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Summary 
 

 One new Resource Conservation and Recovery Act (RCRA) groundwater monitoring and assessment 
well was installed at single-shell tank Waste Management Area (WMA) T in calendar year 2005 in partial 
fulfillment of commitments for well installations proposed in Hanford Federal Facility Agreement and 
Consent Order, revised Milestone M-24-57 (2004).  The need for increased monitoring capability at this 
WMA was identified during a data quality objectives process for establishing a RCRA/ Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA)/Atomic Energy Act (AEA) 
integrated 200 West and 200 East Area Groundwater Monitoring Network. 

 The initial borehole, 299-W11-25B, was located about 20 ft from existing downgradient well 
299-W11-39.  The specific objective for the borehole was to determine the vertical distribution of 
contaminants in the unconfined aquifer at the northeast corner of WMA T.  The permanent casing in 
borehole 299-W11-25B was damaged beyond repair during well construction and replacement borehole, 
299-W11-46, was drilled about 10 ft from borehole 299-W11-25B.  Borehole 299-W11-46 was 
completed as a RCRA monitoring well. 

 This document provides a compilation of all available geologic data, geophysical logs, hydrogeologic 
data and well information obtained during drilling, well construction, well development, pump instal-
lation, groundwater sampling and analysis activities, and preliminary results of slug tests associated with 
wells 299-W11-25B and 299-W11-46.  Appendix A contains geologists logs, Well Construction 
Summary Reports, Well Summary Sheets (as-built diagrams), and Well Development and Testing Data 
sheets.  Appendix B contains the results of chemical analysis of groundwater samples.  Appendix C 
contains complete spectral gamma-ray logs and borehole deviation surveys and Appendix D contains 
initial results of slug tests.  The non-conformance report for borehole 299-W11-46 is provided in 
Appendix E. 

 Additional well construction documentation is on file with Fluor Hanford, Inc. (FHI).  The Records 
Management Information System (RMIS) and the Hanford Well Information System (HWIS) 
[http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] are two electronic databases that also contain drilling 
and construction records for these two wells. 
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1.0 Introduction 

 One new Resource Conservation and Recovery Act (RCRA) groundwater monitoring and assessment 
well was installed at single-shell tank Waste Management Area (WMA) T in calendar year 2005 in partial 
fulfillment of commitments for well installations proposed in Hanford Federal Facility Agreement and 
Consent Order (Tri-Party Agreement; Ecology et al. 1989), revised Milestone M-24-57 (2004).  The need 
for increased monitoring capability at this WMA was identified during a data quality objectives process 
for establishing a RCRA/Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA)/Atomic Energy Act (AEA) integrated 200 West and 200 East Area Groundwater Monitoring 
Network (Byrnes and Williams 2003). 

 The initial borehole, 299-W11-25B, was located about 20 ft from existing downgradient well 
299-W11-39.  The specific objective for the borehole was to determine the vertical distribution of 
contaminants in the unconfined aquifer at the northeast corner of WMA T.  The permanent casing in 
borehole 299-W11-25B was damaged beyond repair during well construction and replacement borehole, 
299-W11-46, was drilled about 10 ft from borehole 299-W11-25B (Figure 1).  Borehole 299-W11-46 was 
completed as a RCRA monitoring well.  Both new wells were constructed to the specifications and 
requirements described in Washington Administrative Code (WAC) 173-160, the groundwater moni-
toring description of work for drilling and installation,1 and specifications used by Fluor Hanford, Inc. 
(FHI), Richland, Washington. 

 This document provides a compilation of all available geologic data, geophysical logs, hydrogeologic 
data and well information obtained during drilling, well construction, well development, pump installa-
tion, groundwater sampling and analysis activities, and preliminary results of slug tests associated with 
wells 299-W11-25B and 299-W11-46.  Appendix A contains geologists logs, Well Construction 
Summary Reports, Well Summary Sheets (as-built diagrams), and Well Development and Testing Data 
sheets.  Appendix B contains the results of chemical analysis of groundwater samples.  Appendix C 
contains complete spectral gamma-ray logs and borehole deviation surveys and Appendix D contains 
initial results of slug tests.  The non-conformance report for borehole 299-W11-46 is provided in 
Appendix E. 

 Additional well construction documentation is on file with FHI.  The Records Management 
Information System (RMIS) and the Hanford Well Information System (HWIS) 
[http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] are two electronic databases that also contain drilling 
and construction records for these two wells. 

 English units are used in this report to describe drilling and well completion activities because that is 
the system of units used by drillers to measure and report depths and well construction measurements.  
Conversion to metric can be done by multiplying feet by 0.3048 to obtain meters or by multiplying inches 
by 2.54 to obtain centimeters.  Metric units are used to describe geochemical parameters. 

                                                      
1 Williams BA.  2004.  Well Data Sheets for Drilling RCRA Groundwater Monitoring Wells at SST Waste 
Management Areas A-AX, S-SX, T, and TX-TY Tank Farms During Calendar Year 2004.  Report submitted by letter 
from JS Fruchter (Pacific Northwest National Laboratory, Richland, Washington) to JV Borghese (Fluor Hanford, 
Inc, Richland, Washington) on July 27, 2004. 
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Figure 1. Map of Single-Shell Tank Waste Management Area T and Locations of New and Existing 
Wells in the Groundwater Monitoring Network 

 
 

2.0 Well 299-W11-25B 

 Borehole 299-W11-25B (well ID C4669) was drilled approximately 20 ft from existing, downgra-
dient well 299-W11-39 near the northeast corner of WMA T during February and March 2005.  The 
purpose of the borehole was to delineate any vertical gradients in contaminant concentrations in the upper 
part of the unconfined aquifer and to serve as a new downgradient monitoring well in the WMA T 
monitoring network.  The well reached the planned total depth of 120 ft below the water table on 
February 23, 2005.  Because of very high technetium-99 concentrations encountered during drilling, it 
was decided on February 24, 2005, to continue drilling to the top of the Ringold Formation lower mud 
unit.  The lower mud unit is about 50 ft deeper than the original planned depth. 

