 


Oiethyl phthalate NO 10 


Dimethyl phthalate NO 10 


2,4-0ichlorophenol ND 10 

2.4-0imethylphenol NO 10 


4.6-0initro-2-methylphenol NO 50 


2A-Oinitrophenol NO 50 


2A-Oinitrotoluene NO 10 


2,6-0initrotoluene NO 10 


Fluoranthene NO 10 


Fluorene NO 10 


Hexachlorobenzene NO 10 


Hexachlorobutadiene ND 10 


Hexachlorocyclopentadiene NO 10 


Hexachloroethane NO 10 


Indeno(1.2.3-cd)pyrene NO 10 


lsophorone NO 10 


2-Methylnaphthalene NO 10 


2-Methylphenol ND 10 


3+4-Methylphenol NO 10 


N-Nitrosodi-n-propylamine NO 10 


N-Nitrosodiphenylamine NO 10 


Naphthalene NO 10 


2-Nitroaniline NO 50 


3-Nitroaniline NO 50 


4-Nitroaniline ND 20 


Nitrobenzene NO 10 


2-Nitrophenol NO 10 


Qualifiers: 	 ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 7 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

4-Nitrophenol ND 50 

Pentachlorophenol ND 50 

Phenanthrene ND 10 

Phenol ND 10 

Pyrene ND 10 

Pyridine ND 10 

1.2,4-Trichlorobenzene ND 10 

2,4.5-Trichlorophenol ND 10 

2,4.6-Trichlorophenol ND 10 

Surr: 2,4.6-Tribromophenol 129.8 0 200 0 64.9 16.6 115 0 

Surr: 2-Fluorobiphenyl 70.93 0 100 0 70.9 37 95.7 0 

Surr: 2-Fluorophenol 114.3 0 200 0 57.2 9.54 89.8 0 
Surr: 4-Terphenyl-d 14 82.02 0 100 0 82.0 70 130 0 
Surr: Nitrobenzene-d5 74.43 0 100 0 74.4 38 106 0 
Surr: Phenol-d6 87.73 0 200 0 43.9 10.7 63.4 0 

Sample ID MB-4705 Batch ID: 4705 Test Code: SW7470 Units: mg/l Analysis Date 11/21/2003 Prep Date 11/21/2003 

Client ID: Run ID: MI-LA254_031121B SeqNo: 228479 

Analy1e Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Mercury ND 0.020 

Sample ID 

Client ID: 

MB-4697 Batch ID: 4697 Test Code: SW1311/6010 

Run ID: ICP_031121A 

Units: mg/l Analysis Date 11/21/200310:49:05 A 

SeqNo: 228323 

Prep Date 11/20/2003 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Arsenic ND 5.0 

Barium ND 100 

Cadmium ND 1.0 

Chromium NO 5.0 

lead ND 5.0 

Selenium ND 1.0 

Silver 0.007017 5.0 J 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 8 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Sample ID mb 4644 Batch ID: 4644 Test Code: SW8260B Units: mg/Kg Analysis Date 11/13/2003 Prep Date 11/12/2003 

Client ID: RunlD: VAL_031113B Seq No: 226703 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Benzene ND 0.050 

Toluene ND 0.050 

Ethylbenzene ND 0.050 

Methyl tert-butyl ether (MTBE) ND 0.050 

1,2,4-Trimethylbenzene ND 0.050 

1,3,5-Trimethylbenzene ND 0.050 

1,2-Dichloroethane (EDC) ND 0.050 

1 ,2-Dibromoethane (EDB) ND 0.050 

Naphthalene ND 0.10 

1-Methylnaphthalene ND 0.20 

2-Methylnaphthalene ND 0.20 

Acetone ND 0.50 

Bromobenzene ND 0.050 

Bromochloromethane ND 0.050 

Bromodichloromethane ND 0.050 

Bromoform ND 0.050 

Bromomethane ND 0.10 

2-Butanone ND 0.50 

Carbon disulfide ND 0.50 

Carbon tetrachloride ND 0.050 

Chlorobenzene ND 0.050 

Chloroethane ND 0.10 

Chloroform ND 0.050 

Chloromethane ND 0.050 

2-Chlorotoluene ND 0.050 

4-Chlorotoluene ND 0.050 

cis-1,2-DCE ND 0.050 

Qualifiers: ND - Not Detected at the Reporting Limit S Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 1 



CLIENT: Kleinfelder 

Work Order: 0311068 

Project: R~26 

cis-1,3-Dichloropropene 
1,2~Dibromo-3-chloropropane 

Dibromochloromethane 
Dibromomethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dlchlorobenzene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1.1-Dichloroethene 
1.2-Dichloropropane 

1.3-Dichloropropane 
2.2-Dichloropropane 
1,1-Dichloropropene 
Hexachlorobutadiene 
2-Hexanone 
Isopropylbenzene 
4-lsopropyltoluene 
4-Methyl-2-pentanone 
Methylene chloride 
n-Butylbenzene 
n-Propylbenzene 
sec-Butylbenzene 
Styrene 
tert-Butylbenzene 
1.1.1.2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene (PCE) 
trans-1.2-DCE 
Irans-1.3-Dichloropropene 
1.2,3-Trichlorobenzene 
1.2,4-Trichlorobenzene 
1,1,1-Trichloroethane 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

0.0297 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

0.050 
0.10 

0.050 
0.10 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 
0.050 
0.050 
0.050 
0.50 

0.050 
0.050 
0.50 
0.15 

0.050 
0.050 
0.050 
0.050 
0.050 

0.050 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.050 

QC SUMMARY REPORT 
Method Blank 

J 

Qualifiers: 	 ND - Not Detected at the Reporting Limit S • Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

1,1,2-Trichloroethane 

Trichloroethene (TCE) 

Trichlorofluoromethane 

1,2,3-Trichloropropane 

Vinyl chloride 

Xylenes, Total 

Surr: 1,2-0ichloroethane-d4 

Surr: 4-Bromofluorobenzene 

Surr: Oibromofluoromethane 

Surr: T 0luene-d8 

NO 

NO 

NO 

NO 

NO 

NO 

0.5274 

0.484 

0.5129 

0.5185 

0.050 

0.050 

0.050 

0.10 

0.10 

0.050 

0 0.5 0 105 68.4 123 o 
0 0.5 0 96.8 70 119 o 
0 0.5 0 103 76.8 123 o 
0 0.5 0 104 85.2 123 o 

Qualifiers: 	 NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPO outside accepted recovery limits 3 



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

Sample ID Sml rb Batch ID: R10078 Test Code: SW8260B Units: IJ9/L Analysis Date 11/11/2003 Prep Dale 

ClientlD: RunlD: NEPTUNE_031111A SeqNo: 226011 

Analyte Result PQl SPKvalue SPK Ref Val %REC lowUmll HighLimit RPD Ref Val %RPD RPDLimit Qual 

Benzene 

Toluene 

Ethyl benzene 

Methyl tert-butyl ether (MTBE) 

1,2,4-Trimethylbenzene 

1.3,5-Trimethylbenzene 

1,2-Dichloroethane (EDC) 

1,2-Dibromoethane (EDB) 

Naphthalene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Acetone 

Bromobenzene 

Bromochloromethane 

Bromodichloromethane 

Bromoform 

Bromomethane 

2-Butanone 

Carbon disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

2-Chlorotoluene 

4-Chlorololuene 

cis-1,2-DCE 

cis-1,3-Dichloropropene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

4.0 

4.0 

10 

1.0 

1.0 

1.0 

1.0 

2.0 

10 

10 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

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

l 1 1 r 1 J 1 1 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Method Blank Project: R-26 

1.2·0ibromo-3-chloropropane 
Oibromochloromethane 

Oibromomethane 
1,2-0ichlorobenzene 

1.3-Dichlorobenzene 
1,4-Dichlorobenzene 

Dichlorodifluoromethane 
1,1-Dichloroethane 

1,1-Dichloroethene 
1,2-0ichloropropane 
1,3-0ichloropropane 
2,2-Dichloropropane 
1,1-Dichloropropene 

Hexachlorobutadiene 
2-Hexanone 
Isopropyl benzene 
4-lsopropyltoluene 
4-Methyl-2-pentanone 
Methylene Chloride 
n-Butylbenzene 

n·Propylbenzene 
sec-Butyl benzene 
Styrene 

tert-Butylbenzene 
1,1.1.2-Tetrachloroethane 
1.1.2.2-Tetrachloroethane 
Tetrachloroethene (PCE) 
trans-1,2·DCE 
trans-1,3-Dichloropropene 
1,2.3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

NO 
NO 
NO 

NO 

NO 
ND 

ND 
ND 
ND 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.0 
1.0 

2.0 

1.0 
1.0 
1.0 

1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
10 
1.0 
1.0 

10 
3.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

QualiDers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B • Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R RPD outside accepted recovery limits 5 



CLIENT: 

Work Order: 

