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EXECUTIVE SUMMARY 

This summary report presents the results from the 2009–2010 corrective measures implementation (CMI) 
at Consolidated Unit 16-021(c)-99 within Technical Area 16 (TA-16), Los Alamos National Laboratory 
(LANL or the Laboratory). Consolidated Unit 16-021(c)-99 consists of two solid waste management units 
(SWMUs): 16-003(k) and 16-021(c). SWMU 16-003(k) comprises 13 sumps and approximately 1200 ft of 
associated drainlines and troughs that lead from the high explosives (HE) machining building (building  
16-260) to the 260 Outfall drainage channel. HE-contaminated water flowed from the sumps into the 
concrete trough and ultimately to the 260 Outfall. SWMU 16-021(c) consists of three portions: an upper 
drainage channel fed directly by the 260 Outfall, a former settling pond, and a lower drainage channel 
leading to Cañon de Valle. The drainage channel runs approximately 600 ft northeast from the 260 Outfall 
to the bottom of Cañon de Valle. A 15-ft near-vertical cliff is located approximately 400 ft from the  
260 Outfall and marks the break between the upper and lower drainage channels. 

The 2009–2010 CMI characterization and remediation activities included (1) removing the concrete 
trough outfall adjacent to building 16-260 at the 260 Outfall channel; (2) removing soil and sediment within 
the former settling pond within the 260 Outfall drainage channel; (3) replacing a low-permeability cap on 
the former settling pond; (4) removing soil and tuff from the 260 Outfall drainage channel; (5) sampling 
soil in the Sanitary Wastewater Systems Consolidation (SWSC) Cut of Cañon de Valle; (6) installing 
surge bed injection grouting within the former settling pond at the 260 Outfall channel; (7) installing 
carbon filter treatment systems of spring waters at SWSC and Burning Ground Springs in Cañon de Valle 
and modifying the existing carbon filter at Martin Spring in Martin Spring Canyon; and (8) installing a pilot 
permeable reactive barrier (PRB) for treatment of HE and barium in Cañon de Valle. 

The objective of the CMI was to remediate HE and other contaminants at the 260 Outfall channel (the 
concrete trough, former settling pond, and outfall drainage channel) and in the alluvial systems (SWSC, 
Burning Ground, Martin Springs, SWSC Cut, and Cañon de Valle). All treatments, as specified in the CMI 
plan, included installing the PRB, installing two carbon filter treatment systems, removing the concrete 
trough, injecting grouting, removing soil, replacing the cap, and sampling sediment. This summary report 
includes as-built diagrams for the PRB and carbon filter treatment systems. 

Additional soil removal in the lower drainage not required in the CMI plan was initiated but was not 
completed because of heavy snow and limited access. Field-screening samples collected from the base 
of the excavation indicated RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) concentrations remained above 
the cleanup level. Additional excavation will be required at this location. The removal activities and final 
confirmation sampling will be conducted in the spring of 2010 when access is possible. The results will be 
reported in an addendum to this summary report to be submitted to NMED on August 31, 2010. The 
addendum will also include a revised risk-screening assessment for the 260 Outfall drainage channel. 

Per the CMI plan, the target cleanup levels at the 260 Outfall channel were based on a target risk of 10–5 
for carcinogens and a hazard index of 1 for noncarcinogens for the on-site worker. Three chemicals of 
potential concern are RDX, TNT (2,4,6-trinitrotoluene), and barium. The prescribed cleanup levels are 
site-specific screening action levels of 36.9 mg/kg for RDX and 135.0 mg/kg for TNT. The CMI plan did 
not stipulate a soil cleanup level for barium because HE is the primary driver of risk. The New Mexico 
Environment Department (NMED) residential soil screening level (SSL) of 15,600 mg/kg was used as the 
target cleanup level for barium. 

The target cleanup levels for RDX, TNT, and barium have been met at all but one location within the 
260 Outfall channel. One former settling pond location contained RDX at a concentration of 44.1 mg/kg, 
which exceeds the cleanup level of 36.9 mg/kg. However the RDX concentration at this location is below 
NMED residential and industrial SSLs. 
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The five SWSC Cut sediment samples had silver concentrations above the background value. In 
accordance with the CMI plan, the location with the highest silver concentration will be resampled and the 
sample submitted for sediment toxicity testing of chironomus. Confirmation sampling will be conducted in 
March 2010 when access is possible. If the new sample is found to contain elevated concentrations of 
silver and fails toxicity testing, NMED will be consulted and further removal actions may be required. The 
results of the sediment sampling will be reported in an addendum to this summary report and submitted to 
NMED on August 31, 2010.  

In addition, a long-term monitoring and maintenance plan for the CMI will be submitted to NMED by 
April 30, 2010.  
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1.0 INTRODUCTION 

This summary report discusses the 2009–2010 corrective measures implementation (CMI) at 
Consolidated Unit 16-021(c)-99 within Technical Area 16 (TA-16), Los Alamos National Laboratory (LANL 
or the Laboratory) (Figure 1.0-1). The report describes characterization and remediation activities 
including (1) removing the concrete trough outfall next to building 16-260 at the 260 Outfall channel; 
(2) removing soil and sediment at the former settling pond within the 260 Outfall drainage channel; 
(3) replacing a low-permeability cap on the former settling pond; (4) removing soil and tuff from the 
260 Outfall drainage channel; (5) sampling soil in the Sanitary Wastewater Systems Consolidation 
(SWSC) Cut of Cañon de Valle; (6) installing surge bed injection grouting within the former settling pond 
at the 260 Outfall channel; (7) installing carbon filter treatment systems of spring waters at SWSC and 
Burning Ground Springs in Cañon de Valle and modifying the existing carbon filter at Martin Spring in 
Martin Spring Canyon; and (8) installing a pilot permeable reactive barrier (PRB) for treatment of high 
explosives (HE) and barium in Cañon de Valle. 

The objective of the 2009–2010 CMI was to remediate HE and other contaminants present in the 
260 Outfall channel (including a concrete trough, former settling pond, and outfall drainage channel) and 
in the alluvial systems of Cañon de Valle and Martin Spring Canyon. The CMI was conducted in 
accordance with the CMI work plan (LANL 2007, 098192) and the New Mexico Environment Department 
(NMED) approval with modifications (NMED 2009, 107307). Corrective actions at the Laboratory are 
subject to the March 1, 2005, Compliance Order on Consent (the Consent Order).  

This summary report is organized into seven sections, including this introduction, and multiple supporting 
appendixes. Section 2 presents an overview of the site operational history, the results of previous 
investigations, and details on additional investigation data requirements. Section 3 discusses the scope of 
investigation activities, and section 4 presents field investigation activities and results. Section 5 
describes waste management, and section 6 summarizes deviations from the approved CMI work plan. 
Section 7 presents conclusions. Section 8 lists the references cited in this report and the map data 
sources. Appendixes A through C (on CD included with this document) present field documentation, 
including field logbooks, sample collections logs (SCLs) and chain-of-custody forms, and photographs, 
respectively. Appendixes D and E present summaries of air-permeability testing and surge bed cap 
specifications. Appendix F details as-built diagrams for the PRB, and Appendix G presents the alluvial 
monitoring well construction diagrams and lithologic logs. 

2.0 BACKGROUND 

2.1 Site Description and Operational History 

Consolidated Unit 16-021(c)-99 consists of two solid waste management units (SWMUs): 16-003(k) and 
16-021(c). 

SWMU 16-003(k) consists of 13 sumps and approximately 1200 ft of associated drainlines and troughs 
that lead from the HE-machining building (16-260) to the 260 Outfall drainage channel (Figure 2.1-1).  
HE-contaminated water flowed from the sumps into the concrete trough and ultimately to the 260 Outfall, 
located approximately 200 ft east of building 16-260.  

Building 16-260 has been used since 1951 to process and machine HE. Water was used to machine HE 
(which is slightly water-soluble); wastewater from machining operations contained dissolved HE and 
possible entrained HE cuttings. Wastewater treatment consisted of routing the water to 13 settling sumps 
to recover entrained HE cuttings. From 1951 to 1996, the water from these sumps was discharged to the 
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260 Outfall. In 1994, outfall discharge volumes were measured at several million gallons per year. The 
discharge volumes were likely higher during the 1950s when HE production output from building 16-260 
was substantially greater than it was in the 1990s (LANL 1994, 076858). In the past, barium had been a 
constituent of certain HE formulations, and thus barium is also present in the outfall wastewater from 
building 16-260.  

From the late 1970s to 1996, the 260 Outfall was permitted by the U.S. Environmental Protection Agency 
(EPA) to operate as EPA Outfall No. 05A056 under the Laboratory’s National Pollutant Discharge 
Elimination System (NPDES) permit (EPA 1990, 012454). The last NPDES permitting effort for the 
260 Outfall occurred in 1994. The NPDES-permitted 260 Outfall was deactivated in November 1996 and 
removed from the permit in January 1998.  

SWMU 16-021(c) consists of three portions: an upper drainage channel fed directly by the 260 Outfall, a 
former settling pond, and a lower drainage channel leading to Cañon de Valle (Figure 2.1-1). The former 
settling pond was approximately 50 ft long and 20 ft wide and was located in the upper drainage channel, 
approximately 45 ft below the 260 Outfall. The drainage channel runs approximately 600 ft northeast from 
the 260 Outfall to the bottom of Cañon de Valle. A 15-ft near-vertical cliff is located approximately 400 ft 
from the 260 Outfall and marks the break between the upper and lower drainage channels. 

A 2000–2001 interim measure (IM) cleanup (LANL 2002, 073706) removed more than 1300 yd3 of 
contaminated soil from the former settling pond and channel. Approximately 90% of the HE in the 
Consolidated Unit 16-021(c)-99 source area was removed (LANL 2002, 073706). A low-permeability cap 
was installed on top of the former settling pond during the IM. The cap consists of crushed tuff/bentonite 
mixture and is approximately 20 in. thick. 

HE-contaminated water from the building 16-260 outfall entered the former settling pond and drained into 
the 260 Outfall drainage channel. This was a significant pathway for contamination identified in 
downgradient components of Consolidated Unit 16-021(c)-99 hydrogeologic system, including three 
springs (SWSC, Burning Ground, and Martin Springs) and SWSC Cut and the area is next to SWSC 
Spring and SWSC pipeline and derived its name because it is a roadcut for the SWSC pipeline.  

The CMI addressed contaminants associated with Consolidated Unit 16-021(c)-99 present in shallow soil, 
springs, and shallow groundwater at several locations at TA-16. These contaminants include RDX 
(hexahydro-1,3,5-trinitro-1,3,5-triazine), TNT (2,4,6-trinitrotoluene), and barium. Another explosive 
compound (although not as prevalent) is HMX (1,3,5,7-tetranitro-1,3,5,7-tetrazocine).  

2.2  Current and Future Land Use 

Current and future land use of TA-16 is industrial and specifically designated for HE research, 
development, and testing (LANL 2000, 076100; LANL 2001, 070210). Most areas within TA-16 are active 
sites for the former Engineering Science and Application Division of the Laboratory. Construction of new 
buildings and other facilities in the area is possible. As shown in Figure 2.1-1, numerous roads and 
utilities are present in the vicinity of Consolidated Unit 16-021(c)-99. 

2.3  Results of Historical Investigations 

Five investigations of Consolidated Unit 16-021(c)-99 have been conducted, including a postremediation 
investigation of the outfall drainage channel implemented after the removal of drainage channel soils, 
sediment, and tuff during IM activities. The investigations and results are summarized below 
chronologically.  
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A Resource Conservation and Recovery Act (RCRA) facility assessment (RFA) (LANL 1990, 007512) 
summarized soil and water sampling results from the 1970s for the outfall area. The RFA data collected 
for the 260 Outfall showed substantially elevated HE contamination in the sediment, outfall, and sump 
water. Levels up to 27 wt% (270,000 mg/kg) of HMX and RDX were documented in the area of the former 
settling pond. The data showed HE contamination extending from the discharge point to Cañon de Valle 
(Baytos 1971, 005913; Baytos 1976, 005920). 

The Phase I RCRA facility investigation (RFI) (April 1995–November 1995) (LANL 1996, 055077) 
concentrated on characterizing contamination at the drainage channel and its intersection with Cañon de 
Valle, including alluvial sediment, surface water, and groundwater. NMED approved the report in 1998 
(NMED 1998, 093664). 

The Phase II RFI (November 1996–November 1997) (LANL 1998, 059891) further delineated 
contamination in tuff surge beds beneath the drainage channel and in Cañon de Valle sediment and 
waters. The Phase II RFI included the sampling of surface and near-surface material within the drainage 
and the sampling of 13 boreholes drilled to depths between 17 and 115 ft in and near the drainage. The 
Phase II RFI also included extensive field screening for RDX and TNT using immunoassay methods as 
well as sampling for other chemicals. A risk characterization was also performed. NMED approved the 
report in September 1999 (NMED 1999, 093666). 

An IM remedial excavation was conducted in the outfall drainage channel and settling basin in 2000 and 
2001. More than 1300 yd3 of contaminated material containing approximately 8500 kg of HE was removed 
from these areas. The investigation results are presented in the IM report (LANL 2002, 073706), which 
was approved by NMED on January 13, 2003 (NMED 2003, 076174). 

The Phase III RFI (October 1998–March 2002) (LANL 2003, 077965) included analyses of water and 
sediment data collected since the Phase II RFI (post-1998), a study of spring dynamics, a geomorphic 
alluvial sediment study, geophysical studies, and baseline risk assessments for the outfall source area 
and for selected reaches of Cañon de Valle and Martin Spring Canyon. In addition, a baseline ecological 
risk assessment was performed for Cañon de Valle. NMED approved the Phase III RFI report in 
June 2004 (NMED 2004, 093248). 

An alluvial corrective measures study (CMS) conducted in November 2003 addressed the contaminants 
remaining in the unsaturated subsurface and the alluvial system in Cañon de Valle. The intermediate and 
regional groundwater CMS report (LANL 2003, 085531) focused on the extent of contaminants in the 
deep-perched zone and the regional aquifer. Remedial alternatives and long-term monitoring 
requirements were addressed. 

3.0 GENERAL FIELD PROCEDURES 

3.1 Preliminary Activities and Approach 

Preliminary activities completed before the CMI field activities began included obtaining Laboratory-
required permits and access agreements, identifying and marking potential utilities within the work zones, 
and conducting a geodetic survey to identify site locations. Mobilization activities included bringing all 
equipment, personnel, and materials on-site. Heavy equipment was inspected by TA-16 operations and 
safe work permits were issued for equipment before it was brought to the secured area.  

All activities were conducted under the approved “Environmental Safety and Health Plan (ES&H Plan) for 
Corrective Measures Implementation of Consolidated Unit 16-021(c)-99 and Supplemental Investigative 
Work Plan for Consolidated Units 16-007(a)-99 and 16-008(a)-99 in Technical Area 16 (CMI and IWP 



Consolidated Unit 16-021(c)-99 CMI Summary Report  

March 2010 4 EP2010-0069 

[investigation work plan] at TA-16).” In addition, since TA-16 is a high-security area, site-specific training 
and a site security plan (TA-16 Site Security Plan EFOD 06-005, Revision 0) were also required. All 
fieldwork was implemented in accordance with RCRA Hazardous Waste Operations and Emergency 
Response guidelines, in addition to the security guidelines already established for the area.  

3.2 Field Screening 

Field screening was conducted for health and safety/U.S. Department of Transportation (DOT) purposes 
as well as for environmental screening. 

Health and safety/DOT screening was conducted at all sites and included (1) HE spot testing using a 
Laboratory-supplied HE spot test kit and (2) monitoring for gross alpha/beta activity using an Eberline  
E-600 radiation meter with an SHP-380AB alpha/beta scintillation detector, or equivalent. The radiological 
screening was conducted by a Laboratory radiation control technician. Environmental samples were 
screened before they were transported to off-site laboratories. Equipment was screened before it was 
demobilized from the sites. 

Environmental field screening was conducted as part of the 260 Outfall drainage channel activities. 
Following excavation at the concrete trough, former settling pond and drainage channel, samples were 
field-screened for RDX and TNT. Field screening methods included (1) HE spot test (detection limit  
100 mg/kg]) and (2) RDX and TNT using Strategic Diagnostics, Inc. field screening EnSys test kit 
(detection limits approximately 1 mg/kg). In addition to field screening for HE at the concrete trough, the 
field investigation and removal action at this area also included screening for barium using an Innov-X 
Alpha Series x-ray fluorescence spectroscopy (XRF) instrument.  

Field screening was implemented to meet remedial objectives proposed in the approved CMI plan (LANL 
2007, 098192) using site-specific screening action levels (SSALs) of 36.9 mg/kg for RDX and 
135.0 mg/kg for TNT. The CMI plan (LANL 2007, 098192) did not stipulate a soil field screening action 
level for barium because RDX and TNT were the primary contaminants for risk. As a conservative 
measure, NMED residential soil screening level (SSL) of 15,600 mg/kg was used as the target cleanup 
level for barium (NMED 2009, 108070). These levels for RDX, TNT, and barium were used for cleanup 
goals. Field screening for barium was required only for removal of the concrete trough.  

If screening samples were found to contain RDX, TNT, or barium levels above their respective cleanup 
level, additional material was removed until concentrations were below these levels. Field screening 
results were recorded in the field logbook and/or SCLs, presented in Appendixes A and B (on CD). 

3.3 Cleanup Goals 

The levels at the 260 Outfall channel were based on a target risk of 10–5 for carcinogens and a hazard 
index (HI) of 1 for noncarcinogens for the on-site worker (LANL 2003, 085531; LANL 2007, 098192). 
Elevated risks from the baseline risk assessment (LANL 2003, 077965) were primarily from RDX, TNT, 
and barium. The same levels (36.9 mg/kg for RDX; 135.0 mg/kg for TNT; and 15,600 mg/kg for barium) 
were used for the cleanup goals at the 260 Outfall channel.  

4.0 FIELD INVESTIGATION ACTIVITIES 

This section summarizes the completed CMI activities and briefly describes the procedures and methods 
used during the execution of the 2009–2010 characterization and remedial activities. Photographs taken 
during field activities are presented in Appendix C (on CD). 
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4.1 260 Outfall Drainage Channel Remediation 

Per the approved CMI plan (LANL 2007, 098192), the remedial objectives were to (1) remove the east-
west concrete trough and any contaminated soil below the trough, (2) remove isolated pockets of soil 
from the former settling pond area that exceeded risk-based screening levels following the 2000–2001 IM, 
(3) remove isolated pockets of soil from the outfall drainage channel that exceeded risk-based screening 
levels following the 2000–2001 IM, and (4) maintain or replace the low-permeability cap on the former 
settling pond. The activities conducted to meet these four objectives are discussed below. 

4.1.1 Concrete Trough Removal  

Concrete trough removal began on October 10, 2009, and was completed on November 20, 2009. The 
east-west concrete trough (from the building 16-260 sumps at the roadway to the 260 Outfall) and 
sampling locations are shown in Figure 4.1-1. Appendix C presents photographs of the removal activities. 

The steel plate cover and 6- to 8-in. layer of soil overlying the steel plate cover of the east-west concrete 
trough were removed. After the concrete trough was uncovered, stormwater was observed in the trough, 
and water from the trough was discharging from the polyvinyl chloride (PVC) outfall pipe into the drainage 
channel.  

It was necessary to pump out the water remaining in the concrete trough before the trough was removed. 
A total of 5000 gal. of water was pumped from the trough and stored in water tanks for waste containment 
and later disposal (section 5 summarizes waste management at the site). After the trough was pumped 
dry, additional water was observed flowing from beneath one of the building 16-260 sumps (at the 
junction of the east-west trough) (Figure 4.1-1). As a result, a concrete plug (5 ft tall and 1 ft thick) was 
placed at the building sump at the junction of the east-west trough (on the west end) to prevent 
stormwater run-off from entering the 260 Outfall drainage channel. Additional stormwater runoff control 
measures were implemented and included placing straw wattles and native seed mix at various locations 
in the vicinity of building 16-260, the concrete trough, and the drainage channel.  

The east-west concrete trough was excavated after all of the water was removed from the trough and the 
plug was installed. Approximately 40 yd3 of concrete debris and approximately 9 yd3 of soil were removed 
during the excavation. The soil was excavated as a result of elevated field-screening results at three 
locations (section 4.1.1.1). (An additional 3.0 yd3 of soil was removed from 0 ft from the trough terminus, 
2.0 yd3 of soil was removed from 12 ft from the trough terminus, and 4.0 yd3 of soil was removed from 
132 ft from the trough terminus.)  

Excavation and removal of the concrete trough and underlying soil at the concrete trough was conducted 
using a Komatsu PC200 Excavator. After the concrete trough was excavated, field-screening samples 
were collected from the base of the excavation (section 4.1.1.1), confirmation sampling was conducted 
(section 4.1.1.2), and the trench was backfilled using site material in 1-ft lifts, compacted, and regraded.  

4.1.1.1 Field-Screening Results 

HE field-screening results were used to guide the excavation activities. Field-screening samples were 
collected from beneath the base of the excavated trough. The excavated concrete trough was 150 ft in 
length; the 150-ft screening sample was collected at the junction of the sump at building 16-260 (the west 
end of the excavated concrete trough) (Figure 4.1-1). The 0-ft sample was collected at the trough terminus 
(the east end of the excavated concrete trough). Screening samples were collected at 6-ft intervals from  
0 to 150 ft. Twenty-nine screening samples were field screened for HE and barium. No cracks or leaks 
points were noted in the trough. Screening results were logged in the field notebook and/or SCLs 
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(Appendixes A and B). The field-screening results of sampling at the base of the excavated concrete 
trough are presented in Table 4.1-1.  

Elevated HE screening results using the EnSys kits were detected at three locations: at the 0-ft terminus 
of the former trough (66.9 mg/kg RDX and 0.5 mg/kg TNT); 12 ft from the trough terminus (12.5 mg/kg 
RDX and 138 mg/kg TNT); and 132 ft from the trough terminus (49.5 mg/kg RDX and 0.0 mg/kg TNT). 
Elevated barium screening results using the XRF were also indicated at the 0-ft terminus location 
(3590 mg/kg barium); 12 ft from trough terminus (1034 mg/kg barium); and 132 ft from the trough 
terminus (411 mg/kg barium). Field-screening results obtained at these three locations after the additional 
excavation indicated RDX and TNT were below the cleanup levels of 36.9 mg/kg and 135 mg/kg, 
respectively. Although the screening concentration of barium increased slightly following additional 
excavation at the132-ft location, the concentrations were well below the residential SSL of 15,600 mg/kg 
(Table 4.1-1). 

The EnSys field screening for the other 26 sample locations resulted in RDX concentrations ranging from 
0.1 mg/kg to 19.6 mg/kg and TNT concentrations ranging from 0.0 mg/kg to 1.0 mg/k, all below the 
cleanup levels of 36.9 mg/kg and 135 mg/kg, respectively (Table 4.1-1). The barium field-screening results 
ranged from 273 mg/kg to 3590 mg/kg, all below the residential SSL of 15,600 mg/kg (Table 4.1-1). 

4.1.1.2 Confirmation Sampling 

After field screening confirmed concentrations of HE and barium were below cleanup levels, confirmation 
samples were collected along the base of the trough (Figure 4.1-1). Three confirmatory samples and one 
field duplicate (FD) sample were collected. The samples collected during the confirmation sampling at the 
concrete trough and the requested analyses are presented in Table 4.1-2. 

Two locations (16-608207 and 16-611358) were selected for confirmatory sampling from field screening 
locations where elevated RDX levels were detected, at 12 ft and 132 ft from the trough terminus. A third 
confirmation sample (location 16-611357) was collected from 72 ft from the trough terminus and is 
representative of the midpoint of the trough.  

Another confirmation sample at location 16-608211 (Figure 4.1-1) was collected as an extra sample 
during the outfall drainage channel removal and sampling activities (section 4.1.3). This sample serves as 
a confirmation sample at the trough terminus of 0 ft. The location was not directly beneath the trough; 
however, it was within 4 ft of the 0-ft trough terminus.  

All samples were screened on-site for radiological activity using an Eberline E-600 radiation meter with an 
SHP-380AB alpha/beta scintillation detector before the samples were transported to the Sample 
Management Office (SMO). All samples were submitted to an off-site contract laboratory for the analysis 
of HE, target analyte list (TAL) metals, volatile organic compounds (VOCs), and semivolatile organic 
compounds (SVOCs). The FD sample was submitted for the same suite of analyses as the confirmatory 
samples for quality assurance (QA)/quality control (QC) purposes.  

Evaluation of analytical results for the confirmatory samples from the base of the excavated concrete 
trough identified six metals with detected concentrations or detection limits above background values 
(BVs): antimony, barium, cadmium, copper, lead, and manganese. Seven HE analytes [amino-2,6-
dinitrotoluene(4-), amino-2,6-dinitrotoluene(2-), HMX, RDX, triaminotrinitrobenzene (TATB), 
trinitrobenzene(1,3,5-), and TNT] were detected. One VOC, acetone, was detected. No SVOCs were 
detected in the confirmation samples. Tables 4.1-3 and 4.1-4 provide summaries of inorganic chemicals 
above BVs and organic chemicals, respectively, detected at the concrete trough. 
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Data from the confirmation samples indicated concentrations of RDX, TNT and barium were below the 
cleanup levels. In addition, the concentrations were below the NMED industrial and residential SSLs, 
which are based on a 10–5 target risk for carcinogens or a hazard quotient (HQ) of 1 for noncarcinogens. 

4.1.2 Former Settling Pond Soil Removal 

Previous investigations indicated isolated pockets of soil exceeded the cleanup levels, primarily for RDX 
and TNT, following removal actions at the former settling pond (LANL 2003, 077965). Removal activities 
were conducted at three former settling pond locations from October 11 to October 19, 2009. The former 
settling pond and soil removal locations are shown in Figure 4.1-1. 

A 5-ft radius was marked around former settling pond removal location 16-608212 (Figure 4.1-1). A pit 
was excavated to a depth of approximately 2.5 ft on the channel side and approximately 4 ft on the 
southeastern corner. A portion of the low-permeability pond cap that had been installed in 2001 was 
approximately 6 to 8 in. below the surface and mixed with soil. The cap was not continuous and could not 
be saved. After the area was excavated, screening samples were collected.  

A 5-ft radius was marked around former settling pond removal location 16-608213 (Figure 4.1-1). The pit 
was excavated to a depth of approximately 2.6 ft on the channel side and approximately 4.4 ft on the 
north side. The pond cap was not present at this location. After the area was excavated, screening 
samples were collected.  

Per the approved CMI plan (LANL 2007, 098192), the prescribed protocol for the third former settling 
pond location 16-06403 was first to hand auger to the 1-ft depth to determine whether the RDX screening 
concentrations exceeded the cleanup level. If screening results were found to be above the cleanup level, 
then a minimum of 5-ft radius was to be excavated. This protocol was followed because previous RDX 
field-screening results at location16-06403 exceeded the cleanup level; however, the associated off-site 
analytical data results at the location were below the cleanup level. Since the 2009 field-screening result 
at location 16-06403 exceeded the RDX cleanup level, the excavation area was enlarged to 10 ft by 10 ft 
by 2 ft deep. A small portion of the low-permeability cap was encountered approximately 1 ft below the 
surface, and the area consisted of moist fill and cobbles. The cap was not continuous and could not be 
saved. After the area was excavated, screening samples were collected. 

Excavation of the three locations at the former settling pond was conducted using a Komatsu excavator 
or a Caterpiller 420D backhoe. Approximately 40 yd3 of soil was removed from the former settling pond 
area. Upon completion of the excavations and sampling, field-screening samples were collected from the 
base of each excavation (section 4.1.2.1), confirmation sampling was conducted (section 4.1.2.2), and the 
pits were backfilled using site material in 1-ft lifts, compacted, and regraded. Because the low-
permeability cap was not continuous and could not be maintained, per the CMI work plan a new low-
permeability cap was installed (section 4.1.4). 

4.1.2.1 Field-Screening Results 

HE field-screening results were used to guide the excavation activities. Screening samples were collected 
at three locations within the former settling pond and field screened for HE using the EnSys test kits 
(Figure 4.1-1). The screening results were logged in the field notebook and/or SCLs (Appendixes A and B). 
A summary of the HE field-screening results obtained during the removal and sampling at the former 
settling pond is presented in Table 4.1-5.  
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Following excavation at location 16-608212, the field-screening results using the HE spot test kit were 
negative. The EnSys field screening resulted in RDX concentrations ranging from 1.6 mg/kg to 2.7 mg/kg 
and TNT concentrations ranging from 0.402 mg/kg to 3.077 mg/kg, all below the cleanup levels of 
36.9 mg/kg and 135 mg/kg, respectively.  

Following excavation at location 16-608213, field-screening results using the HE spot test kit were 
negative. The EnSys field screening resulted in RDX concentrations ranging from 2.6 mg/kg to 5.8 mg/kg 
and TNT concentrations ranging from 0.341 mg/kg to 0.526 mg/kg, all below the cleanup levels of 
36.9 mg/kg and 135 mg/kg, respectively. 

Following excavation at location 16-06403, field-screening results using the HE spot test kit were 
negative. The EnSys field screening resulted in RDX concentrations ranging from 10.9 mg/kg to 
15.7 mg/kg, all below the cleanup level of 36.9 mg/kg. Samples were not field screened for TNT because 
RDX was driving the removal. 

4.1.2.2 Confirmation Sampling 

After field screening confirmed concentrations of HE were below cleanup levels, confirmation samples were 
collected from the base of each of the three excavated areas at the former settling pond (Figure 4.1-1). 
Three confirmatory samples and one FD were collected. The samples were selected from screening 
locations that resulted in the highest RDX concentrations at each excavation area. The samples collected 
during the confirmation sampling at the former settling pond and the requested analyses are presented in 
Table 4.1-2. 

All samples were screened on-site for radiological activity using an Eberline E-600 radiation meter with an 
SHP-380AB alpha/beta scintillation detector before the samples were transported to the SMO. All 
samples were submitted to an off-site contract laboratory for analysis of HE, TAL metals, VOCs, and 
SVOCs. The FD sample was submitted for the same suite of analyses as the confirmatory samples for 
QA/QC purposes. 

Evaluation of analytical results for these confirmatory samples from the base of the former settling pond 
excavations identified four metals with detected concentrations or detection limits above BVs: antimony, 
barium, cadmium, and selenium were detected. Seven HE analytes [amino-2,6-dinitrotoluene(4-), amino-
2,6-dinitrotoluene(2-), HMX, RDX, TATB, trinitrobenzene(1,3,5-), and TNT] were detected. No VOCs or 
SVOCs were detected in the confirmation samples. Tables 4.1-6 and 4.1-7 present the inorganic 
chemicals above BVs and organic chemicals, respectively, detected at the former settling pond. 

Concentrations of RDX and TNT in confirmation samples from locations 16-608212 and 16-06403 were 
below cleanup levels. The RDX concentration (44.1 mg/kg) in the confirmation sample from location  
16-608213 exceeded the cleanup level of 36.9 mg/kg; however, it is below NMED industrial and 
residential SSLs.  

4.1.3 Removal of 260 Outfall Drainage Channel Soil and Tuff  

Based on previous investigations, RDX and TNT concentration exceeded cleanup levels in soil in the 
260 Outfall drainage channel after the IM (LANL 2003, 077965). Removal activities were conducted at 
five outfall channel locations from October 17 to December 7, 2009. The 260 Outfall drainage channel 
and soil removal locations are shown in Figure 4.1-1. 

Three of the outfall drainage channel removal locations (16-608208, 16-608209, and 16-608210) are in 
the upper outfall drainage channel, down-drainage from the former settling pond and above the cliff 
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(Figure 4.1-1). The area of excavation at outfall channel location 16-608208 was approximately 5 ft by 5 ft 
by 2.5 ft deep, and three screening samples were collected from the base of the excavation. The area of 
excavation at location 16-608209 was approximately 5 ft by 5 ft by 1.5 ft deep, and three screening 
samples were collected from the base of the excavation. The area of excavation at location 16-608210 
was approximately 5 ft by 5 ft by 1.5 ft deep, and three screening samples were collected from the base 
of the excavation.  