 The well casing in borehole 299-W11-25B was damaged during well construction and the borehole 
was decommissioned in accordance with WAC 173-160.  Replacement well 299-W11-46 was drilled 
approximately 10 ft from 299-W11-25B in July and August 2005 and added to the WMA T monitoring 
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network in August.  This section describes the drilling, geology, decommissioning, and sampling and 
analysis activities associated with borehole 299-W11-25B. 

2.1 Drilling and Sediment Sampling 

 Borehole 299-W11-25B was drilled with a dual-wall percussion drill rig (Becker-hammer) from the 
surface to a total depth of 409.5 ft below ground surface (bgs).  The borehole was drilled through the 
unconfined aquifer to the top of the Ringold formation lower mud unit.  Temporary 9-in. outside diameter 
(OD), dual-wall casing was used during drilling to total depth.  Drilling began on February 2, 2005 and 
total depth was reached on March 8, 2005. 

 Grab samples of sediment for geologic description and archives were collected at approximately 5-ft 
intervals from ground surface to the water table.  Grab samples were not collected below the water table 
because of high technetium-99 concentrations in the aquifer.  The grab samples were transferred to 
Hanford Geotechnical Library for archive.  Split spoon samples were collected in Cold Creek Unit 
sediments at depths of 90, 110, and 115 ft with recoveries of 90, 100, and 40 percent, respectively.  Some 
of these samples were capped and sealed for future analysis of physical properties. 

 Sediments encountered during drilling were predominantly unconsolidated sandy gravel of the 
Hanford formation H1 unit from 12 to approximately 35 ft bgs.  There was no sediment recovery above 
12-ft depth.  Dominantly sand and gravelly sand of the Hanford formation H2 unit occurs between about 
35 and 90 ft bgs.  Fine sand and sandy silt make up the upper Cold Creek unit sediments between 90 and 
approximately 100 ft bgs and calcareous sands and silty sands make up the lower Cold Creek unit from 
100 to 124 ft bgs. 

 The Taylor Flat member of the Ringold Formation occurs between about 124 and 132 ft bgs and is 
represented by sandy silt sediments.  The sandy gravel and silty, sandy gravel of unit E of the Wooded 
Island member of the Ringold Formation occurs between 132 ft bgs and the top of the lower mud unit of 
the Wooded Island member, which occurs at about 406 ft bgs.  The borehole reached total depth in the 
lower mud unit at 409.5 ft bgs. 

 The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide 
contaminants.  No organic vapors were detected.  Fixed contamination was found on a packer used during 
slug tests on February 24, 2005.  On March 4, 36,000 disintegrations per minute (dpm) of fixed 
contamination was found on 2-in. temporary casing used to purge and sample groundwater.  During well 
completion activities on March 18 4,500 dpm activity was measured on the swabbing bail. 

 Beginning on March 18, fixed contamination was found on the temporary 9-in. casing as it was being 
removed from the borehole.  The fixed contamination was associated with rusty or gouged areas on the 
casing.  Approximately 10% was removable contamination that was associated with condensation and wet 
sediments that had fallen off the casing.  Table 1 shows the depth of the casing when the borehole was at 
maximum depth and the associated contamination measurements in dpm.  The specific radionuclides 
fixed on the casing are unknown; no samples were analyzed from the contaminated casing. 
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Table 1.  Levels of Casing Contamination and the Maximum Depth of Casing Below Ground Surface 

Depth of Casing at T.D. (ft) Contamination Measurement (dpm) 
270 60,000 
275 120,000 
279 180,000 
284 210,000 
287 360,000 
294 240,000 
298 240,000 
302 180,000 
313 120,000 
316 360,000 
325 240,000 
330 240,000 
335 300,000 
337 320,000 
340 120,000 
343 180,000 
347 320,000 
350 360,000 
355 240,000 
357 420,000 
363 480,000 
365 420,000 
369 240,000 
371 150,000 
373 240,000 
379 240,000 
382 240,000 
388 240,000 
398 120,000 
402 180,000 

 Spectral gamma ray logs were run in March 2005 by Stoller Corporation.  A slight amount of 
cesium-137, near the minimum detection level (MDL, 0.2 pCi/g), was found sporadically throughout the 
borehole (Appendix C), and cobalt-60 was thought to be in solution in the groundwater.  A section was 
logged again, but the cobalt-60 results were not repeatable. 

2.2 Well Completion and Decommissioning 

 Completion of 299-W11-25B proceeded as normal for a monitoring well by filling the borehole with 
8-12 mesh silica sand bringing the total depth from 409 up to 292.1 ft bgs.  Bentonite pellets were placed 
from 292.1 to 286.8 ft bgs before adding the permanent casing and screen. 