Kleinfelder 

0311068 
QC SUMMARY REPORT 

Project: R-26 Method Blank 

Trichloroethene (TeE) NO 1.0 

Trichlorofiuoromethane NO 1.0 

1.2.3-Trichloropropane NO 2.0 

Vinyl chloride NO 2.0 

Xylenes. Total NO 1.0 

Surr: 1.2-0ichloroethane-d4 9.736 0 10 0 97.4 68.4 127 0 

Surr: 4-Bromofluorobenzene 9.142 0 10 0 91.4 70.4 126 0 

Surr: Oibromofiuoromethane 9.65 0 10 0 96.5 70.2 126 0 

Surr: Toluene-d8 10.44 0 10 0 104 73.5 129 0 

Qualifiers: 	 ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

] - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 
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Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Sample Duplicate Project: R-26 

Sample ID 0311068·03A DUP Batch ID: 4697 Test Code: SW1311/6010 Units: mg/L Analysis Date 11/21/2003 11 :17:05 A Prep Date 11/20/2003 

Client ID: R·26 cuttings RunlD: ICP _031121A SeqNo: 228332 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Arsenic ND 5.0 0 0 0 0 0 0 0 30 

Barium 1.039 100 0 0 0 0 0 1.01 0 30 J 
Cadmium ND 1.0 0 0 0 0 0 0 0 30 
Chromium 0.007411 5.0 0 0 0 0 0 0.006618 0 30 J 
lead 0.05754 5.0 0 0 0 0 0 0.05466 0 30 J 
Selenium 0.0548 1.0 0 0 0 0 0 0.05225 0 30 J 
Silver ND 5.0 0 0 0 0 0 0 0 30 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 1 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 03Il068 

Sample Matrix Spike Project: R-26 

Sample ID 0311068-03A MS Batch ID: 4697 Test Code: SW131116010 Units: mglL Analysis Date 111211200311:19:26 A Prep Date 1112012003 

ClientlD; R-26 cuttings Run ID: ICP _031121A SeqNo: 228333 

Analyte Result PQl SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 
-~" 

Arsenic 0.5 5.0 0.5 0 100 75 125 0 
Barium 1.481 100 0.5 1.01 94.2 75 125 0 
Cadmium 0.4867 1.0 0.5 0 97.3 75 125 0 
Chromium 0.4807 5.0 0.5 0.006618 94.8 75 125 0 
lead 0.4881 5.0 0.5 0.05466 86.7 75 125 0 
Selenium 0.5332 1.0 0.5 0.05225 96.2 75 125 0 
Silver 0.4967 5.0 0.5 0 99.3 75 125 0 

Qualifiers: NO . Not Detected at the Reporting Limit S • Spike Recovery outside accepted recovery limits B • Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R· RPD outside accepted recovery limits 1 

t f 1 



Hall Environmental Analysis Laboratory Date: 22-Dec-03 

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Laboratory Control Spike - generic Project: R-26 

Sample ID LCS 111003 Batch ID: R10067 Test Code: E300 Units: mglL Analysis Date 111101200310:37:18 A Prep Date 

Client ID: Run ID: LC_031110A SeqNo: 225683 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Fluoride 0.5265 0.10 0.5 0 105 90 110 0 

Chloride 5.228 0.10 5 0 105 90 110 0 

Nitrogen. Nitrite (As N) 1.008 0.10 0 101 90 110 0 

Bromide 2.628 0.10 2.5 0 105 90 110 0 

Nitrogen, Nitrate (As N) 2.532 0.10 2.5 0 101 90 110 0 

Phosphorus, Orthophosphate (As P) 4.952 0.50 5 0 99.0 90 110 0 

Sulfate 9.737 0.50 10 0 97.4 90 110 0 

Sample ID Ics 111003-b Batch ID: R10067 Test Code: E300 Units: mglL Analysis Date 111101200310;00:03 P Prep Dale 

Client ID: RunlD: LC_031110A SeqNo: 225722 

Analyte Result PQl SPKvalue SPK Ref Val %REC lowLimit HighLimit RPO Ref Val %RPD RPDLimit Qual 

Fluoride 0.5492 0.10 0.5 0 110 90 110 0 

Chloride 5.211 0.10 5 0 104 90 110 0 

Nitrogen. Nitrite (As N) 0.9495 0.10 0 95.0 90 110 0 

Bromide 2.33 0.10 2.5 0 93.2 90 110 0 

Nitrogen, Nitrate (As N) 2.451 0.10 2.5 0 98.1 90 110 0 

Phosphorus. Orthophosphate (As P) 4.854 0.50 5 0 97.1 90 110 0 

Sulfate 9.596 0.50 10 0 96.0 90 110 0 

Sample ID LCS-4692 Batch 10: 4692 Test Code: SW8080A Units: mglKg Analysis Date 1213120035:13:07 AM Prep Date 1111912003 

Client ID: Run 10: ECD(17AL031202A Seq No: . 229823 

Analyte Result PQl SPKvalue SPK Ref Val %REC lowLimlt HighLimit RPD Ref Val %RPD RPOLimil Qual 

Aroelor 1016 0.222 0.050 0.25 0 88.8 70 130 o 

ArocJor 1260 0.2333 0.050 0.25 0 93.3 67 137 o 


Qualifiers: 	 ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

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



CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Laboratory Control Spike Duplicate Project: R-26 

Sample ID LCSD-4692 Batch ID: 4692 Test Code: SW8080A Units: mg/Kg Analysis Date 1213120035:59:31 AM Prep Date 11/19/2003 

Client ID: Run ID: ECD(17AL031202A SeqNo: 229825 

Analyte Result pal SPKvalue SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Aroelor 1016 

Aroelor 1260 

0.2367 

0.2325 

0.050 

0.050 

0.25 

0.25 

0 

0 

94.7 

93.0 

70 

67 

130 

137 

0.222 

0.2333 

6.39 

0.365 

o 
20 

Sample ID 

Client ID: 

LCS-4653 Batch ID: 4653 Test Code: SW8080A Units: IJglL 

Run ID: HUGO_031119A 

Analysis Date 11/20/20038:47:36 AM 

SeqNo: 228121 

Prep Date 11/1312003 

Analyte 

Aroelor 1016 

Aroelor 1260 

Result 

3.506 

4.612 

PQl 

1.0 

1.0 

SPK value SPK Ref Val 
-------

5 0 

5 0 

%REC 

70.1 

92.2 

lowLimit 

27.4 

52.1 

HighLimit 

132 

148 

RPD Ref Val 

o 
o 

%RPD RPDLimit Qual 

Sample ID LCSD-4653 Batch ID: 4653 Test Code: SW8080A Units: IJ9IL Analysis Date 11/20/20039:33:47 AM Prep Date 11/13/2003 

Client ID: Run ID: HUGO_031119A SeqNo: 228122 

Analyte Result pal SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Aroelor 1016 3.88 1.0 5 0 77.6 27.4 132 3.506 10.1 45.7 

ArOelor 1260 4.642 1.0 5 0 92.8 52.1 148 4.612 0.648 30 

Sample ID 100ng les Batch ID: R10078 Test Code: SW8260B Units: IJglL Analysis Date 11/1112003 Prep Date 

Client ID: Run ID: NEPTUNE_031111A SeqNo: 226012 

Analyte Result pal SPK value SPKRefVal %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Benzene 

Toluene 

Chlorobenzene 

1.1-Dichloroethene 

Trichloroethene (TCE) 

19.53 

19.8 

19.53 

18.65 

20.26 

1.0 

1.0 

1.0 

1.0 

1.0 

20 

20 

20 

20 

20 

0 

0 

0 

0 

0 

97.7 

99.0 

97.7 

93.2 

101 

71.2 

87.7 

85.6 

70.7 

76.9 

122 

122 

136 

117 

130 

0 

0 

0 

0 

0 

Qualifiers: ND Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

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

1 1 ~ , IIf J ~if " 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Laboratory Control Spike - generic Project: R-26 

Sample ID Ics-4691 Batch ID: 4691 Test Code: SW8270A Units: mg/Kg Analysis Date 11/21/2003 Prep Date 11/19/2003 

Client ID: Run ID: ELMO_031121A SeqNo: 228470 

Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 

Acenaphthene 

4-Chloro-3-methylphenol 

2-Chlorophenol 

1 ,4-Dichlorobenzene 

2,4-Dinitrotoluene 

N-Nitrosodi-n-propylamine 

4-Nitrophenol 

Pentachlorophenol 

Phenol 

Pyrene 

1,2,4-Trichlorobenzene 

1.986 

4.057 

3.944 

1.925 

2.118 

1.818 

4.271 

4.363 

3.909 

2.155 

1.892 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.50 

0.20 

0.20 

0.20 

2.5 

5 

5 

2.5 

2.5 

2.5 

5 

5 

5 

2.5 

2.5 

0 

0 

0 

0 

0 

0 

0.1655 

0.1685 

0 

0 

0 

79.4 

81.1 

78.9 

77.0 

84.7 

72.7 

82.1 

83.9 

78.2 

86.2 

75.7 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

~ ----~~--~~---,~-

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

110 0 

Sample ID Icsd-4691 Batch ID: 4691 Test Code: SW8270A Units: mg/Kg Analysis Date 11/2112003 Prep Date 11/19/2003 

Client ID: Run ID: ELMO_031121A Seq No: 228471 

Analyte Result PQL SPKvalue SPKRefVal %REC LowUmit HighUmit RPD Ref Val %RPD RPDLimit Qual 
.--~-~~~-~ ~~~---. -----. 