A fourth outfall drainage area encompassing locations 16-608211 and 16-06404 (Figure 4.1-1) was a 
combined removal from both locations. Location 16-608211 is at the former terminus of the concrete 
trough. Location 16-06404 is 4 ft east of the terminus. Soil and tuff were removed from an area 10 ft by 
5 ft by 3 ft deep, which included both the area at the trough terminus and a 5-ft section around location 
16-06404. Screening samples were collected from the base of the excavation. The coordinates for 
location 16-06404 were incorrectly identified in the CMI plan (LANL 2007, 098192). The correct 
coordinates for 16-06404 (northing 1764489.51, easting 1613296.19) place the location 4 ft below outfall 
rather than below the cliff. This location is in agreement with the 260 Outfall IM report (LANL 2002, 
073706) and the RFI Phase III report (LANL 2003, 077965). The soil beneath the cliff was screened for 
RDX and was found to contain concentrations of RDX that exceeded the cleanup level, thus prompting 
removing soil from the fifth location. 

The fifth drainage channel removal location (16-06405 in Figure 4.1-1) was an extra soil removal not 
required in the CMI plan (LANL 2007, 098192). This removal was initiated as a good stewardship 
measure. Location 16-06405 is 5 ft below cliff in the lower outfall drainage channel. Soil and tuff were 
excavated from an area 5 ft by 5 ft by 1.5 ft deep. Hand tools were used to excavate because the steep 
terrain prevented heavy equipment from accessing this location. The excavated material was hauled out 
on foot using 5-gal. buckets. Field-screening samples collected from the base of the excavation indicated 
RDX concentrations above the cleanup level (section 4.1.3.1). Additional excavation will be required at 
this location; however, the snow cover has made access not feasible until the spring. The removal 
activities and final confirmation sampling will resume as soon as access is possible. The results will be 
reported in an addendum to this summary report. 

Excavation and removal of soil and tuff at the four upper drainage channel locations was conducted using 
a Komatsu excavator. The lower outfall channel excavation was conducted using a pick and shovels. 
Approximately 10 yd3 of soil and tuff was excavated from the five locations. Certified clean fill material 
was provided by SG Western and used to backfill the four upper drainage channel excavation areas, after 
which the areas were compacted and regraded.  

4.1.3.1 Field-Screening Results 

HE field-screening results were used to guide the excavation activities. Screening samples were collected 
along the drainage channel and field screened for RDX and TNT using EnSys test kits. The screening 
results were logged in the field notebook and/or SCLs (Appendixes A and B). The field-screening results 
obtained during the removal and sampling at the drainage channel are presented in Table 4.1-8. 
Locations are shown in Figure 4.1-1. 

Following excavation at location 16-608208, field-screening results using the HE spot test kit were 
negative for all samples. The EnSys field screening resulted in RDX concentrations ranging from 
2.2 mg/kg to 3.3 mg/kg, and TNT concentrations ranging from 0.03 mg/kg to 0.43 mg/kg; all below the 
cleanup levels of 36.9 mg/kg and 135 mg/kg, respectively. 
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Following excavation at location 16-608209, field-screening results using the HE spot test kit were 
negative for two of the three samples, and one sample was positive. The EnSys field screening resulted 
in RDX concentrations ranging from 1.8 mg/kg to 16.8 mg/kg, and TNT concentrations were 0.0 mg/kg, all 
below the cleanup levels of 36.9 mg/kg and 135 mg/kg, respectively. 

Following excavation at location 16-608210, field-screening results using the HE spot test kit were 
negative for two of the three samples, and one sample was positive. The EnSys field screening resulted 
in RDX concentrations ranging from 0.133 mg/kg to 0.80 mg/kg and TNT concentrations ranging from 
0.37 mg/kg to 0.50 mg/k, all below the cleanup levels of 36.9 mg/kg and 135 mg/kg, respectively. 

Following excavation at location 16-06404, field-screening results using the HE spot test kit were negative 
for all samples. The EnSys field screening resulted in RDX concentrations ranging from 0.9 mg/kg to  
16.5 mg/kg and TNT concentrations ranging from 0.4 mg/kg to 1.2 mg/kg, all below the cleanup levels of 
36.9 mg/kg and 135 mg/kg, respectively. Following excavation at location 16-608211, the EnSys field-
screening results showed the RDX concentration was 2.9 mg/kg and the TNT concentration was 
10 mg/kg, both below the cleanup levels of 36.9 mg/kg and 135 mg/kg, respectively. 

Location 16-06405 at the base of the cliff (Figure 4.1-1) was screened for HE at three depths: 0–0.5 ft, 
1.0–1.2 ft, and 3.0–3.6 ft. The RDX EnSys field screening result for the surface sample was 127 mg/kg. 
Soil was removed to a depth of 1.2 ft and RDX concentrations were 63 mg/kg and 164 mg/kg, both above 
the cleanup levels of 36.9 mg/kg. TNT screening was not performed on these samples because the 
samples had already failed for RDX screening. A third screening sample, collected at a depth of 3.6 ft 
using a hand auger, contained RDX at 0.005 mg/kg and TNT at 0.005 mg/kg, both below the cleanup 
levels. Although the one sample was below the cleanup level, further excavation will be required at the 
location to remove an estimated 5-ft by 5-ft by 2.4-ft volume of soil and tuff. Work will be completed in the 
spring of 2010 when the area is accessible.  

4.1.3.2 Confirmation Sampling 

After field screening confirmed concentrations of HE below cleanup levels, four confirmation samples and 
one FD sample were collected at drainage channel locations (Figure 4.1-1). The samples were selected 
from screening locations that resulted in the highest concentrations of RDX. A summary of the samples 
collected during the confirmation sampling at the drainage channel and the requested analyses are 
presented in Table 4.1-2. 

All samples were screened on-site for radiological activity using an Eberline E-600 radiation meter with an 
SHP-380AB alpha/beta scintillation detector before they were transported to the SMO. All samples were 
submitted to an off-site contract laboratory for the analysis of HE, TAL metals, VOCs, and SVOCs. The 
FD sample was submitted for the same suite of analyses as the confirmation samples for QA/QC 
purposes.  

Evaluation of analytical results for the samples from the drainage channel identified six metals with 
detected concentrations or detection limits above BVs: antimony, barium, beryllium, cadmium, iron, and 
selenium. Seven HE constituents [amino-2,6-dinitrotoluene(4-), amino-2,6-dinitrotoluene(2-), HMX, RDX, 
TATB, trinitrobenzene(1,3,5-), and TNT] were detected. One VOC, acetone, was detected, and no 
SVOCs were detected. Tables 4.1-9 and 4.1-10 provide summaries of inorganic chemicals detected 
above BVs and organic chemicals detected, respectively, at the drainage channel. 

Concentrations of RDX and TNT in confirmation samples from locations 16-608208, 16-608209,  
16-608210, and 16-608610 were below cleanup levels and below NMED industrial and residential SSLs.  
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4.1.4 Replacement of Low-Permeability Cap  

The low-permeability cap was replaced over the former settling pond to prevent surface and groundwater 
from infiltrating and contacting potentially contaminated underlying tuff. The cap that had been installed 
over the former settling pond in 2001 was not continuous and could not be maintained. Field activities 
were completed on January 30 and 31, 2010, following the injection grouting in the former settling pond 
area (section 4.3). Appendix C presents photographs of the pond cap installation activities. Appendix E 
presents engineering details of the cap construction and installation.  

The performance standards for the low-permeability soil-bentonite cap were 1 × 10–7 cm/s for saturated 
hydraulic conductivity (Ks), a thickness of 1 ft placed to achieve a maximum thickness of 6 in. per 
compacted lift, and compacted to a minimum 95% of maximum density from American Society for Testing 
and Materials (ASTM) D-698 (standard proctor) with moisture content 0% to 3% of optimum. The 
specification recommended using soil collected from the former cap soil stockpile for the cap. The settling 
pond stockpiled soil was unacceptable to use as a cap soil/material because of the large percentage of 
rock over ¾-in. diameter. An acceptable soil was located in Española, New Mexico, and supplied by 
Española Transit. The bentonite specification calls for a free flowing, high swelling, and granular sodium 
bentonite.  

Moisture-density compaction and permeability testing was performed by an approved testing agency in 
accordance with the listed ASTM standards. Both soil-bentonite ratios (10% and 20% by weight) resulted 
in Ks values below the specified 1 × 10–7 cm/s; therefore, the 10% bentonite ratio was chosen for 
developing a proctor curve and for the field mixture. The lower bentonite content will result in less 
desiccation cracking. 

During the soil-bentonite low-permeability cap installation, on-site field tests were conducted to verify the 
materials (e.g., water) and soil-bentonite backfill mixture met the requirements (e.g., moisture, compaction 
density). The soil-bentonite (90:10 by weight) was mixed at Española Transit using a conveyor belt 
system. With a conveyor belt system, soil is placed in one hopper and bentonite in a second hopper. 
Material was dispensed onto the conveyor belt at the prescribed ratios using variable speed motors 
controlling the feed rates from each hopper. The soil-bentonite mixture was compacted in 6-in. lifts. In-
place soil density and moisture content was determined in accordance with ASTM D 1556-82 (Sand Cone 
Method). Three representative samples from each 6-in. lift were collected. All samples exceeded the 
minimum 95% of laboratory dry bulk density from the standard proctor test. Complete details and records 
are provided in Appendix E. 

Per the CMI plan (LANL 2007, 098192), the new low-permeability cap will be inspected and run-on/runoff 
controls will be measured. Details will be provided in a long-term monitoring and maintenance plan. 

4.2 SWSC Cut Soil Investigation 

Previous investigations indicated soil in a road cut in the vicinity of the SWSC sewer pipeline (referred to 
as the SWSC Cut) contained elevated concentrations of silver and failed sediment toxicity testing 
(chironomus testing) (LANL 2003, 077965). The CMI plan called for further sampling at five locations at 
SWSC Cut. All samples are to be analyzed for TAL metals, and the location with the highest silver 
concentrations will be tested for toxicity to the chironomid.  

Five investigation samples and one FD sample were collected on December 5, 2009 (Figures 4.1-1 and 
4.2-1). The surface samples were collected from 0.0–0.3 ft depth and field screened for HE using the HE 
spot test kit; the samples screened negative. Appendix C presents photographs of sampling activities at 
the SWSC Cut. 
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All samples were screened on-site for radiological activity using an Eberline E-600 radiation meter with an 
SHP-380AB alpha/beta scintillation detector before the samples were transported to the SMO. The 
samples were submitted to an off-site contract laboratory for the analysis of TAL metals. The FD sample 
was submitted for the same suite of analyses as the investigation samples for QA/QC purposes. A 
summary of the samples collected during the sampling at the SWSC Cut and the requested analyses are 
presented in Table 4.2-1. 

Evaluation of analytical results of these samples from the SWSC Cut identified nine metals with detected 
concentrations or detection limits above BVs: antimony, barium, cadmium, copper, manganese, nickel, 
selenium, silver, and thallium. Table 4.2-2 provides a summary of inorganic chemicals above BVs at 
SWSC Cut. 

Silver concentrations range from 11.9 mg/kg to 38.5 mg/kg. Location 16-608204 had the highest silver 
concentration (38.5 mg/kg) and will be resampled in March 2010. The new sample will be submitted to an 
off-site laboratory for sediment toxicity testing of chironomus. The objective of this test is to determine 
whether inorganic chemicals, silver in particular, in sediment are harmful to the biota. If the new sample is 
found to contain elevated concentrations of silver and fails toxicity testing, NMED will be consulted and 
further removal actions may be required. 

4.3 Remediation of Former Settling Pond Surge Bed  

Previous investigations at TA-16 indicated the presence of HE contamination within surge beds beneath 
the footprint of the former settling pond (LANL 2003, 077965). As part of the Phase II RFI (LANL 1998, 
059891) several boreholes were advanced into tuff next to the former settling pond to determine the 
vertical extent of HE. Many of the boreholes indicated the presence of surge beds underlying the former 
settling pond area. Surge beds are typically highly discontinuous features on the Pajarito Plateau; if they 
are present, they can vary in thickness and permeability over short distances (WoldeGabriel et al. 2001, 
092523). Samples from the upper surge bed at approximately 17 ft below ground surface (bgs) beneath 
the former settling pond contained RDX (4500 mg/kg), HMX (1700 mg/kg), and TNT (3500 mg/kg). 

Injection wells were installed around the former settling pond during the 2009–2010 characterization and 
remediation activities to grout the surge beds. A grouting plan (LANL 2009, 107452) was submitted to 
NMED before the work was conducted. These activities were designed to prevent the contaminated upper 
surge bed within the former settling pond area from making contact with groundwater by isolating the 
contaminated horizon and preventing contaminants from leaching into groundwater, migrating off-site, 
and threatening groundwater quality. The decision to treat the surge bed using in situ injection grouting 
was based on the areal extent, depth, and volume of contamination, type and concentration of 
contaminants present, soil characteristics, and site hydrogeology (LANL 2009, 107452). Injection grouting 
activities began on November 3, 2009, and were completed on January 31, 2010. The injection well 
locations within the former settling pond are shown in Figure 4.3-1. 

4.3.1 Injection Grouting Design 

Because of the general capabilities of grouting and the anticipated surge bed permeability, a performance 
goal of 5.0 × 10–5

 cm/s, representing 1 to 2 orders of magnitude reduction in permeability, was set as the 
performance standard for grouting. To avoid potential hydraulic fracturing of the subsurface formation in 
and around the surge bed, low pressure grouting was used. Low-pressure grouting, otherwise known as 
permeation or area grouting, is a technique where a low-viscosity grout is injected in a formation filling 
pores and fissures, thereby decreasing formation permeability (LANL 2009, 107452). 
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The grout material and injection technique are dictated by the site conditions. The surge bed site is a 
relatively small area (approximately 1250 ft2). The contaminant levels are moderate to high and are 
primarily HE contamination with RDX concentrations up to 4500 mg/kg. The contamination is believed to 
reside within the surge bed material primarily to a depth of approximately 17 ft bgs. The overburden 
consists of very densely welded unsaturated tuff, which cannot be easily excavated. Normally, such a 
small volume of contaminated material would be excavated; however, treatment by grout injection is the 
appropriate method because the depth to the surge bed is approximately 17 ft bgs and the volume of 
contaminated soil versus the overburden volume is relatively small. The selection was described in the 
CMI plan (LANL 2007, 098192) and approved by NMED (2007, 098449). 

The choice of grout material was determined by the grain size, porosity, and density of the formation 
(LANL 2009, 107452). These characteristics of the surge bed material and tuff were determined from 
borehole logs and archived core from the former settling pond. The grain size of the surge bed material is 
similar to a fine-grained soil ranging in particle-size diameter from 0.001 to 2 mm (Freeze and Cherry 
1979, 088742). The porosity and bulk density of the surge material have not been measured; however, 
laboratory results of core samples collected from surge beds in two nearby borings indicate porosities of 
47% and 51%, and bulk densities of 1.30 g/cm–3 and 1.42 g/cm–3 (Newman et al. 2007, 095632). 

4.3.2 Injection Grouting Activities 

Eleven primary injection boreholes (P-1 through P-11) were drilled to depths ranging from 22 ft to 33 ft bgs. 
The boreholes are spaced approximately 10 ft around the bottom of the drainage channel and encompass 
the perimeter of the surge bed (Figure 4.3-1). Five secondary injection wells (S-1 through S-5) were drilled 
to depths of 23 ft and were located equidistant from the primary boreholes (Figure 4.3-1). The purpose of 
the secondary injection wells was to infill between the primary injection boreholes. Appendix C presents 
photographs of the injection grouting activities. 

The 16 boreholes were drilled using a TEI Rock Drills, Drillall Geo model rig. Water-injection tests were 
first conducted in each of the injection wells until steady-state was reached and flow and water uptake 
could be measured to determine the correct grout mixtures for infiltration into the formation at the various 
boreholes. Injection pressures were measured using an RST Instruments, Ltd., permeation grout monitor, 
and the pressures were maintained at 20 pounds per square inch (psi) or less. This was considered 
sufficient for using a low-viscosity grout to fill the pores and fissures and decrease formation permeability. 

Different mixtures of grout-cement and water were used in the boreholes effectively grout subsurface 
voids. Grout-cement included Type I, Type II, Type III, and microfine cement. Grout ratios (water to grout-
cement) are 4:1, 3:1, 2:1, and 1:1, respectively. Testing indicated that coarser cement such as Type III 
cement worked better in the boreholes that advanced into more conductive part of the formation. In 
general, the approach was to begin grouting with finer-grained grout and incrementally increasing the 
grain size and reducing the water content of the grout until the refusal criterion was met. The refusal 
criterion was an injection rate of less than 1 gal./min for a 5-min period. Microfine cement was used in the 
boreholes that advanced into the less conductive part of the formation. Table 4.3-1 presents the final 
grout ratios and volumes of grout used. 

Five of the injection wells (P-10, P-11, S-2, S-3, and S-4) were found to take over 800 gal. of grout each. 
Over 6000 gal. of grout was injected into these five boreholes, and the refusal criterion was met for each 
borehole. The volume of grout injected indicated the presence and dominance of subsurface fractures in 
the upper part of the drainage beneath the former settling pond in the area of the contaminated surge 
bed. Grout probably filled the fractures and secondarily filled the interstitial pore space of the surge bed. 
The air-permeability test holes were also installed in this region as discussed in section 4.3.3.  
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A groundwater monitoring well was installed to monitor the long-term effectiveness of grouting. The 
borehole for the down-drainage monitoring well was drilled to 25 ft, and no water was encountered during 
drilling and construction of the well. The well was cased and was screened at 15 to19 ft to target the  
17-ft-deep surge layer. The sand pack, bentonite seal and concrete plug were installed. Details of the 
monitoring will be reported in the long-term monitoring and maintenance plan. 

4.3.3 Air-Permeability Testing Activities 

To assess the effectiveness of injection grouting, an air-permeability test of the grouted area was 
conducted. The intrinsic permeability determined from this air-permeability test was then compared to a 
performance goal to evaluate the efficacy of injection grouting. The performance goal was set to a 
saturated hydraulic conductivity value of 5 × 10–5

 cm/s. The intrinsic permeability calculated from this 
saturated hydraulic conductivity is 6 × 10–10 cm2.  

On November 12, 2009, two air-permeability test boreholes (AP-1 and AP-2) were drilled to approximately 
25 ft bgs and placed approximately 8 ft apart (Figure 4.3.1). The boreholes were located within the 
grouted area but did not receive any grout before testing. 

On January 16, 2010, the air-permeability test was performed. Borehole AP-1 was monitored as an 
observation borehole, while vacuum was placed on extraction borehole AP-2. Inflatable packers were 
used to seal and isolate the lower portions of each borehole during the test. The packers were placed at a 
depth of approximately 12 ft bgs and inflated to 120 psi; accordingly, the test interval was from 12 ft bgs 
to 25 ft bgs. This interval is presumably the same one that received grout and where the surge bed is 
located.  

Air was extracted at an average rate of 41 ft3/min from AP-2 using a 3-amp GAST regenerative blower. 
Vacuum was monitored at the blower and at both the extraction and observation boreholes using 
standard vacuum gauges. In addition, an in situ pressure transducer (Bare-Troll) was placed in the 
observation borehole, and pressure recorded at 1-min intervals. The extraction period was approximately 
168 min (2.8 hr). A vacuum response was observed at borehole AP-1 (the observation borehole) after 
about 80 min of extraction at borehole AP-2. Total vacuum at borehole AP-1 stabilized to approximately 
1.7 in. of water after approximately 120 min of extraction.  

Vacuum data measured at borehole AP-1 were analyzed to determine the intrinsic permeability of the test 
interval (Appendix D). The intrinsic permeability determined from the test is 6.3 × 10–7 cm2, which is 
comparable to the intrinsic permeability values of permeable basalt or clean sand (Freeze and Cherry, 
1979, 088742). The intrinsic permeability determined from the test is 3 orders of magnitude greater than 
the performance goal of 6 × 10–10 cm2, which is comparable to a sandstone or silty sand (Freeze and 
Cherry 1979, 088742). It is likely that the test borehole flow paths were connected to the highly fractured 
zone encountered by injection wells P-10, P-11, S-2, S-3, and S-4. 

4.4 Installation of Spring Carbon Filters at SWSC and Burning Ground Springs and 
Modification of Existing Carbon Filter at Martin Spring 

Carbon filters were installed at SWSC and Burning Ground Springs between November 20 and 
December 5, 2009. The spring carbon filters are designed to optimize hydraulic head difference across 
the filter and to preserve any existing wetlands associated with the spring, both during and after 
construction for cleanup of SWSC and Burning Ground Springs in Cañon de Valle and Martin Spring in 
Martin Spring Canyon. As-built diagrams of the SWSC Spring and Burning Ground Spring carbon filter 
systems are presented in Figures 4.4-1 and 4.4-2. Appendix C presents photographs of storm filter 
installation activities. 
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4.4.1 Carbon Filter Design 

The carbon filter design consists of a collection box to collect the spring water, subgrade piping to convey 
the water to the carbon filter, and piping to convey the treated water to the discharge point. To preserve 
the small wetland area associated with SWSC and Burning Ground Springs, the treated spring water was 
designed to discharge to the surface within the existing wetland areas. 

The carbon filters (manufactured by Contech, based in Portland, Oregon) consist of a subgrade vault 
containing two activated carbon canisters, each with approximately 45 lb of activated carbon. A similar 
unit was installed in 2001 as a pilot and is operating at Martin Spring. Flow through the two canisters is in 
parallel and is activated by a float valve within each canister. The system was designed to ensure a 
minimum hydraulic head of 1.5 ft is provided across the units. The spring collection boxes consist of a 
weir and a reservoir and are fabricated from aluminum by a machine shop.  

4.4.2 Installation of Carbon Filter  

SWSC Spring 

Storm filters (weighing approximately 1300 lb) and other supplies were transported to the SWSC Spring 
site using a Caterpillar 420D backhoe. One load of pea gravel (1 yd3) was used to backfill and seat the 
SWSC Spring carbon filter.  

SWSC Spring was diverted before excavation and installation of the carbon filter system were conducted. 
A 30-ft long trench was dug and a 6-ft by 4-ft by 4-ft area was excavated using a Caterpillar 420D 
backhoe to lay the piping and the spring box. The piping to the box, sampling port, and discharge line to 
the channel were installed. The weir box, which was specially fabricated with plumbing to the subsurface, 
was installed. During excavation of the spring box, the alluvial groundwater table was reached at 
approximately 4 ft bgs and water readily filled the highly productive zone in the excavation. 

After the subsurface system was installed, the excavations were backfilled with the native soil. Native 
seed mix was applied to the bare soil, and erosion blankets were rolled out over the disturbed area. Straw 
wattles were installed at the downgradient edge of the disturbed area at SWSC Spring to prevent 
sediment and runoff from entering Cañon de Valle.  

Burning Ground Spring 

Storm filters and other supplies were transported to the Burning Ground Spring site using a Caterpillar 
420D backhoe. Two loads of pea gravel (2 yd3) were delivered and used to backfill and seat the carbon 
filter unit.  

Water from Burning Ground Spring was flowing at a rate of approximately 0.2 L/s. Therefore water was 
diverted from the upper slope installation site for 1 wk before excavation. A 15-ft-long trench and a 6-ft by 
4-ft by 4-ft excavation were dug using a Caterpillar 420D backhoe to lay the piping and the spring box. 
The piping to the box, sampling port, and discharge line to the channel were installed. The weir box, 
which was specially fabricated with plumbing to the subsurface, was installed.  

After the subsurface system was installed, the excavations were backfilled with native soil. Native seed 
mix was applied to the bare soil and erosion blankets were rolled out over the disturbed area. Straw 
wattles were installed at the downgradient edge of the disturbed area at Burning Ground Spring to 
prevent sediment and runoff from entering Cañon de Valle. Appendix C presents photographs of the 
restoration activities. 



Consolidated Unit 16-021(c)-99 CMI Summary Report  

March 2010 16 EP2010-0069 

Martin Spring 

A weir adapter box was installed at Martin Spring to capture the seep next to the weir box. Because the 
soil was frozen in the area, the box will be adjusted and seated firmly after the ground has thawed. 

4.5 Installation of Pilot PRB in Cañon de Valle 

Installation of PRBs was identified in the CMS as the preferred remedial alternative for the Cañon de 
Valle alluvial system (LANL 2003, 085531). Three PRBs were proposed for Cañon de Valle and one was 
proposed for Martin Spring Canyon. The primary remedial objective for the PRB is to reduce RDX and 
barium concentrations in alluvial groundwater to below their respective groundwater standards, which in 
turn will reduce the concentrations of contaminants infiltrating intermediate and regional groundwater 
zones. The chosen location of the PRB (Figure 4.5-1) was identified by previous investigations (LANL 
2003, 077965) to be an area recharge potential to the deeper groundwater is high. In addition, a PRB 
proposed for the eastern edge of the perennial stream in Cañon de Valle was designated to be equipped 
with an infiltration gallery to allow surface water storm surges to infiltrate the PRB for treatment.  

In the CMS (LANL 2003, 085531) the Laboratory proposed installing a PRB in Cañon de Valle as a pilot 
project to investigate the effectiveness of the barrier before other PRBs are installed. The pilot PRB is 
located next to alluvial monitoring well 16-02658 and intermediate well CdV-16-1i, which is located in a 
potential recharge area for deeper groundwater (Figure 4.5-1). Because this remedy is a pilot project and 
concentrations of RDX in alluvial groundwater have decreased during recent years, a key goal is to 
demonstrate a significant decrease (>90%) in RDX concentration. The PRB installation activities began 
on December 14, 2009, and were completed on January 19, 2010. As-built diagrams of the PRB are 
presented in Appendix F.  

4.5.1 PRB Design 

The PRB consists of a cutoff wall to divert groundwater into a downgradient reactive cell. The reactive cell 
is a baffled polypropylene vessel containing four chambers for the reactive media (Figure 5.5-1). The 
groundwater diversion wall consists of PVC sheet-piling. The PVC wall is placed in a 2-ft-wide linear 
trench (the bottom of which is tuff). The wall is sealed and secured into the underlying tuff using 
bentonite-soil mixture, and then overlain with geotextile and 3/8-in. pea gravel. Two penetrations in the 
wall direct water through a 2-in. pipe to the four-stage reactive cell system. 

As part of the first phase of the PRB, laboratory tests were completed to determine the best reactive 
media for treating RDX and barium (LANL 2010, 108648). The results indicated that granular zero valent 
iron (ZVI) and clinoptilolite zeolite are the most effective and cost efficient means of treating RDX and 
barium, respectively. Based on the study, ZVI and clinoptilolite zeolite are used in the four-stage reactive 
cell system. The system is baffled to allow water to flow into four cells sequentially as follows: water first 
flows into cell 1 (containing 3/8-in. pea gravel) to cell 2 (containing ZVI/sand mixture) to cell 3 (containing 
3/8-in. pea gravel) and to cell 4 (containing clinoptilolite zeolite). After treatment through the four-stage 
reactive cell, the groundwater is directed to an infiltration gallery (LANL 2010, 108648). Appendix C 
presents photographs of the PRB system, including the four-stage reactive cell. Appendix F presents as-
built diagrams of the PRB system. 

4.5.2 PRB Installation 

To prevent sediment and stormwater from entering channel before excavation and installation activities 
were conducted, straw wattles were placed alongside the stream channel. The infiltration gallery and 
reactive cell of the PRB system were installed first. A 3-ft by 10-ft by 3-ft-deep area was excavated for the 
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infiltration gallery using a Caterpillar 420D backhoe. Competent bedrock was reached at 2.7 ft bgs. The 
infiltration gallery consists of a 12-ft section of infiltrators, which were buried 3 ft bgs and covered with  
1 ft of soil. A 15-ft by 5-ft by 4-ft-deep area was excavated for the PRB and valve access. Appendix C 
presents photographs of the PRB installation activities.  

The PRB four-stage reactive cell was installed just upstream of the infiltration gallery. The prefabricated 
vessel was installed within an excavated area approximately 20 ft long by 6 ft wide by 5 ft deep. The 
reactive cell is offset from the perennial stream to minimize erosion effects around the reactive cell. The 
vessel was filled with approximately 8700 lb of ZVI, zeolite, and pea-gravel mixture. Although the PRB is 
installed belowground, the PRB cells can be accessed through a removable cover to replace the media, if 
necessary. Three 1-in.-diameter sampling tubes were installed within the media and penetrate the cell, 
allowing groundwater gauging and sampling and other data gathering within the cells. Three vent tubes 
were installed within the lid to vent air that is displaced by rising or falling groundwater levels and also to 
allow the venting of any generated gas. A 2-in. bypass line was also installed to allow water to flow 
around the reactive cell. The valves for the bypass line can be accessed from manholes installed 
upstream and downstream of the reactive cell. Sampling ports are also plumbed upstream and 
downstream of the vessel so water samples can be collected above and below the vessel. As-built 
diagrams of the PRB are presented in Appendix F.  

The cutoff wall and groundwater transfer line of the PRB system was installed next. A 103-ft by 3-ft by  
10-ft-deep trench was excavated, and a minimum of 2-ft soil-bentonite mixture was placed in the bottom 
of the trench. The plastic sheet piling is fabricated in 2-ft-wide sections with tongue-and-groove 
connecting slots. The slots were filled with a hydroswelling caulk, and the sheets were assembled on-site 
to form the wall 2 ft at a time. The sheet piling was seated into the soil-bentonite for the entire length of 
the trench. After the PVC sheet pilings were installed, geotextile was placed over the soil-bentonite 
mixture. A 4-in. slotted flexible pipe was placed at the base of the geotextile and overlain with a 1-ft to  
3-ft layer of pea gravel. This layer served as a groundwater collection gallery. The geotextile/gravel layer 
was secured and native soil was backfilled to the existing grade. Before the trench and diversion wall 
were backfilled, two penetrations were drilled in the wall. The penetrations are connected by Y-piping to a 
flexible corrugated plastic pipe that connects the upgradient cutoff wall to the downgradient reactive cell 
of the PRB system. The corrugated pipe was placed in a 120-ft by 2-ft by 3-ft-deep trench that was later 
backfilled and graded. The entire site was regraded and seeded. Five rolls of erosion blankets (100 ft by  
8 ft each) were used to cover the areas impacted from construction. 

4.5.3 Alluvial Monitoring Wells 

Sixteen alluvial groundwater-monitoring wells were drilled using a CME-55 hollow-stem auger rig and 
8-in.-outer diameter to monitor the performance of the PRB (Figure 4.5-1). The wells were installed in 
strategic locations to provide a potentiometric surface of the groundwater above and below the cutoff wall, 
within the wall, and below the vessel. Five of these wells were installed 30 ft upgradient of the PRB, and 
11 wells were installed downgradient. In addition, four 2-in. piezometers were installed upgradient of and 
next to the diversion wall. All four piezometers are seated in the pea gravel and will be used to monitor 
water levels and water chemistry upgradient of the cutoff wall. From January 26 to January 31, 2010, 
20 monitoring points (16 alluvial wells and 4 piezometers) for water level and water chemistry were 
installed.  

Depths of the wells ranged from 7 to 16 ft bgs. The well casing is 2-in.-diameter PVC and is screened 
across the alluvium. The filter pack between the screen and well bore consists of clean silica sand. 
Bentonite chips or pellets were used for the annular seal. All drilling activities were conducted in 
accordance with appropriate Laboratory guidance documents and protocols. Appendix G presents the 
lithologic logs and well construction diagrams for the 16 monitoring wells. 
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5.0 WASTE MANAGEMENT  

The investigation-derived waste (IDW) generated as a result of investigation and remediation activities 
includes concrete, steel plates, excavated soil and tuff, waste water, municipal solid waste, contact waste, 
and spent solvent/soil from the HE spot test kits. The IDW was containerized, characterized, and 
managed as specified in the project’s waste characterization strategy form, which was prepared in 
accordance with Standard Operating Procedure 5023, Characterization and Management of 
Environmental Program Waste. The IDW is currently being managed as nonhazardous waste within the 
consolidated unit. Waste profile forms and manifests will be prepared for these wastes, and the waste will 
be disposed at the appropriate facilities.  

6.0 DEVIATION 

One deviation from the approved CMI plan for Consolidated Unit 16-021(c)-99 occurred during the field 
implementation. The geodetic coordinates for location 16-06404 were incorrectly presented in the CMI 
plan (LANL 2007, 098192). The coordinates have been corrected and are consistent with the location as 
presented in the 260 Outfall IM report (LANL 2002, 073706). Additional soil removal in the lower drainage 
not required in the CMI plan was initiated but not completed because of heavy snow and limited access. 
The location was identified through field screening of an incorrectly located sample. Additional excavation 
will be required at this location. 