 The permanent, stainless steel casing and screen were installed in well 299-W11-25B in March 2005.  
A 20-ft-long, 4-in. inside diameter (ID), stainless steel, continuous wire-wrap 20 slot (0.02-in. slot) screen 
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was set from 280.1 to 260.1 ft bgs.  A 2-ft sump with end cap was installed below the screen.  The 
permanent well casing was 4-in. ID, stainless steel from 260.1 ft bgs to 2 ft above ground surface. 

 The screen filter pack was 10-20 mesh silica sand placed from 286.8 to 249.9 ft bgs.  The annular seal 
was composed of ¼-in. bentonite pellets from 249.9 to 239.7 ft bgs and granular bentonite crumbles from 
239.7 to 10.2 ft bgs.  A Portland cement grout surface seal was placed from 10.2 ft bgs to ground surface. 

 A depth-to-water measurement was attempted on March 30, 2005, in preparation for well 
development.  After several failed attempts to get the tape below 162.97 ft bgs, a camera was used to 
survey the 4-in. permanent well casing.  The survey showed that the 4-in. casing was damaged at about 
162 ft bgs where the casing was almost completely pinched closed.  Several attempts to remove the 
annular seal materials and the 4-in. casing failed and the well was subsequently decommissioned. 

 Well 299-W11-25B was decommissioned in July 2005.  Approximately 100 ft of 4-in. ID stainless 
steel casing, from about 160 to 260 ft bgs, and the 20-ft section of 4 in. screen and 2-ft sump, from 260 to 
282.1 ft bgs, were left in the borehole.  The borehole was filled with Portland cement grout from 150 ft 
bgs to the surface. 

 The vertical and horizontal coordinates of the well were surveyed on August 29, 2005.  The 
horizontal position of the well was referenced to horizontal control stations established by the U.S. Army 
Corps of Engineers (USACE).  The coordinates are Washington Coordinate System, South Zone, 
NAD83(91) datum.  Vertical datum is NAVD 1988 and is based on existing USACE bench marks.  
Survey data are included in Table 2 and Appendix A. 

Table 2.  Survey Data for Abandoned Borehole 299-W11-25B at WMA T 

Well Name  
(Well ID) 

Easting 
(meters) 

Northing  
(meters) 

Elevation 
(meters) Comments 

299-W11-25B 
(C4669) 

566912.34 136774.76 209.746 Brass survey marker  

2.3 Groundwater Sampling and Analysis During Drilling 

 Two types of groundwater samples were collected during drilling of borehole 299-W11-25B:  air 
lifted slurry samples and purge-and-pump samples.  Samples consisting of slurries of groundwater and 
drill cuttings were collected as near to the water table as possible and at every 5-ft depth to the total depth 
167 ft below the water table (409 ft bgs).  These samples were collected in 1-gal, wide-mouth jars from 
the sediment/water return line on the drill rig.  The containers were labeled and transferred to storage for 
12 hours or more to allow most suspended sediments to settle out of suspension.  Samples were not kept 
cold during the settling period. 

 Aliquots of the groundwater samples were pumped and filtered from the 1-gal jars into smaller 
sample containers and transported to the laboratory.  Aliquots for the analyses of metals and 
technetium-99 were preserved with nitric acid; no other samples had added preservatives.  Samples 
derived from the groundwater-drill cutting slurries were analyzed at the Pacific Northwest National 
Laboratory, Applied Geology and Geochemistry laboratory in the 325 Building.  Analyses for metals and 
technetium-99 were done by inductively coupled plasma – mass spectrometry; analyses for anions were 
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done by ion chromatography.  In addition, aliquots of pumped samples were analyzed for carbon tetra-
chloride at the Fluor Hanford, Inc. field laboratory and for tritium at the Groundwater Performance 
Assessment Project’s contract laboratory.  All analytical results are given in Appendix B. 

 Figure 2 shows the depth distribution of technetium-99 and nitrate below the water table in well 
299-W11-25B.  The maximum concentration is 181,600 pCi/L at 33 ft below the water table.  The open 
symbols in Figure 2 are pumped samples and the solid symbols are air lifted samples.  Differences 
between the pumped and air lifted values suggest that some of the technetium-99 was reduced in the air 
lifted samples as the groundwater sat overnight in contact with freshly crushed rock (drill cuttings).  The 
data on Figure 2 show a general decrease in concentration with depth below about 40 ft bgs, although 
concentrations remain very high. 

 The nitrate concentration versus depth in well 299-W11-25B is also shown on Figure 2.  The largest 
nitrate concentration is 663,000 μg/L at 33 ft below the water table.  The concentrations of nitrate and 
technetium-99 appear to track each other fairly well throughout the drilled part of the aquifer. 
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Figure 2. Concentrations of Technetium-99 and Nitrate Versus Depth in Well 299-W11-25B.  Red 
symbols represent pumped samples; all other symbols are air lifted samples. 

 Figure 3 shows the concentrations of chromium and manganese in well 299-W11-25B.  Open 
symbols represent samples collected by pumping after extensive purging of the well; solid symbols 
represent air lifted samples.  There is a substantial difference between the air lifted and pumped results.  
The groundwater associated with the air lifted samples was in contact with the drill cuttings for at least 12 
hours before analysis.  It is probable that the soluble Cr6+ was reduced to insoluble Cr3+ by being in 
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contact with the fresh drill cuttings.  Extensive purging of the well before collection of the pumped 
samples removed most or all of the groundwater affected by drilling so that the resulting chromium 
concentrations were unaffected by reducing conditions created during drilling.  The highest chromium 
concentration in the pumped samples was 1,033 μg/L at 18 ft below the water table. 