Acenaphthene 1.903 0.20 2.5 0 76.1 45 110 1.986 4.29 25 

4-Chloro-3-methylphenol 3.868 0.20 5 0 77.4 45 110 4.057 4.78 25 

2-Chlorophenol 3.98 0.20 5 0 79.6 45 110 3.944 0.909 25 
1,4-Dichlorobenzene 1.814 0.20 2.5 0 72.6 45 110 1.925 5.91 25 

2,4-Dinitrotoluene 2.017 0.20 2.5 0 80.7 45 110 2.118 4.89 25 

N-Nitrosodi-n-propylam ine 1.904 0.20 2.5 0 76.2 45 110 1.818 4.62 25 

4-Nitrophenol 4.368 0.20 5 0.1655 84.1 45 110 4.271 2.25 25 

Pentachlorophenol 4.177 0.50 5 0.1685 80.2 45 110 4.363 4.36 25 

Phenol 3.738 0.20 5 0 74.8 45 110 3.909 4.47 25 

Pyrene 2.068 0.20 2.5 0 82.7 45 110 2.155 4.12 25 

1,2,4-Trichlorobenzene 1.933 0.20 2.5 0 77.3 45 110 1.892 2.12 25 

Qualifiers: ND • Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J • Analyte detected below quantitation limits R - RPD outside accepted recovery limits 3 



CLIENT: 
Work Order: 

Kleinfelder 

0311068 
QC SUMMARY REPORT 

Project: R·26 Laboratory Control Spike - generic 

Sample ID Ics-4645 Batch ID: 4645 Test Code: SW8270A Units: tJ9IL Analysis Date 1111412003 Prep Date 1111212003 

Client ID: Run ID: ELMO_031114A SeqNo: 226988 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 
---"""~--. 

Acenaphthene 62.17 10 100 0 62.2 43.1 89.9 0 

4-Chloro-3-methylphenol 139.5 20 200 0 69.B 44.1 93.2 0 

2-Chlorophenol 136.9 10 200 0 6B.5 20.7 98 0 

1 ,4-Dichlorobenzene 56.35 10 100 0 56.4 24.1 90.7 0 

2.4-Dinitrotoluene 72.5 10 100 0 72.5 43.2 101 0 

N.Nitrosodi-n-propylamine 63.65 10 100 0 63.6 44.6 99.9 0 

4-Nitrophenol 75.44 50 200 0 37.7 11 57.5 0 

Pentachlorophenol 143.5 50 200 0 71.7 8.65 105 0 

Phenol 73.65 10 200 0 36.B 21.1 55.3 0 

Pyrene 77.63 10 100 0 77.6 35.7 111 0 

1.2,4-Trichlorobenzene 56.94 10 100 0 56.9 30.2 89.6 0 

Sample ID Icsd-4645 Batch I D: 4645 Test Code: SW8270A Units: tJ9/L Analysis Date 11/1412003 Prep Date 11/1212003 

Client ID: RunlD: ELMO_031114A SeqNo: 226989 

Analyte Result PQl SPK value SPK Ref Val %REC lowLimit HighLimit RPD Ref Val %RPD RPDLimit Qual 
-----_ .._-

Acenaphthene 54.69 10 100 0 54.7 43.1 89.9 62.17 12.8 30.5 

4-Chloro-3-methylphenol 12B.2 20 200 0 64.1 44.1 93.2 139.5 8.44 28.6 

2-Chlorophenol 131.2 10 200 0 65.6 20.7 98 136.9 4.28 107 

1 ,4-Dichlorobenzene 53.18 10 100 0 53.2 24.1 90.7 56.35 5.78 62.1 

2,4-Dinilrotoluene 63.18 10 100 0 63.2 43.2 101 72.5 13.7 14.7 

N-Nilrosodi-n-propylamine 59.44 10 100 0 59.4 44.6 99.9 63.65 6.83 30.3 

4-Nitrophenol 66.85 50 200 0 33.4 11 57.5 75.44 12.1 36.3 

Pentachlorophenol 134.3 50 200 0 67.2 8.65 105 143.5 6.59 49 

Phenol 70.23 10 200 0 35.1 21.1 55.3 73.65 4.76 52.4 

Pyrene 72.62 10 100 0 72.6 35.7 111 77.63 6.67 16.3 

1.2.4-Trichlorobenzene 54.68 10 100 0 54.7 30.2 89.6 56.94 4.05 36.4 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 4 
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CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Laboratory Control Spike - generic Project: R-26 

Sample 10 

Client 10: 

LCS-4705 Batch 10: 4705 Test Code: SW7470 Units: mg/L 

Run 10: MI·LA254_0311218 

Analysis Date 11/21/2003 

SeqNo: 228480 

Prep Date 11/21/2003 

Analyte Result PQl SPK value SPK Ref Val %REC lowUmit HighUmit RPO Ref Val %RPO RPOUmit Qual 

Mercury 0.005 0.0020 0.005 0 100 80 120 0 

Sample 10 LCSD-4705 Batch 10: 4705 Test Code: SW7470 Units: mg/L Analysis Date 11/2112003 Prep Date 11/21/2003 

Client 10: Run 10: MI-LA254_0311218 SeqNo: 228481 

Analyte Result PQl SPK value SPK Ref Val %REC LowUmit HighUmit RPO Ref Val %RPO RPOLimit Qual 

Mercury 0.005 0.0020 0.005 0 100 80 120 0.005 0 20 

Sample 10 LCS-4697 Batch 10: 4697 Test Code: SW1311/6010 Units: mg/L Analysis Date 11/211200310:52:53 A Prep Date 11/20/2003 

Client 10: Run 10: ICP _031121A SeqNo: 228324 

Analyte Result PQl SPK value SPK Ref Val %REC lowUmit HighUmit RPO Ref Val %RPO RPOUmit Qual 

Arsenic 0.4495 5.0 0.5 0 89.9 80 120 0 

Barium 0.4528 100 0.5 0 90.6 80 120 0 

Cadmium 0.4496 1.0 0.5 0 89.9 80 120 0 

Chromium 0.4673 5.0 0.5 0 93.5 80 120 0 

lead 0.4434 5.0 0.5 0 88.7 80 120 0 

Selenium 0.449 1.0 0.5 0 89.8 80 120 0 

Silver 0.4537 5.0 0.5 0.007017 89.3 80 120 0 

Qualifiers: ND - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

J - Analyte detected below quantitation limits R - RPD outside accepted recovery limits 5 



-- ---

CLIENT: Kleinfelder QC SUMMARY REPORT 
Work Order: 0311068 

Laboratory Control Spike Duplicate Project: R-26 

Sample ID LCSD-4697 Batch ID: 4697 Test Code: SW1311/6010 Units: mg/L Analysis Date 11/211200310:56:46 A Prep Date 11/20/2003 

Client ID: Run ID: rcp_031121A SeqNo: 228325 

Analyte Result PQl SPK value SPK Ref Val %REC LowLimit RPD Ref Val %RPD RPDLimit QualHiQhLimit 

Arsenic 0.456 5.0 0.5 0 91.2 80 120 0.4495 0 20 
Barium 0.4592 100 0.5 0 91.8 80 120 0.4528 0 20 
Cadmium 0.4507 1.0 0.5 0 90.1 80 120 0.4496 0 20 
Chromium 0.4723 5.0 0.5 0 94.5 80 120 0.4673 0 20 
Lead 0.4423 5.0 0.5 0 88.5 80 120 0.4434 0 20 
Selenium 0.4568 1.0 0.5 0 91.4 80 120 0.449 0 20 
Silver 0.4608 5.0 0.5 0.007017 90.8 80 120 0.4537 0 20 

Qualifiers: NO - Not Detected at the Reporting Limit S - Spike Recovery outside accepted recovery limits B - Analyte detected in the associated Method Blank 

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

, f 1 '! ! ~.~ ~ I' 
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Hall Environmental Analysis Laboratory 

Sample Receipt Checklist 

Client Name KLEIN Date and Time Received: 11110/2003 

Work Order Number 031106VJ Received by AT 

Cheddl,' rompl""'" by ~~,_--;-_-"I / / DI__O~J"",--__ 
Signature 	 Date 

Matrix 	 Carrier name Client drop-off 

,oM 

Shipping container/cooler in good condition? Yes ~ NoD Not Present 0 

Custody seals intact on shipping container/cooler? Yes No Not Present Not Shipped ~ 

Custody seals intact on sample bottles? Yes NoD N/A 

Chain of custody present? Yes ~ No 

~jji Chain of custody signed when relinquished and received? Yes ~ No 


Chain of custody agrees with sample labels? Yes No~ 


Samples in proper container/bottle? Yes ~ NoD 


Sample containers intact? Yes ~ No 


Sufficient sample volume for indicated test? Yes ~ NoD 


All samples received within holding time? Yes ~ No 


Water VOA vials have zero headspace? 
 No VOA vials submitted Yes ~ No 


Water - pH acceptable upon receipt? Yes No N/A [;l] 


ContainerfTemp Blank temperature? 14° 	 4° C::\: 2 Acceptable 


If given sufficient time to cool. 