7.0 CONCLUSIONS 

This report describes the completion of the following eight activities conducted in 2009–2010 at 
Consolidated Unit 16-021(c)-99: removing the concrete trough at the 260 Outfall; removing soil from 
beneath the former settling pond within the 260 Outfall drainage channel; removing soil from the four 
required 260 Outfall drainage channel locations; replacing the low-permeability cap on the former settling 
pond; sampling soil for silver in the SWSC Cut of Cañon de Valle; installing surge bed injection grouting 
within the former settling pond at the 260 Outfall drainage channel; installing carbon filter treatment 
systems of spring waters at SWSC and Burning Ground Springs in Cañon de Valle and modifying the 
existing carbon filter at Martin Spring in Martin Spring Canyon; and installing a PRB in Cañon de Valle for 
treatment of HE and barium. 

Additional soil removal in the lower drainage not required in the CMI plan was initiated but not completed 
because of heavy show and limited access. The location in the lower drainage was identified through field 
screening of an incorrectly located sample. Additional excavation will be required at this location. The 
removal activities and final confirmation sampling will be conducted in the spring of 2010 when access is 
possible. The results will be reported in an addendum to this summary report to be submitted to NMED on 
August 31, 2010. 

The five SWSC Cut sediment samples had silver concentrations above the background value. In 
accordance with the CMI plan, the location with the highest silver concentration will be resampled and 
submitted for sediment toxicity testing of chironomus. The confirmation sampling will be conducted in 
March 2010 when access is possible. The results will be reported in an addendum to this summary report 
and submitted to NMED on August 31, 2010. If the new sample is found to contain elevated concentrations 
of silver and fails toxicity testing, NMED will be consulted and further removal actions may be required. 

In addition, to confirm the effectiveness of the CMI characterization and remediation activities, and per 
NMED requirements, a long-term monitoring and maintenance plan will be submitted to NMED on 
April 30, 2010.  
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Structures; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating 
and Mapping Section; 06 January 2004; as published 28 May 2009. 

LANL PRS 
boundaries 

Potential Release Sites; Los Alamos National Laboratory, Waste and Environmental Services 
Division, Environmental Data and Analysis Group, EP2009-0137; 1:2,500 Scale Data; 13 
March 2009. 

LANL historical 
sample locations 

Point Feature Locations of the Environmental Restoration Project Database; Los Alamos 
National Laboratory, Waste and Environmental Services Division, EP2009-0283; 04 June 
2009. 
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Figure 1.0-1 Location of TA-16 with respect to Laboratory TAs and surrounding areas 
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Figure 2.1-1  Location of Consolidated Unit 16-021(c)-99 and associated features 
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Figure 4.1-1  Location of 260 Outfall concrete trough, former settling pond, and drainage channel 
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Figure 4.2-1  SWSC Cut sampling locations 
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Figure 4.3-1  Former settling pond surge bed with injection well locations, monitoring well, and air-permeability test boreholes 

! 
...... , 

..-..-,... 

I ..... 
..... 

• 
"." 

. .., 

..-..-..-..-..-..-
. p./I 

M 
~., 

0 

0 
AP-2 

"- • .... ,., 

.. eo..~"""IIO/l 
>amplll'll k><.o,"'" 

• Prirnarjllni«'iOn 
bo<eho~ l<lOtion 

• =r::!"" 
0 Air po"",,~bility 

t<>S'Do",ho'" 

• -~ mon~~lng_1I -..- -16-608213 "" - - - Approx.pend 

__ -----,k----------""~"---.:..-,,-I cudi"" _ :& ., - -- 2/tCO/l\0UfIine 

• ,~ 

16--608212 
A 

. e~ 

. P.6 

16-06403 
A 

e~ • 
TA-16 

'\l-----' 

\ 
\ 

I 
I 

I 

J 
Surge Bed 

Monitoring Well 

• ... ..... • e~ 
M • ..... -- -

. P-9 

-"'"11 .... _""-_ ...... _-.... ' .... '6CM1_M......, ..... "" ___ bo 

~_lI><o.AIot"'-,(M~~ 

' ... ----

-
~ 

TerranearPMC ___ ...... ~·c_ .. l_rr ____ ,.UfCMt'.,. 

Approximate outline of 
former settling pond 

--~.,--....... , .. -
_-"',1\110 
~,,~ 

"'_'~\.~""' __ ! 



  

  

M
arch 20

10
 

28
 

E
P

201
0-0

069
 

C
onsolidate

d U
nit 16-021(c)-99 C

M
I S

um
m

ary R
ep

ort  

 

Figure 4.4-1  As-built diagram of SWSC Spring carbon-filter system 
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Figure 4.4-2  As-built diagram of Burning Ground Spring carbon-filter system 
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Figure 4.5-1  Location of the PRB and monitoring wells in Cañon de Valle 
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Table 4.1-1 
Field-Screening Results for 260 Outfall Concrete Trough 

Distance from 
Outfall Terminus 

(ft) 
Depth  

(ft bgs) Collection Date HE Spot Test 
RDX 

(mg/kg) 
TNT 

(mg/kg) 
Barium 
(mg/kg) 

0 0–0.5 10/30/2009 Negative 66.9 0.5 3590 

0 0–0.5 10/30/2009 Negative 2.9 0.0 1411 

6 0–0.5 10/30/2009 Negative 0 1.0 363 

12 0–0.5 10/30/2009 Negative 12.5 138 1034 

12 0–0.5 10/30/2009 Negative 1.7 0.0 826 

18 0–0.5 10/30/2009 Negative 0.7 0.0 419 

24 0–0.5 10/30/2009 Negative 0.4 0.0 387 

30 0–0.5 10/30/2009 Negative 0.4 1.0 273 

36 0–0.5 10/30/2009 Negative 0.8 0.0 339 

42 0–0.5 10/30/2009 Negative 2.3 0.0 444 

48 0–0.5 10/30/2009 Negative 1.8 0.0 584 

54 0–0.5 10/30/2009 Negative 1.3 0.0 323 

60 0–0.5 10/30/2009 Negative 0.4 0.0 361 

66 0–0.5 10/30/2009 Negative 2.0 0.0 478 

72 0–0.5 10/30/2009 Negative 0.4 0.0 427 

78 0–0.5 10/30/2009 Negative 0.0 0.0 769 

84 0–0.5 10/30/2009 Negative 0.1 0.0 320 

90 0–0.5 10/30/2009 Negative 2.2 0.0 296 

96 0–0.5 10/30/2009 Negative 0.8 0.0 532 

102 0–0.5 10/30/2009 Negative 0.4 0.0 398 

108 0–0.5 10/30/2009 Negative 0.6 0.0 850 

114 0–0.5 10/30/2009 Negative 0.6 0.0 679 

120 0–0.5 10/30/2009 Negative 0.5 0.0 291 

126 0–0.5 10/30/2009 Negative 0.7 0.0 379 

132 0–0.5 10/30/2009 Negative 49.5 0.0 411 

132 0–0.5 10/30/2009 Negative 19.6 0.0 595 

138 0–0.5 10/30/2009 Negative 6.9 0.0 373 

144 0–0.5 10/30/2009 Negative 0.3 0.0 376 

150 0–0.5 10/30/2009 Negative 2.4 0.0 430 

Note: Bold values indicate contamination was removed and the areas were rescreened. 
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Table 4.1-2 
Summary of Samples Collected and Analyses Requested  

at the 260 Outfall Concrete Trough, Former Settling Pond, and Drainage Channel 

Sample ID 
Collection 

Date 
Location 

ID Depth (ft) Media H
EX

P 

TA
L 

M
et

al
s 

(S
W

 8
46

 6
01

0B
) 

VO
C

 (S
W

 8
46

 8
26

0B
) 

SV
O

C
 (S

W
-8

46
 8

27
0C

) 

260 Outfall Concrete Trough 

RE16-09-13515 11/06/2009 16-611358 8.0–8.5 SOIL 10-409 10-409 10-409 10-409 

RE16-09-13516 11/06/2009 16-611357 6.0–6.5 SOIL 10-409 10-409 10-409 10-409 

RE16-09-13517 11/06/2009 16-611207 6.0–6.5 SOIL 10-409 10-409 10-409 10-409 

RE16-09-13525 11/06/2009 16-611207 6.0–6.5 SOIL* 10-409 10-409 10-409 10-409 

RE16-09-13526 11/06/2009 16-611207 6.0–6.5 SOIL* 10-409 10-409 10-409 10-409 

260 Outfall Former Settling Pond 

RE16-09-13533 10/11/2009 16-608212 2.5–3.0 QBT4 10-274 10-274 10-274 10-274 

RE16-09-13534 10/11/2009 16-608213 2.0–2.5 Fill 10-274 10-274 10-274 10-274 

RE16-09-13541 10/17/2009 16-608403 2.0–2.5 ALLH 10-274 10-274 10-274 10-274 

RE16-09-13542 10/17/2009 16-608403 2.0–2.5 ALLH* 10-274 10-274 10-274 10-274 

RE16-09-13536 10/17/2009 16-608403 2.0–2.5 ALLH* 10-274 10-274 10-274 10-274 

260 Outfall Drainage Channel 

RE16-09-13529 10/17/2009 16-608208 2.0–2.5 QBT4 10-274 10-274 10-274 10-274 

RE16-09-13530 10/17/2009 16-608209 1.5–2.0 QBT4 10-274 10-274 10-274 10-274 

RE16-09-13531 10/17/2009 16-608210 2.0–2.5 QBT4 10-274 10-274 10-274 10-274 

RE16-09-13532 10/26/2009 16-608211 3.0–3.5 SED 10-274 10-274 10-274 10-274 

Note: Numbers in analyte columns are request numbers. 

* Field duplicates. 
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Table 4.1-3 
Summary of Inorganic Chemicals above BVs in 260 Outfall Concrete Trough Samples 

Sample ID Location ID 
Depth 

(ft) Media A
nt

im
on

y 

B
ar

iu
m

 

C
ad

m
iu

m
 

C
ob

al
t 

Le
ad

 

M
an

ga
ne

se
 

Soil BVa 0.83 295 0.4 8.64 22.3 671 

Industrial SSLb 454 224000 1120 300c 800 145000 

Residential SSLb 31.3 15600 77.9 230c 400 10700 

RE16-09-13517 16-608207 6.0–6.5 SOIL —d 561 — — — — 

RE16-09-13516 16-611357 6.0–6.5 SOIL 1.1 (U) — 0.552 (U) 10.3 27.5 883 

RE16-09-13515 16-611358 8.0–8.5 SOIL 1.25 (U) 571 0.627 (U) — — — 

Notes: Units are in mg/kg. U = The analyte was analyzed for but not detected. 
a 

BVs from LANL (1998, 059730). 
b
 SSLs from NMED (2009, 108070). 

c
 SSLs from EPA regional screening table (http://www.epa.gov/region06/6pd/rcra_c/pd-n/screen.htm). 

d
 — = Not detected or not detected above BV. 

 
 

Table 4.1-4 

Summary of Organic Chemicals Detected in Samples from 260 Outfall Concrete Trough 

Sample ID Location ID 
Depth 

(ft) Media A
ce

to
ne

 

A
m

in
o-

2,
6-

di
ni

tr
ot

ol
ue

ne
[4

-] 

A
m

in
o-

4,
6-

di
ni

tr
ot

ol
ue

ne
[2

-] 

H
M

X 

R
D

X 

TA
TB

 

Tr
in

itr
ob

en
ze

ne
[1

,3
,5

-] 

Tr
in

itr
ot

ol
ue

ne
[2

,4
,6

-] 
Industrial SSLa 851000b 1900b 2000b 34200 174 nac 27000b 469 

Residential SSLa 67500b 150b 150b 3060 44.2 na 2200b 35.9 

RE16-09-13517 16-608207 6.0–6.5 SOIL 0.0462 (J) 0.374 (J) 0.23 (J) 2.63 8.09 (J+) —d 0.648 2.77 

RE16-09-13516 16-611357 6.0–6.5 SOIL — — — 4.46 3.55 (J+) — — — 

RE16-09-13515 16-611358 8.0–8.5 SOIL — — — 84.4 34.5 (J+) 3.2 (J) 0.18 (J) — 

Notes: Units are in mg/kg. J = The analyte was positively identified, and the associated numerical value is estimated to be more 
uncertain than would normally be expected for that analysis. J+ = The analyte was positively identified, and the result is 
likely to be biased high. 

a
 SSLs from NMED (2009, 108070). 

b
 SSLs from EPA regional screening table (http://www.epa.gov/region06/6pd/rcra_c/pd-n/screen.htm). 

c
 na = Not available. 

d
 — = Not detected. 
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Table 4.1-5 
Summary of Field-Screening Results for the 260 Outfall Former Settling Pond  

Location ID 
Location 

Description 
Depth  
(ft bgs) 

Collection 
Date 

HE Spot 
Test 

RDX 
(mg/kg) 

TNT 
(mg/kg) 

16-608212 Middle 2.0–2.5 10/11/2009 Negative 2.7 0.402 

16-608212 Southwest 2.0–2.5 10/11/2009 Negative 2.6 3.077 

16-608212 North 2.0–2.5 10/11/2009 Negative 1.6 3.077 

16-608213 Middle 4.0–4.4 10/11/2009 Negative 2.7 0.526 

16-608213 North 4.0–4.4 10/11/2009 Negative 5.8 0.341 

16-608213 South 4.0–4.4 10/11/2009 Negative 2.6 0.433 

16-06403 Center original 0.5–1.0 10/17/2009 Negative 43.3 0.77 

16-06403 Center 2.0–2.5 10/17/2009 Negative 10.9 NA* 

16-06403 North 2.0–2.5 10/17/2009 Negative 13.6 NA 

16-06403 Southeast 2.0–2.5 10/17/2009 Negative 15.7 NA 

*NA = Not analyzed. 

 
 

Table 4.1-6 
Summary of Inorganic Chemicals above BVs in Samples from the Former Settling Pond 

Sample ID Location ID Depth (ft) Media A
nt

im
on

y 

B
ar

iu
m

 

C
ad

m
iu

m
 

Se
le

ni
um

 

Soil BVa  0.83 295 0.4 1.52 

Qbt 2, 3, 4 BVa 0.5 46 1.63 0.3 

Industrial SSLb 454 224000 1120 5680 

Residential SSLb 31.3 15600 77.9 391 

RE16-09-13541 16-06403 2.0–2.5 SOIL 1.2 (U) 1320 0.602 (U) —c 

RE16-09-13542 16-06403 2.0–2.5 SOIL 1.31 (U) 1300 0.653 (U) — 

RE16-09-13533 16-608212 0.0–3.0 QBT4 1.16 (U) — — 1.13 (U) 

RE16-09-13534 16-608213 0.0–2.5 FILL 1.25 (U) — 0.627 (U) — 

Notes: Units are in mg/kg. U = The analyte was analyzed for but not detected. 
a BVs from LANL (1998, 059730). 
b SSLs from NMED (2009, 108070). 
c
 — = Not detected or not detected above BV. 

 

 

 



Consolidated Unit 16-021(c)-99 CMI Summary Report  

EP2010-0069 35 March 2010 

Table 4.1-7 
Summary of Organic Chemicals Detected in Samples from the Former Settling Pond 

Sa
m

pl
e 

ID
 

Lo
ca

tio
n 

ID
 

D
ep

th
 (f

t) 

M
ed

ia
 

A
m

in
o-

2,
6-

di
ni

tr
ot

ol
ue

ne
[4

-] 

A
m

in
o-

4,
6-

di
ni

tr
ot

ol
ue

ne
[2

-] 

H
M

X 

R
D

X 

TA
TB

 

Tr
in

itr
ob

en
ze

ne
[1

,3
,5

-] 

Tr
in

itr
ot

ol
ue

ne
[2

,4
,6

-] 

Industrial SSLa 1900b 2000b 34200 174 nac 27000b 469 

Residential SSLa 150b 150b 3060 44.2 na 2200b 35.9 

RE16-09-13541 16-06403 2.0–2.5 SOIL 0.552 0.972 95.9 (J) 24.3 12.1 —d 0.467 (J) 

RE16-09-13542 16-06403 2.0–2.5 SOIL 0.565 0.93 119 (J) 29.8 13.2 — 0.416 (J) 

RE16-09-13533 16-608212 0.0–3.0 QBT4 2.56 0.645 6.9 (J) 34.7 (J) — 0.761 (J+) 24.3 (J) 

RE16-09-13534 16-608213 0.0–2.5 FILL 1.89 2.17 17.6 (J+) 44.1 (J) 0.303 (J) 1.01 (J+) 9.91 (J) 

Notes: Units are in mg/kg. J = The analyte was positively identified, and the associated numerical value is estimated to be more 
uncertain than would normally be expected for that analysis. J+ = The analyte was positively identified, and the result is 
likely to be biased high. 

a 
SSLs from NMED (2009, 108070). 

b SSLs from EPA regional screening table (http://www.epa.gov/region06/6pd/rcra_c/pd-n/screen.htm). 
c
 na = Not available. 

d
 — = Not detected. 

 
 

Table 4.1-8 

Field-Screening Results for 260 Outfall Drainage Channel 

Location ID 
Location 

Description 
Depth  

(ft bgs) 
Collection 

Date HE Spot Test 
RDX 

(mg/kg) 
TNT 

(mg/kg) 

16-608208 Center 2.0–2.5 10/17/2009 Negative 3.3 0.43 

16-608208 West 2.0–2.5 10/17/2009 Negative 2.5 0.06 

16-608208 Southeast 2.0–2.5 10/17/2009 Negative 2.2 0.03 

16-608209 Center 1.0–1.5 10/17/2009 Possible detect 4.4 0 

16-608209 West 1.0–1.5 10/17/2009 Negative 16.8 0 

16-608209 Southeast 1.0–1.5 10/17/2009 Negative 1.8 0 

16-608210 Center 1.5–2.0 10/17/2009 Negative 0.133 0.50 

16-608210 Northwest 1.5–2.0 10/17/2009 Positive 0.62 0.43 

16-608210 South 1.5–2.0 10/17/2009 Negative 0.80 0.37 

16-06404 South 2.5–3.0 10/23/2009 Negative 7.2 1.2 

16-06404 Middle 2.5–3.0 10/23/2009 Negative 16.5 0.4 

16-06404 South 2.5–3.0 10/23/2009 Negative 0.9 0.6 

16-608211 Center 1.5–2.0 10/28/2009 NA* 67 0 

16-608211 Center 2.5–3.0 11/3/2009 NA 2.9 10 

 



Consolidated Unit 16-021(c)-99 CMI Summary Report  

March 2010 36 EP2010-0069 

Table 4.1-8 (continued) 

Location ID 
Location 

Description 
Depth  

(ft bgs) 
Collection 

Date HE Spot Test 
RDX 

(mg/kg) 
TNT 

(mg/kg) 

16-06405 Center 0–0.5 11/3/2009 NA 127 NA 

16-06405 West 1.0–1.2 11/22/2009 NA 63 NA 

16-06405 East 1.0–1.2 11/22/2009 NA 164 NA 

16-06405 Center 3.0–3.6 12/05/2009 NA 0.036 0.005 

Note: Bold values indicate contamination was removed and the areas were rescreened. 

* NA = Not analyzed. 
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Table 4.1-9 
Summary of Inorganic Chemicals above BVs in Samples from the 260 Outfall Channel 

Sample ID Location ID Depth (ft) Media A
nt

im
on

y 

B
ar

iu
m

 

B
er

yl
liu

m
 

C
ad

m
iu

m
 

Iro
n 

Se
le

ni
um

 

Sediment BVa 0.83 127 1.31 0.4 13800 0.3 

Qbt 2, 3, 4 BVa 0.5 46 1.21 1.63 11.2 0.3 

Industrial SSLb 454 224000 2260 1120 795000 5680 

Residential SSLb 31.3 15600 156 77.9 54800 391 

RE16-09-13529 16-608208 2.0–2.5 QBT4 1.17 (U) 114 —c — — 1.16 (U) 

RE16-09-13530 16-608209 1.5–2.0 QBT4 1.14 (U) 378 — — — 1.1 (U) 

RE16-09-13531 16-608210 2.–2.5 QBT4 1.07 (U) 644 — — — 1.12 (U) 

RE16-09-13532 16-608211 3.0–3.5 SED 1.24 (U) 2230 1.32 0.618(U) 13900 1.26(U) 

Notes: Units are in mg/kg. U = The analyte was analyzed for but not detected. 
a BVs from LANL (1998, 059730). 
b SSLs from NMED (2009, 108070). 
c 

— = Not detected or not detected above BV. 
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Table 4.1-10 
Summary of Organic Chemicals Detected in Samples from the 260 Outfall Drainage 

Sample ID Location ID Depth (ft) Media A
ce

to
ne

 

A
m

in
o-

2,
6-

di
ni

tr
ot

ol
ue

ne
[4

-] 

A
m

in
o-

4,
6-

di
ni

tr
ot

ol
ue

ne
[2

-] 

H
M

X 

R
D

X 

TA
TB

 

Tr
in

itr
ob

en
ze

ne
[1

,3
,5

-] 

Tr
in

itr
ot

ol
ue

ne
[2

,4
,6

-] 

Industrial SSLa 851000 1900b 2000b 34200 174 nac 27000b 469 

Residential SSLa 67500 150b 150b 3060 44.2 na 2200b 35.9 

RE16-09-13529 16-608208 2.0–2.5 QBT4 0.00867 (J) — — 8.19 (J) 0.665 0.461 (J) —d — 

RE16-09-13530 16-608209 1.5–2.0 QBT4 — — — 43.6 (J) 0.576 1.97 — — 

RE16-09-13531 16-608210 2.0–2.5 QBT4 0.022 (J) —  — 14 (J) 0.279 (J) 0.412 (J) — — 

RE16-09-13532 16-608211 3.0–3.5 SED — 0.891 0.535 — 16.8 (J) 16.6 (J+) — 4.59 (J+) 

Notes: Units are in mg/kg. J = The analyte was positively identified, and the associated numerical value is estimated to be more uncertain than would normally be expected for that 
analysis. J+ = The analyte was positively identified, and the result is likely to be biased high. 

a 
SSLs from NMED (2009, 108070). 

b SSLs from EPA regional screening table (http://www.epa.gov/region06/6pd/rcra_c/pd-n/screen.htm). 
c
 na = Not available. 

d
 — = Not detected. 
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Table 4.2-1 
Summary of Samples Collected and Analyses Requested at the SWSC Cut 

Sample ID 
Collection 

Date 
Location 

ID Depth (ft) Media TA
L 

M
et

al
s 

(S
W

 8
46

 6
01

0B
) 

RE16-09-13499 12/05/2009 16-608203 0.0–0.3 SED 10-837 

RE16-09-13498 2/05/2009 16-608202 0.0–0.3 SED 10-837 

RE16-09-13514 2/05/2009 16-608201 0.0–0.3 SED 10-837 

RE16-09-13509 2/05/2009 16-608205 0.0–0.3 SED 10-837 

RE16-09-13489 2/05/2009 16-608201 0.0–0.3 SED* 10-837 

RE16-09-13504 2/05/2009 16-608204 0.0–0.3 SED 10-837 

Note: Numbers in analyte columns are request numbers. 

*Field duplicate. 
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Table 4.2-2 
Summary of Inorganic Chemicals above BVs in Confirmation Samples at SWSC Cut 

Sa
m

pl
e 

ID
 

Lo
ca

tio
n 

ID
 

D
ep

th
 (f

t) 

M
ed

ia
 

A
nt

im
on

y 

B
ar

iu
m

 

C
ad

m
iu

m
 

C
op

pe
r 

M
an

ga
ne

se
 

N
ic

ke
l 

Se
le

ni
um

 

Si
lv

e r
 

Th
al

liu
m

 

Sediment BVa 0.83 127 0.4 11.2 543 9.38 0.3 1 0.73 

Industrial SSLb 454 224000 1120 45400 145000 22700 5680 5680 74.9 

Residential SSLb 31.3 15600 77.9 3130 10700 1560 391 391 5.16 

RE16-09-13514 16-608201 0.0–0.3 SED 2.20 (U) 1120 1.1 (U) —c — 10.1 2.2 (U) 31.7 — 

RE16-09-13498 16-608202 0.0–0.3 SED 2.43 (U) 329 1.21 (U) — — — 2.42 (U) 18.9 — 

RE16-09-13499 16-608203 0.0–0.3 SED 1.80 (U) 226 0.9 (U) — — — 1.73(U) 11.9 — 

RE16-09-13504 16-608204 0.0–0.3 SED 1.99 (U) 1730 — 11.8 — 12.4 2.0(U) 38.5 — 

RE16-09-13509 16-608205 0.0–0.3 SED 4.56 (U) 1400 2.28 (U) — 678(J+) — 4.6(U) 24.1 0.92 (U) 

Notes: Units are in mg/kg. U = The analyte was analyzed for but not detected. 
a
 BVs from LANL (1998, 059730).  

b
 SSLs from NMED (2009, 108070). 

c
 — = Not detected or not detected above BV. 
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Table 4.3-1 
Summary of Grout Ratios Used at Injection Wells for Surge Bed Remediation 

Borehole ID 

Grout 
Ratio 

(Water: 
Cement) 

Type III 
Grout 

Volume 
(gal.) 

Type II 
Grout 

Volume 
(gal.) 

Type I 
Grout 

Volume 
(gal.) 

Microfine 
Grout 

Volume (gal.) 

Total 
Grout 

Volume 
(gal.) 

P-1 

3:1 —* — — 156 

2:1 — — — 166 

1:1 — — — — 

Total volume of grout added to borehole P-1 322 

P-2 

3:1 26 — — — 

2:1 — 30 — — 

1:1 — — — — 

Total volume of grout added to borehole P-2 56 

P-3 
4:1 — — — 8 

 1:1 — — — — 

Total volume of grout added to borehole P-3 8 

P-4 
4:1 — — — 10 

 1:1 — — — — 

Total volume of grout added to borehole P-4 10 

P-5 

4:1 — — — 91 

 
2:1 — — — 331 

1:1 — — — 32 

Total volume of grout added to borehole P-5 454 

P-6 
4:1 — — — 20 

 1:1 — — — — 

Total volume of grout added to borehole P-6 20 

P-7 
4:1 — — — 40 

 1:1 — — — — 

Total volume of grout added to borehole P-7 40 

P-8 
4:1 — — — 20 

 1:1 — — — — 

Total volume of grout added to borehole P-8 20 

BH-9 
3:1 — 51 — — 

 1:1 — — — — 

Total volume of grout added to borehole P-9 51 

P-10 

4:1 — — — 56 

 
2:1 — 445 — 71 

1:1 — 304 — — 

Total volume of grout added to borehole P-10 876 
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Table 4.3-1 (continued) 

Borehole ID 

Grout 
Ratio 

(Water: 
Cement) 

Type III 
Grout 

Volume 
(gal.) 

Type II 
Grout 

Volume 
(gal.) 

Type I 
Grout 

Volume 
(gal.) 

Microfine 
Grout 

Volume (gal.) 
Borehole 

ID 

P-11 

3:1 — 385 — — 

 
2:1 — 319 — — 

1:1 — 434 — — 

Total volume of grout added to borehole P-11 1138 

S1 
3:1 — — — 8 

 1:1 — — — — 

Total volume of grout added to borehole S-1 8 

S2 

4:1 — 418 — — 

 

3:1 — — — 80 

2:1 — 186 — — 

1:1 769 567 — — 

Total volume of grout added to borehole S-2 2020 

S3 

4:1 — 338 — — 

 

3:1 — 168 — — 

2:1 — 324 — — 

1:1 9 908 — — 

Total volume of grout added to borehole S-3 1747 

S4 
2:1 — 768 — — 

 1:1 503 912 — — 

Total volume of grout added to borehole S-4 2183 

S5 

4:1 — — — 109 

 
2:1 — — — 18 

1:1 — — — — 

Total volume of grout added to borehole S-5 127 

Total volume of grout added to 11 primary and 5 secondary boreholes 9080 

*— = Grout mixture not used. 

 



 

 

Appendix A 

Consolidated Unit 16-021(c)-99  
Corrective Measures Implementation Field Logbooks 

(on CD included with this document) 

 



 

 

 



 

 

Appendix B 

Consolidated Unit 16-021(c)-99  
Corrective Measures Implementation Completed Field Forms 

(on CD included with this document) 

 



 

 

 



 

 

Appendix C 

Photographs of Corrective Measures Implementation  
Field Activities at Consolidated Unit 16-021(c)-99  

(on CD included with this document) 

 



 

 

 



 

 

Appendix D 

Estimation of Intrinsic Permeability from  
Air-Permeability Testing 
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Project Name_LANL TA-16 CMI                Number_ ES09.0185.00 Date_01/25/10
Subject_Estimation of intrinsic permeability from air permeability testing __
By_J. Ayarbe   Check by: S. Brady   __   ____________ Calculation No.___01___

Purpose:

Determine intrinsic permeability of surge bed from air permeability data obtained during air permeability testing
performed in the TA-16 area on January 16, 2010.  The test was performed by extracting air from borehole AP-2 and
observing the vacuum response at borehole AP-1.  The determined intrinsic permeability is then compared to a

performance goal based on a saturated hydraulic conductivity value of 5x10-5 cm/s.  

Data are analyzed using an approach presented in Domenico and Shwartz (1997) pages 412-413 and 435-436.  This
approach is based on Johnson et. al (1990).

Given:

K
2.3Q

4 π⋅ b Δs⋅
= Modified from Johnson et. al (1990)

K = air permeability of unit, Q = volumetric air flow rate, b = thickness of unit; Δs = drawdown (or change
in vacuum) per log cycle

Volumetric air flow rate (Q):

Q 41cfm 1.935 10
4×

cm
3

s
⋅=:=

Unit thickness (m):

TD 24.05ft:= Total borehole depth below ground surface

Packer 12.92ft:= Packer placement below ground surface

b TD Packer− 339.242 cm⋅=:=

C01_AP-1_CJ.xmcd Page 1 2/4/2010 6:15 PM
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Drawdown per log cycle (Δs):

ΔsH2O 1.56in H2O⋅ 0.36in H2O⋅− 1.2 in H2O⋅⋅=:=

Figure 1: AP-1 Vacuum Response
LANL TA-16 Corrective Measures Implementation
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ρair 0.971
kg

m
3

:= ρH2O 999
kg

m
3

:= densities of air and water

Δsair

ΔsH2O

in H2O⋅
in⋅
ρH2O

ρair
⋅ 3136 cm⋅=:= calculate drawdown in terms of air

C01_AP-1_CJ.xmcd Page 2 2/4/2010 6:15 PM
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Solution:

Air permeability:

Kair
2.3Q

4 π⋅ b⋅ Δsair⋅
3.329 10

3−×
cm

s
⋅=:=

Intrinsic permeability:

μair 1.79 10
4−×

gm

cm s⋅
:=

k
Kair μair⋅

ρair g⋅
6.3 10

7−× cm
2⋅=:=

Intrinsic permeability goal:

KH2O 5 10
5−×

cm

s
:= Saturated hydraulic conductivity, grouting performance goal based on a 1-order of

magnitude permeability reduction from 5x10-4 cm/s.

μH2O 1.12 10
3−×

N s⋅

m
2

:= Dynamic viscosity of water

γH2O 9.80
kN

m
3

:= Specific weight of water

kgoal

KH2O μH2O⋅

γH2O
6 10

10−× cm
2=:=

C01_AP-1_CJ.xmcd Page 3 2/4/2010 6:15 PM
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Result:

The intrinsic permeability determined from air permeability testing is 3-orders of magnitude greater than the
performance goal.

k 6.3 10
7−× cm

2= Intrinsic permeability determined from air permeability testing

kgoal 6 10
10−× cm

2= Intrinsic permeability goal

References:

Domenico, Patrick A., and Franklin W. Shwartz.  1998.  Physical and chemical hydrogeology.  John Wiley &
Sons, Inc. New York. Second edition.  