 The distribution of manganese (Figure 3) supports the reduction of chromium in the air lifted 
samples.  Soluble Mn2+ is expected to be released from the basaltic sediments during drilling and it is this 
manganese that is measured during analysis of the air lifted samples.  Purging the well before collecting 
the pumped samples removes the drilling-related manganese and more natural, background manganese 
concentrations result. 
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Figure 3. Concentrations of Chromium and Manganese Versus Depth in Well 299-W11-25B.  Solid 
symbols represent air lifted samples; open symbols represent pumped samples. 

2.4 Aquifer Tests 

 Five slug tests were performed in the unconfined aquifer of 299-W11-25B as the borehole was being 
drilled.  These tests were run at approximate depths of 270 to 280 ft, 280 to 290 ft, 290 to 300 ft, 320 to 
330 ft, and 350 to 360 ft bgs.  Initial results are provided in Appendix D.  A full description of the tests 
and results will be published separately.2 

                                                      
2 Spane FA and DR Newcomer.  Report in preparation, Results of Detailed Hydrologic Characterization Tests – 
Fiscal and Calendar Year 2005.  Pacific Northwest National Laboratory, Richland, Washington. 
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3.0 Well 299-W11-46 

 Well 299-W11-46 (well ID C4950) is located near the northeast corner of WMA T approximately 
10 ft from decommissioned well 299-W11-25B.  The well was constructed to the specifications and 
requirements described in Washington Administrative Code (WAC) 173-160, the groundwater 
monitoring description of work for drilling and installation3 and specifications used by Fluor Hanford, 
Inc. (FHI), Richland, Washington. 

3.1 Drilling and Sampling 

 Well 299-W11-46 was drilled with a dual wall, percussion hammer drill rig from the surface to a total 
depth of 285.5 ft bgs.  Temporary 9-in. OD, dual-wall casing was used throughout the entire borehole to 
total depth.  Drilling began on July 26, 2005, and total depth was reached on August 8, 2005. 

 Sediments encountered during drilling were predominantly unconsolidated sandy gravel of the 
Hanford formation H1 unit from 5 to about 35 ft bgs.  There was no sediment recovery from 0- to 5-ft 
depth.  Dominantly sand and gravelly sand of the Hanford formation H2 unit occurs between about 35 
and 93 ft bgs.  Fine sand and sandy silt make up the upper Cold Creek unit sediments between 90 and 
about 100 ft bgs and calcareous sands and silty sands make up the lower Cold Creek unit from 100 to 
121 ft bgs. 

 The Taylor Flat member of the Ringold Formation occurs between about 121 and 148 ft bgs and is 
represented by silt and silty sand.  The sandy gravel and silty, sandy gravel of unit E in the Wooded 
Island member of the Ringold Formation occurs from 148 ft bgs to the bottom of the well at 285.5 ft bgs.  
The well construction summary report, as-built diagram, well development data, pump installation 
records and well survey results are included in Appendix A. 

 No sediment grab or groundwater samples were collected because borehole 299-W11-25B, located 10 
ft from this well, was thoroughly sampled.  No geophysical logs were run in the borehole because spectral 
gamma logs are available from borehole 299-W11-25B.  The borehole and drill cuttings were monitored 
regularly for organic vapors and radionuclide contaminants.  No contamination was noted. 

3.2 Well Construction  

 The field geologist’s Borehole Log, Well Construction Summary Report and the Well Summary sheet 
are provided in Appendix A.  The permanent casing and screen were installed in well 299-W11-46 in 
August 2005.  A 320-ft, 4-in. ID stainless steel, continuous wire-wrap 20 slot (0.02-in. slot) screen was 
set from 263.4 to 283.4 ft bgs with a 2-ft-long stainless steel sump placed from 283.4 to 285.75 ft bgs.  
The permanent well casing is 4-in. ID, stainless steel from 263.4 ft bgs to 2.0 ft above ground surface. 

                                                      
3 Williams BA.  2004.  Well Data Sheets for Drilling RCRA Groundwater Monitoring Wells at SST Waste 
Management Areas A-AX, S-SX, T, and TX-TY Tank Farms During Calendar Year 2004.  Report submitted by letter 
from JS Fruchter (Pacific Northwest National Laboratory, Richland, Washington) to JV Borghese (Fluor Hanford, 
Inc, Richland, Washington) on July 27, 2004. 
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 The screen filter pack is 10-20 mesh silica sand placed from 248.5 to 285.5 ft bgs.  The annular seal is 
composed of 1/4-in. bentonite pellets from 240.5 to 248.5 ft bgs and bentonite crumbles from 115.0 to 
240.5 ft bgs. 

 The dual wall casing used to drill the well broke as it was being pulled out.  A section of the 9-in. by 
6-in. dual wall casing was left in place from 44.7 to 114 ft bgs.  With approval from EPA, the annular seal 
from ground surface to 115.0 ft bgs was filled with Portland cement.  The non-conformance report is 
included in Appendix A. 

 A 4-ft by 4-ft by 6-in. concrete pad was placed around the well at the surface.  A protective well head 
casing with locking cap, four protective steel posts, and a brass marker stamped with the well ID number 
and Hanford well number were set into the concrete pad.  A borehole deviation survey using a gyroscope 
was conducted in the completed well to determine the bottom hole location relative to the vertical 
borehole projection.  Survey results are located in Appendix C. 