COMMENTS: 

Client contacted Date contacted: Person contacted 

Contacted by: Regarding 

Comments: 

._-----------------------------_._----_._---

Corrective Action 

-----------------------_..__..__.._--------------



HALL ENVIRONMENTAL 
ANALYSIS LABORATORY 
4901 Hawkins NE. Suite 0 
Albuquerque. New Mexico 871 09 
Tel. 505.345.3975 Fax 505.345.4107 ~ www.hallenvironmental.com 

Accreditation Applied: 

o USACED 
CHAIN-OF-CUSTODY RECORD Other: 
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1. DEFINITIONS 

1.1 	 "Acceptance of. sample" means the determination of HEAL to proceed 
with worK following reoeipl and inspection of such sample. 

1.2 	 "CUslOmer" means the indiVidual or ""lIty who may requesllaboralory 
se':fViaes and his or Its heus. SuooesSOfS, as5ig:f\s~ and repre;entabvcs 

1.3 	 ilEAL means Hall EnvlTonmental Analysis Labor.tory il$ employees. 
servants. agenl$. and representative. 

I 4 	 "Price schedule" meal" HEAL'S standard price schedule, as .uell, 
dOCUll.",t may be ...,,,,ded from flme to time by HEAL 

1.5 	 "Resull5" mean dau. genentted by HEAL from the analysis ofon. or more 
sllmpl"" 

16 	 "Terms and Conditions" mean thes.Terms and Conditions of sale, 
including the Price Schedule, and any additions or amertdrm..1> hereto 
which are agreed to in writing by HEAL as provided in Section 1.1 

1. ORDERS 

21 	 Th. customer may order , .....,ces by submitting. written purchase order to 
HEAL, by placing' lelephon. order, wluch will be subsequently conlinn.d 
in writing, or by negotiated contract Any such order constitutes a) an 
acceptance by th.CUstomer ofHEAL'S offer!~ do busin",. with lite 
Cuslomer under thes.Term. and Conditions, and b) an agreement to be 
bound by these Terms and Conditions. The Customer', delivery of 
samples 10 HEAL constitutes the CUstonler's express assent to be governed 
by th...Terms and Conditions. HEAL reserves the right 10 refuse to 
proceed with work at any lime based upon IlJI unfuvorable cuslomer credit 
report. 

2.2 	 Any order plaoed by the Customer under Sectton 2.1 IS ,ubject to • 
rrunimum canoellation chllJge of $250 

l. PAYMENT TERMS 

3.1 	 Services performed by HEAL will be in accordanoe WlIIt prices quoted and 
later confumed in writing or as stated on the Prioe Schedule, which pnces 
are subject to chang. prriodioally willtout notioe. The Customer should 
wnfum with HEAL the cwrent price prior 10 placing an order for wolk. 

32 	 Paymenl terms are net 3() days from the date "finvoice by HEAL. All 
overdue paymenl$ Ol. subject to an additional interest and servi"" chOlge of 
one and one-half per"""t (I. S%) per month or portion thereof from the due 
date until the date ofpaym..,!. All payments shall be made in United State 
cum:ncy. 

3.3 	 The prices ,tated on the Prioe Schedule do not include any soles, use or 
other taxes unless specifically stated. Such taxes will b. added to invoice 
pri"", when required. 

4. RECEIPT or SAMPLES AND DELIVERY OF SERVICES 

4.1 	 Prior 10 HEAL'S AooeptanCie of any sample (or atler any revooation of 
Acceptance). the entire risk of loss or damage 10 such sOl"ple will remain 
with the Customer. In no event will HEAL have any responsibility or 
liability for the aolion or inaction of HEAL' S carrier shipping or deliv.nng 
any sample to or from HEAL'S premises. 

4.2 	 HEAL reserves the absolute righI, ""erCISable ot any lime to r.fuse delivery 
ot refuse to accep~ or revoke Acceptance or. any sample which in the ,,,Ie 
judgement of HEAL 0) is of unsuitable volume, b) unsuitabl. containers as 
required COl' the requested analy.... or c) may be or bewme unsuitabl. for, 
or may pose • risk in, handling, transport or processing for any health, 
nfety~ enworunentaJ Of other reason., whether or not due to the pTe$ence in 
the sample ofany hllZllfdous sul:Jotanoe and whether or not suw presenoo 
luIS been disclosed to HEAL by lite CUsklmer 

4.3 	 Where applicable, HEA L will use analytical methodologies which are in 
substantial wruormity with U.S. Environmental Prolection Agency (EPA), 
state agency, Ameriaut Society for Testing and Materials (ASTM), 
Association oCOfficial Analytical Chemist (AOAC). Standard Methods for 
the examination ofWater and Wastewater. or other rew~ 
methodologies. HEAL reserves the rigbl to deviate from these 

methodologies, if necessary or appropriate due to the nature of 
compoSition ofthe sample or otherwise based on the ....oMble 
judgement of HEAL, whiw deviation, ifany will be made on a besis 
consistent with recognized .tandllJds ofindusby and! or HEAL'S 
Standard Opef1lting Procedures. 

4.4 	 Upon tune.ly debvery of samples, HEAL will us. il$ best eff<,ru 10 

romply with storage, prooes'ing and analyti<al holding lime I"nits as ,e! 
forth in appllcable EPA or state guidelines or otherwise requested by the 
Cuslllmer or .et forth on the Prioe Schedule. However, unless 
specifically made part of. wrinen agreement between HEAl, and U,e 
Cusklmer. such time limil$ cannot be guarnntoed. Unless specifically 
indicated on Ule Price Schedule or expressly made part of. written 
agr......ent between HEAL and the Cosklme.-, analyti<allu.'llaround 
limes are not guaranteed. 

4 5 	 AI HEAL'S ,ole discretion, verbal Resull$ may be gtv1111 in advance o( 
the written report of Results. Such verbal Results are TENTATIVll 
RESULTS ONL Y, subject 10 conlinnation or change based on HEAL'S 
standllJd qu.ality assurance review procedures 

5. WARRANTIES, LIABILITY AND [NDEMNIFICATION 

5 I 	 HEAL ....,.,..,1$ only lhat il$ services will fulfiJJ obligations set forth in 
Section 4.3 and 4.4 hereof This warranty is !he sole and exclusive 
warranty given by HEAL in connection with any suw services, and 
HEAL gives and makes no oth'" representation or warranty of any kInd, 
express or implied. No representative of HEAL is authorized to give or 
make any ollter representation or warranty or mcdify lite wll1T8llty in any 
way. 	 • 

5.2 	 The liability and obligations of HEAL, and the remedies of the 
Customer in oonnection with any Services performed by HEAL will be 
limited to repeating !he services perfonned or, at the sole option of 
HEAL, refunding in full or in part f_ paid by the Customer for such 
...."ices. HEAL'S obtigation to repeat any servioes with respect to any 
sample will be contingent on the Cuslllmer' s provid.ing, at the request of 
HEAL and at the Customer', e<pEIlSe, an additional ,"",pIe if necessary. 
Any reanalysis generating Resull$ consistent with the Original Results 
will be at the Customer's ""p ...... Exoept as olherwise specifically 
provided herem. HEAL ,hall have no liability, obligation or 
responsibility of any kind for any losses. cosl>, e<pEIlSes, or oIher 
damages (induding but not limited to any 'p""'al indirect, incidental or 
consequential damages) for any representation or warranty of • kind 
with respect to HEAL'S Services or Resull$ 

5.3 	 In no event shall HEAL have any responsibility or liability 10 the 
Customer for any failure or delay in performance by HEAL. which 
resull>, directly or indirectly, in whole or in part, from any caus. or 
<ircumstance bcyond the reasonable control of HEAL. Such cause and 
wcumstanoe shall indude, but not be limited to, ads ofGod, acts of 
Customer, aru oforders of any government authority, strikes or ollter 
labor disputes, nalmal disaster., accidents, wars, civil disputes, 
diffiwlti", or de.lays in transportation, mail or delivery services, 
inability to obtain from HEAL usual sowces .ufficient servioes or 
supp."', or any other caus. beyood HEAL'S ....onabl. control. 

5.4 	 All resull$ provided by HEAL are strictly for the use ofil' Customers. 
and HEAL is in no way responsibl. for the use ofsuch results by 
Customers or third parnes. All results should be considered in th... 
entirely, and HEAL is in no way responsible for the separation, 
detachmcn~ or ollter use of any portion ofth. results. 

55 	 The customer represents and Wamtnl$lhat any s<unple debv.ntd to 
HEAL will be preoeded or aooompallied by complete wrilten disclosure 
o(th. presence of any hawdo", substances known or suspected by the 
customer The Customer furth.. wlllTlllll3 thaI any sampl. containing 
any hazardous sul:Jotance. which is to be delivered to HEAL'S premises 
will be packaged, labeled. IIansported and delivered properly and Ul 

aooordanoo with apphco.ble laws. 

56 	 It is understood and agr""o that all samples and cuttings ofmatonals 
containing hllZJ!fdous rontaminants are the properly and the 
responsibility of the (' ....tomer. All oontaminated SlllI'Iples and 
laboratory byproducts will be returned to the CUslomer for disposal. It 
is understood and agroed lItat HEAL is not, and luIS no responsibility as, 
H generator, treater I storer. or disposer ofha.za.rdous or toxic substances 
found or identified at ••ite, and the Customer: agrees to assume the 
responsibility for the foregoing. 