Johnson, P.C., C.C. Stanley, M.W. Kemblowski, D.L. Byers, and J.D. Colthart. 1990.  A practical approach
to the design, operation, and monitoring of in situ soil-venting systems.  GWMR.  Spring 1990.
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Surge Bed Soil-Bentonite Cap Specifications  
and Summary Report 
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E-1.0 INTRODUCTION 

Section 3.5 of the corrective measures implementation (CMI) plan applies to the installation of a low-
permeability soil-bentonite cap at the former settling pond area behind building 260, located in Technical 
Area 16 (TA-16) at Los Alamos National Laboratory (LANL). More specifically, section 3.5 of the CMI plan 
specified a performance standard for the cap of 1 × 10–7 cm/s for saturated hydraulic conductivity (Ks), a 
thickness of 1 ft placed to achieve a maximum thickness of 6 in. per compacted lift and compacted to a 
minimum 95% of maximum density from American Society for Testing and Materials (ASTM) D-698 
(standard proctor), with moisture content 0%–3% of optimum. The CMI plan also suggested determining 
Ks with the addition of 10% and 20% bentonite (by weight) to the soil. 

E-2.0 PRODUCTS OR MATERIALS 

The specification suggests using soil collected from the former cap soil stockpile for the cap (LANL 2007, 
098192, Appendix D). The specification requires clean fill/soil without rocks or debris larger than ¾ in. 
The settling pond stockpiled soil was unacceptable for use as a cap soil/material because of the large 
percentage of rock over ¾ in. in diameter. An acceptable soil was located in Española, New Mexico, and 
supplied by Española Transit. The bentonite specification calls for a free-flowing, high-swelling, and 
granular sodium bentonite. The bentonite was provided by Southwestern Materials and met the 
specification (see Attachment D for the description of the bentonite). 

E-3.0 PROJECT EXECUTION 

Laboratory Testing 

Moisture-density compaction and permeability testing were to be performed by an approved testing 
agency in accordance with the listed ASTM standards. Daniel B. Stephens & Associates, an approved 
laboratory, conducted all laboratory testing. Brian Dwyer, the project engineer, provided instructions on 
testing to the laboratory. 

Approximately 75 lb of soil and 30 lb of bentonite were supplied to Daniel B. Stephens & Associates 
Laboratory for moisture-density compaction testing per ASTM D-698 (Standard Proctor Test) and 
permeability testing in accordance with ASTM D-5084. The purpose of this testing is determine if the soil-
bentonite mixture meets the permeability requirement and to develop a proctor curve for field 
implementation and quality assurance (QA) testing. 

Results and details of the laboratory testing completed per the CMI plan specification are included in the 
attached reports dated January 14, 2010, and January 27, 2010, provided by Daniel B. Stephens & 
Associates. The reports are presented in Attachments A and B, respectively. 

Both soil-bentonite ratios (10% and 20% by weight) resulted in Ks values below the specified  
1 × 10–7 cm/s; therefore, the 10% bentonite ratio was chosen for developing a proctor curve and for the 
field mixture. The lower bentonite content will result in less desiccation cracking. 

Field Testing 

During the soil-bentonite low-permeability cap installation, on-site field tests were conducted to verify that 
the materials (e.g., water) and soil-bentonite backfill mixture meet the requirements (e.g., moisture, 
compaction density). In-place density testing of compacted lifts was performed as identified in 
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Specification 31 3526.13, Soil/Bentonite Cap. The results are documented on forms in Attachment D and 
testing is noted on daily quality control (QC) forms. The soil-bentonite cap material was adjusted 
accordingly if the mixture did not meet the requirements.  

The soil-bentonite (90:10 by weight) was mixed at Española Transit using a conveyor belt system. With a 
conveyor belt system, soil is placed in one hopper and bentonite in a second hopper. Material is 
dispensed onto the conveyor belt at the prescribed ratios using variable speed motors controlling the feed 
rates from each hopper. The conveyor belt dumps the homogeneous mixture into the bucket of a front-
end loader. Brian Dwyer provided oversight of the mixing operation. Mixed material was then loaded into 
trucks and shipped to the LANL site. 

Wooden stakes were strategically placed in the cap area to provide the backhoe and compactor 
operators depth guidance during soil placement and compaction. The soil-bentonite mixture was 
compacted in 6-in. lifts using an Ingersoll-Rand SD-70D PROPAC Vibratory Compactor sheep-foot single 
drum. In-place soil density and moisture content was determined in accordance with ASTM D 1556-82 
(Sand Cone Method). Three representative samples from each 6-in. lift were collected. Complete results 
are included in Attachment C.   

The basic principle for the sand-cone method is a sample of known mass of damp-to-wet soil is obtained 
from a small excavation of somewhat irregular shape (a hole) in the compacted soil. Sand of a known 
density is poured in a controlled manner into the excavation to provide an indirect means of obtaining the 
hole volume. Once the volume of the hole is determined, the wet density is simply computed as 

p WET  =   mass of soil/volume of hole. 

Next, the water content of the excavated soil is obtained by drying the soil and comparing the difference 
in weight (water lost because of evaporation), then the dry unit density of the soil is 

  p DRY  =  p WET  / (1+ W ).    

where the water content w is in decimal not percent. 

The sand used was 10 × 20 mesh Colorado silica (consolidated undrained [CU] = 1.38, 99.89% passing 
No. 10 sieve, and 0.11% retained on No. 25 [0.710-mm] sieve). The sand meets the ASTM requirement 
that the sand is free-flowing with a CU <2.0 with a maximum particle size < 2.00 mm (No. 10 sieve) and 
less than 3% by weight passing the No. 60 (0.25-mm) sieve. 

The January 27, 2010, report (Attachment B) includes Ks testing and the standard proctor curve for the 
soil-bentonite mixture at 90:10 by weight ratio. This mix yielded a Ks = 6.51 × 10–8 cm/s, which is lower 
than 1 × 10–7 cm/s and thus meets the specification requirement. Compaction results were corrected 
because of the high coarse fraction in the mixture. Approximately 14% of the sample mass was from the 
coarse fraction. Oversize correction for the standard proctor curve is required when the coarse fraction is 
>5% of the composite mass. Optimum moisture content (14.4 %) and maximum dry bulk density 
(1.77 g/cc) values from the oversize correction curve were used for field guidance and field sample QA. 
Tables E-3.0-1 and E-3.0-2 below summarize in-place soil density results. Table E-3.0-1 shows field-
measured moisture content (%). All samples were within the acceptable moisture range (14.4%–17.4%) 
developed in the laboratory proctor testing. 
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Table E-3.0-1 
Moisture Content 

Test Location 
Std. Proctor Water 

Content * 

Measured 
Water Content 

(%) 

Acceptable 
Water Content 

Range (%) Pass/Fail 

1A 14.4 15.5 14.4–17.4 Pass 

2A 14.4 15.1 14.4–17.4 Pass 

3A 14.4 16.1 14.4–17.4 Pass 

1B 14.4 16.7 14.4–17.4 Pass 

2B 14.4 16.9 14.4–17.4 Pass 

3B 14.4 16.7 14.4–17.4 Pass 

* Results from January 27, 2010, report, Daniel B. Stephens & Associates (Attachment B). 

 

Table E-3.0-2 contains dry bulk density data. Relative compaction is used to compare the in situ (or field) 
compacted dry unit weight or bulk density to the laboratory compacted maximum dry bulk density as 
given by the following equation: 

  RC = ( pdf / pdL ) × 100 (%) 

All samples exceeded the minimum 95% of laboratory dry bulk density from the standard proctor test. 

Table E-3.0-2 
Dry Bulk Density 

Test 
Location 

Std. Proctor Dry Bulk 
Density (g/cc)* 

Field Measured 
Dry Bulk Density 

(g/cc) 

Required 
Relative 

Compaction (%) 

Measured 
Relative 

Compaction Pass/Fail 

1A 1.77 1.76 95 99.4 Pass 

2A 1.77 1.78 95 100.5 Pass 

3A 1.77 1.74 95 98.3 Pass 

1B 1.77 1.73 95 97.7 Pass 

2B 1.77 1.76 95 99 Pass 

3B 1.77 1.72 95 97 Pass 

* Results from January 27, 2010, report, Daniel B. Stephens & Associates (Attachment B). 

 

E-4.0 REFERENCE 

The following list includes all documents cited in this appendix. Parenthetical information following each 
reference provides the author(s), publication date, and ER ID. This information is also included in text 
citations. ER IDs are assigned by the Environmental Programs Directorate’s Records Processing Facility 
(RPF) and are used to locate the document at the RPF and, where applicable, in the master reference set. 

Copies of the master reference set are maintained at the New Mexico Environment Department 
Hazardous Waste Bureau and the Directorate. The set was developed to ensure that the administrative 
authority has all material needed to review this document, and it is updated with every document 
submitted to the administrative authority. Documents previously submitted to the administrative authority 
are not included. 
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LANL (Los Alamos National Laboratory), July 2007. “Corrective Measures Implementation Plan for 
Consolidated Unit 16-021(c)-99, Revision 1,” Los Alamos National Laboratory document  
LA-UR-07-4715, Los Alamos, New Mexico. (LANL 2007, 098192) 
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Laboratory Report for 

Daniel B. Stephens & Associates 

ES09.0185.00 Phase 81002 Task 32 LANL TA·16 eMI 

January 14, 2010 

Daniel B. Stephens & Associates, Inc. 
6020 Academy NE, Suite 100 • Albuquerque, New Mexico 87109 
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Mr. John Ayarbe 
Daniel B. Stephens & Associates 
6040 Academy Rd, NE Suite 100 
Albuquerque, NM 87109 
(505) 822-9400 

Re: DBS&A Laboratory Report for Daniel B. Stephens & Associates ES09 ,0 185.00 Phase 81002 
Task 32 LANL TA-16 CMI 

Dear Mr. Ayarbe: 

Enclosed is the final report for the Daniel B, Stephens & Associates ES09,0185,00 Phase 81002 
Task 32 LANL TA-16 CMI samples. Please review this report and provide any comments as 
samples will be held for a maximum of 30 days. After 30 days samples will be returned or disposed 
of in an appropriate manner. 

All testing results were evaluated subjectively for consistency and reasonableness. and the results 
appear to be reasonably representative of the material tested . However, DBS&A does not assume 
any responsibility for interpretations or anal yses based on the data enclosed, nor can we· guarantee 
that these data are fully representative of the undisturbed materials at the field site. We recommend 
that careful evaluation of these laboratory results be made for your particular application . 

The testing utilized to generate the enclosed final report employs methods that are standard for the 
industry. The results do not constitute a professional opinion by DBS&A, nor can the results affect 
any professional or expert opinions rendered with respect thereto by DBS&A. You have 
acknowledged that all the testing undertaken by us, and the final report provided, constitutes mere 
test results using standardized methods, and cannot be used to disqualify DBS&A from rendering 
any professional or expert opinion, having waived any claim of conflict of interest by DBS&A. 

We are pleased to provide this service to Daniel B. Stephens & Associates and look forward to 
future laboratory testing on other projects. If you have any questions about the enclosed data, 
please do not hesitate to calL 

Sincerely, 

DANIEL B. STEPHENS & ASSOCIATES, INC. 
SOIL TESTING & RESEARCH LABORATORY 

'~~c~/' 
Joleen Hines 
Laboratory Supervising Manager 
Enclosure 

Dalliel B. Stephens & Associates, Inc. 

Soil Testing & Research Laboratory 
5840 O~unil Rd. NE 505·8B9·77SZ 

Albuquerque , NM 87109 fAX 505 - 889-0258 
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Daniel B. Stephens & Ass ac: iales, Inc. 

Summary of Tests Performed 

Saturated 

Initial Soil Hydraulic Moisture Particle 

Laboratory Properties1 Conduc\ivit! Characteristics:) Size~ 

Sample Number G:VM:VD CH: FH : FW He: PP: FP : opp: RH: EP :WHC: KUf1sat OS:WS: H 
, 

PRB Soil X: 

PRB Soil @ 10% : X : X 

PRB Soil @ 20% : X : X , 

1 G = Gravimetric Moisture Content. VM = Volume Measurement Method, VD =- Volume Displacement Method 

2 CH =- Conslant Head Rigid Wall. FH = Falling Head Rigid Wall, FW = Falling Head Rising Tail Flexible Wall 

HC = Hanging Column, PP = Pressure Plate, Fp:= Filter Paper. opp =- Dew Poinl Potenlinmeler, RH '" Relative Humidity Box, 

EP = Effective Porosity, 'v\II-IC = Waler Holding Capacity, Kunsat =- Calculated Unsaturated Hydraulic Conductivity 
OS = Dry Sieve, WS =- Wet Sieve, H = Hydrometer 

~ F'" Fine «4.7Smm), C = Coarse (:> 4.7Smm) 

- -

Specific Air 

Gravity; Perm· Atlerberg Proctor 

F C eability Limits Compaction 

X 
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Daniel B . Slepllens & AssQ ci (1(es, Illc. 

Summary of Sample Preparation/Conditions 

Proctor Data 
Optimum 
Moisture 
Content 

Maximum 
Dry 

Density 

Target Remold Parameters' 
% of 

Moisture Dry Bulk Maximum 
Content Density Density 

Actual Remold Data 
% of 

Moisture Dry Bulk Maximum 
Content Density Density 

Sample Number (%. gig) (g/cm3
) (%, gig) (g/cm 3

) (%) (%, gig) (g/cm 3
) (%) 

PRB Soil @ 10% 17.2 1.75 17.0 1.66 95% 18.3 1.64 94.0% 

PRB Soil @ 20% 17.2 1.75 17 .0 1.66 95% 20.1 1.62 92.5% 

'Target Remold Parameters: Provided by the client: 95% of maximum dry density at 0-3 % of optimum moisture content. 
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Dan;el B. Ste phens & Associat es. In c. 

Sample Number 

PRB Soil 

PRB Soil@ 10% 

PRB Soil@20% 

NA = Not analyzed 

--- = This sample was not remolded 

Summary of Initial Moisture Content, Dry Bulk Density 
Wet Bulk Density and Calculated Porosity 

Moisture Content 
As Received Remolded Dry Bulk Wet Bulk 

Gravimetric Volumetric Gravimetric Volumetric Density Density 
(%, gig) (%, cm' /cm') (%, gig) (%, cm' /cm') (g/cm' ) (q/cm') 

10.3 

NA 

NA 

NA 

NA 

NA 

18.3 

20.1 

NA NA 

30.1 1.64 1.94 

32.4 1.62 1.94 

Calculated 
Porosity 

(%) 

NA 

38.1 

39.0 

6 



Daniel B. Stephens & Associares, Inc. 

Summary of Saturatecl Hyclraulic Concluctivity Tests 

Oversize 
Corrected Method of Anall'sis 

Ksa\ Ksat Constant Head Falling Head 
Sample Number (em/sec) (em/sec) Flexible Wall Flexible Wall 

PRB Soil @ 10% 6.51 E-08 5.59E-08 X 

PRB Soil @ 20% 2.23E-08 1.91E-08 X 
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Daniel B . Stephens & Associates, Inc. 

Sample Number 

PRB Soil 

Summary of Proctor Compaction Tests 

Measured 

Optimum 
Moisture 
Content 
(% gig) 

17.2 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.75 

-- = Oversize correction is unnecessary since coarse fraction 1C 5% of composite mass 

NA = Not analyzed 

Oversize Corrected 

Optimum 
Moisture 
Content 
(% gig) 

14.8 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.83 
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Dani e l B. Stephens & Associates, In c. 

Sample Number 

PRB Soil 

PRB Soil @ 10% 

PRB Soil @ 20% 

NA = Not analyzed 

--- = This sample was not remolded 

Summary of Initial Moisture Content, Dry Bulk Density 
Wet Bulk Density and Calculated Porosity 

Moisture Content 
As Received Remolded Dry Bulk Wet Bulk 

Gravimetric Volumetric Gravimetric Volumetric Density Density 
(%, gig ) (%, cm3/cm3

) (%, gig ) _ (%, cm3/cm3
) (g/cm3

) (g/cm') 

10.3 NA NA NA 

NA NA 18.3 30.1 1.64 1.94 

NA NA 20.1 32.4 1.62 1.94 

Calculated 
Porosity 

(%) 

NA 

38.1 

39.0 

11 



Dalliel B. Step/t e n s & Associa t es, in c. 

Data for Initial Moisture Content, 
Bulk Density, Porosity. and Percent Saturation 

Job Name: LANL TA-16 eMI 
Job Number: ES09.0185.00 

Sample Number: PRB Soil 
Phase Number: 81002 

Task Number: 32 

Test Date: 

Field weight" of sample (g): 
Tare weight, ring (g) : 

Tare weight, pan/plate (g) : 
Tare weight, other (g) : 

Dry weight of sample (g): 

Sample volume (em'),' 
Assumed particle density (g/cm'): 

As Received 

23-Dec-09 

2038,85 
0.00 

409 .89 
0,00 

1476,71 

NA 

2.65 

Gravimetric Moisture Content (% gig) : 10 .3 

Volumetric Moisture Content (% vol) : NA 

Dry bulk denSity (g/cm') : NA 

Wet bulk density (g/cm'),' NA 

Calculated Porosity (% vol): NA 

Percent Saturation: NA 

Laboratory analysis by: D, O'Dowd 
Data entered by: D, O'Dowd 

Checked by: J . Hines 

Comments: 

., Weight including tares 

NA ; Not analyzed 
-- = This sample was not remolded 

Remolded 

12 



Daniel B. SteplienJ & Associates, In c. 

Data for Initial Moisture Content, 
Bulk Density, Porosity, and Percent Saturation 

Job Name: 
Job Number: 

Sample Number: 
Phase Number: 

Task Number: 

Test Date: 

Field weight' of sample (9): 
Tare weight, ring (9) : 

Tare weight, pan/plate (9): 
Tare weight, other (g): 

Dry weight of sample (g): 

Sample volume (cm'),' 
Assumed particle density (g/cm '): 

Gravimetric Moisture Content (% gig): 

Volumetric Moisture Content (% yol): 

Dry bulk density (g/cm'): 

Wet bulk density (g/cm'): 

Calculated Porosity (% Yol): 

Percent Saturation: 

Laboratory analysis by: 
Data entered by: 

Checked by: 

Comments: 

.. Weight including tares 

NA = Not analyzed 

LANL TA-1 6 eMI 

ES09.0185.ty 
PRB Soil@ 0% 
81002 
32 

As Received 

NA 

D. 
D. 

Remolded 

4-Jan-10 

614.65 
0.00 
0.00 
0.00 

51948 
316.56 
2.65 

18.3 

30 .1 

1.64 

1.94 

38 .1 

79.0 

O'Dowd 
O'Dowd 

J. Hines 

- = This sample was not remolded 

fo,u ,., 
- S" ..s<-

'1.01 ~) Q . q !i' 
;:. 1'1, 3';' 
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Daniel B. Stephens & Associates, Inc. 

Data for Initial Moisture Content, 
Bulk Density, Porosity, and Percent Saturation 

Job Name: LANL TA-16 eMI 
Job Number: ES09'018~, \ 

Sample Number: PRB Soil 20% I 
Phase Number: 81002 

Task Number: 32 

Test Date: 

Field weight* of sample (g): 
Tare weight, ring (g): 

Tare weight, pan/plate (g): 
Tare weight, other (g): 

Dry weight of sample (g): 

Sample volume (em'),' 

Assumed particle density (glem3
): 

Gravimetric Moisture Content (% gig): 

Volumetric Moisture Content (% vol): 

Dry bulk density (glem3
): 

Wet bulk density (glem3
): 

Calculated Porosity (% vol): 

Percent Saturation: 

Laboratory analysis by: 
Data entered by: 

As Received 

NA 

D, 
D, 

Remolded 

4-Jan-1 ° 
613,95 

0,00 
0,00 
0,00 

511,35 

316,56 

2,65 

20,1 

32,4 

1,62 

1,94 

39,0 

83,0 

O'Dowd 
O'Dowd 

Checked by: J, Hines 

Comments: 

.. Weight including tares 
NA ~ Not analyzed 
~- = This sample was not remolded 
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Dani e l B . St e ph e n s & A s s o c ia te s, In c . 

Summary of Saturated Hydraulic Conductivity Tests 

Oversize 
Corrected Method of Analysis 

Ksaf Ksat Constant Head Falling Head 
Sample Number (em/sec) (em/sec) Flexible Wall Flexible Wall 

PRB Soil @ 10% 6.51 E-08 5.59E-08 X 

PRB Soil @ 20% 2.23E-08 1.91 E.-08 X 
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Daniel B. Stephens & AS!iOciates, Inc. 

Remolded or Initial 
Sample Properties 

Initial Mass (g). 614.65 

Diameter (em): 7.30B 

Length (em): 7.547 

Area (em'): 41.95 

Volume (em'): 316.56 

Dry Density (glem') : 1.64 

Dry Density (pef) : 102.44 

Water Content (%, gig): 1 B.3 

Water Content (%, vol): 30.1 

Void Ratio (e). 0.61 

Porosity (%, vol) : 38.1 

Saturation (%): 79 .0 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 GMI 

Job Number ES09.0185.00 

Sample Number PRB Soil @ 10% 

Phase Number 81002 

Ta sk Number 32 

Post Permeation 
Sample Properties Test and Sample Conditions 

Permeant liquid used: Tap Water 

Sample Preparation: D ln situ sample, extruded 

o Remolded Sample 

Number of Lifts: 3 

Split: 3/8" 

Percent Coarse Material (%): 14.1 

Parliele Density(glem'): 2.65 0 Assumed D Measured 

Cell pressure (PSI) : 80.0 

Influent pressure (PSI): 79.0 

Effluent pressure (PSI): 77.0 

Panel Used: 0A DB Dc 
Reading: D Annulus 0 Pipette 

DatefTime 

Saturated Mass (g): 653.28 

Dry Mass (g): 519.48 

Diameter (em): 7.392 

Length (em): 7.582 

Deformation (%)": 0.46 

Area (em'): 42.92 

Volume (em'): 325.39 

Dry Density (glem '): 1.60 

Dry Density (pef). 99.67 

Water Content (%, gig): 25.8 

Water Content (%, vol): 41.1 

Void Ratio(e).· 0.66 

Porosity (%, vol): 39.8 

Saturation (%)': 103.4 B-Value (% saturation) prior 10 test': 0.98 

1.00 

1/6/10 1015 

1/11/10 955 B-Value (% saturation) post to test: 

"Per ASTM 05084 percent saturation is ensured (B·Value 2: 95%) prior 10 testing. as post fest saturation values may be exaggeraled or skewed during depressurizing and sample removal. 

· "Percent Deformatlon: based on initial sample tength and post permealion sample length. 

Laboratory analysis by: D. O'Dowd 

Data entered by: D. O'Dowd 

Checked by: J. Hines 
1-7 



DOlliel B . Stephens & Associat es, fllc. 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 CMI 

Job Number ES09.01B5.00 

Sample Number PRB Soil @ 10% 

Phase Number Bl002 

Task Number 32 
Influent Effluent Ratio Change in 

Temp Pipette Pipette Gradient Average Elapsed (outflow to Head (Not to k,,, rc k,,, Corrected 

Date Time I'C) Reading Reading (t.H/t.L) Flow (em") Time (s) inflow) exceed 25%) (em/s) (em/s) 

Test# 1: 

06-Jan-l0 12:1B:00 19.3 5.10 21.90 21.11 0.74 13690 0.B9 1% 7.02E-08 7.08E-OB 
06-Jan-l0 16:06:10 20.0 6.00 21 .10 20.B5 

Test # 2: 

06-Jan-l0 16:06:10 20.0 6.00 21.10 20.B5 3.12 62917 0.B9 5% 6.69E-OB 6.77E-OB 
07-Jan-l0 09:34:47 19.0 9.BO 17.70 19.76 

Test # 3: 

07-Jan-l0 09:34:47 19.0 9.BO 17.70 19.76 0.95 22053 0.91 2% 6.04E-OB 6.16E-OB 
07-Jan-l0 15:42:20 19.5 10.95 16.65 19.42 

Test # 4: 

07-Jan-l0 15:42:20 19.5 10.95 16.65 19.42 2.3B 5B482 0.93 4% 5.B7E-OB 6.01E-OB 
08-Jan-l0 07 :57 :02 18.6 13.BO 14.00 lB.5B 

Average Ksat (em/sec): 6.51 E-OB 
Calculated Gravel Corrected Average Ksal (em/sec): 5.59E-OB 

9.00E-08 

B.OOE-OB 
;;;-l 7.00E-OB ~ •• ASTM Required Range (+1- 25%) 

m 6.00E-08 •• 
~ I Ksat (-25%) (em/s) : 4.B8E-OB 

5.00E-OB +-------~~~-------------------_r 
4.00E-OB I Ksal (+25%) (em/s): B.13E-OB 

6500 26500 46500 66500 B6500 106500 126500 146500 
Time (5) 

18 



Daniel B. Stephens & Associates, Inc. 

Oversize Correction Data Sheet 

Job Name 
Job Number 

Sample Number 
Phase Number 

Depth 

Test Date: 

Split (3/4", 3/8':_ #4): 
Calculated Porosity Fines (% vol): 

Subsample Mass (g): 

Bulk Density (glem 3
): 

Volume of Solids (em').' 
Volume of Voids (em'): 

Total Volume (em 3
).

Volumetric Fraction of Subsample (%): 

Ksat (emlsee): 

Comments: 

Coarse Fraction 

2257.50 

2.65 

851.89 

0.00 

851.89 

9,03 

Laboratory analysis by: 
Data entered by.

Checked by: 

LANL TA-16 CMI 
ES09.0185_00 
PRB Soil @ 10% 
81002 
32 

6-Jan-l0 

3/8" 
39.B 

Fines Fraction 

1373B.50 

1.60 

5169.11 

3417.45 

8586.56 

9097 

6.51 E-OB 

D.O'Dowd 
0_ O'Dowd 
J. Hines 

Composite 

15996.00 

1.69 

6021.00 

3417.45 

9438.45 

100.00 

5.59E-08 

19 



D a n ie l B . S t ep h ens & Associa t es, f nc. 

Remolded or Initial 
Sample Properties 

Initial Mass (g): 613.95 

Diameter (em): 7.308 

Length (em): 7.547 

Area (em') : 41.95 

Volume (em'): 316.56 

Dry Density (glem'): 1.62 

Dry Density (pef).· 100.84 

Water Content(%, gig): 20.1 

Water Content (%, val) : 32.4 

Void Ratio (e) : 0.64 

Porosity (%, vol) : 39 .0 

Saturation (%): 83 .0 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 CMI 

Job Number ES09.0185.00 

Sample Number PRB Soil @ 20% 

Phase Number 81002 

Task Number 32 

Post Permeation 
Sample Properties Test and Sample Conditions 

Permeanlliquid used: Tap Waler 

Sample Preparation : D In situ sample, extruded 

o ReJl10lded Sample 

Number 01 Lills: 3 

Split. 3/8" 

Pereenl Coarse Malerial (%): 14.1 

Particle Density(glem') : 2.65 0 Assumed D Measured 

Cell pressure (PSI): 80.0 

Influent pressure (PSI): 79.0 

Effluent pressure (PSI): 76.0 

Panel Used' DA 0 B Dc 
Reading: D Annulus 0 Pipette 

DatefTime 

Saturated Mass (g): 651.2 

Dry Mass (g) : 511 .35 

Diameter (em) : 7.366 

Length (em).' 7.563 

Delormation (%) " : 0.21 

Area (em'): 42.61 

Volume (em'): 322.29 

Dry Densily (glem'): 1.59 

Dry Densily (pel) : 99.05 

Waler Conlenl (%, gig) : 27.3 

Waler Contenl (%, vol): 43.4 

Void Ratio(e): 0.67 

Porosity (%, vol): 40.1 

Saluration (%)': 108.1 B-Value (% saluralion) prior 10 lesl' : 0.98 

1.00 

1/6/10 1025 

1/11 /10 1000 B-Value (% saluratlon) post to test: 

• Per ASTM 05084 percent saturalion .s ensured (B-Value ~ 95%) prior 10 lesling, as post lest saturation values may be exaggera ted or skewed during depressuriz.ing and sample removal. 

· · Percent Deformation: based on inilial sample length and post permeation sample length. 

Laboratory analysis by: D. O'Dowd 

Data entered by.: D. O'Dowd 

Checked by: J . Hines 
20 



Daniel B. Stephen .\, & Associ a te s, fnc. 

Date Time 

Test # 1: 
06-Jan-10 16:05:20 
07-Jan-10 09:35:00 

Test # 2: 
07-Jan-10 15:43:00 
OB-Jan-10 07 :53:20 

Test # 3: 
OB-Jan-10 07:53:20 
OB-Jan-10 12:2B:15 

Test # 4: 
OB-Jan-10 12 :2B :15 
OB-Jan-10 16:24 :30 

2.90E-Q8 r-~--" '-' 
2.70E-OB 

Temp 
(0G) 

20.0 
19.0 

19.5 
1B.6 

1B.6 
1B .9 

18.9 
19.4 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 CMI 

Job Number ES09.01B5.00 

Sample Number PRB Soil @ 20% 

Phase Number B1002 

Task Number 32 
Influent Effluent Ratio Change in 
Pipette Pipette Gradient Average Elapsed (outflow to Head (Not to k", roc 

Reading Reading (l>H/l>L) Flow (em') Time (5) inflow) exceed 25%) (em/s) 

4.27 22.45 30.6B 
6.00 21 .15 30.21 

0.75 2% 1.8BE-OB 1.31 629BO 

7.10 20.20 29.90 
9.00 1B.60 29 .37 

1.52 5B220 0.B4 2% 2.41 E-OB 

9.00 1B.60 29.37 
9.40 1B.22 29.25 

16495 0.95 0% 1.92E-OB 0.34 

9.40 1B.22 29.25 
9.85 17.80 29.12 

141 75 0.93 0% 2.50E-OB 0.3B 

Average Ksat (em/sec): 
Calculated Gravel Corrected Average Ksat (em/see): 

• 

ksal Corrected 

(em/s) 

1.90E-OB 

2.47E-OB 

1.9BE-OB 

2.56E-08 

2.23E-08 
1.91E-OB 

~ 2.50E-OB 
E 

I ~ 2.30E-08 
• ASTM Required Range (+1- 25% ) 

i ~ 2.10E-08 

'" 1.90E-081· 
1.70E-OB +. _______________________________ -+ 
1.50E-OB L.. _________ ---------_____ _______ -' 

Ksat (-25%) (cmls) : 1.67E-OB • 
Ksat (+25%) (cmls) : 2.7BE-08 

6 1000 71000 81000 91000 101 000 111000 121000 131000 141000 151000 
Time (s) 
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Daniel B. Stephens & Associates , In c. 

Oversize Correction Data Sheet 

Job Name 
Job Number 

Sample Number 
Phase Number 

Depth 

Test Date: 

Split (3/4", 3/8", #4) : 
Calculated Porosity Fines(% vol): 

Subsample Mass (9) : 
Bulk Density (g/em') : 

Volume of Solids (em'): 

Volume of Voids (em'): 

Total Volume (em'): 

Volumetric Fraction of Subsample (%) : 

Ksat (em/see): 

Cornmenls: 

Coarse Fraction 

2257 .50 
2.65 

851 .89 

0.00 

851.89 

8.97 

Laboralory analysis by: 
Data enlered by: 

Checked by: 

LANL TA-16 CMI 
ES09.0185.00 
PRB Soil @ 20% 
81002 
32 

6-Jan-10 

318" 
40 .1 

Fines Fraction 

13738.50 
1.59 

5175.70 

3464.87 

8640.57 

91.03 

2.23E-08 

D.O'Oowd 
D.O'Oowd 
J . Hines 

Composite 

15996.00 
1.69 

6027 .59 

3464.87 

9492.45 

100.00 

1.91 E-08 
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Daniel B. Stephens & Associafes, Inc. 

Sample Number 

PRB Soil 

Summary of Proctor Compaction Tests 

Measured 

Optimum 
Moisture 
Content 
(% gig) 

17.2 

Maximum 
Dry Bulk 
Density 
(g/cm3

) 

1.75 

--- = Oversize correction is unnecessary Since coarse fraction < 5% of composiLe ma.\>s 

NA = Not analyzed 

Oversize Corrected 

Optimum 
Moisture 
Content 
(% gig) 

14.8 

Maximum 
Dry Bulk 
Density 
(g/cm3

) 

1.83 

24 



Daniel B. Stephens & Associa t es, fll c . 