 The vertical and horizontal coordinates of the well were surveyed on August 29, 2005.  The 
horizontal position of the well was referenced to horizontal control stations established by the USACE.  
The coordinates are Washington Coordinate System, South Zone, NAD83(91) datum.  Vertical datum is 
NAVD88 and is based on existing USACE bench marks.  Survey data are included in Table 3 and 
Appendix A.  The static water level was 441.53 ft bgs on December 30, 2005. 

Table 3.  Survey Data for Well 299-W11-46 at WMA T 

Well Name  
(Well ID) 

Easting 
(meters) 

Northing 
(meters) 

Elevation 
(meters) Comments 

299-W11-46 (C4950) 566914.86 136773.27  Center of casing 
   210.941 Top of casing, N. edge 
   210.947 Top pump base plate, N. edge 
   210.116 Brass survey marker 

3.3 Well Development and Pump Installation 

 Well 299-W11-46 was developed on August 5, 2005.  Development was performed at approximately 
276 and 266 ft bgs using a temporary, 5-horsepower (hp) submersible pump.  The depth to the water was 
245.5 ft below top of casing prior to development.  A pressure transducer was installed above the pump 
and connected to a Hermit datalogger to monitor water level during development.  Table 4 contains the 
results of final well development, including pump intake depth, pump rate, pump run time, drawdown, 
recovery time, final turbidity and stabilized conductivity and temperature readings.  A total of 8,251 gal 
of water were pumped.  Field activity logs of well development activities are included in Appendix A. 

 A dedicated Redi-Flo-3, 0.7 hp, Grundfos™ submersible sampling pump was installed in well 
299-W11-46 on August 10, 2005.  The sampling pump intake was set 21.6 ft below the water table at 
268.3 ft btc and connected to the surface with ¾-in. diameter stainless steel riser pipe. 



 

 10 

Table 4.  Well Development Information for 299-W11-46 

Pump Rate 
(gpm) 

Pump Intake 
Depth (ft btc) 

Pumping Run 
Time (min) Drawdown (feet) 

Final Turbidity, Specific Conductivity 
and Temperature Readings 

41 276 110 15.16 4.89 NTU, 1233 µS/cm, 22.1 C 
43 266 87 14.8 3.88 NTU, 1288 µS/cm, 23.3 C 

ft btc = Feet below top of casing. 
gpm = Gallons per minute. 
NTU = Nephelometric turbidity unit.  µS/cm = microSiemens per centimeter. 

3.4 Gyroscope Surveys 

 Downhole deviation surveys were performed in 299-W11-46 following construction using a down-
hole gyroscope in the completed well to determine the bottom location relative to the vertical projection.  
For this tool, depths are measured from the top of casing to the top of the tool when it is sitting on the 
bottom of the well.  The survey found that at a measured depth of 276.4 ft, the true vertical depth of the 
well is 276.18 ft, a difference of 0.22 ft.  The gyroscope survey report can be found in Appendix C. 
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Appendix A 
 

Geologic Logs, Well Construction, and Completion 
Documentation for Wells 299-W11-25B and 299-W11-46 
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Appendix B 
 

Analytical Results from Groundwater Samples Collected  
During Drilling of Well 299-W11-25B 
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Table B.1.  Results of Groundwater Sampling During Drilling of Well 299-W11-25B 
 

Sample 
Depth (ft 

bgs) 

Depth 
Below 
Water 
Table 
(ft)(a) 

Sample 
Method 

Tc-99 
(pCi/L) Cr (μg/L) 

Mn-55 
(μg/L) 

Fluoride 
(mg/L) 

Chloride 
(mg/L) 

Nitrate 
(mg/L) 

Sulfate 
(mg/L) 

Tritium 
(pCi/L) 

I-129 
(pCi/L) 

Carbon 
Tetrachloride 

(μg/L) 
247 5 Air lift 232.95 (0.745) 611 2.82 33.13 Acidified(b) 184.6  1.4418U  
250 8 Air lift 13046 (0.891) 729 1.86 36.08 Acidified(b) 179.61    
255 13 Air lift 12693 (0.749) 575 1.83 36.48 Acidified(b) 201.36    
260 18 Pump 76898 1033 15.4 <1.17 37.9 371.7 146.68 5760  797 
265 23 Air lift 81726 2.34 380 1.35 43.75 550.4 145.88    
270 28 Air lift 139809 1.95 161 1.46 36.01 585.94 102.95    
275 33 Air lift 181595 2.24 67.5 1.46 33.7 663.54 84.21  13.691U  
279 37 Pump 151505 555 14.2 1.61 35.36 569.23 102.65 7020  957 
285 43 Air lift 8524 (1.1) 20.9 1.33 29.59 579.88 72.13  4.9976U  
290 48 Air lift 31946 (1.15) 23.1 2.81 24.19 404.03 70.48    
295 53 Air lift 36928 (1.36) 80.2 2.8 26.64 410.39 77.08    

Air lift 49418 (4.49) 76.3 ND ND ND ND    
301 59 

Pump 54575 63.7 47.8 2.7 27.63 426.81 83.81 5300  1146 
305 63 Air lift 37758 2.73 16.9 3.47 25.52 404.41 73.83    
310 68 Air lift 30734 4.04 43.8 3.15 22.16 354.52 61.73    
315 73 Air lift 43332 13.3 35.8 3.13 23.29 379.72 64.48    