5.1 	 The Cuslomer ,hall indemnifY and hold hll.lllll<s. HEAL from and against 
any and ali claims, suit:s, judgeroenl$, damages, losses,liabilities. expenses, 
paymenl5, taxes. duti"" fines andlor oth.. COSI$ (induding but not limited to 
liability to a third party) arising out ofa) the presence ofbawdous 
substances in any sample ofthe Cusklmer regordleu ofthe Customer's 
compliance with p ..... graph 5.S hereofb).ocident:s oocwring during the 
transport ohoy sample of the Customer, c) event< control or d) negligence 
hy the Cuslomer in tlte use, evaluation, or application o{Resull$ provided by 
HEAL. 

5.S 	 Should any Customer sample, due to il$ matrix or constituents of il$ matrix, 
cause the operatioflS ofany HEAL instrumentation to be reduced, stopped. 
or olt..ed, HEAL is ..,titled to compensation by the Customer for any loss of 
revenue due to the instrument'. downlime, and/or the parts and labor 
necessary to bring the instrumenl$ back to its former operating condition 
The amount ofCOOtpensation is negotiable upon ~ce of lites. Terms 
and Conditions and the individual ciIcumstances W1I!f1Inting the 
reimbursement. 

Ii. ENTIRE AGREEMENT: SEVERABILITY 

6.1 	 Thes. Tenn. and CanditiOfl$, together with any additions or revisions which 
may be agreed to in writing by HEAL as provided in Sectlon 7.1, embodied 
the wholeagreernent oftheparti",. There ..... no promises,terms, 
conditions, understandings. obligations or agr<>enlenl$ other tr.an those 
oontained herebJ. ualess mad. in a"""rdance with Section 7.1: and these 
Terms and Conditions shall supersede all previous oomrrrunications, 
representations, or agreements, either verbal or writt .... between the 
CllSlIlmer and fI BAL. HEAL specifically rejects aU additional, inronsist.n~ 
or conJlicting terms, whelher printed or otherwise set forth in any purchase 
order or other oornmunica\ion from th. Custom.. to HEAL. 

6.2 	 Th. invalidity or unenforceability, in whole or in part ofany provision, term 
or condition bereof shall not affect in any way lite validity or enforceability 
ofthe remainder ofth. T..... and Cooditions, the intent ofth. parties being 
thet the provisions be ..."",ble. 

7. AMENDMENTS AND WAIVERS 

7.1 	 HEAL shall not be subject to or bound by any provision, term or condioon 
whidt is in addition to or inoonsistent or oonIIic:ting with th ..e Terms and 
Conditions. HEAL shall not be deemed III have amended or waived and 
provision, term or condition, or have given any required consenlor approval, 
or to haVe waived any breach by the CUslllmer ofany ofth...Terms and 
Conditions unl... specifically set forth in writing and ex"",ted on behalfof 
HEAL by a duly authorized offioer. No other employee, servant, ag~ or 
represenllltives of HEAL luIS any authority wlialsoever to add to, delete, a1ler 
or vary any ofthese Tenn. and Conditions in any manner, or to give any 
consen~ approval or waiver, and HEAL shali nol be bound by any $l.tCh 
purported addition, deletion, aIIeration, va.riation, consen~ approval or 
waiver. 

7.2 	 No waiver by HEAL ofany provision, I",," oroondition bereofor of any 
breach by or obligation of the Customer ber"",d .. shall constitut. a waiver 
of sudi provision. term or condition on any other ()OC;II$jon or a waiver of 
any other breach by or obligation of the Cuslomer. 

•• SAMPLE STORAGE 

8.1 	 Bull:: s.mples will be retained for thirty (3G) days after the analytical report 
luIS been issued unless alterna'" arrangements have been made in advance 
Storage of 'lImples or extracts Cor longer periods is by requesl only. Sample 
storage charges depend upon storage requinsn_ and duration. Nominolly. 
a sample storage fee ofS5.GO per sample, per monllt will be billed monthly 
unless oth"'lll1IIlllements are made. If requested, unused sample material 
may be returned .1 the client's expense. Materials, which are identified as 
hazardous, will be returned to the client or disposed ofas hazardous waste 
and billed at thelllte of$25.oo per sample. HEAL reserves th.right to 
retum all dibenwdioxinsldibenzofurans 10 lite client. 

9. SE(''T!ON HEADING 

9.1 	 The section headings ofthese Terms and Conditions are intended solely for 
conv....ent reference and shall nol define, limit or .ro.ot in any way These 
Tenns and COOditiOflS or their intl!lpnllations. 

10. GOVERNING LAW 

10.1 	 These Terms and Conditions, and transaction or agreernen~ to which they 

apply, shall be governed both as 10 interpretation and performance by the 

laws ofth. State of New Mexioo. 
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1116/04 HEAL Results - Order No. 0312130 
(A. Freeman) 
Project No: 37151 - Task No. 13.9 
FIN: 4.1 Rev: 0 Hall Environmental DeN: ALB04TD002 Copy. 0 

Analysis Laboratory 

COVER LETTER 

January 16, 2004 

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

RE: R-26 Characterization Well Order No.: 0312130 

Dear Mark Everett: 

Hall Environmental Analysis Laboratory received 1 sample on 12112/2003 for the analyses 
presented in the following report. 

These were analyzed according to EPA procedures or equivalent. 

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

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

Sincerely, 

Andy F eman, Busine nager 
Nancy McDuffie, L ratory Manager 

Andy Freeman 
JAN 2 0 2004

Business Manager 

4901 Hawkins NE, Suite A, Albuquerque, NM 87109' 505.345-3975, Fax 505.345-4107 



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

Certificate of Analysis 


Company: Hall Environmental Analysis Labs 
Address: 4901 Hawkins Ne 

Suite D 
Albuquerque, New Mexico 87109 Report Date: January 15,2004 

Contact: Nancy McDuffie 

Project: Han Environmental Page of 2 

Client Sample ID: 
Sample ID: 

R-26 Cuttings 
103826001 

Proiect: 
Client ID: 

HALLOO 103 
HALLOO I 

Matrix: Soil 
Collect Date: 12-DEC-03 14:00 
Receive Date: 16-DEC-03 

Parameter Qualifier Result DL RL Units DF Time Batch Method 

C-MSIMS Explosives 

SW846 8321A Modified Explosives by LC-MSIMS 
1,3,5-Trinitrobenzene U ND 
2,4,6-Trinitrotoluene U ND 
2,4-Dinitrotoluene U ND 
2,6-Dinitrotoluene U ND 
2-Amino-4,6-dinitrotoluene U ND 
4-Amino-2,6-dinitrotoluene U ND 
HMX U ND 
Nitrobenzene U ND 
RDX U ND 
Tetryl U ND 
m-Dinitrobenzene U ND 
m-Nitrotoluene U NO 
o-Nitrotoluene U ND 
p-Nitrotoluene U ND 

9,86 
7.68 
10,0 
8,90 
15,0 
19.1 
40,0 
20.3 
9.35 
16,7 
10.7 
23,8 
26.5 
80,0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80,0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 

JLW 01109/04 1745302199 

!JP-

The following Prep Methods were performed 
Method Description 

SW846 8330 PREP 

SW846 8330 PREP 

8330 EXPLOSIVES BY HPLC Prep in soil 

SW846 8330 Explosives Extraction in Solids 

Analyst 

KXV1 
KXVI 

Date 

12121/03 

12121103 

Time 

1100 

1100 

Prep Batch 

298568 

302198 

The following Analytical Methods were performed 
Method Description Analyst Comments 

SWS46 832IA Modified 

2 SW846 8321A Modified 

SurrogatefTracer recovery Test 
---

Recovery%--------------------------
Acceptable Limits 

1,2-dinitrobenzene SW846 8321A Modified Explosives by LC-MSIMS 55 * (63%-119%) 

Notes: 
The Qualifiers in this report are defined as follows: 

< Result is less than amount reported, 
> Result is greater than amount reported. 
B Target analyte was detected in the sample as well as the associated blank. 
BD Flag for results below the MDC or a flag for low tracer recovery, 

1/3 
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GENERAL ENGINEERING LABORATORIES, LLC 
2040 Savage Road Charleston SC 29407 • (843) 556-8171 - www.gel.com 

Certificate of Analysis 

Company: Hall Environmental Analysis Labs 
Address: 4901 Hawkins Ne 

Suite D 
Albuquerque, New Mexico 87109 Report Date: January 15,2004 

Contact: Nancy McDuffie 

Project: Hall Environmental Page 2 of 2 

Client Sample ID: R-26 Cuttings Proiect: HALLOO 103 
., Sample ID: 10382600)'- ___________C'-l::..ie..;;..nt;..;.I.;;;.D_:---.:;HAL=-==L=.cO:...;:;O.:;.l________ 

Parameter Qualifier Result DL RL Units DF AnalystDate Time Batch Method 

E Concentration of the target analyte exceeds the instrument calibration range. 
H Analytical holding time exceeded. 
J Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit. 

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

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

Where the analytical method has been performed under NELAP certification, the analysis has met all of the 
requirements of the NELAC standard unless qualified on the Certificate of Analysis. 