Proctor Compaction Data 

Job Name: LANL TA-16 CMI Split (3/4", 3/8", #4).' 318 

Job Number: ES09.0185.00 Mass of coarse material (g): 2257 .5 
Sample Number: PRB Soil Mass of fines material (g): 137385 

Phase Number: 81002 Mold weight (g): 4235 

Task Number: 32 Mold volume (cm').· 939.32 

Test Date: 30-Dec-09 Compaction Method: Standard B 

Preparation Method: Dry 
As Received Moisture Content (% gig): 10.31 Type of Rammer: Mechanical 

Weight of Weight of Weight of 
Mold and Container and Container and Weight of Dry Bulk Moisture 

Compacted Soil Wet Soil Dry Soil Container Density 

Trial (g) (g) (g) (g) (glcm') 

5917 995.80 920.10 268.67 1.60 

2 5999 936.30 857.70 284.66 1.65 

3 6103 1064.80 960.60 289.79 1.72 

4 6162 1078.90 959.60 289.22 1.74 

5 6114 1070.10 939.10 282.88 1.67 

6 6104 936.25 808.00 209.64 1.64 

Soil Fractions 

Coarse Fraction (% gIg): 14.1 
Fines Fraction (% gIg): 85.9 

Properties of Coarse Material 
Assumed particle density (glcm'): 2.65 

Assumed Initial Moisture Content (% gIg) : 0.0 

Oversize Corrected Values for Dry Bulk Density and Moisture Content 

Dry Bulk Moisture 
Density of Content of 
Composite Composite 

Trial (glcm') (% gig) 
1 1.70 9.98 

2 1.74 11 .78 

3 1.81 13.34 

4 1.83 15.28 

5 1.76 17.15 

6 1.73 18.41 

_. = Oversize corredion is unnecessary since coarse fraction <; 5% of composite mass 

NA := Nol analyzed 

Laboratory analysis by: D. O'Dowd 
Data entered by: D. O'Oowd 

Checked by: J . Hines 

Content 

(% gig) 

11 .62 

13.72 

15.53 

17.80 

19.96 

21.43 
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Daniel B. Stephens & Associates, Inc. 

2.0 

1.9 - _. 

ME 
-a, 1.8 

>. 
~ 
III 
r::: 

" o 
-'" 

" In 1.7 

~ 
o 

1.6 

1.5 

o 

Proctor Compaction Data Points with Fitted Curve 
Sample Number: PRB Soil 

Optimum Moisture Content (% gig): 
Maximum Dry Bulk Density (g/cm') : 

Measured 

17 .2 
1.75 

Test Date: 30-Dec-09 

Corrected 

14.8 
1.83 

-- Zero vOids curve 

• Standard compaction curve 

5 10 

I 
I 
I 
I 
I 
I 
r · 
t 
t 
I 
I 
I 
I 
I 

15 

A Oversize corrected compaction curve 

20 25 

Moisture Content (% gig) 

-.. = Oversize correction is unnecessary since coarse fraction < 5% of composite mass 

NA = Not analyzed 

Laboratory analysis by: D. O'Oowd 
Data entered by: O. O'Oowd 

Checked by: J. Hines 

30 
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Daniel B. Stephens & Associates, fll c. 

Tests and Methods 

Dry Sulk Density: ASTM 06836 

Moisture Content: ASTM 02216; ASTM 06836 

Calculated Porosity: ASTM 06836 

Saturated Hydraulic Conductivity: 
Falling Head Rising Tail: ASTM 05084 

(Flexible Wall) 

Standard Proctor Compaction: ASTM 0698 

Coarse Fraction (Gravel) 
Correction (calc): 

ASTM 04718; Souwer. H. and Rice , R.C. 1984. Hydraulic Properties of Stony Vadose 
Zones. Groundwater Vol. 22, NO. 6 
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January 27, 20 I 0 

Mr. John Ayarbe 
Daniel B. Stephens & Associates 
6040 Academy Rd. NE Suite 100 
Albuquerque, NM 87109 
(505) 822-9400 

Re:DBS&A Laboratory Report for Daniel B. Stephens & Associates ES09.0185.00 Phase 81002 
Task 32 LANL TA-16 CMI 

Dear Mr. Ayarbe: 

Enclosed is the final report for the Daniel B. Stephens & Associates ES09.0185.00 Phase 81002 
Task 32 LANL TA-16 CMI samples. Please review this report and provide any comments as 
samples will be held for a maximum of 30 days. After 30 days samples will be returned or disposed 
of in an appropriate manner. 

All testing results were evaluated subjectively for consistency and reasonableness, and the results 
appear to be reasonably representative of the material tested. However, DBS&A does not assume 
any responsibility for interpretations or analyses based on the data enclosed, nor can we guarantee 
that these data are fully representative of the undisturbed materials at the field site. We recommend 
that careful evaluation of these laboratory results be made for your particular application. 

The testing utilized to generate the enclosed final report employs methods that are standard for the 
industry. The results do not constitute a professional opinion by DBS&A, nor can the results affect 
any professional or expert opinions rendered with respect thereto by DBS&A. You have 
acknowledged that all the testing undertaken by us, and the final report provided, constitutes mere 
test results using standardized methods, and cannot be used to disqualify DBS&A from rendering 
any professional or expert opinion, having waived any claim of conflict of interest by DBS&A. 

We are pleased to provide this service to Daniel B. Stephens & Associates and look forward to 
future laboratory testing on other projects. If you have any questions about the enclosed data , 
please do not hesitate to call. 

Sincerely, 

DANIEL B. STEPHENS & ASSOCIATES, INC. 
SOIL TESTING & RESEARCH LABORATORY 

-CJX~ cd--/,' 
Joleen Hines 
Laboratory Supervising Manager 
Enclosure 

Dan;el B. Slephells & Associates, Inc. 

Soil Testing & Res(!urch Laboratory 
58 40 Osul'1a Rd ~[ S05·889 · 77SZ 

Albuquerque, NM 87109 fAX 50S 8S9 · 01S8 
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Dan ie l B. Stephens & Ass ociat es . In c . 

Summary of Tests Performed 
- - - -- ---

Saturated 

Initial Soil Hydraulic Moisture Particle Specific 

Laboratory Properties' Conductivit{ Characteristic51 Size4 Gravity; 

Sample Number G;VM; VD CH ; FH ; FW HC : PP ; FP ; DPP: RH : EP ; WHC; Koo~1 OS ; WS; H F I C 

PRB Soil @ 10% I : X : I X I 
1 G = Gravimetric Moisture Content, VM = Volume Measurement Method, VD = Volume Displacement Method 

2 CH::. Constant Head Rigid WaU, FH = Falling Head Rigid Wall . FW = Falling Head Rising Tail FleXible Wall 

I 

1 He ::. Hanging Column, PP = Pressure Plale. FP = Filter Paper. DPP = Dew Point Potentiometer. RH = Relative Humidity Box, 

EP = Effective Porosity. WHC = Water Holding Capacity, Kunsat = Calculated Unsaturated Hydraulic Conductivity 

4 DS = Dry Sieve. WS = Wet Sieve. H ::. Hydrometer 

5 F = Fine « 4.75mm). C = Coarse (>4.7Smm) 

I I 

Air 

Perm- Atterberg Proctor 

eabillty Limits Compaction 

I I I X I 

, 



Dfln;el B. Steph e n s & Associates, II/ c . 

Summary of Sample Preparation/Conditions 

Proctor Data 
Optimum Maximum 
Moisture Dry 
Content Density 

Target Remold Parameters 1 

% of 
Moisture Dry Bulk Maximum 
Content Density Density 

Actual Remold Data 
% of 

Moisture Dry Bulk Maximum 
Content Density Density 

Sample Number (%, gig) (g/cm 3) (%, gig) (g/cm3) (%) (%, gig) (g/cm3) (%) 

PRB Soil @ 10% 16.8 1.68 17.0 1.59 95% 18.3 1.64 98% 

PRB Soil @ 10% = PRB Soil with 10% bentonite added by weight. 

'Target Remold Parameters: Provided by the client: 95% of maximum dry density at 0-3% of optimum moisture content. 
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Daniel B. Stepilens & Associate:", Inc. 

Summary of Initial Moisture Content, Dry Bulk Density 
Wet Bulk Density and Calculated Porosity 

Moisture Content 
As Received Remolded Dry Bulk Wet Bulk Calculated 

Gravimetric Volumetric Gravimetric Volumetric Density Density Porosity 
Sample Number (%, gig) (%, cm3/cm3

) (%, gig) (%, cm3/cm3
) (rJ /cm 3

) (rJ/cm 3
) (%) 

PRB Soil @ 10% NA NA 18.3 30.1 1.64 1.94 38.1 

NA = Not analyzed 

--- = This sample was not remolded 
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Daniel B. Stephens & Associates, Inc. 

Summary of Saturated Hydraulic Conductivity Tests 

Sample Number 

PRB Soil @ 10% 

Ksat 

(em/sec) 

6.51E-08 

Oversize 
Corrected 

Ksat 

(em/sec) 

5.59E-08 

Method of Analysis 
Constant Head Falling Head 
Flexible Wall Flexible Wall 

x 
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Dani el B. Stephens & Associates, Inc . 

Sample Number 

PRB Soil @ 10% 

Summary of Proctor Compaction Tests 

Measured 

Optimum 
Moisture 
Content 
(% gig) 

16.8 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.68 

. .. = Oversize correclion is unnecessary since coarse fraction < 5% of composlle mass 

NA = Nol analyzed 

Oversize Corrected 

Optimum 
Moisture 
Content 
(% gig) 

144 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.77 
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Laboratory Data and 
Graphical Plots 
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Initial Properties 
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Daniel B. Stephells & Associates, Inc. 

Sample Number 

PRB Soil @ 10% 

NA = Not analyzed 

--- = This sample was not remolded 

Summary of Initial Moisture Content, Dry Bulk Density 
Wet Bulk Density and Calculated Porosity 

Moisture Content 
As Received Remolded Dry Bulk Wet Bulk 

Gravimetric Volumetric Gravimetric Volumetric Density Density 
(%, gig) (%, cm3/cm 3

) (%, gig) (%, cm3/cm 3
) (g /cm3

) (rJ/cm3
) 

NA NA 18.3 30.1 1.64 1.94 

Calculated 
Porosity 

(%) 

38.1 
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Daniel B. Stephens & Associates, llfc. 

Data for Initial Moisture Content, 
Bulk Density, Porosity, and Percent Saturation 

Job Name: LANL TA-16 eMI 
Job Number: ES09.0185.00 

Sample Number: PRB Soil @ 10% 
Phase Number: 81002 

Task Number: 32 

Test Date: 

Field weight' of sample (g): 
Tare weight, ring (g): 

Tare weight, pan/plate (g): 
Tare weight, other (g): 

Dry weight of sample (g): 
Sample volume (em'): 

Assumed particle density (g/cm 3
): 

Gravimetric Moisture Content (% gig): 

Volumetric Moisture Content (% vol): 

Dry bulk density (g/cm'): 

Wet bulk density (g/cm'): 

Calculated Porosity (% vol): 

Percent Saturation: 

Laboratory analysis by: 
Data entered by: 

Checked by: 

Comments: 

'* Weight including tares 
NA = Not analyzed 

As Received 

NA 

--- '; This sample was not remolded 

D. 
D. 

Remolded 

4-Jan-10 

614.65 
a.oo 
0.00 
0.00 

519.48 
316.56 

2.65 

18.3 

30.1 

1.64 

1.94 

38.1 

79.0 

O'Dowd 
O'Dowd 

J. Hines 
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Saturated Hydraulic 
Conductivity 
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Daniel B. Stephens & Associates , inc . 

Summary of Saturated Hydraulic Conductivity Tests 

Sample Number 

PRB Soil @ 10% 

Ksal 

(em/sec) 

6.51 E-08 

Oversize 
Corrected 

Ksa\ 

(em/sec) 

5.59E-08 

Method of Analysis 
Constant Head Falling Head 
Flexible Wall Flexible Wall 

x 
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Dafdel B. Sfephens & Associate~;, in c. 

Remolded or Initial 
Sample Properties 

Initial Mass (g): 614 .65 

Diameter (em): 7.308 

Length (em) : 7.547 

Area (em') : 41 .95 

Volume (em 3 
): 316.56 

Dry Density (glcm 3): 1.64 

Dry Density (pef): 102.44 

Water Content (%, gig): 18.3 

Water Content (%, vol) : 30 .1 

Void Ratio (e) : 0.61 

Porosity (%, vol) : 38.1 

Saturation (%) : 79.0 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 CMI 

Job Number ES09.0185.00 

Sample Number PRB Soil @ 10% 

Phase Number 81002 

Task Number 32 

Post Permeation 
Sample Properties Test and Sample Conditions 

Permeanlliquid used: Tap Water 

Sample Preparation: 0 In situ sample, extruded 

o Remolded Sample 

Number of Ufts: 3 

Split: 3/8" 

Percent Coarse Material (%): 14 .1 

Particle Density(glcm 3): 2.65 [] Assumed 0 Measured 

Cell pressure (PSi): 80.0 

Influent pressure (PSI): 79 .0 

Effluent pressure (PSI) : 77 .0 

Panel Used: 0A DB Dc 
Reading: 0 Annulus [] Pipette 

Date/Time 

Saturated Mass (g): 653.28 

Dry Mass (g): 519.48 

Diameter (em): 7.392 

Length (em): 7.582 

Deformation (%r-: 0.46 

Area (em'): 42.92 

Volume (em 3): 325.39 

DIY Density (gIGm'): 1.60 

Dry Density (pet): 99.67 

Water Content (%, gig).· 25.8 

Water Content (%, vol): 41.1 

Void Ratio(e): 0.66 

Porosity (%, vol). 39.8 

Saturation (%)': 103.4 B-Value (% saturation) prior to test ' : 0.98 1/6110 101~ 

1/11/10 955 B-Value (% saturation) post to test: 1.00 

• Per ASTM 05084 percent saturation is ensured (B-Value ~ 95%) prior to testing, as post test saturation values may be exaggerated or skewed during depressurizing and sample removal. 

'*Percenl Deformation: based on In ilia I sample length and post permeation sample length. 

Laboratory analysis by: D. O'Dowd 

Dala entered by: D. O'Dowd 

Checked by: J. Hines 
15 



Daniel B. St e phens & Associates, Inc. 

Saturated Hydraulic Conductivity 
Flexible Wall Falling Head-Rising Tail Method 

Job Name LANL TA-16 CMI 

Job Number ES09.01B5.00 

Sample Number PRB Soil @ 10% 

Phase Number 81002 

Task Number 32 
Innuenl Effluent Ratio Change in 

Temp Pipette Pipette Gradient Average Elapsed (ouffiow to Head (Not to ksat Toe ksal Corrected 

Date Time ee) Reading Reading (~H/~L) Flow (em') Time (s) inflow) exceed 25%) (em/s) (em/s) 

Test # 1: 
06-Jao-10 12:1B:00 19.3 5.10 21.90 21 .11 

0.74 13690 0.89 1% 7.02E-08 7.0BE-OB 
06-Jao-10 16:06:10 20.0 6.00 21.10 20.85 

Test # 2: 
06-Jao-10 16:06:10 20.0 6.00 21 .10 20.85 

3.12 62917 0.89 5% 6.69E-OB 6.77E-OB 
07-Jao-10 09 :34 :47 19.0 9.80 17.70 19.76 

Test # 3: 
07-Jao-10 09:34:47 19.0 9.80 17.70 19.76 0.95 22053 0.91 2% 6.04E-OB 6.16E-OB 
07 -Jao-10 15:42:20 19.5 10.95 16.65 19.42 

Test # 4: 
07-Jao-10 15:42:20 19.5 10.95 16.65 19.42 

2.38 58482 0.93 4% 5.87E-08 601 E-OB 
OB-Jan-10 07:57:02 18.6 13.80 14.00 18.5B 

Average Ksat (emlsee): 
Calculated Gravel Corrected Average Ksat (em/see) : 

6.51 E-08 
5.59E-OB 

9.00E·OB ,--------------------------------, 

B.OOE-OB ci========================= ======t 
.'!! 
E 7.00E-OB 
.!O 
~ 6.00E-OB 
:.: 

• • 
_ . . f> 

i 
. 1 

5.00E·OB +1--------------- ---- ----- --- - - ---+ 
4.00E-OB 1-1 - - - -

6500 26500 46500 66500 86500 
Time Is) 

106500 126500 146500 

ASTM Required Raoge (+1- 25%) 

K5al (-25%) (em/5) : 4.BBE-OB 

K5al (+25%) (em/5) : B.13E-OB 

16 



\if~~iiiI'" Dan.iel B. Stephens & Associates, Inc. 

Oversize Correction Data Sheet 

Job Name 
Job Number 

Sample Number 
Phase Number 

Depth 

Test Date: 

Split (3/4", 3/8", #4): 
Calculated Porosity Fines (% vol): 

Subsample Mass (g): 
Bulk Density (g/em'): 

Volume of Solids (em'): 
Volume of Voids (em'): 

Total Volume (em'): 

Volumetric Fraction of Subsample (%): 

Ksat (em/see): 

Comments: 

Coarse Fraction 

2257.50 
2.65 

851.89 

0.00 

851 .89 

9.03 

Laboratory analysis by: 
Data entered by' 

Checked by: 

LANL TA-16 CMI 
ES09.0185.00 
PRB Soil @ 10% 
81002 
32 

6-Jan-10 

3/8" 
39.8 

Fines Fraction 

13738.50 
1.60 

5169.11 

3417.45 

8586.56 

90.97 

6.51 E-08 

D. O'Dowd 
D. O'Dowd 
J. Hines 

Composite 

15996.00 

1.69 
6021.00 
3417.45 

9438.45 

100.00 

5.59E-08 

17 



Proctor Compaction 
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Daniel B. Stephen s & A ss ociate s , llfc. 

Sample Number 

PRB Soil @ 10% 

Summary of Proctor Compaction Tests 

Measured 

Optimum 
Moisture 
Content 
(% gig) 

16.8 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.68 

___ = Oversize correction is unnecessary since coarse fraction < 5% of composite mass 

NA = Not analyzed 

Oversize Corrected 

Optimum 
Moisture 
Content 
(% gig) 

14.4 

Maximum 
Dry Bulk 
Density 
(g/cm 3

) 

1.77 
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Daniel B. Stephens & Associ at es, Illc. 

Proctor Compaction Data 

Job Name.· LANL TA-16 CMI 

Job Number: ES09.0185.00 

Sample Number: PRB Soil @ 10% 

Phase Number: 81002 

Task Number: 32 

Test Date: 25-Jan-10 

As Received Moisture Content (% gig) : 10.31 

Weight of Weight of Weight of 

Split (3/4", 3/8", #4): 3/8 

Mass of coarse material (g): 2257.5 

Mass of fines material (g): 13738.5 

Mold weight (g): 4235 

Mold volume (cm'): 939 .32 

Compaction Method: Siandard B 

Preparation Method: Dry 

Type of Rammer: Mechanical 

Mold and Container and Container and Weight of Dry Bulk Moisture 
Compacted Soil Wet Soil Dry Soil Container Density 

Tria l (g) (g) (g) (g) (g/cm3
) 

1 5922 1231 .66 1130.02 297.78 1 60 

2 6004 1197.94 1086.72 284.77 1.65 

3 6087 1225.07 1086.80 296.52 1.68 

4 6101 1117.55 974.22 269.94 1.65 

5 6080 1124.96 963.89 270.35 1.59 

Soil Fractions 

Coarse Fraction (% gig): 14 .1 

Fines Fraction (% gig): 85 .9 

Properties of Coarse Material 

Assumed particle density (g/cm'): 2.65 

Assumed Initial Moisture Content (% gig): 0.0 

Oversize Corrected Values for Dry Bu lk Density and Moisture Content 

Dry Bulk Moisture 
Density of Content of 
Composite Composite 

Trial (g/cm 3
) (% gig) 

1 1.69 10.49 

2 1.75 11 .91 

3 1.77 15.03 

4 1.74 17.48 

5 1.69 19.95 

.- = Oversize correction is unnecessary since coarse fraction < 5% of composite mass 

NA = Not analyzed 

Laboratory analysis by: D. O'Dowd 
Data entered by: D. O'Dowd 

Checked by: J. Hines 

Content 

(% gig) 

12.21 

13.87 

17.50 

20.35 

23.22 

20 



Daniel B. Stephens & Associat es, Inc. 

Proctor Compaction Data Points with Fitted Curve 
Sample Number: PRB Soil @ 10% 

Optimum Moisture Content (% gig): 
Maximum Dry Bulk Density (g/cm 3

): 

Measured 

16.8 
1.68 

Test Date: 25-Jan-10 

Corrected 

14.4 
1.77 

1.9 1- ---- - -\,'-----;============== 
--Zero voids curve 

• Standard compaction curve 

... Oversize corrected compaction curve 

1.8 
, , 

- - - - - - - - . - - - - - - - - - - - - - - - - ~ .. - - - - - - - - - - - - .. - - - - - - - - - - - - - - ,- - - - - -- - - - - - - . 

r------------- i 

. I 
1.7 - . , -

r --------------~~ : 
1J . -.- ___ __ i .1 

. I I 
I I 
I I 
I I 
I I 
I I 
I I 

1.5 - - - - - - - - - - - - - -.- - - - - - - - - - - - T - - - - - T - - - - - - - - : - - - - - - - - - - - . - -,- - - - - - - - -

5 

I I 
I I 
I I 
I I 
I I 
I I 

10 15 20 25 

Moisture Content (% gIg) 

~~- = Oversize correction is unnecessary since coarse fraction < 5% of composite mass 

NA = Not analyzed 

Laboratory analysis by: D. O'Dowd 
Data entered by: D. O'Dowd 

Checked by: J. Hines 

30 
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Daniel B. Stephens & Associates, Inc . 

Tests and Methods 

Dry Bulk Density: ASTM 06836 

Moisture Content: ASTM 02216; ASTM 06836 

Calculated Porosity: ASTM 06836 

Saturated Hydraulic Conductivity: 
Falling Head Rising Tail: ASTM 05084 

(Flexible Wall) 

Standard Proctor Compaction: 

Coarse Fraction (Gravel) 
Correction (calc): 

ASTM 0698 

ASTM 04718; Bouwer. H. and Rice. R.C. 1984. Hydraulic Properties of Stony Vadose 
Zones . Groundwater Vol. 22, No.6 
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IN-PLACE FIELD DENSITY DATA SHEETS 
ASTM D 1556-82 (Sand Cone Method) 



  

 



FJELD DENSITY TEST (Sand-cone, 8alloon) Data Sheet lOa 

. 'oject -,=S'-'V"-''''-'~l-<-=-~=---='----'('-''-'+f>2.---,{,--,-,A-,---,-I-,-(.+) ""C)",( J),,,,'i1L' -,-2-10=0 

LAN L -rA -1[" CJ ( 
Location of Project ___ '--'---_---}'-_ I ________ '""-'--==='---"/'--""''--''''''''--\~'_'e.=_ __ _'___''_'_L_ 

Descriplion 01 Soil __ 0",-",0,,-,0 !",,,,,-_~=i)_, -='-'--c)I-.l(-=D"-,·I.-"o_1)-,,,,-=;::=-o.J-=-'T~c=-"'_\_-r-=!O..=----,~I,"-Jrt-~""=' .:.·lL::"-'::{):...L _ _ _ _ 

Test Pertormed By _ _ 13=-_y_._--.._~'__D_'I=-'~""_;7P' .. "v------- Dale 01 T esl _-,-I _---==3~''_~--==2=d_''_'CJ''_ ___ _ 

Laboratory Data from FiEld Test 

Sand-cone method 8alloo method 

1,,'1 ' <22. -'7 Mass 01 wet soil HI"'" _~7=-L",-"/;..-,,,02..C' -'Ic"--___ _ _ Mass of et soil + can ___________ _ 

00Q5 =<> /. 
Massol~ __ ~/~/~,~~~ ______________ __ Mass of can -'-;: _______ ___ _ _ _ _ 

Mass 01 wet soil, M ' _ -"3-'Z"""2l-C-'-7,=--' ______ _ Mass of wet soil, 

Mass 01 wei soil + pan _--,,'1-,"=-7,,1.:., ;;., ______ _ Mass of wet soil + pan ~"' _________ _ 

'/2 '11', I Mass of dry soil + pan __ -",-,--___ ____ _ 

~.!> o..c l"V,...TE.l- L/Lf L i "-

Mass of pan ___ I~'t""Q'-""-'-. 2..'---_______ _ 

2 f; '-I ,-!, '1 Mass 01 dry soil __ -'='_-'-'-'-______ _ 

'N2·Z 
Water content, w<>10 zel-/~J4 ~ 15.5 ala 

Field Data 

Mass of dry soil + pan __ -''-<-_______ _ 

Mass of pan _______ ~ _ __',,_-----

Mass of dry soil ________ '\_~-----
Water content, w% _________ "'_:". ~ __ 

~'" 
Sand--cone method eo I\NA.P~ S, j i. So .. ,y 8111100 ethod 

Type of sand used __ .:.1_0-,-' -"z.:.:,,'-!."'-'E.~,,=~'_I __ ~_ 

Sf.. _:1 Density 01 sand, p_ = _________ glem-

Correelion lacto~:: 

Final scale reading .....:'''''' _________ em' "'. 
-!- s;.,,.J I 2- "t '," Mass of jug + cone before use __ '-'=-'-'-___ 9 Initial sca/e reading ____ '::O-~'_,,_----- em' ", 

'3 0 ,'0 2 . ~ Mass of jug + cone after use __ -'--"-'-'-=-___ 9 Vol. 01 hole, V', ________ '::,.""' ___ em' 

Mass of sand used (hole + cone) _'1.:..:2:..:.>,,1,.:.0;''_ ___ 9 

Mass of sand in cone (from carib.) 
/70 <;, .,

-'----'-"-----9 

'2. 5 Z~ .0 Mass of sand in hole, M _ _ ________ 9 

Vol. of hole. V'h (CF) _______ ~_.....:"', em" 

~.~ 
z r;Zlq .o 

VoL of hole, V,,=MIPsand"" ISle ~/1.?!q·3 cm3 
Pwet =M /Vh = 

51B7.I 
__ L/~k~lq~.~,_~ ____ 2~ . .:.O.:.?'_ __ glem' 

Unit Wfright of Sail: Wet YWQ[ = Pwel x 9.807 _ __ ----------kNim' 

Dry Y<I", = r."i (1 + w) = ___ __________ kN/m3 

2 .03 
;; ;; 

(j+ w) 

CopyrighL ~ 1992 by McGraw·Hill, Inc. 

~= 
(/ . 1>5) 
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FIELD DENSITY TEST (conl'd) Data Sheet 10b 

Name 6 vr" v. 1> w;r.ev 1-3o-2~/C Date of Testing ____ -' ____ --= ____ _ 

Calibration Data 

I. Sana-coMe method 

A. Sand density determination 

to 10o'",Jo S; L .. 5",wi! 
Sand used 

Type of vol. measure c '1 (/ '"..cO"", Vol.. V In _:.../-'--o_lJ_"'=--___ cm' 

Mass of sand 10 fill vol. measure: Trial no. 1 

Trial no. 2 

( q. 7 b .. '7(5, 'I ~ I :n</.f, 

(177 -'115 ,'1', ; c,,;(, 

Trial no. 3 _-+1_9,-'-,,6..=0_. -,,-if""1 J"" • ...!.y_/_( 5'& (;" " 

Average mass M, = _ ......:.1_5_"...:'/.:...,_9'---___ _ 
1'>4 4 ,'71 "" /, 50 

Density or sand, Psand'" M,/V m = _ _ '-/"''':..:O=D _ ___ -'-____ g/cm3 

B. Mass of sand to fm cone 

Mass of filled jug + cone = -, z.. ~ f..u .:t 

Mass after trial No. 1 = _ ...:.f,c--...:5'_tf..;:'--=---__ Mass used = -....:1-'.7.::u-L" _ ___ _ 
3 'ir'6S Mass after trial No.2 = _ -"--'--_ __ _ Mass used = _ :...1 :...1_v_7~ ___ _ 

Mass after trial No.3 = _ -=2=--1_1_ . ....<7 __ _ Mass used = _L./-'7"rJL.~"'__ _ ___ _ 

Average mass 10 fill cone = _ -'-I_'!...·"Cj;0"'-'-. ___ g 

II. Volumeasure ( n apparatus) calibration 

Type of container usOCl..,:-- _ _ ___ _________ _ 

Vol. of container;Vc = __ ~~ _ ___ cm3 

Initial reading _______ _ 

Reading after trial No. 1 _______ _ ange in vol. __ ______________ cm3 

Reading after trial No.2 _______ _ Change in ""',-_________ cm' 

Reading after trial No.3 _______ _ Change in vol. __ -",, _ ___ cm3 

Average .6.V 
__ ______________ cm3 

Correction factor CF = Vc".6.V =- _ _ _ _ ____ _ 

[Note, if correction factor is less than ± 0.002, neglect it.1 

Copyright <1:1 1992 by McGraw-Hill, lnc. 

vVi"5 0 { 
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FIElD DENSITY TEST (Sand-cone, Balloon) Data Sheet 10a 

" ojecl --",S:_V_~d-f_L-,-F_e_,jJ_G_'+F __________ _ 

Location of Project -'f--=----A'-N_L-_-f}----'T--'t4'----'-~I~(,"_)t-'c'i3~I-=.{):..:'tL,'---" 2=:&=0----'_ +-L_'--' -'e=-.. "'-'f_S~~'-"':::.--fr!.!(.!!;"'~ _ _'.\_.C6"__")_.L

Description of Soil _-,1.::0,--"'",Io=--",y-=0,--,,,-I-,/I--' --"-,/O~%"-",6,,,PJ<=fo="c:.:,-,1 e=--f-(~£'"'-'57'-'''-'='-;'~l,-,/''=I.L)----------
Test Perlormed By _--,75"",-"-.--"o."-=..])",,,:.c:::~:::1~<-::V _ _ _____ _ Date of Test __ -,-(_--=~=--:,o_-_· _2-_0,....:.1-=0=-__ 

l.Jzboratory Data from Field Test 

Sand-cone method 

Mass of weI soil + can _~),--,=t;;,--,Z-=-qL-.c' _9'--_~~:r __ 
b·ls " 

Mass of 001> ---~-,-=o,--,,--,,8'-------"11-----

Mass of wet soil, M' __ 3,,--'1_'2_, -"-'---71Zl<~--

Mass 01 wet soil + pan 
/J\ ... , 'S 0.(:. <o..,J.,..:l.Jl..V 

Mass of dry soil + pan __ ~lf,-,4'~Z=I-,,-,Z-=' __ -''J;I-_ 

Mass of pan _,--_--'-' ~3L2q"'o'-,~'7"" ~ _ _',I-__ _ 

Mass of dry soil __ ----':::>=--C/,--e3_ '''', ---';'71----
458 

Water content, w% _2'-'0"-"3,,1 __ -_-_,,( ~",-",-,-/-,%",o,-_ 

Field Dam 

Sand-cone method 
~;I, ... aj. S : 1, ;" S", • .f 

/0l'2&, f1. ~sh Type of sand used 

D ' f d i,5'10 enSLty a san, Psand= __ --'-'-____ _ g/cm3 

Mass of jug + cone before use 73! "I 9 

Mass of jug + cone a~er Use _-'Z,==-.q..!--:..:5=---:"6'-_ _ _ 9 

Mass of sand used (hole + cone) 
L-I? &1 

9 

17or; Mass of sand in cone (from calib.) _____ _ _ 9 

Mass of sand in hole, M Z (, ~.;-
2~':>S 

9 

Vol. of hole, V, = Mlp"". = l}5b "( 702- cm' 

Balloor\ethod 

Mass Of~OiJ 1- can _ _ _________ _ 

", 
Mass of can _--' "'"<-___________ _ 

\ 
Mass of wei soil, M' _'\-'>,,-_________ _ 
Mass of wet soil + pan _\_""", ________ _ 

Mass or dry soil + pan - -----".c-------

Mass of pan __________________ ~~--------

Mass of dry soli __________ -'..-__ 

Water content, w% _ __________ ..l_ 

Balloon method , 
\ 

Correction faclor~ 

Final scale reading cm' 

Initial scale reading cm' 

Val. or hole, V'" cm' 

Vol. of hole = V 'A (CF) cm' 

"-

'3 <113QI 

P.", • M '(V, = _",1_7~v,--,,2--==-___ :..:2,-,-,er7_>_-__ glcm' 

Unit Weight of Sail : Wet rWel = Pwel X 9.807 '" _~ __________ kN/m3 

~:- t . ,' '::: . r " L 

Y-- '3c. ":. { 

_ ___________ kN/m' -z. . ,,=> z. ,0 5 

Copyright ~ 1992 by McGraw-Hill, Inc. 
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FIELD DENSITY TEST (cont'd) Dara Sheet 10b 

Name 13 r""Cc'J)""'I"'V 
I 

Date 01 Testing __ ---"_-----'3'---0_-...:2-_0---'-10=-____ _ 

Calibration Dala 

I. Sand-cone me/hod 

A. Sand density determination 

Sand used (0 'VI' ..,~o c::(,'( c.. C:;o." f) (,OY Z() /AdS ~ ) 

Type ot vol. measure ---,?""--"v:;(>,,,fl=---::~::~=f.:::e,--r/"-----'=-7f---'---=-_"=':'---___ _ C/~,jlev Vo1., V", _--,I~o~o~O~ __ cm' 

Mass of sand to lill vol. measure: Trial no. 1 ( q f )5 - L-f r" 'f := J :;,-r., '-I, (,. 