Air lift 13512 (0.98) 81.1 ND ND ND ND    
321 79 

Pump 49626 14.3 54.9 3.01 26.12 403.54 69.71 6660  997 
325 83 Air lift 39908 1.46 81.7 3.1 24.71 410.42 72.35    
330 88 Air lift 39323 (1.06) 57.6 2.6 27.25 406.49 81.7    
335 93 Air lift 29522 (1.15) 105 2.15 26.33 399.49 73.99    
340 98 Pump 42299 50.2 28.6 2.82 25.9 415.32 74.73 7280  520 
345 103 Air lift 28776 (2.72) 78.2 2.46 23.51 392.36 70.01    
350 108 Air lift 25489 (1.53) 60.2 2.73 25.4 418.61 76.79    
355 113 Air lift 17325 10 48.6 1.83 21.86 376.47 64.8    

Air lift 11463 13.5 60.2 ND ND ND ND    
360 118 

Pump 37601 18.7 36.5 2.5 24.77 409.12 73.63 8770  1341 
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Table B.1.  (contd) 
 

Sample 
Depth (ft 

bgs) 

Depth 
Below 
Water 
Table 
(ft)(a) 

Sample 
Method 

Tc-99 
(pCi/L) Cr (μg/L) 

Mn-55 
(μg/L) 

Fluoride 
(mg/L) 

Chloride 
(mg/L) 

Nitrate 
(mg/L) 

Sulfate 
(mg/L) 

Tritium 
(pCi/L) 

I-129 
(pCi/L) 

Carbon 
Tetrachloride 

(μg/L) 
29945 12.20 42.2 1.91 26.47 393.78 83.85    
30270 12.60 42.4 ND ND ND ND    365 123 Air lift 
20000          
26820 26.30 40.6 2.07 24.15 405.69 75.77    

370 128 Air lift 
27008 25.70 40.3 ND ND ND ND    
15638 20.80 32.5 1.23 19.57 314.57 65.59    

375 133 Air lift 
16020 20.20 24.1 ND ND ND ND    
25062 24.40 39.7 1.75 20.2 334.98 65.51    

380 138 Pump 
25539 16.10 30.3 ND ND ND ND   998 
15167 16.40 31.2 <1.17 17.04 275.4 58.11    

385 143 Air lift 
15230 17.10 31.5 ND ND ND ND    
15162 10.30 28.7 <1.17 17.43 260.11 55.62    

390 148 Air lift 
15230 10.30 29.3 ND ND ND ND    
25915 (1.03) 76.9 1.81 22.62 366.38 71.14    

395 153 Air lift 
26487 (1.51) 71.6 ND ND ND ND    
30706 (0.59) 71.1 2.39 23.17 370.44 69.2    
30100 (0.74) 71.5 ND ND ND ND    400 158 Pump 
17400         1050 
12991 (1.74) 57.9 1.3 16.53 264.7 55.78    

405 163 Air lift 
13229 (2.08) 56 ND ND ND ND    
12088 (1.32) 15.8 <1.17 15.81 241.75 51.64    

409 167 Air lift 
12249 (0.90) 15.2 ND ND ND ND    
21259 (1.05) 119 2.54 23.84 374.48 62.84    

409 167 Pump 
20962 (0.25) 109 ND ND ND ND   884 

(a) Water table at 242 ft bgs. 
(b) Sample. 
( ) = Less than sample quantitation limit for chromium. 
< = Less than equipment quantitation limit value shown. 
ND = Not determined. 
U = Less than detected. 
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Table B.2.  Results from Sampling During Development of Well 299-W11-46 
 

Constituent Results Units
Aluminum 337 ug/L
Antimony 23U ug/L

Barium 59 ug/L
Beryllium 0.18U ug/L
Cadmium 0.86U ug/L
Calcium 34400 ug/L

Chromium 248 ug/L
Cobalt 1.7U ug/L
Copper 12.4 ug/L

Iron 612 ug/L
Magnesium 11100 ug/L
Manganese 35.7 ug/L

Nickel 4.5 ug/L
Potassium 5740 ug/L

Silver 2.2U ug/L
Sodium 223000 ug/L

Strontium 177 ug/L
Vanadium 44.4 ug/L

Zinc 18.8 ug/L
Alkalinity 127000 ug/L
Chloride 27100 ug/L
Fluoride 3600 ug/L
Nitrate 465000 ug/L
Nitrite 122 ug/L

pH Measurement 8.11 pH
Specific Conductance 1279 uS/cm

Sulfate 66500 ug/L
Temperature 23.1 Deg C

Turbidity 5.13 NTU
Antimony-125 24.6U pCi/L

Cesium-134 -11.9U pCi/L
Cesium-137 -0.28U pCi/L
Cobalt-60 -11.8U pCi/L

Europium-152 8.33U pCi/L
Europium-154 74U pCi/L
Europium-155 42.2U pCi/L
Potassium-40 -310U pCi/L

Ruthenium-106 145U pCi/L
Technetium-99 36000 pCi/L

Tritium 8650 pCi/L  
 
 



 

 

 
 
 
 
 
 
 
 

Appendix C 
 

Spectral Gamma Ray Logs and Gyroscope Survey Data Results 
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Gyroscope Survey Data Results 

 
Survey File:  C:\DSE\C4950.RAW 
Date:  Sep 23, 2005 
Time:  10:24 
Description:  Borehole Deviation Survey 
LOCATION:  299-W11-46 
CUSTOMER:  PNNL 
OPERATOR:  Weakley 
Comments: 
 
------------------------------------------------------------ 
      HUMPHREY TOOL IDENTIFICATION 
Gyroscope Model:  DG69-0901-4   #4654 
TX Series #0002 
EI Series #0003 
AC Series #0004 
Accel.Voltage Limits:  Xmax= 9.92; Xmin=-9.89; Ymax= 9.9; Ymin=-9.89  
Comments: 
 