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

.. , 	 Reviewed by 

2/3 
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Hall Environmental Analysis Laboratory 

Sample Receipt Checklist 

Client Name KLEIN Date and Time Received: 

/'~7 /) J Received by 

Checklist completed by --~-_L$;::L~~__l~LaLD 
Signature' Dale 

Work Order Number 0312130 AT 

Matrix Carrier name Client drop-off 

Shipping container/cooler in good condition? NoD Not Present 

Custody seals intact on shipping container/cooler? 

Yes ~ 

Yes 0 No Not Present 

Custody seals intact on sample bottles? Yes 

Chain of custody present? Yes ~ 

Chain of custody signed when relinquished and received? Yes ~ 

Yes ~ 

Yes ~ 

Yes 21 

Yes 21 

Yes 21 

Chain of custody agrees with sample labels? 

Samples in proper container/bottle? 

Sample containers intact? 

Sufficient sample volume for indicated test? 

All samples received within holding time? 

Water - VOA vials have zero headspace? 

Water - pH acceptable upon receipt? 

ContainerlTemp Blank temperature? 

COMMENTS: 

No VOA vials submitted ~ 

Yes 0 

NoD 

No 

No 

No 

NoD 

No 

NoD 

NoD 

Yes 0 

NoD 

N/A 

NoD 

N/A ~ 

4° C ± 2 Acceptable 

If given sufficient time to cool. 

0 

1211212003 

Not Shipped ~ 

... 

.., 
-

Client contacted 

Contacted by: 

Date contacted: 

Regarding 

Person contacted 

-

Comments: 

----------- ~-------.----.----------------------------------------------------------------------

Corrective Action 
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methodologies. ifnecessary or appropriate due to the nature of 5.1 The Customa: shall indentnilY and hold harmless HEAL ftom md against 

I. DEfINITIONS 
oomposilion ofthe sample or otherwise based on the reasonable 
judflanent of HEAL. which deYiation, if any will be made on a basis 
oonsistent with rcoopized standards orindustry andI or HEAL'S 

my and aU daims, suits,judrcments, damages,losses.1iabilities, """"""'" 
payments,lax'" duties. lines andIor otbs oosIs (including bill not limited (a 

tiability to a third ptII1y) IIrisins out ofa) 111. presence ofhazanlous 

I. I «Acceptance of. sample" means the d<Iennin.tion ofHEAL to ~ 
with wolk folJowm, receipt and inspection ofsudl sample. 4.4 

Standard Operatina Prooodures. 

Upon timely delivery ofsamples, HEAL will use its best effi>rIs to 

,ut.tances in any .ampIe ofthe CusIDmer ~ess ofthe CusIoms's 
oomplianoewith Plll1lgraph S.5 hereofb) aa:idents a<:aming durina the 
transport ofany sample ofllle Customer. e) ....ents oonIrol, or d) nerligence 

1.2 "Custolll4" means the indMdual or ...tiIy who may request laboralory 
."",ices and his or its heirs, .""""".on. assips. and represontalives. 

comply with stonge, proooss.,. and analytical boldm, time limits as sd 
forth in applicable EPA or .tate guidelines or otherwise requested by the 
Customer or set forth on the I'rioo Schedule. However, unless 

by the CustoIIl4 in the use, ....aluatiDn, or application ofResults provided by 
HEAL. 

I.) 

1.4 

15 

HEAL I11<8I1II HaU Enrironmenlal AnoIysis Laboratory its employees. 
servanls. 8j!<111s.md """.....tative. 

"Pri<e schedule" meoms HEAL' S standard price sd1edule. as sud!, 
document may be arneIlded from time to time by HEAL. 

"Results" mean datageneraled by HEAL from the analysis ofone or more 
samples. 

4.5 

specifiailly made part ofa writt... agreement betw..... HEAL md the 
CusIoIIl4, sudl time limits cannot be guaranteed. Unless specific:a1ly 
indicated on the I'rioo Schedole or ""P""sly made port ofa written 
epoement between HEAL and the Customer, analytical turnaround 
times are not guaranteed. 

AI HEAL'S sale disaetion, verbal Results may be given in advance of 
the written report ofResuIt8. SUch verbal Resu1t8 are TENTAllVE 
RESULTS ONL Y, ,ubject 10 cat6nnation or dwtge based on HEAL'S 

5.8 Should any Custom« sample, due 10 its ll1.IIlri>< or oonstituents orits matrix, 
ca_ the operations orony HEAL instrumentation to bereduoed, stopped, 
or altered, HEAL is entitled to oompensation by the Customer for any 10$, of 
"",enue due to tho instrument's downtime, andIor the parts and labor 
necessary to brina the instruments bad: to its former ope:ratina oondition. 
The amount of """'P""'ation is neron.ble upon ta:ep1anOe orthese TCI1lI5 
and Conditions and the individual cirwmstanoes warIlIIIlinr the 
reimbursoment. . 

1.6 ''Term. and Cooditions" mean 1IIese T ...... md ConditiOl1ll ofsalo. 
standard quality assmanoe r ......... prooodures 6. ENTIRE AGREEMENT: SEVERABILITY 

includint! the I'rioo Schedule, and any additions or lII1ICndments h«eto 
which are al!l"">l to in writina by HEAL as provided in &:<:lion 1.I 

5. WARRANTIES. LIABILITY AND INDEMNIFICATION 6.1 These Tetms and Conditions,togeth. with any additions or revisions which 
may be ........ to in writina by HEAL as provided in Section 1.I. embodied 

1. ORDERS 

S. I HEAL warrants only that its .ervices will fulfill obligations sol forth in 
Section 4.) and 4.4 h...eof. Tbi& warranty is the .ole and ""c\usive 
_ty given by HEAL in <:OIlIlI><lIion with any sudlservices, and 

the whole epoement ofthe porties. There ore no promises, tenns. 
oonditions, understandinas. obliptions or as-ments otbs tr.lU1 those 
oontained h...m, unless made in a<lCOIdanoe with s...wn 1. I; and these 

2.1 The cusloma: may order .ervices by submitting a writt ... (>lU'dlue order to 
HEAL, by PIa<:iriB a telepbone order, which will be subsequendy cat6nned 
in writin& or by negotiated COI1lI'1Wt. Any sudl order constiIutes a) an 
acceptance by the Custom... ofHEAL'S all... to do business with the 

HEAL gives and makes no other representation or wamnty ofany kind, 
"""ress or implied. No representative ofHEAL is authoriz<>:llo give or 
make any other"",,_tion or warranty or modlJY the warranty in any 
way. . 

Terms and Conditio!u ahaIlsupmede aU previous communications, 
representstions, or "8fC"IlIents. either verbal or writtaI. b_een the 
Customer and HEAL. HEAL speci.6c:a11y ~ecIs all additional. inoonsisten~ 
or oonlIicting t....... whether printed or otherwise sd forth in any (>lU'dlue 
order or other oommunication liom the CusIDmer to HEAL. 

C_UI)d'" these Terms and Cooditions, and b) m as-ment to be 
brond by these Terms and Conditions. The Custama-. s detivery of 
samples 10 HEAL oonstitutes the CustOlll4" """"'" as,ent to be govc:med 
by these Terms and ConditiOl1ll. HEAL res..-ves the liiht to refuse to 
proceed with wort at any time based upon m mmvonble custom ... credit 
report. 

5.2 The liability and oblipt:ions ofHEAL, and the remedies orllle 
CuslDmer in <:OIlIlI><lIion with any"""""'" pcrfosmed by HEAL will be 
limited to r",,""tina the se:rvi<:es perfumed or. lillie sole option of 
HEAL. relilndins in full or in part r_ paid by the Custom« for sudl 
services. HEAL'S obligation to repeat any aerYiceo with respe<t to any 
sample will be oontirJpnt on the CusIDmer' s Providin& at the roquest of 

6.2 The invalidity or unenforceability, in whole or in port orany prowision, term 
or oondition h...eof.haIl not oIfect in my way the validity or enforceability 
of the remainder ofthe Terms and Condiliolls. the intent ofthe patti'" beina 
that the provisicmol be _hie. 

2,2 Any order plaoed by the CusIoIIl4 under S...wn 2. I is subject to • 
minimum canoeIlation charge 0($250. 

HEAL and at the Customer's expaISe, an additional sample if_sary. 
Any reanalysis generatina Results oonsistent with the 0ritIinaI Resu1t8 
will be II the Customer's ""palSe. Except as otberwise speci1iailly 

7. AMENDMENTSANDWAJVI:RS 

1.1 HEAL shaU not be subject to or bound by any provision, term or oondition 

l. 

). I 

PAYMENTTEKMll 

Servi... perfumed by HEAL will be in a<lCOIdanoe with prioos quoted and 
later conDrmed in writina or as stated on the I'rioo Schedule, wItid:I pri<es 
are subject to dwJ8e periodic:a1ly without notioe. The Customa: should 
oonfirm with HEAL the _ price prior to P""'ina m order for wort. 5.) 

provided h...m, HEAL shall have no liability. obligation or 
responsibility of my kind for any 10$.... oosls, expenses, or other 
damages (indudm, but not limited to any special, indirect. incidenlal or 
oonsequential dam"",,) for any represenlation or warranty of. kind 
with respe<t to HEAL'S s.mc.. or RsulIs. 