Trial no. 2 L'1-7] - '-' I;;, '-t = I'?{p~. t. 

c /9 l?o - '1- f) . <-1 117&,-(0 Trial no. 3 _ '---'--=--'---_---'--'--'---'--__ --'~ 

Average mass M, : _ _ ..lI...:'i:.....::I>--'..'f:-=---'-1 ___ _ 

J-"/ r" !;,j.. ) ' 5"'" Density of sand, Psand :; M,/V m co. _,-,C>::":;v,-,,,-~ __________ gJcm3 

8. Mass 01 sand to till cone 

Mass 01 Ii lied jug + cone: 7 2. ~ (,. 7 

Mass atter trial No.1: '5? 0 2.. ? 

Mass atter trial No.2: '3 ~.:;-7 

Mass after trial No.3 _ 2- I {9 i 

Mass used: _--,--1_7.:..::.°,---,'7-;>-1 __ 

Mass used: _--'1---'7--'0'-'7'--1'1---__ 

Mass used = _----'1_7:....::°..:&-"'--'7'+, __ 

Average mass 10 lill cone . __ -'{_7'--"O'-"v,"---__ g 

II. Volu m£llSure (balloon apparatus) calibration 

Type 0 container used ________________ _ 

Vol. of contain _ ___ ____ ,cm
' 

IniBal reading _ ____ ~~_ 

Reading atter trial No.1 ___ ____ --"'---<... Change in ~o1. __ ______________ cm
' 

Reading after trial No. 2 ___ ____ _ Change' oJ. ______ ___ cm
' 

Reading after trial No.3 _______ _ Change in ~ol. __ .::o.."'"' _ _ __ cml 

A~erage flV ______ :::.."'cml 

Correction factor CF = V,lflV::< ________ _ ~ .. 
[Note, if correction factor is less than:t 0.002, neglect It.) 

Copyright «:I 1992 by MeGraw~Hill. Inc. 
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FIELD DENSITY TEST (Sand-cone, Balloon) Data Sheet 100 

'roject _~>'-'V=-'1+-:::,--,(}=-,,-=-cP~C=-q:..,r"'-_ _ ___ _ __ Job No. eM I rh.,) liP -0 z I {c} - "}q 

Location of Project [fiN L- fA - If:" gfcfJ't Z{,o ( T(L5 f 5" --p k Ie) 

Description of Soit _ _ q..::o_~-,t=:,v_)."-~,=:c-'-;.!../...,)r--_I,-,o,,-I_'.:.:l,o--,b,-~=,"--Io=-~_..f._e-_j,l_i,"'-J'1-'VV=g:":~;'5-"k"''''--L) ____ __ _ 

-:12","-- 7', J4 ~ v ! - ') 0 - 2- " I () Test Perfonned By --JL.lL'-"-:...::.:......J!.2:..C~"';I(J~~=:..:~----- Date 01 Test _-..:..._~.::..._..::... _ ___ _ 

LAboratory Data from Field Test 

Sand 4 cone method 
~ 
Ba oon method 

Mass of wet soil +~ _-",3""Z,,-,-Cf_c.!.!..,~. I,-_,}+-__ Mass wet soil + can __________ _ 

bo~. d 
Massof~ ----~(~2-~,~/--~t~---

Mass of wet soit, M ' __ ~3:::....=2,,5,,-,Z-==-_-'jf-__ _ 

Mass of wet soit + pan --"C~:"U7-:>,--,-'I--'7f----
Vifl'>~ o~ (J<>1eV ",1 j-

Mass of dry soil + pan --'fL!.../-,~:..:;,,,-,--,'1{-----

Mass of pan ----, __ -'-I_{2...<i?'-.!.2-"--t?'-___ _ 

2<;50/ Mass of dry soil ___ ,..-____ j'l-___ _ 
'15/ 

Water content, w% _2-=..g=/)"I'-___ -'-=---1...I"'~-',.!.../_'%"'_'" 

Mass of can '". ,..-_ ________ _ __ _ 

Mass of wet s~, ___________ _ 

Mass of wet Sail ' +:s:".,..----------
Mass of dry soil + pan _""--...:"' _______ _ 

Mass of pan ______ ~ _ _""------

Mass of dry soil _______ S_-"',..-__ _ 
Water content, w<"1., _ _______ ""_.:::,.,,..-_ 

~ 
Field Data 

Sand-cone method B911~hOd 
1'" kyatf'o ). 1,,;,.,, /oyZ.D H< JA 

Type of sand used -,lo-'-' _ __ -=--___ _ =--~._ . Correction or CF '" ____ ______ _ 

Density of sand, P"",d ~ I. :; '" Final scale reading ',,-__________ em3 

Mass of jug + cone before use 7 Z e I 9 Initial scale reading __ ""' _______ em' 

Mass of jug -t cone after use 3 CJ (, S' 9 Vol. of hole, V', ______ :::....;,..-____ em' 

Mass of sand used (hole + cone) __ !f:.....::Z.-,I,-,-Y ___ g Vol. of hole ~ V', (CF) ______ ~"--__ em3 

"'-. 
Mass of sand in cone (from ealib.) _~/,-7,-O--,,(/ __ g 

Mass of sand in hole, M __________ 9 
Z Sl l- 32, "52.-

Vol. of hole, V, ~ Mlp,.,.., = ..J./~.~,,---,(,,-~ __ f-,(,,---,I tl _ _ em3 PWoI = M/V, - -,1-,0",-"I-,O"-_ _ :::_~2""-,,-,,,o-,,z..=-- glem3 

Unit Weight of Soil : Wet Ywel = PWBt x 9.807 = _~ __________ kN/m3 

Dry rd~' rw~l(f +w)= _ _ __________ kN/m3 

Copyright ~ 1992 by McGnw~Hill, Inc. 
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FIELD DENSITY TEST (conl'd) Data Sheet 1 Ob 

Nam e _ _ -,6,,--,'----,-' ;'_~_D-""--"--:::'7t-:="-"-v _ _____ _ Date 01 Testing _...:I'___-~3"--'o"___-...:Z-=O:....:._/_=O'___ ___ _ 

Calibration Data 

I. Sand-cone method 

A. Sand density determination 

Sandused Cofcv",A );t~<:: )a,j) (rOYZLJ /'QJt.) 

Type of vol. measure 5 ye,.; v ~ t ~ cP c.y !: J}"v VoL, V", _~(,-"O_o:....::o,-__ cm' 

Mass of sand to fill vol. measure: Trial no. 1 

Trial no. 2 ....:1_"'1_7....:7_-_'+_10...:,_· '+'-'-=-.:...' _7G. 3 ." 

Trial no. 3 /9 ~D - 'f I 3 . Y '" (17 (. , ,., 

Average mass M, = _~IL5~(,,~-,-'f....:,_".!..-__ _ 

~ / . ~(,. , Density of sand, Psand '" Mr/Y m ,.. __ .t.., kC-"-'''-__ --'-__ -'-_ __ glem 

B. Mass of sand to fill cone 

Mass of tilled jug + cone - '7 zqrcj 

Mass after lrial No. 1 - _-,C;-,5_9_L_(1-_ 

,~~~ Mass after trial No.2 - _-'-''--'' __ _ 

Mass after Irial No.3 = _-,2-=_' ...:7,-'1...L. _ _ 

Mass used - _-,-'_f-'-..::O:...'I.L...,/f-__ 

Mass used = __ ,-(_7',-0::.'_7-'-,<1'-__ 

Mass used • _--,/~7'....:O""::::{,--I7'--_ 

Average mass 10 fill cone. __ -,1_1,-"0,,(.,,,-_ _ g 

II. Volumeasure (balloon appamhJs) calibration 

Type 01 co iner used ___ ___ ___ _______ _ 

Vol. of container,"V, '" ~~~ _____ em' 

Inilial reading _ ___ _ _ _ _ 

Reading after lrial No.1 ______ _ _ nge in vol. 

Reading after trial No.2 ______ _ _ Change in vo. 

Reading after trial No. 3 _ ___ ___ _ Change in vol. 

Average l1V 

Correction factor CF = V,ll1V = ___ _ ____ _ 

[Note, if correction factor is less than 1:. 0.002, neglect il.] 

Copyright Q 1992 by McGraw~Hill, Inc. 
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FIELD DENSITY TEST (Sand-cone, 8alloon) Data Sheet 100 

-oject 5VY2~ !?E,J/ (c;p Job No. C-M r P~'" I~ -QU (,)-9'1 
I I 

Localion 01 Projeci LA-tJ L- ) -r If - I r;,,' {: f-P"7 2-G 0 ( T c- < -r Sa. <. p l.. Z A-) 

Description of Soil _~",!-,-"-o_o-,f.,"-":')-'~:"":'/;-..1-'L_I7..:./",,o_~D<-!e' ::::.:.1'-=+',:,Cl>'~~~~/_,e=--..J.._i<S;j---, ..... c:..:",_,',~o:....:.I-:_+--,):....:. _____ _ 

Test Performed By _--,?,-y_,_"_~ __ -",,,=:::,,;I-'--'-' ____ _ Dale of Test _....:.../_--'f'--'-I_----'=2......:...D~/_O ___ _ 

lAboratory Data from Field Test 

Sand-cone method 

Mass 01 wet soil };1f( __ 3_1_2_8_,_'7'-_---;J'-_ 

.b,,/~ "" Massolesn ___ ~/~9_~7 _____ --'~~.'_ ___ 

Mass 01 wei soil, M' __ --"3_0:.....:""'-1'-___ 3';f-__ 

Mass 01 wei soil + pan __ Lf-Lc:'-Ifc.,<7-:--~5..:.._'Z-= ___ !J.'f.--_ 
I-1A-S~ ot=WtIl.'EJZ- q'lL ~ Q 

Mass 01 dry soil + pan _-"Lf"O~S-,-"-I:.... ""Z-"----'?r-
Mass 01 pan -,,.-_,-1...:'1_0_'-1.:...;. . ..:2-'-___ __ _ 

Mass of dry soil __ ---'2::...::10:...4-.......:7 ___ ___ _ 

'f 'I z... 
Water conlenl, w"Io _~I_""' • .:'f"-7L.. ____ ~_I_/"(,,,.J.7~%,,()'--

Field Data 

Sand-cone method 

Density of sand, Psand::: / . ':;b g/cm3 

Mass of jug + cone before use 7/0 7.2- 9 

Mass of jug + cone after use z.qq / 
9 

Mass of sand used (hole + cone) tf// & < 2- 9 

Mass of sand in cone (from calib.) /70(", 9 

Mass of sand in hole, M 2 </1 0 
9 

Z'110 
Vol. of hole, Vh::: MJpsand;- I. '::. Co ::.. (S'f'::- em' 

1I0on method 

Ma of wet soil + can ___________ _ 

Mass of n ______________ _ 

Mass of wet s ~' 

Mass of wet soil + ~ 
Mass of dry soil + pan _-',, _________ _ 

Mass of pan ____________ ~~--------------

Mass of dry soil _______ ~~-----

Water content. w% ________ ....:.~---

Bs~n method 

cor~n factor CF = __________ _ 

" 
" Final scale reaCJing ____ _______ em' 

Initial scale readin~--"':__-------- em' 

Vol. of hole, V'h ___ S_--'''' ______ em' 

Vol. of hole. V'h (CF) ____ """" __ --,:".,, __ --- em' 

~. 

;;506:9 

p"., • M'Wh = .L(c.,5'-'i~:,~--__ _=__=2'__,c:0::.:o=__ glcm' 

Unit Weight of Soil: Wei rwel ". Pwel X 9.807 = __ ~--------------------- kNlm' 
(J J! 0 .... + 2 ,00 

Dry rd~ = rw~1 (1 + w) = 
_____________ kNlm' \ ,.~ «~ 0 ({+,I~) ~ 

Copyright.:> 1992 by McGraw·Hill, Inc. 
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FIELD DENSITY TEST (cool'd) Data Sheet 1 Ob 

Name __ l",--_'-_:o=--_J)=-,~~;r,-,'-'--'--_ _ _____ _ Date of Testing _ _ -'-1_----'--3..;1_-_2_0..:.1_0 _____ _ 

Calibration Data 

l. Sand-cone method 

A. Sand density determination 

Sand used G fuv ~ 5, (, ~ "- <;'D, ~ JJ 
Type 01 vol. measure _---"-4L-'-1"...:",=-A::-. .,.=----o.:f---'--·-'~-',{/"'----->.04"'A=c: .. C>' l",,*,,,-,,~,,,--_ _ Vol., Vm _ ---'--f OVO"-____ cm3 

Mass 01 sand to fill vol. measure: Trial no. 1 _-,-I Cf--'....,:...'O"-_-_'f!.-'-f-':>:....:...'f-'-...::::._ ( c;; 0 '/J, 

Trial no. 2 

Trial no. 3 ---.Lf.c.'1..:.f_6_-_'+--'-.c1 ',--' .'-..t..{:""""'=_-l...:' >0 b . b 

I :;-~ 'f. '( Average mass MQ :: ___ --''-''----==-----'--'----...!... __ 
I S-", '-f. '1 ,.-
-, -=- .s." 3 Density of sand, Psand = M/V," .,. _-,I",· ... ~-"'-"'= <--' ______ -'-__ g/cm 

8 . Mass of sand to fill cone 

Mass 01 ntled jug + cone ~ J 2: 9 (; i 
s-~'7 z.... Mass after trial No. 1,,", __ "-_-'-_ _ Mass used ~ __ ,-' _'-'-O::::....~-'-1 __ _ 

Mass after trial No. 2 ~ __ '3_fj_'i!_~ _ _ Mass used ~ _-,'_"7,--"V,--7!...... __ _ 

Mass after trial No.3 ___ =2_,_,_,:.-_ Mass used _ _ --L1_7L!!.O-'''''''--__ 

Average mass to fill cone ~ __ ...c.-'_'-,--,O,--,,~,----__ g 

II. olumeasure (balloon apparatus) calibration 

Ty ot container used ________________ _ 

Vol. of con . er;'Ve,. ________ cm3 

Init1al reading __ ""',-___ _ 

Reading after trial No.1 _ _ "'"'<:"'" ___ _ Change in vol. ________ cm3 

Reading after trial No.2 _____ ---"""'_ Change in vol. ___ _____ cm3 

Reading after trial NO.3 _______ _ hange in vol. ____ ____ cm3 

Avern aAV ________________ cm3 

"'-.. 
Correction factor CF '" VeIl::. V", _________ _ 

[Note, if correction factor is less than! 0.002, neglect it.} 

Copyright <:l 1992 by McGraw-Hill, Inc. 
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FIELD DENSITY TEST (Sand-cone, Bal\oon) Data Sheet 100 

" ojeel ___ 5.L::V '-'v,-+-, "'e'----pk:::...~=-..f=__----=.C.:.O:..jv"'--------- Job No. n-ozl Cr) -'1 '1 

Lacalion of Project _"'I...-A::..:..:...N"--'--L--,<,''---_V-'-'.A-=-.:...I.!<k-'-r-r ---,-g"--,,-I.,p,=--t'i',-,,,-,2-=b,-,O~ ___ (Icc-L(s:e..::z5c..J.t_Sa-"'~"'-"J.f?~I<.!..::e=--_=-Z /3) 
I 

I 

Descriplion 01 Soil _~q_o_o.:..:fo,,---,5,-,,<_::...;1 T' _-'-"D'"'-°L>rO"--_{,-""-CL",IA.:"":kO=".:...':...;:t---=c:'=--",C=--,,b"''1T---'~:::''::''< 'L!=.:...+-'-) ____ _ 
) J 

L..-IA r-:'\ ./' ( _ 2/, Z-<' /0 
Test Performed By __ L-Y_'" ' ~,,___":...-== y:....,: ...... :::.,:'7-le=v _______ Date of Test __ L:.....:/'-..:. _______ _ 

) 

Laboratory Data from Field Test 

Sand~cone method 

to1s J 0 '3 -:t-
Mass of wei soil +-een 

Mass o~) 'f! 2- q 
l/ 

Mass of wet soil, M' - --'Z-"",,-,q:...q-"-.:&=--i1;J-<=--

'-I 3~(, . z 9 
Mass of wet soil + pan ----- ----1('"---
MI"~ o!' w i'TC e. 0 "f ~ :; i-

Mass of dry soil + pan _ _ 32'9L>S"'3"."'Z:=-_-cJ':.J-__ _ 

Mass of pan ---: __ ''-3''-'9....:0::...:...2.-'''--__ -.::;'1/-'-__ _ 

2 5Co '3 Mass of dry son __ ---:--:-" _________ _ 

..fli 
Water content, w% _=2-:c:~:.:,,:...3"___ _ __ _'''''==_~/'-''(,C_'', f:....:...%. 

Field Dafa 

Sand·cone melhod 

Density of sand, Ps3(1d = 
f, S- (.-

g/cm3 

Mass of jug + cone before use 7 (Co L 
9 

Mass of jug + cone after use J 1'67 9 

Mass of sand used (hole + cone) 3n~ 9 

Mass of sand in cone (from calib.) /?O~ 
9 

Z '2-& "i 
Mass of sand in hole, M 

Vol. of hole, v.1{:: MIPsand =: 
- NS;i ~1~,5~~ ________ ~_em' 

lIoon method 

Ma of wet soil + can __________ _ _ 

Mass of n _______________ _ 

"-Mass of wet sO~f M' ___________ _ 
\, , 

Mass of wet soil + par ___ ____ _ _ __ _ 

Mass of dry soil + pan _.", ,,---________ _ 

Mass of pan _____ ~ _ _'_,. ,-'.-------

Mass at dry soil ________ "'~-----

'" 
Water content, w% ---------."',c,----

\, 

Correction factor CF c: ___________ _ 

Final scale reading" ___________ em' 

Initial scale reading __ --"'-,-_______ em' 

....... 
Vol. of hole, V'" ______ --.:-':.-..,,--____ em' 

....... 
" 

Vol. of hole ~ V', (CF) 

Z'1':iI'=(} 

Pwel :: M'jVh = I <f 5'1 C-L. 
~ Z,oc. 

g/cm3 

Unil Weight of Soil: Wet rW81 = PW91 x 9.807 = ___ - --------- kN/m' 

kNfm' ;:~ -=. 
2, oc,. 

~J~<1 
( ./- I>' l/+, W i) 

Dry rd~ - rw .. f( l +w) - --_ _ ________ _ 

Copyright Cl 1992 by McGraw· Hill, Inc. % 
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FIELD DENSITY TEST (cont'd) Data Sheet tOb 

Name __ ~1f~Y~,~~.~~:J)~~W~7~~~ __________ _ Date otTesting ____ -'I_-_::::$~/L_-__!:Z-::...!:,,:..!.I_'O~ __ __ 

Calibration Data 

J. Sand-cone mdhod 

A. Sand density determination 

Colo ... ~ofD '7. '(, ~ c. 5 a ~ ,£J ,C> ~ zo ~ <!s t. Sand used ___ _ _______ _________ ~ 

Type of vol. measure 0vQ)7vc--{ ",J C" (. '~flv 
/ 

Vol" V m ___ -'('-"0:.:0"'-'0"-_ em' 

Mass 01 sand to fill vol. measure : Trial no. 1 --,-1-,'1_{...:..::8"~-_ _,_'f_,/:..!.)_.,__'1,_-_ _ ! >b '-i, ~ 

Trial no. 2 --'-1_"1_7.:...7_-__ ---'-''1 fc:.f.:...'1-'--___ n -0. b 

Trial no. 3 --!...19"'d":.,:O'---__ --'4_1_;.:..., -'-'f __ - ___ 'q{gfa . b 

!Sf:,4,'7 Average mass Mil ,.. =-_ _ -'--'=-:::.-----' ___ _ 
(.i(,,<!,'T ....-
~ ;.. /.:::>" , 

Density of sand, Psand = M/V m = _ -L' f:~:!o'! • -"-_____ _ =---___ g/cm 

B. Mass of sand to fill cone 

Mass ollilled jug + cone = 72-"'r (" '7 

Mass after lrial No.1 = _---=5..-:5'=---7--=.2-_ _ 

'?S8'S 
Mass atter trial No.2 = ___ ___ _ 

Mass aher trial NO.3 = _-=2.=-/_'-'-"''-_ _ 

Mass used = __ ''--7-'--O::.....<-f~ __ _ 

Mass used = _ ----:'_7----'0'-7'--__ _ 

Mass used = _ _ 1_7_tJ--'~"'-_ __ _ 

Average mass to liII cone = _ _ ,_':...:.O-',,"---___ g 

II . olumeasure (balloon apparatus) caliUralion 

T e of container used 

Vol. 01 co iner;V, == _ _ ____ _ _ cm3 

Inilial readi~--''',,=--_ _ __ -,-_ 

Reading after trial N~'-~ _ _____ _ 

Reading after trial No.2 _""" _ _ """' ___ _ _ 

Change in vol. _ ______ _ cm' 

Change in vol. _ ________ cm3 

" 

Reading after trial No. 3 _ ____ '''''''''''=--_ Change in vol. 
________________ cm3 

Average flV 
________________ cm3 

"-. .. 
Correction factor CF -= V,/.1V = ______ __ _ 

[Note. if correction factor is less than ± 0.002. neglect ill 

Copyright C 1992 by McGraw·Hill, Inc. 
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FIELD DENSITY TEST (Sand-cone, Ballaon) 

Job No, eM ( 
Location of Project 

Data Sheet 10a 

pred', /(" {) ~ I (c ) _ q 'I 

6v1--£4 
Description 01 Soil 10 "'Iv 5 c ..7, /0' fa "e-'-fo~ ;l~ j ) 

"dfjhl-) 

Test Performed By __ ;r;::e;:2..l<V-",o.=~~M=,I="-'=7F.....v::..:... _ _ ____ _ Date 01 Test __ 1_-_, ..:.5...:../ _-.....:20:...::..:/..:.0=-_ _ _ 

Laboratory Data from Field Test 

Sand-cone method 

Mass of wet soil + can '31S"~,"t j 
3"1,,,) 

t= Mass of can ----...:.....:..:....:...----71"-=---

3 111 r Mass of wet soil, M' ---''-'--'--'--4,..----

Mass of wel soil + pan 
f1,t>-4.S 0;:' ltV..:te v 

Mass at dry soli + pan 

Water content, w% 

Field Data 

Sand-cone method 

'-/ '1'11 
'f<-{{. q... 

IfQ5~ 

Co !<fV,,-k ),' f.~c. 
t C2~ -z-.v ~<#r ~ ~ Type of sand used 

Density of sand, PWld =< 
t,50 

~ 

Mass of jug + cone before use '7oqre 

Mass of jug + cone after use 
2- q 7/ 

,--

Mass of sand used (hole + cone) 
4-/"2-;' 

Mass 01 sand in cone (from calib.) L 700 

Mass of sand in hole, M 
'2- ,-/1 'f 

c;-= 

9/cm' 

9 

9 

9 

9 

9 
2- '1:."1 ~ _ (s,1 

Vol. of hate, V,=Mlp",..,= / ' ''> ';j - em' 
u:. 

Balloon method 

ss of wet soil + can _____ ____ __ _ 

Mass a n _____ _________ _ 

Mass of wet so M' ___________ _ 

Mass at wet soil + pa ''-: _______ ___ _ 

Mass of dry soil + pan __ ~:_--------

Mass at pan ________________ ~------------

Mass of dry soil 

Water content, ufYo 

BflItOOn~ 
Correction faC~F '" . 

Final scale reading ~_,, _________ em' 

" 
Initial scale reading ___ ~------- em' 

Vol. of hole, V'
h 
______ ----'".,.. ____ em' 

Vol. 01 hole = V', (CF) _______ ;", __ cm' 

""", 
5/(7 j 

PWol = M/V, = !::;->I c c. - 2,0 I g/em' 

Unit Weight of Soil: Wet rwel '"' Pwal X 9.B07 
_______________________ kWm' 

Dry 7d", ~ YW01! (1 + w) = 
_____________ kN/m' 

Copyright @ 1992 by McGraw·Hill, Inc. 
rOll 



FIELD DENSITY TEST (conl'd) Data Sheet 1 Db 

Dale of Tesling ___ ('-----'-~___'_(_._Z_O_'_0 ___ _ 

Calibration Data 

I. Sand·cone method 

A. Sand density determination /. 

Colo-v"j)o ~ 7.~"'- ~O-".) Sand used 

T I I G .... 'p"..A"J 4 I~/"Y Inc:> 0 3 ype a vo. measure _"'\_..2L.~'--"=_=-:=-_=':;_'---=-"":":=---=-__ Vo1. , V m _--L..L.=-",,-__ cm 

Mass 0/ sand 10 fill vol. measure: Trial no. 1 _-'1_1:......;7_~.::..... ___ 'tL·~/'--"'~-'·-'Lj--'-

Trial no. 2 /<;77_ <-I1?t.f 

Trialno.3 /"f8ti~ <{f?'f::. 

Average mass M, = __ .:.../_51...,&,,--1.:...:.., 1-'-__ _ 
I 57, t.I, "j 

Density of sand, Psand =' M/V m .: ---'--==.'w,o:;-m;J="----= __ .:./.:. • ...:~_(, ___ g/cmJ 

1;,"1" t.f.? 
r~b;,~ 

I:rH ,C 

B. Mass of sand to fill cone 

Mass of filled jug + cone 7? "tCo j 

Mass after trial No.1 = 5'5'~?- Mass used = (70'1 

Mass after trial No.2 = 
3~'i?5 Mass used '" r 707 

Mass after lrial No, 3 _ '2--1 7 "l Mass used - I 70 (, 

Average mass 10 fill cone = __ ,-1.....!,7-,O,,-,0e:.... _ _ g 

II. V easure (balloon apparatus) ClJlibration 

Type of con . eT used ________________ _ 

Vol. of conlainer;-V, = ~~ ______ em3 

~ 
Initial reading _ ______ ~" 

Reading after trial No.1 --------c... Change in vol. ________ cm' 

Reading after trial No.2 ____ ___ _ Chang . vol. ____ .,--___ em' 

Reading after trial No.3 _______ _ Change in vol. ~,",,--_____ em' 

~ em' 

~ 
Average 6.V 

Correction factor CF = V j6.V = ____ ____ _ 

[Note, jf correction factor is less than :t 0.002, neglect it.) 

Copyright C 1992 by Mc:Graw-Hill, Inc:. 

;u. < .... .f
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TECHNICAL DATA SHEET 

Pond Sealer 
SODIUM 3ENTONITE POND SEALANT 

DESCRIPTION 

Pond Se3lar is ~ high s\veUlng chemica!ly ,ma:iered sodll,Jm bentonite thai contains no additives. 11 IS an 
economical and envIronmentally safe way 10 accomplish pond and lake soalin~ to reduce seepage losses. 
S'odiur. bentonite is a .,atuml d ay w"'rch r.8s Ihe characteristic ot 'swelling many times its dry 5iZ8 l.vt'len it 
Dec.ornes wet. Wher1 Denromle is appliec !n a layer over pOrOU5 SOil or mixed with a porOt.'S soil. ar.d the'\, 
moistened w ith oAI 3ter, i ~ forms a.n impermeable layer. Bentoniie does nol affect the water cr 1he wildlifE 

APPLICATION 

pond Ssaler can be ap;Jl;ed direc1iy 10 the soil in the bottom of the lake or pond . If condrtions necessitate 
sprink, ing the bentonite ",", rough water, to the bottom, we recommend using G'anu/"r Seal, wMict'~ con~ir.s 
no powder. Treatment is usuC!!ly more effective If the benlonlte is applied directly to the SOl!. T"e sprinkle 
method is recommended only when it is impractic.al ~o draiil Ihe w2ter from the are-a to be treated Por 
more informalior or apD/lesllo, methods. please see our \,,1ebs~ . www.pondseaJer.n.t 

APPLICATION RATE 

! SQII Type 
. Clay 

Sandy SIll 
I Silly S2nd 

5011 type and pond ~izp. are key laclors· if" delemlif"ing the amount 
of :Jenton lte reqJireO for seehng. T~e c:-'art to the right provIdes all 
estirnate based on various 5011 conditions. t1 IS aly,,'a ys 
,ecorrrne nded ~o oerfO'T!"} a soil 18s1 yoursolf or contact your loea· 
soi' conservalior; service WhiCh usually provides frP.e sOillestl'1g. i Clean Sand 

Rock or Gravel 

PACKAGING 

Avalla~le In 50 Ib oolyethylene bac;s. 3.000 lbs bUlk bags and bull< ~oaGs 

PERMEABILITY 1 . ~ X 1C..Qcmfsec 

CHEMICAL ANAl.. YSIS X-RAY ANALYSIS 

Si01 65.60 % MontmorlJlonite 85 
AbO~ 17.61) % Quartz 5 
Fe20] 367 % Feldspars 5 
GaO 0 .57 % Cnstobalile 2 
MgO 1 60 % liMe 2 
f'.JazO 250 0/, Calcium &. Gypsum 1 
K,O 0.31 % 
BotJr'\d Wate:' 6 5 1 % 
:'vtoisture a1203 :=- 0 .14 % 

% 
% 
% 

" .. 
0-
~ .' ~ 

IDs pe< ftl 1 

1.0-1.5 1 
2.0·2.5 
2.5 - 3 0 I 
3.5- 4.0 
4.0 - 5.0-, 

Southwestern r-..1merials 
P.O. Box )170 
Manchaca, TX 7S652 

phone: 51 2·280·180 I 
fax; 5) i ·2RO· 7842 
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.Cage ~ Jf:- Granuiar Seal 

MATERIAL SAFETY DATA SHEET 
OSHA ~ azard Communicat' cn Ston(j ard 
29CFR 1810 ~ 20:)O 

'J. S. Department of '_ato, 
OccJpaliora\ Safe:y i=J"!d Healtr Ad m. 

Of/8 1210-017, 

- _ .. --- --- "-' 
Identity (used on tabel): PDSCo Granular Seal 

~---'--" --. -
SECTION I 

.---.-----.. -----.--.. - .. --....... ~--. 
Manufacturer 

. SOu:bWi?slenll11aferiais 
p n. G \JX ; ]""'0 

\o~ ;t nch(J c a. ' j C:X:t5 ""'5 (1-) 2 

- - --_ .. - --- --

Emergency Phone 
Information Phone 

SRR·60n""()~" 
s 12-2l-l0· -;81)1 

----_._._-_.-._-_. -----_._---_ .. _ . ... -.----~-.. --.-~.,---. .,-.-~- .. ~--

SECTION II HAZARDOUS ING REDIENTS 
---.. --~ .. ---... 

Hazardous Components 

Cry!:>:aEir.e () u 8r1z Cf.\S# 1":"8J S--5C-7 
~ ralli rally occ:Jrrin; :on~.3.mlnant: 

Respirable Crystalline Quartz 

::lresent ~ T'/v'A) 

proposed (r/~f,l\"1 

NUisance Dus: 
Respirable 
TOt21 DLiSt 

OSHA PEL 

0.1 m~ /m':'-

5 mgl m3 

15 mgl m' 

TLV 

0. 1 mc/m!' 