------------------------------------------------------------ 
Warm-Up Duration:  30.11 min 
--------------SURVEY REFERENCE DATA------------------------ 
Sight Reference Description:  Corresponding Magnetic Compass Reading 
Well 299-W11-42 
Local Magnetic Declination:  19 deg. 
REFERENCE SUMMARY 
Survey Reference Point:  161 deg. 
Local Grid Offset:  -19 deg. 
Drift Correction Method:  Least Squares Drift Linearization 
Computation Method:  Minimum Curvature 
 
Target Direction (deg):  0  
INRUN record set 
Measured Course  Course  TrueVert. Rectangular Dogleg      Vertical 
Depth  Inclin  Direction Depth  Coordinates Severity     Section 
(feet)  fromVert. (deg)  (feet)  +N/-S  +E/-W °/100 f       (feet) 
 
     0.00   0.84  180.7  0.00   0.00   0.00   0.00      0.0 
   20.00  0.94  193.5  20.00  -0.31 -0.04   1.10     -0.3 
   40.00  1.47  211.5  39.99  -0.68 -0.21   3.20     -0.7 
   60.00  1.80  216.4  59.99  -1.15 -0.53   1.80     -1.2 
   80.00  2.12  234.4  79.97  -1.62 -1.02   3.40     -1.6 
  100.00  1.91  242.9  99.96  -1.99 -1.62   1.80     -2.0 
  120.00  2.34  250.7  119.95  -2.28 -2.30   2.60     -2.3 
  140.00  2.78  259.4  139.93  -2.50 -3.16   2.90     -2.5 
  160.00  2.89  258.0  159.90  -2.69 -4.13   0.60     -2.7 
  180.00  2.12  221.0  179.88  -3.08 -4.87   8.70     -3.1 
  200.00  2.67  166.4  199.87  -3.81 -5.00 11.20     -3.8 
  220.00  2.49  127.9  219.85  -4.53 -4.55   8.50     -4.5 
  240.00  1.70  81.7  239.84  -4.75 -3.91   9.00     -4.8 
  260.00  3.07  19.9  259.82  -4.21 -3.44 13.60     -4.2 
  276.40  5.74  351.2  276.18  -2.98 -3.41 20.70     -3.0 
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Bottom: 
True Vertical Depth   276.18 feet 
Closure Distance      4.5 feet 
Closure Direction     228.8 deg. 
Course Direction      351.2 deg. 
 
DEFINITIONS: 
Closure Direction: An angle between Main Reference direction (for example True North) and a line from 

coordinate origin to horizontal projection of current borehole point. 
Closure Distance: A distance between coordinate origin and a horizontal projection of current borehole 

point. 
Course Direction: An angle between Main Reference direction and a tangent to a horizontal projection of the 

borehole in current point. 
ToolFace Gravity: An angle between tool reference mark direction and a tangent to a horizontal projection of 

the borehole. 
ToolFace Gyro: An angle between tool reference mark direction and initial Survey Sight direction (which 

is gyroscope direction, if gyro drift =0). 
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Slug Test Characterization Results for Well 299-W11-25B (C4669) 
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The following interim report presents preliminary analysis results for multi-stress slug tests that were 
performed at five specific test/depth intervals within well 299-W11-25B (C4669).  A final detailed letter 
report will be issued in approximately three months, which will include the complete final analysis results 
and test descriptions for the respective test/depth zone intervals.  The well is located immediately outside 
the Waste Management Area T (WMA-T), as indicated in Figure 1 (designated Well T-1).  The test 
intervals were characterized as the borehole was advanced to its final depth to the top of the Lower Mud 
at ~124.7 m below ground surface (bgs).  The primary objective of the hydrologic tests was to provide 
information pertaining to the variability and vertical distribution of hydraulic conductivity with depth 
within this region of the WMA-T facility.  This type of characterization information is important for 
predicting/simulating contaminant migration (i.e., numerical flow/transport modeling) and designing 
proper monitor well strategies for WMA locations.   
 
Summary 
 
Overall, the test results indicate that slug testing can be utilized to provide high-quality, vertically 
distributed hydraulic property characterization information.  Diagnostic analysis of slug tests conducted 
for the various test/depth intervals indicate expected exponential decay (over-damped) conditions for 
three of the five test depth intervals (Table 1).  Heterogeneous formation/composite response conditions 
were indicated for two of the test/depth intervals (Zones 2 and 3).  This composite pattern exhibits a high 
permeability, inner zone response (oscillatory, under-damped), which is superimposed on a lower 
permeability (exponential decay, over-damped) outer zone formation response.  An example of this type 
of response condition is shown in Figure 2.  It is currently not known whether the high permeability inner 
zone represents the natural in-situ formation or is reflective of artificially created conditions due to setting 
of the packer/well-screen assembly and retraction of the drill casing to expose the test/depth interval.  An 
examination of the drilling log geologic description indicates that 4 to 5-in cobbles embedded in a 
sand/silt matrix are representative of these two depth test intervals.  Creation of an artificial high 
permeability inner zone (surrounding the temporary well screen), representative of dislodged cobbles 
during retraction of the drill casing, therefore, is a possibility. 
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Results from discrete test/depth interval slug test characterization during drilling of well 299-W11-25B 
are representative of the middle Ringold Formation (Unit 5).  Hydraulic conductivity estimates range 
between 0.73 and 8.21 m/day (Table 2).  These hydraulic conductivity estimates do not include values 
determined for the high permeability inner zones that were exhibited for Test Zones 2 and 3.  The results 
for the high-K inner zone are listed as >100 m/day.  A more quantitative value for these high permeability 
tests is not available (at this time), since (as noted in Zubruchen et al. 2002 and Butler et al. 2003) these 
type of analyses require the pressure sensor for monitoring slug test responses to be located in close 
proximity of the water-table surface.  This was not the test system deployment utilized for these two 
test/depth intervals. 
 