In no .... ent shaU HEAL have any responsibility or liability to the 

which is iri addition to or inoonsist ...t or oonlIicting with these TCI1lI5IU1d 
Conditions. HEAL shall not be deomed to have amended or waived IU1d 
provision, tCUll or oonclition. or have given any required oonse:rt or approvol, 
or to have waived any breach by the Customer ofany ofthese Terms and 
Condilions unless spcrilicaIly sd forth in writina and """""ted on bdlalfof 
HEAL by a duly authorized oflicer. No otite:r e:rnpIoyee, """"",I, agent or 
representatives of HEAL has any authority whatsoever to add 10. delete, alter 

).2 Paymell t...... are MilO days ftom the date ofinvoice by HEAL. All 
overdue payments are subject 10 an additional interest and service charge of 
one and OI1&-half_t (1.5%) per month or portion thonoffrorn the due 
dale unlil the date ofpaymad. AD paymonts shaU be made in United State 
a.JIlenoy. 

Customer for any failure or doLly in pcrfOlllllll1<le by HEAL. wbich 
result8, direa!y or indi.recIIy, in whole or in part, from any ca_ or 
cirwmstaooo beyond the rouonabIe oontrol ofHEAL. Sudlcaus. and 
cirwmstance shall include, but not be limited to, lids ofGod, lids of 
Customer, lids of orden ofmyI_I authority. Blrites or other 
labor disputes, natural disaston, "","dents, ...... civil disputes, 1.2 

or wry any ofthese Terms and Conditions in any manner, 01' 10 give any 
oonsem, approval or waiv•• and HEAL shall not be bound by any such 
pwported addition, deletion, aIIer11ion, variation, -I, approval or 
waiver. 

No waiver by HEAL ofany proYision, term or condition hereof or orany 

).) The prices staled on the Ptico Sdledule do not indude any sales, _ or 
other !aXes unless specilicalIy staled. Sudllaxes will be added to invoice 
prioos when required. 

diffirulties or ddays in tnnaportation, mail or delivery.."ioes, 
inability to obtain from HEAL uswd aoim:eo sulIieient services or 
supplies. or my 01ller c:ause beyond HEAL'S reasonable oonb'ol. 

""""'" by 01' obIiption ofthe CustOlll4 b~ shall oonstitute a waiver 
ofsudl proYision, term or oondition on any other oooasion or a waiver of 
any other """"'" by or oblirlllion ofthe Customer. 

•• RECEIPT orSAMPLU AND DELIVDY or SI:RVlCU 
S.4 All rsuIIs provided by HEAL are stJ::\cdy for the _ orits CusIomcn. 

and HEAL is in no way responsibIo for the use ofJUdI results by 
S. SAMPLE STORAGE 

4. I Prior to HEAL'S AoceptiInce ohllY ample (or aft. any _ocati<III of 
Aoceptanoo). the entire risk ofloss or damaiIe to JUdI-.pIewill remain 
with the Customer. In no event will HEAL have any responsibility or 
liability for the action or inaotiorI of HEAL'S carrier slUppm, or delive!inB 
any sample to or iI'om HEAL'S promises. 

S.5 

CusIomcn or third parties. All rsuIIs should be oonsidered in their 
entirely, and HEAL is in no way respmsiIlle ror IIIe sq>anIIion,
detadlment. or other _ ofUly portion ofthe results. 

The custom« represents and wunnts diet any sample dctivered to 
HEAL will be ~ or accompanied by oomplde written diJaIosure 

S. I BuD: samples will be reIliined for thirty (30) days after the analytical. report 
has ~ issued unless aIlernaIe iIfPIIII'IIIIle have ~made in odvance. 
St""'F of_Ies or _ for lortp' periods is by request only. Sample 
lIItnge charges depend ...... lIItnge requirements and linOoIl. Nominally. 
alllfllPlellltnge fee of$5.00 per sampI!\. per month will be billed monthly 
unless other attIII1geIIIent are made. Ifrequested, lIIlU8ed umple matcritl 

4.2 

4.) 

HEAL __ the absolute rit!ht. oxaciMbIo II any lime10 refuse delivery 
o~ refuse to 1OCClC'PI. or revobo AcccpIanCe or. any IIIflIPIe wbich in the sole 
jwJaem<ntoCHEAL a) is of_uibbIe volume, b)unsuitlIbieoontainers as 
I1Iq'Ilired for die NqIIe5Ied IIJIIIysia, or 0) may be or beoome WlSIIitabie for, 
or may pose a risk in, handlirl& \nUISpOrI or pn1OOI8ing for any heaIIh, 
safdy, environmental or other RlUOII, whah<r 01' not due to the PfCS'IIOO in 
the umple of any hazardouIsullo1anco and wbedI« Of' 1104 sudl prco...... 
has ~ disdosed to HEAL by the Customer. 

Where applicable, HEAL will ....anaIyticaI'~ wItid:I are in 
•ubItanIiaI conformity with U.S. EnviIonmentai ProIlICIion Ageooy (EPA), 
slatelJlCl'lCY, AmCI'ican SocIety for TIBIina and MaIeriaIs (ASTM), 
Assoaation ofOfficial Analytical Chemist (AOAC). Standard Methoda ror 
the.......mation ofWiler and Woatewate:r. or other rcoopized 
methodolot!ies. HEAL reserves the riP! to deviate from these 

S.6 

ofthe presenoo ofany hawdouI sOOstanccs!mown or suspected by the 
custom.. The Custom4I'IIuIber WII11IIIIs that any sample oontaininr 
any haDrdous substance, which is to be ddiwred to HEAL' S pR2llises 
will be padaIaed, labeled, InInIported and dolivered properly and in 
accordance with appticable ..... 

It is understood 811d ........ that all_1es and c:utIinp ofmateriels 
00I1IaininI hawdouI"",,1M1inonts n the property and the 
responsibility ofthe Customer. Alloonllmitlated_"and 
laboratory bypro<lJcU will be Rtumed 10 the CusIm!« rill' disponl It 
is understood and ........ diet HEAL is not, and has no respcnaibility as• 
all"ftlnlor. tr_.lIIonI'. or dispoHr ofhaDrdtlus «toxic substances 
found or idIhIified II a lite, and the CusIm!« IIIeeI to assume the 
responsibility for tho f""WOinl. 

may be Rtumed at the client', 0I<p<IIIH. Matorials. which are idIhIified as 
bazardoos, will be r<mmed 10 the client or disposed ofas hazardous waste 
and billed II the nte 0($2 S.OO per _Ie. HEAL reservesllleriaht to 
!dUm all dibenzodioxin&Idibemolilrans to the client. 

,. SECTION IU.ADING 

9.l Theaeolion~oftheseT...... and Ccnditions lII'IIinlended solely for 
~noIienceand shall not define, limit Of' aft'...t in any way These 
Terms and Conditio!u or their in~. 

10. GOVERNING LAW 

10.1 TheseTerms and Conditions, md lXlmsIdionoragreomem, 10 which they 
apply••baIl be Bovomed both as to int'"J"'Dtion and pcrformeIIce by the 
laws o.(the State ofNow Mexico. 
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Activities Planned for We)) R-26 Compared with Work Performed 


I 

,.1 

"" 

".. 

"" 

Activity 
"Hydrogeologic Workplan" 

(LANL 1998, 59599) 
R-26 SAP 

(LANL 2003) 
R-26 

Actual Work 
Planned Depth 100 to 500 ft into the regional aquifer 1414 ft TD of approximately 100 ft 

through regional water table. Regional 
water table expected at -1314 ft. 

Total drill depth 1485' ft bgs 

Drilling Method Methods may include, but are not 
limited to HSA, air
rotaryJOdexlStratex, air-
rotary/Barber rig, and mud-rotary 
drilling 

Fluid-assisted, open-hole, air -rotary 
drilling 

Fluid-assisted, open-hole, air- rotary, 
air-rotary casing hanuner and mud 
rotary drilling 

Amount of Core 10% ofthe borehole In R-26, the core target depth is 250 ft. Total core depth 250 ft bgs, through 
60 ft of alluvium and 190 ft into the 
Tshirege Member of the Bandelier 
Tuff I 

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

Log to be prepared from core, cuttings, 
geophysical logs and drilling 
performance 

Same as SAP. Note that the log was 
prepared from core samples to a 
depth of 105 ft bgs. 

Number of Water A water sample may be collected If perched water is encountered within One water samples was obtained 
Samples Collected for from each saturated zone, five zones the unsaturated zone, one groundwater from the shallow perched zone at 240 
Contaminant Analysis assumed. The number of sampling 

events after well completion is not 
specified. 

sample will be collected within up to 
three perched zones. Groundwater 
samples will be collected within the 
regional aquifer at the regional water 
table and at the borehole TO, if 
feasible. 

ft bgs in the core hole. Two samples 
were collected from the water zone at 
604 ft bgs in the deep borehole. 