50"9'-;"" 

Smg/m:'. 
1D mgl m'; 

Other limits " 10 

• It,aMi" :! . ,. 's :'.lOOt.c l c.::n:'y'I:;' a <;.n" .. ;j'T OJl": Q ' cfy ~lal~~ 'l s lll.<l ".I1<:h : r",,~ ~;J ,ISo.: : P.l " fC:" fe~ ::<f ~: :.: ry : ISIi!.J~t; ir Inllo;:!il;ll C\'cr ,) p<olcr.;cd r 'C'I ~'O 01 '~ne ,"'I."' :"OC 
;,"t.i<thln\:j :~ sl u ~ ~ 1\0 S·{'~'S"'!.. ~ P'::Jcj ' ~ i rU;;!O' v'~le" - _' .. ' 1.1r c,s:J~,e ~i c;: 'l1at' be N(.::!e(h~ll. IARC M"I '09rij l.l h~ .::n :he C\ ili:Jcli,::n (I' 1'1c C .. rCl" ~ ~~C""~ 
::<>i~~ :Jf C'l<!mcab I: rlJllHn!i ',0 ..!!,C' 42 19~"i~ CCr ::Ju:1f': Lh ~: l!"l-'!fe • ' F-I C:1I··::!~ rc.E~Or ~I'e :;;T rl:l!Jf:'IIc;r..,.· 0' c"'/sta~lIc sir : .. I t)humil ~5 ';.R ::: :h ~s flAtlt" ;) t.. 

- -, ~.-... --- -
SECTION III PHYSICAL CHEMICAL CHARACTERISTICS -_ .. __ . __ ._--_ ... _--_._-
Boiling Poinl 
Vapor Pressure (mm Hg at 20°C) 

Vapor Density (Air; 1) 

Solubility in Water 

Appearance & Odor 

Specific Gravity 

Melting Point 

Eva poration Ra1e 

NIA 
NIA 

Ne~ ! lgio!e 

Pale £rey to butt pcwder or granules, odo~less 

2.5 
N II\ 

NtA -_ .. _--- - - ... ---,~-.-~ .. -~-~- .. . --... -.------~----

SECTION IV FIRE AND EXPLOSION HAZARD DATA ---_ .. __ ._--_. __ .. _ .... __ ._-----_._--
Flash Point 

Flammable Limit 

LEL 
UEL 

Extinguishing Media 

Special F i re Fighting Proc edure 

Unusual Fire and Explosion Hazards 

N/A 

{oJ/A 

N/." 
Ni}\ 

No: Aopl ca ble 

.r-organic mtn~ral/non~ fammable . 

I"\JI.'"-
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SECTION V REACTIVlTY DATA 

Stability 

Conditions to Avoid 

Materials to Avoid 

Hazardous Decomposition 

Hazardous Polymerization 

Unstable 

None Known 

None Known 

None Known 

M.ay Occur 

Stable x I 

Will Not Occur I X I 

SECTION VI HEAL TH HAZARD DATA 

Routes of Entry 

Health Hazards (Acute-Chronic) 

Card nogen ic ity 

Sighs and Symptoms of 
Exposure 

Conditions Aggravated by 
Exposure 

Emergency First Aid 

Inhalation: Yes Skin: No Ingestion: No 

May cause delayed respiratory disease If dust inhaled over a prolonged 
period of lime. 

NIA NTP: hlo IARC: Yes OSHA Req: No 

!AR:: tA,)r;oQrOl~.lh~ LW ;he: e"'al(;21Ion oj :11':: C?rclnogeo'c Rjs~ of Chemicals 10 l-'ullnn:> (vGlu"1f'l 42, 
10071 CCf1::kJ~C!; ~n::n tl1ere s ~llmlled eVld~nce' 0' :!",e ca'Clnl'lg~rl\clty or Ct"/sL<llloe sllic::J. t~ hUlnO'I'.> 
IAR:::' cla5S :1catloi", 2/\ 

Excessive inhalation of dust may result in shortness of brea1h and 
reduced pulmonary function. 

Individuals with pulmonary and/or respiratory disease including but not 
Iimi1ed to asthma and bronchitis be precluded from exposure to dusl 

Eyes. Flush with water. 

Gross inhalation of dust: Remove (0 fresh air. Give oxygen or artifiCial 
respiration if necessary. Get medical allention Immediately. 

SECTION VII PRECAUTIONS FOR SALE HAN DUNG AND USE 

In Case Rc-Ieased or Spilled 

Waste Disposal 

Caution In Handling and Storing 

other Precautions 

Vacuum if possible to avoid generating airborne dust. Avoid breathing 
dueL Wear an approved re5pirator. Avoid adding water, the product wIiI 
become slippery when wet 

Consult appropriate Federal. Slate, and Local regulatory agencies 10 
ascertain proper disposal proced ures. 

Avoid breathing dust, use NOISH/MSHA approved respirator when TLV 
limils for Crystalline Silica may be exceeded. 

Slippery vvhen wet. 

SECTION VIII CONTROL MEASURES 

Respiratory Protection 

Ventilation 

Protective Gloves 

Eye Protection 

Other Protection Equipment 

WorkfJ-Iygienic Practices 

OSHA standard 1910,134 or ANSI Z88.2-1980 speCification. 

Local and mechan~cal exhaust as appropriate, 

Not Required 

Recommended. 

Not required for normal use. 

Normaf persona! hygiene reqL·ired. 

-ill: 1'onn800~ statetlilereir IS based c-; data belleved:o bf: ' ... listle \10 gU(irFlllel:' i~ millie ror IS <lc:::uraq POSCo Inc p"olJ.Ir.ls crt" SC;·ij crlll1p l,nd(;'Slc'1(\ing 
Ih::lllhp 11<:'" I.~ rr'''!XIn~ ele fer (I",{enmnhc I>w s. Ilt'!.I":,III'! f(,r h;:'1dl rr] s\or3ne ,-Sf' 2nd r11~POsill 



  

 



 

 

Appendix F 

As-Build Diagrams for Permeable Reactive Barrier 
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CONSTRUCTION NOTES 

WlEBAI. 
All. WORK ON THIS PRO.ECT SHALL BE PERFORI.IED IN ACCORDANCE WITH 
APPUCABLE FEDERAl.,. STATE AND LOCAL LAws, RULES AND REGULATIONS 
CONCERNING CONSlRUCT1ON SAFETY AND HEALTH. 

EXISTING FENCING THAT IS NOT DESIGNATED FOR REIiIOVAl SHAll. NOT BE 
DISTURBED. ANY SUCH FENCING THAT IS DISTURBED OR ALTERED BY THE 
CONTRACTOR SHALL BE RESTORED TO ITS ORIGINAL CONDITION AT THE 
CONTRACTOR'S EXPENSE. IF' THE CONTRACTOR DElERMINES THERE IS A NEED 
TO RElolOVE FENCING TO FACIUTATE CONSlRUCllON OPERATIONS. THIS WAV BE 
DONE WITH THE OWNER'S PERMISSION, AND THE CONTRACTOR SHALL RESTORE 
THE FENCE TO ITS ORIGINAL CONOIllON PRIOR TO THE CLOSE OF THE PROJECT. 
CONTRACTOR IS RESPONSIBLE FOR SECURITY OF THE SITE UNTIL THE FENCE 
IS REPLACED. REPLACEWENT FENCE MATERIAL AND FENCE CONSTRUCTION 
DETAILS SHALL BE APPROVED BY THE OWNER. 

AT THE END OF EACH WORK DAY, THE CONTRACTOR SHALl.. CLEAN AND PICK UP 
THE WORK AREA. AT NO TlWE SHALl.. THE WORK BE LEFT IN A MANNER THAT 
COULD ENDANGER WORKERS OR THE PUBUC. 

All. MATERIALS AND WORKMANSHIP SHAll. CONFORM TO PRo.JECT SPECIFlCATlONS 
AND PLANS, AS AMENDED AND REVISED BY THE ENGINEER. All. INSTAli.ATlON 
DETAILS ARE T't'PICAL AND MAY BE CHANGED TO BETIER F1T EXISTING LOCAL 
CONDITIONS IF APPROVED BY THE ENGINEER. 

THE CONTRACTOR SHAll. BE RESPONSIBLE FOR All. ASPECl5 OF JOB SITE SAFETY 
ON THIS PRo.JECT. All. WORK, INCWDING WORK WITHIN TRENCHES. SHALL BE 
IN COMPUANCE WITH THE OCCUPATIONAL SAFETY AND HEALTH ACT (OSHA). 

ESTIMATED QUANTITIES SHOWN HEREIN ARE FOR INFORMATION ONLY; FlNAL 
QUANTITIES WIll. BE DETERMINED BASED ON ACTUAl.. WORK ACCOt.IPUSHED, UPON 
COMPLETlON OF PRo.JECT AND ON FlNAL MEASUREMENl5. 

DRAINAGE STRUCTURE LOCATIONS SHOWN HEREIN MAY REQUIRE FlElD AD.lJSlWENT 
TO MATCH EXISTING DRAINAGE PATlERNS AND FLOW UNES. THE ENGINEER 
SHAll. APPROVE ANY ADJUSTMENTS. 

I 

THE CONTRACTOR SHAll. CONFORM TO All. CITY, COUNTY. STATE. AND FEDERAL 
DUST AND EROSION CONTROL REGULA liONS, THE CONTRACTOR SHAll. PREPARE, 
OBTAIN AND PAY FOR ANY NECESSARY DUST OR EROSION CONTROL PERMllS 
FROM REGULATORY AGENCIEs' 

THE CONTRACTOR SHAll. BE RESPONSIBLE FOR CONSlRUCllON ACllV1TY EROSION 
AND SEDIMENT CONTROL MEASURES IN ACCORDANCE 'MTH THE NATIONAL POLLUTANT 
DISCHARGE EUMINATION SYSTEM (NPDES). 

THE CONTRACTOR SHAll. COMPLY WITH All. APPUCABL£ REGULATIONS CONCERNING 
SURFACE AND UNDERGROUND WATER. CONTACT WITH SURFACE WATER BY 
CONSlRUCllON EQUIPMENT AND PERSONNEL. SHAll. BE MINIWIZED. EOUIPMENT 
MAINTENANCE AND REFUEUNG CFERATIONS SHALL BE PERFORMED IN AN 
ENVIRONMENTALLY SAfE MANNER IN COMPUANCE WITH GOVERNMENT REGULATIONS, 

THE CONTRACTOR SHALL CQMPL Y WITH ALL APPUCABL£ REGULATIONS CONCERNING 
CONSlRUCllON NOISE. 

APPlllONAI SPECIFICAllONS 

1. SHEET PIUNG SHAll. BE RIGID PVC IN 24- WIDE SECllONS HAV1NG A SECTIONAl.. 
MODUWS (Z) OF 1'.' IN'/FT, A MOWENT OF INERTIA (I) OF 3Q IN~ /FT, A 
THICKNESS OF o.2SD IN. SHEET PIUNG SHAll. HAVE A BOX PROFlLE 'MTH 
I-BEAIiI LOCKING. All. I-BEAM LOCK JOINl5 SHAll. BE SEALED WITH A 
H'tDRCFHIUC WATER SEAL INSTAll. SHEET PIUNG PER MANUFACTURERS 
SPECIFlCAllONS. 

2. All. SHEET PIUNG JOINl5 SHALl.. BE SEALED FOR THE ENTIRE VERTICAL lENGTH 
'MTH JOINT SEALANT. APPLY JOINT SEALANT PER MANUFACTURERS 
SPECIFlCAllONS. 

3. BENTONITE FOR THE SHEET PIUNG BOTTOM SEAL SHAll. BE A FREE FLOWING 
HIGH SWELlJNG SODIUM BENTONITE. THE BENTONITE SHALL BE A GRANULAR 
&40 MESH 'MTH NO ADDIllVES. 

4. GEOTEXllLE SHALl.. BE A POL'T'PROP'T'l..ENE, STAPLE FlBER, NEEDLE PUNOiED 
NONWOVEN GEOTEXTILE. TENSILE STRENGTH SHAll. BE leo LBS., PUNCTURE 
SHAll. BE 8.5 LBS., APPARENT CFENING SIZE (AOS) SHALl.. BE 70 US SID. 
SIEVE, WAlER FlDW RATE SHAll. BE 110 GPM,IFl". 

5. All. PVC PIPING SHAll. COt.IPL Y WITH ASTJ.I 0178.5-08 STANDARD 
SPECIFlCATlON FOR POLY (V1NYL CHLORIDE) (PVC) PLASTIC PIPE, SCHEDULES 
40, eo, AND '20. 

!S. All. PVC PIPING SHAll. BE PRIMED PRIOR TO GWING. PRIMERS SHALL COt.IPL Y 
'MTH ASlW Fe5!S-08 STANDARD FOR PRIMERS FOR USE IN SOLVENT CDlENT 
JOINTS OF POLY (V1NYL CHLORIDE) (PVC) PLASTIC PIPE AND FlTTlNGS. All. 
GWE SHAll. MEET ASTJ.I D-2S!S4 STANDARDS. 

ABBREVIATIONS 

AOS - APPARENT CFENING SIZE 
APPROX - APPROXIMATELY 
CO - CLEANOUT 
CI.IP - CORRUGATED I.IETAI.. PIPE 
DIA - DIAI.IETER 
ELEV _ ELEVATION 
EXIST - EXISTING 
EG - EXISTING GRADE 
FlilSI.. - FEET ABOIJE I.IEAN SEA LEVEL 
FG - FlNAI.. GRADE 
FH _ FlRE H'tDRANT 
FL - FLOW UNE 
HOPE - HIGH DENSITY POL YETH'I'l.ENE 
HOR - HORIZONTAL 
INV - INVERT El..£VAllON 
LBS - POUNDS 
LF _ UNEAR FEET 
MAX. - MAXIMUM 
I.IIN. - I.IINIIiIUM 
Nl5 - NOT TO SCALE 
DC - ON CENTER 
PP _ POI.. '!'PROPYLENE 
PRB - PERMEABLE REACllVE BARRIER 
PPRB - PILOT PERMEABLE REACllVE BARRIER 
PLS - PURE UVE SEED 
SlM - SIMILAR 
SID _ STANDARO 
T't'P - T't'PICAI.. 
\OT - \oTlCAI.. 

LEGEND 

EXISTING TOPOGRAPHY INDEX CONTOUR AND ELEVATION 5' 
INTERVAL(FlISL) 

EXISTING TOPOGRAPHY CONTOUR l' INTERVAI..(FlilSI..) 

EXISTING SITE ACCESS ROAD 

EXISTING FLOW UNE OF STREAt.! 

BRASS CAP 

¥I£U. HEAD CASING 

PIEZOMETER PIPE 

GROUND MONITORING ¥I£U. 

COORDINATE CALLOUTS 
1e0lil4.41 - NORTHING 
~- EASllNG 

/" J880.82 - ELEVAllON (FlISL) 

---7.JS.5 __ _ 

- - - -
- - - -
- .. - .- .. - .-

~ 

• 
• 
• 
• .... -## 

I Terraneat PMC 8L-______________________________________________________________________________________________________________________ ~ 

8 
"8 
~" iii::; 

~I~ 
~~ 

~I: ~-

~ ~ 

~n. NO. 

ShMl20111 
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7J90 
7J90 

::: DISTURBED 
TO lIST 

FlOW UNE 

n~ ! =.~- TerranealPMC l~O::~2~OIT~ __ ~:~~::~::::~::PE~~:·~~:L __________________________________________________________________________________________________ ~~ ______________ ~ 
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n~ TerranealPMC l __ ~o:::::,:o~IT ________________________________________________________________________________________________________________________________________________________ ~~~~ ________________ ~ ~ 
NO. 



• MW-19 

NORTHING 

1764529.667 
1764470.134 

MW-03 1764464.201 
MW.Q4 1764463.669 
MW-05? 1764428.83 
MW.oa 1764401.129 
MW-07 1764418.932 
MW-08 1764434.631 
MW-09 1764459.407 
MW-10 1764479.769 
MW-11 1764421.035 
MW-12 1764472.96 
MW-13 1764453.7 
MW-14 1764446.673 
MW-15 1764418.613 
MW-16 1764391.195 
MW-17 1764455.147 
MW-18 1764437.667 
MW-19 1764525.586 
MW-20 1764511.882 

• MW-20 

EASTING 

1615492.226 
1615057.776 
1615108.508 
1615095.232 
1615097.867 
1615123.817 
1615129.6 
1615132.233 
1615140.674 
1615144.227 
1615164.148 
1615123.647 
1615129.134 
1615126.863 
1615119.418 
1615110.975 
1615171.653 
1615161.86 
1615341.624 
1615397.198 

ELEVATION 

7356.25 
7376.537 
7381.119 
7374.22 
7380.016 
7382.163 
7381.025 
7379.886 
7376.611 
7378.343 
7377.549 
7376.428 
7376.018 
7377.182 
7381.083 
7386.908 
7374.105 
7373.512 
7360.129 
7359.565 

MW-01 • 

REMARKS 

GROUND SURFACE 

GROUND SURFACE 

DRILL HOLE 

SIDE OF CHANNEL 

PRV(?) 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

TOP CASING 

GROUND SURFACE 

GROUND SURFACE 

~~ 
~~O ___ ~_IT __________________________________________________________________________________ l_e_r_r_a_n_e_a_t_p_M __ c~~~~N~O. 



----- - -- _ 0.- - -- -
-- - :r 

~ - " ---

n~ 
POINT NORTHING EASTING ELEVATION REMARKS o 10FT 
PNH18 1784488.898 1816137.2A5I 7378.811 NORTH TOP WALl. 
PNHI9 17844!!iO.181 16Hi129.633 7371.653 CENlER TOP WALL 
PNT-10 17843118.7511 161!!i111.834 73113.-404 SOlITH TOP WALl. 

7390.00 

7385.00 

7380.00 

7375.00 

7370.00 

7365.00 
\-B':DRO"K (ruFF) 

0+00 0+20 0+40 0+60 0+80 1+00 1+20 

~L-_____________________________________________________________________________________________________________________ C_U_T_~~_lm_':_~_~_L_~_:._R:_~_;~_~~_:_c:I:) __ ~ __________________ ~ __ ~ __ r_r_~ __ r1 __ ~ __ ~ __ ~ __ f> __ rv1 ___ c:__J~~~_N_O~. 



MW-03. 

MW-17. 

- - - -- ----- - - - _ Il. - -- -- - - - :;.-
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o 10FT 

::: ::-- r'<lST IWlE 

• V 

0 
~ :::::::: ~ 

~ 

- f-
0 

I \~~~~l-6tl 
I 

0 
I I I I 

7370.0 

7365.0 

7360.0 

., 
7370.00 .. 

Z 8: w 0 
0::." Z Z 
<." g :J 
!;;..!-~ II:: ..,0 

Ww )II~ 
!'j~ LL..J 

'" U)-

!ilcb Z Z LL 

-~ ~ i:! ~ 
r1l~ 

., Do 
7365.00 ~::> ~ ~C 

!1i!" !:l W
Z 

.... 0( 

Sl~ )II 0( Z 
-..... :=:3 

~§ ~ C Do ... 0 > Z 
U[:l ::J mS .. 0 

" II:: 0 ~ C) U 
7360.00 ~ 

U 

u .. , uu '" 
GROUNDWATER TRANSFER LINE PROFILE -1. NO 

~~ __________________________________________________________________________________________________________ ~_OR_'Z~_~_~_~ __ ,'_':_::_~: ____________________ ~ __ ~ __ r_r_a __ n __ ~ __ a __ r_f> __ ~ __ C:~~~~-...I. 



n~ 
o 2FT 

Pipe Diameter, Velocity, FlOWIBIe Calculations 
Q "nCJW'rate (gpm) 
y '" velocity (lIfaec) 
A " crtlB8 secUonal arae. (It") 
D = pipe diameter (1\:) 
P = prusSUI'8 (atmosph8l9S) 
H = elevaUon head (II) 
g = gravltBUonal conatant = 32.2 fIfBec"' 

Groundwater T ran" Une 

Assumptions: (1) Fluid is water (incompra!Sible) 

(2) Fluid Is Invlscld (because travel distance Is short, vllICOBlty eIr8cI: Is negligible) 

(3) Flow Is ateady atBIB 
(4) Flow is along stream line 

(5) pz and P1 al'8 atmospheric prassUI'8 

(6) V1"'0,duetoA1»A2 

A1 = diversion wall captul'8 arae. 
A2= 2" I.D. pipe 

Bemouilis Equallon: V1z + P1 +Z1 =VzW+ P2 +Z2 

Given: 

"2gy 2g"y 

since P1 = Pz= 0, andV1z = ° 
VzW=Z1·Z2=H=4ft ,,-
Vz "'./2QH ",./2 (32.2 ftIaec"') (4 It) 

V2 = 18 fllaec 

Check. Pipe Diameter 

Q"O.1gpm 
Q=vA 

Find minimum cross sectional pipe arae. A 

Contaminant 

ROX 

..,~ 

Pipe Diameter Velocity FIawnIIB calculations 

-" Volume Ks High FlawndB - Q Residence Zooe Media 
(11') (It/day) (gpm) Time 

Tr (hrs) 

A 3J 8" pea .. 250 0.' 22A 
,~ .. 

• zv" .. '" " 200 0.' 29.9 

C 3J 8· pea .. 250 0.' 22A 
,~ .. 

D Zeolite " 101 0.' 29.9 

Co tam· tR 0 Inan em""" I Resid ence ,me 

Maximum NMED 
Half Ufe (Ius) Number of Minimum 

Exp11ClBd Treatment HalflJres Realdence 
Concentration RDX Barium ",R_ Time, Tr ..... 

("gil) Goal (ugIL) NMEDGoaI (hrs) 

" 8.1 • '.<3 " .. 
18.000 1.OW 0.17 " 28.S 

/ 
POINT NORTHING EASllNG ELEVATION REMARKS 

Minimum PNT-01 17844n.779 1615271.512 7366.829 TOP CASING 

PNT..Q2 1764478.777 1615274.268 7363.558 MANHOLE 

PNT-03 1764482.553 1615276.49 7363.967 NW CORNER VESSEL 

Design 
Reaklence 

TIme 
Tr(hrs) PNT-04 1764485.843 1615283.123 7363.984 NE CORNER VESSEL 

NlA PNT-05 1784481.891 1615285.075 7363.873 BE CORNER VESSEL 

PNT..Q6 1764478.551 1615278.46 7363.814 SW CORNER VESSEL 
8.7 

PNT-07 1764487.487 1815289.238 7363.049 TOP CASING 
NlA .. 

Minimum 
Factord Dealgn 

Dealgn S_ 
Reaklence 

Reaklence TIme 
TIme (F.B.) 

Tr(hrs) 
Tr(hrs) 

'.<3 , 8.7 

3.0 , '.0 

A.~.O.lgpm(~)('mlo ) 
y 16ftlsec 7.48gBI 60aec "1. 

NO. 

I ~h:,:;:,,,,::,ftD~~::~Dk T err a n ear P M C 8L-______________________________________________________________________________________________________________________ ~~~~~ 



i 
I ; 
Ii 

I , 
~ 
• I 
• • 

\0 

~ \0 
I I ,. N 

2- PVC REACTOR 
BY-PASS UNE 

~ 
~ 
l.. 

~ c 

i ZONE A 
9 
w 
~ 

/ 
"-15-

\ 
ZONEB ZONEC -,-,- -,-,-
" " TYPICAL PP " BAFFLE (1/2-

n-tICK) " " " " " " " " " 

2'-0· "-15-
7'--0-

SECTION VIEW 

PLAN VIEW 

] r '·. """ PORT 
W/CN' (TYP. 

_ OF 3) 

1'r 

,-. SLOTIED PIIC 

(-- (TYP. OF 3) 

, 

ZONED 

2'--0-

,-. Sl1lTTED PVC 

"-0· 

/5/8- HOLES FOR 
/ 9/16- COVER BOLTI> 

I rr=======================~~ --.--,,---<--\1- , __ • ____ ~ _____ .9 _____ • ____ "_ _____ .9 _____ • ____ "_ _____ .9 _____ " ____ il _____ .9 _____ ' ____ Ll 

<.tr:--tt--' '. 

~ 
I 

'" 

~I~ I i io.L_*" i. 
, 

• 1 

, 

! 
• ! 

i . ' ! 

1 '. ! 

I • 
, 

! 
! • 

i 

' . ! 

J ~ 
-'------\1- L--O---.------O-----O---.------O-----O---.------O-----O---.-----.-- 0 "'" 0 I 

I~I ------------------~:~:=~:·-'/-2-.----------------~-~~~~~~P~GEA~ 
TOP V'EW COVER 

3/4- THICI( PP COLlAR 

c~~~~ 
~l / 

, 1/2". HOLES FOR ~ 
DRAINAGE OF PRECIPITATION 
1'11'. 

GENERAL NOTES: 

,. REACTION CEll. CONSTRUCTED OF ," 
THICI< POL'r"PROP'r'I...£NE. 

2. WAll. lHlCI<NESS SHALl.. NaT BE LESS 
1't-I.\N 7/S" THICK. 

3. B.foFFlES (3) TO BE CONSTRUCTED OF 
, /2" lHlCI< PP ~D WELDED TO 
VESSEL 

4. INLET, OUTLEr, SAMPLE, ~D GAS 
VENT PORTS TO BE ADDED IN FIELD. 

s. ALl.. 1 -. PIIC PIPE ARE SCH BO. 
e. 1 1/2" O ...... mR HOLES ON COLlAR 

ARE TO DRAIN PRECIPITATION FROM 
VESSEL UD. 

7. A 2- WIDE. 1/8- lHlCK GASKET 
SHALl.. BE PLACED BETWEEN VESSEL 
AND COlIER FOR ENTIRE LENGTH. 

SEE TOP VIEW COlIER ABOVE 
FOR DESIGN NOTES 

ISOMETRIC VIEW OF PP COLLAR 

PP BAFFLE -./ 
(1/2- lHICI<) 

4'-0-

'SOMETR'C V'EW 

I~ ______________________________________________________________________________________ l_e_r_r_a_n_e_a_t_p_M __ c~~~~N~O. 



APPROX. 30-

I SOIL/BENTONrTE 
BOTTOW SEAL (SEE NOTE 4) 

~-AF'P~JX'" <AlE TOP OF lUFF 
AQUITARD (SEE NOTE 6) 

UPGRADIENT COLLECTION GALLERY DETAIL 

r'''DIDCTILE FABRIC 
(SEE NOTE 1) 

STABIU11NG 

GENERAL NOTES: 

1. GEOTEXllL£ FABRIC SHAll. BE NON-WOVEN, 
MINIWUM 601., 100 GAL/nt' WINIMUM 
WATER FLOW RAlE, K1S - 70 US STD. 
SIEVE. 

2. EROSION CONTROL BLANKET OVERLAPPING 
GEOTEXllL£ BY 12- (WIN.). 

3. REINFORCED BRAIDED lUBING CONNECTED 
BOTH ENDS WITH 2- BARB x 2- WAl.£ 
THREAD SCH 50 PVC FITTINGS. SECURED 
WITH SS IMRINE GRADE 2- HOSE CI.AMPS. 

4. 40 WIL THICI( HIGH DENSllY POLYEIlfYl.ENE 
(HOPE) IMPERMEABLE UNER. 

STREAM CHANNEL SECTION AT DIVERSION WALL 

5- MIN. 

SHEET PIUNG 

CONSTRUCTION NOTES: 

1. SEPAAA110N GEOTEXTILE (SEE SPECIFICATION 
NOTE 3 ON SHEET 2 OF 1 1). 

2. 40 WIL THICI( HIGH DENSrTY POLYEIlfYl.ENE 
(HOPE) IMPERWEABLE UNER. 

APPROX. 30-

SECTION AT STREAM CROSSING ABOVE CUT-OFF WALL 

ED 
~~ ___________________________________________________________________________________ l_e_r_r_a_n_e_a_t_p_M~C ~~N~O_ 



D"' .• 5' STEEl.. PROTECTlVE 
CASING W!HINGED CAP AND LOCK 

BE 

~- "'.'" HOLE (0.25' DIA.) 

'--"'.".,,' CONCRETE PAD 

N;l-h3':l-=::::~~CO"C.En: SURFACE SEAL 

"*1--- 5CH 40, 2- PVC RISER 

~--·'/'· BENTONITE PEI..l£T SEAl... 

---lO-I;lOT, SCH 40, 2- PVC WEll. 
SCREEN 

~--m .. PICK 

.8I.-----5ED""'" SUWP, SCH 40, 2- PVC 

ildil-----B.NTOI'ITE PELlEr SEAL (IF L_______ REQUIRED) 

MONITORING PIEZOMETER DETA: CD 
NO, 

I Terraneat PMC iL-____________________________________________________________________________________________________ ~~~~ 



  

 



 

Appendix G 

Alluvial Monitoring Well Construction Diagrams 
and Lithologic Logs 
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BOREHOLE DIAMETER: 
10 fn from 0 toB.5 ft bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 11.5 n 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212101): 
5.67 n BTOC 

SURFACE COMPLETION 
TYPE OF PROTECTIVE 
Staal - 5 ft laogth J< 4 in J< 4 in, 
3 ft stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 ft l( 2 ft (LxWJ, 
extends 101 ft bgs (4 l( 80# bags) 

BENTONITE SEAL 
1 to 2 ft bgs, 3/8 in chips 
(0.5)1 50# bags) 

Silly clay, organic ' '''', -------""'-"0/ 
saturated alluvium 

Alluvium Itnff horizon ___ _ 
at-511bgs 

Densely Weld9d 
Tuff; ObI, 

SCREENED INTERVAL ,/ 
8-3 ft bgs 

SAND FILTER PACK 
2 to 8.5 n bgs 
(3.5)1 50# bags) 

TOTAL DEPTH 8.5 ft bgs 

, , 

, , 

, 
, , 

~ Drafted B~' A. Stocker 

TerranearPMC Da!e" February fI, 20tO 

" , 
, , 

l ocking Cover 
ELEVATIONS 
MONUMENT MARKER: NIA ft amsl 
TOP PROTECTIVE CSG: NIA It amsl 
GROUND SURFACE; 7356.25 ft amsl 

r"" .... ,;--'-~SUrface Pad 

WEll CASING 
Schedule 40 PVC, 2 in 10 
flush joint 

SAND FILTER PACK 
10/20 silica sand 

WELL SCREEN 
"..... Schedule 40 PVC Screen. 