Figure 3 shows the vertical depth distribution of hydraulic conductivity determined for the five test/depth 
intervals for the well site location.  When combined with results obtained at nearby well 299-W11-39, 
together with subsequent testing following well completion, approximately 45% of the composite 
unconfined aquifer will be characterized at this test site location.  
 
For areal comparison purposes, Figures 4 and 5 present hydraulic conductivity histogram analysis results 
for other, recently tested WMA T and TX-TY test wells (combined), and WMA T wells (only), 
respectively.  These test results are reported in Spane et al. (2001a, 2001b, 2002, 2003) and Spane and 
Newcomer (2003), and are reflective of hydraulic conditions within the upper 10 m of the unconfined 
aquifer.  The vertical depth results at well 299-W11-25 (Table 2) are generally lower than the geometric 
mean value of 5.66 m/day calculated previously for all shallow WMA T wells (Figure 5).  A closer 
association, however, is exhibited for the upper depth zones at well 299-W11-25 (Table 2) and three 
neighboring wells located along the north-northeast boundary of the WMA T (i.e., 299-W10-23, 
-W10-24, -W11-39), which exhibit values ranging between 1.6 and 2.4 m/day.  
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Table D.1.  Slug-Test Characteristics for Selected Test/Depth Intervals at Well 299-W11-25B 
 

Test Parameters 

Test 
Zone Test Date 

Number 
of Slug 
Tests 

Depth to 
Water 

(m bgs) 
Depth/Test 

Interval (m bgs) Diagnostic Slug Test Response Model 
Hydrogeologi
c Unit Tested 

Zone 1 2/9/05 3 73.75 82.30 - 85.34 
(3.04) 

Exponential Decay 
(over-damped) 

Ringold 
Formation 
(Unit 5) 

Zone 2 2/10/05 4 - 85.34 -88.38 
(3.04) 

Composite:  HighK Oscillatory (under-
damped) inner zone/and Exponential 
Decay (over-damped) outer zone 

Ringold 
Formation 
(Unit 5) 

Zone 3 2/16/05 3 73.80 88.09 - 91.13 
(3.04) 

Composite:  HighK Oscillatory (under-
damped) inner zone/and Exponential 
Decay (over-damped) outer zone 

Ringold 
Formation 
(Unit 5) 

Zone 4 2/18/05 3 73.73 97.26 - 100.30 
(3.04) 

Exponential Decay 
(over-damped) 

Ringold 
Formation 
(Unit 5) 

Zone 5 2/24/05 3 73.79 106.68 - 109.72
(3.04) 

Exponential Decay 
(over-damped) 

Ringold 
Formation 
(Unit 5) 

Note:  For all test wells, rc = 0.051 meter; rw = 0.1143 meter. 
Unit number in parentheses indicates the relevant groundwater-flow model layer, as described in Thorne et al. 1993.  

Table D.2.  Preliminary Slug-Test Results 

Bouwer and Rice 
Analysis Method Type-Curve Analysis Method High-K Analysis Method(b) 

Test 
Zone 

Hydraulic 
Conductivity, Kh,

(a) 
(m/day) 

Hydraulic 
Conductivity, Kh,

(a) 
(m/day) 

Specific Storage, 
Ss (m-1) 

Hydraulic Conductivity, 
Kh,

(a) (m/day) 

Dimensionless 
Damping Parameter, 

CD 

Zone 1 (analysis in progress) 2.59 - 3.02 
(2.79) 

3.0E-5 - 5.0E-5 NA NA 

Zone 2 (analysis in progress) Outer Zone:  0.73 
(analysis in progress)

1.0E-5 Inner Zone:  >100 0.275 

Zone 3 (analysis in progress) Outer Zone: 1.60 - 
1.81 
(analysis in progress)

1.0E-6 Inner Zone:  >100 0.25 - 0.35 

Zone 4 (analysis in progress) 3.89 
(analysis in progress)

1.0E-5 NA NA 

Zone 5 (analysis in progress)  7.34 - 8.21 
(analysis in progress)

1.0E-4 - 1.0E-5 NA NA 

NA = Not applicable analytical method. 
Number in parentheses is the average value for all tests. 
(a) Assumed to be uniform within the well-screen test section.  For tests exhibiting a heterogeneous formation response, only  
 outer zone analysis results are considered representative of in-situ formation conditions. 
(b) Standard analytical methods are not valid.  Results based on High-K analysis method presented in Butler and Garnett  
 (2000). 
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Figure D.1.  Site Location Map 
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Figure D.2.  Example of Heterogeneous Formation/Composite Test Response:  Test Zone 3 
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Figure D.3.  Preliminary Hydraulic Conductivity Profile at Borehole 299-W11-25B 
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Figure D.4.  Hydraulic Conductivity Histogram for Recently Tested WMA T and TX-TY Wells 
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Figure D.5.  Hydraulic Conductivity Histogram for Recently Tested WMA T Wells 
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