Water Sample Initial sampling: radiochemistry I, II, Groundwater will be analyzed for Same as SAP 
Analysis and 1II, 3H, general inorganics, stable 

isotopes, VOCs, and metals. 
Saturated zones: radionucIides 
(tritium, strontium-90, cesium-137, 
americium-241, plutonium isotopes, 
uranium isotopes, gamma 
spectrometry, and gross alpha. gross 
beta, and gross gamma), stable 
isotopes (hydrogen, oxygen, and in 
special cases nitrogen), major ions 
(cations and anions), trace metals, 
and trace elements. 

perchlorate, low-detection tritium, 
gamma spectroscopy, americium-241; 
plutonium-238; plutonium-239, 240, 
strontium-90; technetium-99; uranium
234; uranium-235; uranium-238; 
bromide, chloride, fluoride, nitrate, 
nitrite, oxalate, phosphate, sulfate, 
uranium, target analyte list metals, and 
stable isotopes of hydrogen, oxygen, 
and nitrogen. 

Water Sample Field 
Measurements 

Alkalinity, pH, specific conductance, 
temperature, turbidity 

Carbonate alkalinity, pH, specific 
conductance, temperature, turbidity 

pH, specific conductance, 
temperature, turbidity 

Number of 
Core/Cuttings 
Samples Collected for 
Contaminant Analysis 

Twenty samples of core or cuttings to 
be analyzed for potential contaminant 
identification in each borehole. 

A minimum of two samples will be 
collected from each saturated zone 
encountered during drilling, ifpossible. 

Samples core/cuttings were 
submitted for analysis from Thirteen 
intervals. 

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

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

I 

Bromine, chlorine, fluorine, iodine, 
nitrate, nitrite, oxalate, phosphate, 
sulfate, perchlorate, arsenic, strontium, 
uranium, aluminum, calcium, iron, 
magnesium, manganese, sodium, 
potassium 
180/160 
2H/1H 

nitrogen, isotopes tritium 

americium-241 

plutonium-238 

plutonium-239,240 

strontium-90 

technetium-99 

uranium-234 

uranium-235 

Same as SAP 

.. 

KA Project No. 37151 G-l February 2004 

Draft 
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Activities Planned for Well R-26 Compared with Work Performed 


Activity 
"Hydrogeologic WorkplllD" 

(LANL 1998,59599) 
R-26 SAP 

(LANL2003) 
R-26 

ActulllWork 
uranium-23S 
gamma spectroscopy 

Laboratory Hydraulic- Physical properties analyses will be Up to 8 samples to be selected for Same as SAP 
Property Tests conducted on 5 core samples and will 

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

laboratory hydraulic testing. In 
addition, core will be sampled for 
anions, moisture content and stable 
isotopes at 13 depths, from 10 to 250 ft 
bgs, to estimate recharge rates. 

Geology Ten samples of core or cuttings will 
be collected for petrographic, X-ray 
fluorescence (XRF) and X-ray 
diffraction (XRD) analyses 

The geology task leader will determine 
the number of samples for 
characterization of mineralogy, 
petrography, and geochemistry based 
on geologic and hydrolOgic conditions 
encountered during drilling. 

Seven samples characterized for 
mineralogy, petrography, and rock 
chemistry 

Geophysics In general, open-hole geophysics 
includes caliper, electromagnetic 
induction, natural gamma, magnetic 
susceptibility, borehole color 
videotape (axial and sidescan), fluid 
temperature (saturated), single-point 
resistivity (saturated), and 
spontaneous potential (saturated). 
In general, cased-hole geophysics 
includes: gamma-gamma density, 
natural gamma, and thermal neutron. 

Typical wireline logging service as 
planned: open-hole geophysics 
includes array induction imager, triple 
lithodensity, combinable magnetic 
resonance tool, natural gamma, natural 
gamma ray spectrometry, epithermal 
compensated neutron log, caliper, full-
bore formation microimager, elemental 
capture spectrometer and borehole 
video. 

In general, cased-hole geophysics 
includes triple lithodensity, natural 
gamma, natural gamma spectrometry. 
epithermal compensated neutron log, 
elemental capture spectrometer. 

Compensated Neutron Tool: 
Cased 500 -1005jt bgs 
Open 70-985 ft bgs, 1005 -1481 ft 
bgs 
Triple Litho-Density: 
Cased 500  1005ft bgs 
Open 70-985ftbgs, 1005 1481 ft 
bgs 
Array Induction Tool: 
Cased 500  1005 ft bgs 
Open 70-979ft bgs, 1005 -1476ft 
bgs 
Elemental Capture Spectroscopy: 
Cased 500 -1005 ft bgs 
Open 70-981 ft bgs, 1005 -1477ft 
bgs 
Natural Gamma Spectroscopy: 
Cased 500  1005 ft bgs 
Open 70-979ft bgs, 1005 -1460ft 
bgs 
Combinable Magnetic Resonance: 
Open 100 -967ft bgs, 1050 1464ft 
bgs 
Full-bore Formation Micro Imager: 
Open 450 -985ft bgs, 1005  1483jt 
bgs 

Water-Level 
Measurements 

Procedures and methods not 
specified in "Hydrogeologic 
Workplan" 

Water levels will be determined for 
each saturated zone by water-level 
meter or by pressure transducer. 

Water level meter (sounder) used to 
measure zones of perched saturation 
and the regional water table 

Field Hydraulic-
Property Tests 

Not specified in hydrogeologic work 
plan 

Slug or pumping tests may be 
conducted in saturated intervals once 
the well is completed. 

Pending 

Shallow Piezometers Not specified in hydrogeologic work 
plan 

Not specified in SAP Two piezometers were installed in 
the core borehole at depths of250 
and ISO ft bgs. 

Surface Casing Approximately 20-in outer diameter 
(0.0.) extends from land surface to 
IO-ft depth in underlying competent 
layer and grouted in place. 

IS-in 00 schedule 40, low carbon steel 
casing will be insta1led as deep as 
possible below ground level (nominally 
35-40 ft bgs) and will extend approx 3 
ft above the ground surface and 
cemented into place. 

13 %-in 00 steel casing set at 70' 
and 9 O/O-in 00 steel casing set from 
oto 1005 ft bgs, removed during well 
construction 

Minimum Well 
Casing$ize 

6.625-in O.D. 5-in 0.0. x 4.5-in ID 5-in 00 (4.46-in ID) stainless steel 
casing with external couplings 

Well Screen Machine-slotted (O.OI-in) stainless-
steel screens with flush-jointed 

Well screen shall be constructed with 
mUltiple sections of 5.56-in 0.0. pipe 

5.27-in 00, rod-based stainless-steel 
screen with a 0.020-in slot size on the 

KA Project No. 37151 0-2 February 2004 
Draft 



Well R-26 COjmm:emm 

Appendix G 


Activities Planned for Well R-26 Compared with Work Performed 


"Hydrogeologic Workplan" R-26 SAP R-26 

Activity 
 (LA..,\'L 2003) Actual Work 

threads; number and length of 
(LA1\"L 1998, 59599) 

based stainless-steel screen, with a lower screen and 0.01 O-in slot size on 
screens to be determined on a site- 0.02-in slot size the upper screen. 
specific basis and proposed to 
NMED 

Sump 5-in-diameter stainless steel casing, 30 5-in OD stainless-steel casing, 34 ft 
ft long. 

Stainless-steel casing with an end cap 
long, with end cap. 

Backfill A bentonite chip and sand mix will be A 75:25 mix ofl 0120 sand and 
sump and bentonite above sump 
Uncontaminated drill cuttings below 

used to fill the annulus to within 75ft bentonite chips placed from TD to 5 
of ground surface. The mix will be ft below bottom of the lower screen 
hydrated in place every 100 ft. Cement (1450 ft bgs) and from 1012 ft bgs to 
with 2% bentonite will be used to fill 10ft below bottom of upper screen 
the remaining annulus. (672 ft bgs) 

>90% silica sand, properly sized for 
the O.OID-in slot size of the well 
screen; extends 2 ft above and below 
the well screen 

Filter Material A bentonite seal will be placed below 
each screened interval and allowed to 
hydrate for 1 hr to prevent mixing. A 
two-foot interval of fme-grained 
(30170) transition sand will be placed 
above and below each primary filter 
pack. The primary filter pack (20/40 
sand) will extend from 5 ft below each 
screened interval to 5 ft above. 

For Screen #2, primary filter pack 
constructed of 10/20 silica sand 
placed 5 ft below and 11 ft above the 
screen. For Screen # 1, primary filter 
pack constructed of 10120 silica sand 
placed 2 ft below and 32 ft above the 
screen. 

Secondary filter pack constructed of 
20140 silica sand placed to 3-ft above 
primary filter pack of lower screen 
(1408 ft bgs) and to 2-ft (618 ft bgs) 
above primary filter pack ofupper 
screen. 

N/AN/A* A 67% to 33% mixture of I0/20 
silica sand and % in. bentonite chips 

Transition Seal 

"" from 1408 ft bgs to 1111 ft bgs 
N/AN/ABentonite Seal 

,... 

%-in bentonite chips placed from 
1479 ft bgs to 1450 ft bgs (5 ft below 
Screen #2) 
%-in bentonite chips placed from 
1012 ft bgs to 672 ft bgs between 
screens (2 ft below Screen #1) 
%-in bentonite chips placed from 618 

ft bgs 
Concrete Backfill N/A N/A 2,500 psi concrete with 4% 

bentonite from 70 ft bgs to near 
surface 

,. N/A - Not specified in the two referenced documents. 
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