2 in 10 flush joint with 0.010 in slots 

l_--t~';;-- ~,~;~ sump with 
casing end cap 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-l 

Technica l Area 16 Los Alamos National laboratory. Los Alamos. New MeKico 
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BOREHOLE DIAMETER: 
lO rn from a to B.O ft bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : l' fl 

DEPTH TO WATER FOLLOWING 
INSTALLATION (2/2110 ): 
6.42 ft BTOC 

SURFACE COMPLETION _--='::;~:t1i 
TYPE OF PROTECTIVE CSG: 
Steel - :; ft lengih )( 4 in ~ " ill, 
3 fl stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 It x 2 ft (lJrW), 
extends to 0.5 ft bgs (4 ~ 80# bags) 

BENTONITE SEAL 
0.5 to 1.5 ft bgs. 318 in 0"1>&---/ 
(0.5 x 50# bags) 

AlllNillm I tuff honzon ___ _ 
al2f1bgs 

DenS8/y Wekfoo" 
Tllff: Qbt, 

SCREENED INTERVAL 
2.0-7.0 ft bgs 

SAND FILTER PACK 
I.S to7.0ftbgs 
(4 x 50# bags) 

BENTONITE SEAL 
7.0-8.0 It bgs, 318 in chips 
(0.5 x 50# bags) 

TOTAL DEPTH 8.0 It bgs 

, 

, , 

, , 

~~ Drafted B~' A. Stocker 

TerranearPMC Datfl ' February 8. 2010 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER: N/A ft amsl 
TOP PROTECTIVE CSG; NIA It amsl 
GROUND SURFACE. 7378.54 It amsl 

,., ...... .1~Surface Pad 

WELL CASING 
Schedule 40 PVC, 2 in ID 
flush joint 

. , 0., 

SAND FILTER PACK 
10120 silica sand 

WELL SCREEN 
Schedule 40 PVC Screen. 
2 in ID flush joint with 0.010 in slots 

;'CP!;-~ 1.0 ft sump with 
casing end cap, 7.0-8.0 ft bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-2 

TechnIca l Arfla 16 Los Alamos NatiOllal Laboratory. Los Alamos. New Me..ooo 
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BOREHOLE DIAMETER.: 
10 in from 0 to 13.3 ft bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 11 .5 ft 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110) : 
D~ 

Well Cap 

SURFACE COMPLETION _--='::;2~: 
TYPE OF PROTECTIVE CSG: 
Steel - 5 It length x 4 in x 4 in, 
3 ft stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 ft x 2 ft (LxW), 
extends to 0.5 ft bgs (4 x 80# bags) 

BENTONITE SEAL 
0.5 to 1.5 ft bgs, 3/8 in 'nlp' __ -" 
(0.5 x 50# bags) 

, SCREENED INTERVAL ,. 
2.0-7.0 ft bgs 

SAND FILTER PACK 
I.SI07.Sflbgs 
(4 .5 K 50# bags) 

BENTONITE SEAL 

, 

, , 

, , 

7.5-10.5 ft bgs, 3/8 in chips ---~~~~ 
(0.5 K 50# bags) 

TOTAL DEPTH 13.3 ft bgs 
NOTE: 10.5-13.3 ft bgs is slough 
in order 10 screen alluvium I luff contact 

-J. Drafted 8y A Stocker 

rranearPMC Date: February 9. 2010 

Locking Cover 

Protective 

ELEVATIONS 
MONUMENT MARKER: NIA ft amsl 
TOP PROTECTIVE CSG: 7381.12 ft amsl 
GROUND SURFACE: N/A ft amsl 

1'!'~c:--,--cSUrface Pad 

' '''~'-.~~::::!~~ clay. orglmfc rich WI/h roots 
i'=; and pine needles. allUllium: Oal 

WELL CASING 
Schedule 40 PVC, 2 in ID 
flush joint 

L-_-'. ____ Alluvium/luff horizon 
} . aI2.5f!bgs 

" 

SAND FILTER PACK 
10120 silica sand 

WELL SCREEN 
Schedule 40 PVC Screen. 
2 in ID flush joint wilh 0.010 in slots 

.5 ft sump with 
casing end cap. 
(7.0-8.5 ft bgs) 

Slough and cuttings backfill 
10,5-13.3 ft bgs 

NOT TO SCALE 

PRS ALLUVIAL MONITORING WELL SCHEMATIC: MW-3 
TechnICal Area 16 Lo&Alamos Natiorl8l Laboratory. Los Alamos, New MeKICO 
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BOREHOLE DIAMETER: 
10 In from 0 to 14.4 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 16.0 tt 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110): 
TBO 

SURFACE COMPLETION 
TYPE OF PROTECTIVE CSG: 
Steel - 5 ft length x 4 In x 4 In, 
3 ft stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 tt)( 2 tt (LxW), 
extends 10 0.5 ft bgs (4 )[ 80# bags) 

BENTONITE SEAL 
0.5 to 3.3 fI bgs. 318 in ohip' __ ---./ 
(1.5 )[ 50# bags) 

SCREENED INTERVAL 
6.0-11 .0flbgs 

SAND FILTER PACK 
3.3-12.0 n bgs 
(6.0 x 50# bags) 

Densely lMtIded 
Tuff; Obi, 

BENTONITE SEAL 

, 

, , , , 

, , , 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER: NIA ft amsl 
TOP PROTECTIVE CSG: NIA ft amsl 
GROUND SURFACE: NIA ft amsl 

WELL CASING 
Schedule 40 PVC, 2 In ID 
Hush joint 

SAND FILTER PACK 
10120 silica sand 

WELL SCREEN 
Schedule 40 PVC Screen. 

0" 

2 in ID flush joint with 0.010 in slots 

"""--~"". sandy loom, Mf clasts up 10 4cm, 
saturated allwium. Oal 

allOftbgs 

~,4.-... ,- :;~:;~ sump with 
::'" casing end cap, 

(1 1.0-13.0 fI bgs) 

12.0-13.0 fI bgs, 318 in 'hiP' ·------:;:;:~7!i;1J~ 
(0.5 ~ 50# bags) 

TOTAL DEPTH 14.4 ft bgs 
NOTE; 13.0-1<1.4 n bgs is slough 

~~ Drafted B~' A. Stocker 

erranearPMC Date· FebruaryQ. 2t'll0 

S05Gm~<~~ Slough and cuttings backfill 
/ 13.0-1 <1.4 fI bgs 

--
NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-4 

Technoca l Area 16 Los Alamos NatiOllal Laboratory. Los Alamos, New MeKico 
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BOREHOLE DIAMETER-
10 in from 0 to 12.5 ft bgs 

TOTAL LENGTH OF CASl NG AND 
SCREEN : 15.3 ft 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110): 
TBD ft BTOC 

Welt Cap 

SURFACE COMPLETION __ --~ 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER: NIA ft amsl 
TOP PROTECTIVE CSG ' NIA fI amsl 
GROUND SURFACE: NIA fI amsl 

TYPE OF PROTECTIVE eSG: Zlr'"'!~ 
"'-_"'"' ,bo," .. alluv.um.' Qal 

Steel - 5 ft length x 4 in x 4 in, 
3 ft stickup 

SURFACE PAD AND SEAt.: 
Concrete - 2 ft x 2 ft (LxW), 
extends to 1.0 ft bgs (4 x 80# bags) 

BENTONITE SEAL 
1.0-4.0 It bgs, 318 in chips --_/ 
(1 .5 x 50# bags) 

Alluvium / luff horizon __ ~,; '=:i::=l 
816.5 II bgs 

SCREENED INTERVAL / 
6.3-11.3 It bgs 

Densely Welded 
Tuff: QbI, 

SAND FILTER PACK 
4.0-12 .0 It bgs 
(6.0 x 50# bags) 

, 

BENTONITE SEAL 
12.Q.12.!i fI bgs. 3/8 in chips 
(113 x 50# bags) 

TOTAL DEPTH 12.5 ft bgs 

, , 

, , 

j Drafted By: A, Stodler 

TerranearPMC Date: Februa"18, 2010 

WELL CASING 
Schedule 40 PVC, 2 in 10 
flush joint 

·.~'-Si""I" loom, pebbles and cobbles 
up ro 1(km, l1 /1uvium. Oill 

.,' 

SAND FILTER PACK 
10120 silica sand 

WELL SCREEN 
Schedule 40 PVC Screen, 
2 in 10 flush joint with 0.010 in slols 

,0 ft sump with 
casing end cap. 
11.3-12.3 ft bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-5 

TechnicalArea 16 Los Alamos NaTional LaboratOlY, los Alamos, New Mexico 
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BOREHOLE DIAMETER: 
10 fn from 0 to 13.0 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 16.0 tt 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110): 
D~ 

SURFACE COMPLETION __ -=::::"",:Jc"" 
TYPE OF PROTECTIVE CSG: 
Steel· :; ft lengih )( 4 in )( 4 in, 
3 tt stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 It x 2 It (l)(W). 
extends 10 0.5 ft b.gs (4 x 80# bags) 

GROUT I BENTONITE SEAL---J c:'~:~I_~ 
0-3.0 It bgs. Grout High Solids 
Bentonite Grout (bentonite and 
silica powder). 2 x SO# bags 

BENTONITE SEAL 
3.0-S.0 It bgs, 3/8 in chips ___ J 

(l .S ~ SO# bags) 

Alluvium I tuff /lor/zoo ___ -;L:Eq 
el9.5ffbgs 

SCREENED INTERVAL 
6.0-11 .0ttbgs 

Densely Weldoo' 
Tuff: Qbl, 

SAND FILTER PACK 
S.0-11 .Sttbgs. 
(4.0 x 50# bags) 

BENTONITE SEAL 

, , 

, , , 

11 .5-13.0 It bgs. 318 in_ :::""' ___ -'-::..:~~_ 
(0.5)f 50# bags) -

TOTAL DEPTH 13.0 ft bgs 

_~ Drafted B~' A. Stocker 

TerranearPMC Date ' February 8, 2010 

, 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER: 7379.67 tt amsl 
TOP PROTECTIVECSG; 7382,16 tt amsl 
GROUND SURFACE: N/A ft amsl 

Surface Pad 

frozen chun~s (J..I fI, 

,.8cm, 

WELL CASING 
Schedule 40 PVC. 2 in 10 

WELL SCREEN 
Schedule 40 PVC Screen. 
2 in 10 flush joint with 0.010 in slots 

SAND FILTER PACK 
10120 silica sand 

2.0 It sump with 
casing end cap. 
11 .0-13.0 It bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-6 

Technoca l Area 16 Los Alamos National Laboratory. Los Alamos, New MeJrico 
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BOREHOLE DIAMETER: 
10 fn from 0 to 13.1 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 18.15 ft 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110 ): 
12.18fl.BTOC 

SURFACE COMPLETION __ -='::::;~:1c
TYPE OF PROTECTIVE CSG: 
Steel - :; ft lengih )( 4 in ~ 4 in, 
2.9ft stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 It X 2 ft (lJrW), 
extends to 0.5 ft bgs (4 X 80# bags) 

GROUT I BENTONtTE SEAL---J C:-~.-t_~ 
0-3.0 It bgs. Grout High Solids 
Bentonite Grout (bentonite and 
silica powder), 0.5 )( 50# bags 

BENTONITE SEAL 
3.0-5.3 It bgs, 3/8 in chips ___ J 

(0.5 ~ 50# bags) 

AJ/uvlUm f luff horizon 
allOflbgs 

SCREENED INTERVAL ' ''-----"=~ 
7.0-12.0 ft bgs 

Densely Welded 
Tuff: ObI. 

SAND FILTER PACK 
5.3-12.5 It bgs, 
(4.0 x 50# bags) 

BENTONITE SEAL 

, , , , , , , 

12 .5-13.1 It bgs. 318 in chips -----;;;;C~J:.'{ 
(0.5 j{ 50# bags) ... 
TOTAL DEPTH 13.1 tt bgs 

~~ Drafted B~· A. Stocker 

TerranearPMC Dllte: Febfl;lIry9. 2010 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER : 7378.38 ft amsl 
TOP PROTECnVE CSG: 7381 .03 ft amsl 
GROUND SURFACE N/A ft amsl 

Surface Pad 

aUUII;um: Cal 

1-f~,:~~I~I'i"'~;'~9Ioped' ~ and pumICe (0 25 em). 

WELL CASING 
Schedule 40 PVC. 2 in ID 

. __ Sandy loam. salurn/ad alluVium: Cal 

-... WELL SCREEN 
Schedule 40 PVC Screen. 
2 in ID flush joint with 0.010 in slots 

" ... _ SAND FILTER PACK 
10120 silica sand 

1.25 ft sump with 
casing end cap, 
12.0-13.25 tt bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-7 

Technoca l Area 16 Los Alamos NatiOllal Laboratory. Los Alamos. New MeKico 
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BOREHOLE DIAMETER: 
10 fn from 0 to 13.0 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 16.0 tt 

DEPTH TO WATER FOLLOWING 
INSTALLATION (2/2110): 
10,32 ft BTOC 

SURFACE COMPLETION __ -=':::~~c 
TYPE OF PROTECTIVE CSG: 
Steel - :; ft length )( 4 in ~ 4 in, 
3.0 It stickup 

SURFACE PADANO SEAL: 
Concrete - 2 It x 211 (lJrW), 
extends to D,S It bgs (4 x 80# bags) 

GROUT I BENTONITE SEAL--~~C : : ::; , 
0-3.0 ft bgs, Grout High Solids 
Bentonite Grout (bentonite and 
silica powder), 0.5 )( 50# bags 

BENTONITE SEAL 
3.0-5.0 ft bgs, 3J8 in chips ___ J 

(0.5 ~ 50# bags) 

Alluvium I luff horizon 
all0flbgs 

SCREENED INTERVAL 
7.0-12.0 ft bgs 

Densely Wekioo' 
7uff: Qbl. 

SAND FILTER PACK 
5.0-12.0 It bgs, 
(4 .0 x 50# bags) 

BENTONITE SEAL 

, 

, 

, ,H", 

, , 

12 .0-13.0 It bgs, 318 in chips ___ --:""'~~\\ 
(0,25 ~ 50# bags) ... 
TOTAL DEPTH 13.0 ft bgs 

~~ Drafted B~ A, Stocker 

TerranearPMC Da\f! ' February g. WID 

Locking Cover 
ELEVATIONS 
MONUMENT MARKER: 7377.5411 amsl 
TOP PROTECTIVE CSG: 7379.89 11 amsl 
GROUND SURFACE: N/A tt amsl 

",.",_..L~SUrface Pad 

WELL CASING 
Schedule 40 PVC, 2 in 10 

WELL SCREEN 
Schedule 40 PVC Screen, 
2 in ID flush joint wilh 0.010 in slots 

.--

", ... _ SAND FILTER PACK 
10120 silica sand 

1.0 It sump with 
casing end cap, 
12.0-13.0 ft bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-8 

Technoca l Area 16 Los Alamos Natiooal Laboratory, Los Alamos, New MeKioo 
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BOREHOLE DIAMETER: 
10 fn from 0 to 12.0 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 15.0 tt 

DEPTH TO WATER FOLLOWING 
INSTALLATION (2/2110 ): 
10.43 tt BTOC 

Well 

SURFACE COMPLETION _--=:::;:;;"j;'" 
TYPE OF PROTECTIVE CSG: 
Steel - 5 f\ length )( 4 in )( 4 in, 
3.0 tt stickup 

SURFACE PADANO SEAL: 
Concrete - 2 It x 2 tt (lJrW), 
extends to 1.0 ft bgs (4 )( 80# bags) 

BENTONITE SEAL 
1.0-3.0 ft bgs, 316 ,,,,hip" ___ J 

(0.5 x 50# bags) 

AJIWium / tuff honlon ___ ",:=:'q 
BISf!bgs 

SCREENED INTERVAL , 
5.0-10.0 ft bgs ' 

SAND FILTER PACK 
3.0-11 .5 ft bgs. 
(4.5 x 50# bags) 

BENTONITE SEAL 

, , , , 

Q, 

II .S·12.0ftbgs. 318 in Chips -----~\\'r~ 
(0.5)f 50# bags) 

TOTAL OEPTH 12.0 ft bgs 

~~ Dra.fted B~' A. Stocker 

TerranearPMC Date ' February 9. 2010 

ELEVATIONS 
Locking Cover MONUMENT MARKER: 7374.18 fI amsl 

TOP PROTECTIVE eSG: 7376.61 ft amsl 
GROUND SURFACE: N/A tt amsl 

tJf\7i2~:;~"i)'''''' i,.m. lOUnded pebbles end 
alluvium Oal 

"'~-c"".'m ,""., alluVIum' Qal 

WELL CASING 
SChedule 40 PVC, 2 in 10 
flush joint 

WELL SCREEN 
Schedule 40 PVC Screen, 
2 in 10 flush joint with 0.010 in slots 

SAND FILTER PACK 
10120 silica sand 

Densely Welded 
- Tuff, distjnctly tBn 

"'1;1 8110-12 f!bgs: Obt, 

,_~_ 2.0 It sump with 
casing end cap. 
10.0·12.0 It bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-9 

Technoca l Alea 16 Los Alamos NatiOllal Laboratory. Los Alamos, New MeKico 
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BOREHOLE DIAMETER: 
10 in from 0 10 13,0 ft bgs 

TOTA L LENGTH OF CASING AND 
SCREEN : 12,0 ft 

DEPTH TO WATER FOLL'OWING 
INSTALLATION (212/101:' 
D~ 

Well Cap 

SURFACE COMPLETION __ -==::::~~,.;,S:o~.:,~~, -
TYPE OF PROTECTIVE GSG: )'""0- ~, 
Sleel-5ftlengthx41nx4in. - ' - ,' 

3,0 ft stickup :,,~,~,~, \\ 

~ Locking Cover 

ProtectiVe 
Casing 

ELEVATIONS 
MONUMENT MARKER: N/A It amsl 
TOP PROTECTIVE CSG. 7376.34 It amsl 
GROUND SURFACE: NIA ft amsl 

t:"!",~.L~surface Pad 
, , :., .;~ 

Wfl"7""~'· >7-. 
"',C~ ;: 

·.·.:-;:o~ 
'0' - ,.' \ 

SURFACE PAD AND SEAL :;- " ":'"",mll 

Concrete - 2 ft x 2 ft (LxW). .~i.-" ~\s?':f' ~:&~ 

O~.~~S!lry day loam rounded pebbifls and 
" w.' • .: cobbles 1-Hxm, roots; allUVium: Qill 

extends to 0.5 ft bgs (4 x 60# bags) ;:~. ,; .. 

BENTONITE SEAL 
0.5-1 .7 ft bgs. 3/8 in chips --_/ 
(0.5 x 50# bags) 

, 
SCREENED INTERVAL , 
2.0-7.0 ft bgs 

DenS8/y lNelded 
Tuff: ObI, 

SAND FILTER PACK 
1.7-7.8 ft bgs. 
(5 x 50# bags) 

BENTONITE SEAL 
7.6-13.0 ft bgs, 318 in chip~, 
(3 x 50# bags) 

TOTAL DEPTH 13.0 ft bgs 

, , , , , , , 

""". - "0 

::~~:::. 

V,,"&' , 

14V'iJ'O P 

• 
, 01:l.:)1.l" , , , , 

"'o,,"h.~ 

I 4V'iJ 0' 

1. Dralled By: A, Stocker 

TerranearPMC [)at", FebruaryO,2010 

, , 

Allwium I tuff IIorizon 
at 3.511 bgs 

WELL CASING 
1:1 ".. Schedule 40 PVC, 2 in ID 

nushjoinl 

,'. 
WELL SCREEN 
Schedule 40 PVC Screen. 
2 in ID flushjoinl wilh 0.010 in slols 

SAND FILTER PACK 
..,4"'1:1 10120silicasand 

2.0 ft sump with 
casing end cap, 
7.0-9,0 ft bgs 

NOT TO SCALE 

PRBAlLUVIAl MONITORING WEll SCHEMATIC: MW-10 
T,""hn;cal Area 16 Los Alamos National Laboratory, Los Alamos. N"w M,,~;co 
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BOREHOLE DIAMETER: 
10 In from 0 to 12.0 fI bgs 

TOTAL LENGTH OF CASING A ND 
SCREEN : 15.0 ft 

DEPTH TO WATER FOLLOWING 
INSTALLATION (2/2110): 
D~ 

SURFACE COMPLETION _--='::~~,.. 
TYPE OF PROTECTIVE CSG: 
Steel - 5 ft lengih ~ 4 in _ 4 in, 
3.0 fI stickup 

SURFACE PAD AND SEAL: 
Concrete - 2 It x 2 ft (L_W). 
extends to 0.5 ft bgs (4 x 80# bags) 

GROUT I BENTONITE 
0.5-2.0 ft bgs. Grout High Solids 
Bentonite Grout (bentonite and 
silica powder), 1.0 x 50# bags 

BENTONITE SEAL 
2.0-4.0 ft bgs, 3/8 in chips ___ J 

(0.5 x 50# bags) 

Alluvium I luff horizon 
al 8ft bgs 

SCREENED INTERVAL 
6.0-11 .0ftbgs 

, 

Densely WekfOO 
Tuff: Qbl, 

SAND FILTER PACK 
4.0-11.83 ft bgs, 
(5.0 x 50# bags) 

, , 

BENTONITE SEAL 
" .83-12,0 ft bgs, 318 in chips 

, 

, 
, , 

ELEVATIONS 
Locking Cover MONUMENT MARKER: 7374.78 ft amsl 

TOP PROTECTIVE CSG; 7377,55 ft amsl 
GROUND SURFACe. NfA ft amsl 

",,,,::,-,,-~SUrface Pad 

WAi/-MVf.lnpllfi. 
(2·3 mm); 

• Dry 

WELL CASING 
Schedule 40 PVC. 2 in 10 

h""~: --G""." •• mi., saturated alluvium: Oal 

"" - ... WELL SCREEN 
Schedule 40 PVC Screen, 
2 in 10 flush joint with 0.010 in slots 

",""_ SAND FILTER PACK 
10120 silica sand 

1_--';;0.".-- 1.0 ft sump with 
casing end cap, 
11 .0-12.0flbgs 

(0,05 x 50# bags) --::-----"-'~~~j_t=_;~TI .. --
TOTAL DEPTH 12.0 ft bgs 

V ... "'r.,,""~ -~QV"" ""'''''''''~-~'''~ 

NOT TO SCALE 

~~ Drafted By' A. Stocller 

TerranearPMC Date: February 9. 2010 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-l1 

Technoca l Area 16lQ'" Alamos Na!iooallaboratory, Los Alamos. New MaKieo 
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BOREHOLE DIAMETER: 
10 in from 010 8,7 fI bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 11 .5 f1 

DEPTH TO WATER FOLLOWING 
INSTALLATION (2/2110): 
770 f1 BTOC 

Well Cap 

SURFACE COMPLETION __ .::!~~~
TYPE OF PROTECTIVE CSG: 
Steel - 5 ft lenglh x 4 in x 4 in, 
3 fI stickup 

SURFACE PAD AND SEAl. 
Concrete - 2 f1 x 2 fI (LxW), 
extends to 0.5 ft bgs (4 x 60# bags) 

BENTONITE SEAL 
0-2.0 fI bgs. 316 in chips 
(1 .0 x 50# bags) 

SCREENED INTERVAL 
3.2-8.2 It bgs 

SAND FILTER PACK 
2.0-8.0 ft bgs 
(4.0 x 50# bags) 

, , 

, , 

Ailuvium It,," honzoo ----8"''1 
91 70flbgs 

Locking Cover 

Protective 

ELEVATIONS 
MONUMENT MARKER; N/A ft amsl 
TOP PROTECTIVE CSG~ 7376.43 It amsl 
GROUND SURFACE: N/A fl. amsl 

:i"' ...... -I-~Surface Pad 

WELL CASING 
Schedule 40 PVC, 2 in ID 
flush joint 

SAND FILTER PACK 
10120 silica sand 

WELL SCREEN 
SChedule 40 PVC Screen, 
2 in 10 flush joint with 0.010 in slots 

~~~- " ,y,,.., ~."" overlying luff 

Densely welded --======~~~~ Tuff; ObI, 1:::'k~ii1)'" " 
BENTONITE SEAL '~ I 'j,J.P"- 0,5 ft sump with 
6.0-6.7 ft bgs, 3/6 in chips s::. casing end cap. 
(0,25 x 50# bags) 8,2-8.7 ft bgs 
TOTAL DEPTH 8,7 ft bgs -- ... -----~ ---- -... _ .... -

NOT TO SCALE 

-J. Drafted By: A, Stocker 

TerranearPMC Date. Februa.-, 10, 2010 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-12 

Tochnical Area 16 Los Alamos National Laboratory, los Alamos. New Mexico 
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BOREHOLE DIAMETER: 
10 in from 0 to 9.0 ft bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 12.0 ft 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110): 
11 .02 ft BTOC 

Well Cap 

SURFACE COMPLETION __ -=':::~~-

'" Locking Cover 

Protective 
casing 

ELEVATIONS 
MONUMENT MARKER: 73T1 .83 ft amsi 
TOP PROTECTIVE eSG: 7374.11 ft amsl 
GROUND SURFACE: N/A flamsl 

r-__ L:surtace Pad 

TYPE OF PROTECTIVE CSG: ¥;;7';>J!.J 
Steel - 5 ft length x 4 in x 4 In, 
3.0 ft stickup 

SURfACE PAD AND SEAL. 
Concrete - 2 tt x 2 tt (lxWJ, 
extends to 0.5 tt bgs (4 x 60# bagsl 

BENTONITE SEAL 
0.5-2.0 ft bgs. 316 in chips 
(1 .0 x 50# bags) 

SCREENED INTERVAL < 

3.0-6.0 tt bgs 

, 

, , 

~::;--=7' _ ........ . . _ ... ,. .. . 
:.z: :::::: .. 

AHuvium I tuff horizon --'-,-_ ~=-::;l 
al6f1bgs - ;-... ~~"., , ......... , 

~.,..4'lo' , 
Densely Welded 
Tllff: O!lI, 

, ....... ~, 
------' 

SAND FilTER PACK 
2.0-6.5 ft bgs. 
(4.0 x 50# bags) 

..... " ... " , 

••• 

.. ::;-~sandY loam, slightly mOist, tOOls, 
.-... - slItllrolad a/ -4 II bgs. allWlum' Osl 

WELL CASING 
Schedule 40 PVC, 2 in ID 
Hush joint 

WELL SCREEN 
Schedule 40 PVC Screen , 
2 in tD Hush joint with 0.010 in slots 

_b"._ SANO FILTER PACK 
10120 silica sand 

...... --

~ .. --
6,-...,.",, - D v' 

~\ 1.0 ftsumpwilh 
BENTONITE SEAL 
6.5-9.0 fI bgs. 318 in chips 
(1/3 x 50# bags) 

TOTAL OEPTH 9.0 tt bgs 

.. casing end cap, 

t::.2:!oL._LC!:~::-"~:J ., -- 8.0-9.0 fI bgs 

NOT TO SCALE 

~ Drafted By: A. Stocker 

TerranearPMC Date: Februar-, 10. 2010 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-17 

Technical Nea 16 Los Alamos Nalional Labora\or-,. Los Alamos. New Mexico 
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BOREHOLE DIAMETER: 
10 in from a to B,O" bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 11 .0 " 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110) : 
5,041" BTOC 

Well Cap 

"\" Locking Cover 

Prolective 
Casing 

ELEVATIONS 
MONUMENT MARKER: 7370.7" amsl 
TOP PROTECTIVE CSG: 7373.51 "amsl 
GROUND SURFACE: N/A fI amsl 

SURFACE COMPLETION __ .::~c .. ~. C':"~" "'" 
TYPE OF PROTECTIVE CSG: :~ .•. ::.'." •• ~.',. \., """",,U 
Steel - 5 "length x 4 in x 4 In , 

3.0 fI stickup ~::\.~~;. 
ScURFACE ,PAftD A,NftDIS, EAwl. .: .... • .• .".·,;.: .. :.,:.\ 1 ,,--j 

oncrele - x x). 
extends to 0.5 " bgs (4 x 60# bags) . ,~ .. {:.',> ~ 

BENTONITE SEAL 
0.5-1 .5" bgs. 3/6 in chips 
(1 .0 x 50# bags) 

SCREENED INTERVAL < 

2,0-7.0 fI bgs 

, 

--_/~.:·:i·<:· 

, , 

• , 

~. :::" .' 

AHuvium I tuff horizon ---'-~, ~=7.' 
at 5.5 flbgs ,"~~V~ 

• ....... .. , 
~.,.4'lo' 

• 
Densely Welded 
Tuff: O!ll, 

. " .... ;;, ------' 

SAND FILTER PACK 
1.5-7.5 fI bgs. 
(3.5 x 50# bags) 

BENTONITE SEAL 
7.5-6.0 fI bgs, 31B in chips 
(1/3 l( 50# bags) 

TOTAL DEPTH B,O fI bgs 

.. 0,,'" " , 

••• 

~ Drafted By: A, Slocker 

TerranearPMC Date: February 10,2010 

· ....... . 
. ~ ', .... , 

>: .•.. : 
.; .. 

~>;};; 
· ~ ..... '.' 

WELL CASING 
Schedule 40 PVC. 2 in 10 
flush joint 

WELL SCREEN 
Schedule 40 PVC Screen , 

......... : .. 
.. ' :-: ..... 

" '~':::~: 
· " .... 2 in to flush joint with 0.010 in slots 

::::1 Clay, vel}'wellooveloped: 
saturated alluvium: Oal 

-b V - SAND FILTER PACK 

-"- ... 
-0 -_ 

~o -_ 

10120 silica sand 

1.0 ft sump with 
casing end cap. 
7,0-6.0 fI bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-18 

Technical Area 16 los Alamos Nal ionallabora\ory, losAlamas. New Me~lC(l 
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BOREHOLE DIAMETER: 
10 in from Oto 7,5 fI bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 10.5 fI 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212110): 
5,12f1BTOC 

Well Cap 

SURFACE COMPLETION __ -=!~~~:
TYPE OF PROTECTIVE CSG: 
Steel - 5 fllength x 4 in x 4 in, 
3,0 fI stickup 

SURfACE PAD AND SEAL. 
Concrete - 2 fI x 2 fI (lxW), 
extends to 0.5 fI bgs (4 x 60# bags) 

BENTONITE SEAL 
0.5-1.0 fI bgs, 316 in chips 
(113 x 50# bags) 

SCREENED INTERVAL 
2.0-7.0 ft bgs 

A"wjllm "",,,,,,,,,,w/ 
al4.5l1bgs , , o· • 

Densely Welded ----------:;,..'"'~. 
Tllff: O!lI, 

SAND FilTER PACK 
1.0-7.5 ft bgs, 
(3,5 X 50# bags) 

TOTAL DEPTH 7.5 fI bgs 

0·' 

... 
o· 

--J. Drafted By: A, Stocker 

TerranearPMC Date: Februar-, 10, 2010 

ELEVATIONS 
locking Cover MONUMENT MARKER: NIA fl amsl 

TOP PROTECTIVE CSG: NIA fI amsl 
GROUND SURFACE: 7360.129 fI.amsl 

j'!!~!!"..L~SUrface Pad 

WELL CASING 
Schedule 40 PVC, 2 in 10 

WEll SCREEN 
Schedule 40 PVC Screen, 
2 in ID flush joint wilh 0.010 in slols 

SAND FilTER PACK 
10120 silica sand 

l_--f"-'~- 0,5 ft sump with 
casing end cap. 
7,0-7.5 ft bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-19 

Technical Area 16 los Alamos Nalional Laboratory, los Alamos, New Mexico 
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BOREHOLE DIAMETER: 
10 in from 0 to 8.5 tt bgs 

TOTAL LENGTH OF CASING AND 
SCREEN : 11 .5 tt 

"\" Locking Cover 
ELEVATIONS 
MONUMENT MARKER: NIA ft amsl 
TOP PROTECTIVE CSG: NIA II amsl 
GROUND SURFACE: 7359.585 It amsl 

DEPTH TO WATER FOLLOWING 
INSTALLATION (212/10): 

Well Cap Prolective 
Casing 

4.31 ft BTOC 

SURFACE COMPLETION __ ~~::;~
TYPE OF PROTECTIVE CSG: 
Steel - 5 tt length x 4 in x 4 in, 
3.0 ft stickup 

SURfACE PAD AND SEAl. 
Concrete - 2 ft x 2 ft (LxW), 
extends to 0.5 tt bgs (4 x 60# bags) 

BENTONITE SEAL 
0.5-1 .0 ft bgs. 316 in chips 
(113 x 50# bags) 

SCREENED INTERVAL 
3.0-8.0 ft bgs 

, , 

•.... ..• . ~ 
.•.. .( .. : 
::".; ..... 
;j::.~ .0 . • ..•.. 

, 
_________________ ".~4~"r 

Densely Welded I , 

Tuff: Otll, " ..... '-

SAND FILTER PACK 
1.0-6.5 tt bgs. 
(4.0 x 50# bags) 

TOTAL DEPTH 8.5 ft bgs 

.......... 

-J. Drafted By: A. Slocker 

TerranearPMC Date: February 10. 2010 

,. , , , 

.F''''' .... _ L..:surtace Pad 

.•. : 
·:i. :~: .. ~. 

WELL CASING 
Schedule 40 PVC, 2 in 10 
Hush joint 

: ~. ::·~Coarse sand with coarse gravel up to 3<:m; 
.. "' ... _ . • S8IUraleO" 81lwium: Qal 
.;. .. ~ ... . .•... 

-... --

~ ... --
~-.,,-

WELL SCREEN 
Schedule 40 PVC Screen, 
2 in ID Hush joint with 0.010 in slots 

SAND FILTER PACK 
10120 silica sand 

0.5 ft sump with 
casing end cap, 
8.0-6.5 ft bgs 

NOT TO SCALE 

PRB ALLUVIAL MONITORING WELL SCHEMATIC: MW-20 

Technical Area 16 Los Alamos Nal ional Laboratory. Los Alamos. New MexlCQ 
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BOREHOLE ID: MW-1 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEfTlME : 1/31/2010:1040 FINISH DATEfTIME: 1131/2010:1105 

DRILLING EQUIPMENT/METHOD: CME 55/Continotls Coring 

SAMPLING EQUIPMENT/METHOD: CBS 

GROUND ELEVATION: 7356.25' TOTAL DEPTH: 8.5' 
DRILLER: D. Toney GEOLOGIST: K. Reid 

0 
D .- E 

g ~ 

Z 8' "' ~ ~ '" LITHOLOGY - DESCRIPTION ~ u 

• .0 .'" ;; > ~ .g ADDITIONAL 0 ~ ~ u ~ ;; COMMENTS • • " '" Cl ::J 

_ 0.0 
Boretlolf! lOcated in Q-3 5 ft, Silly Clay Soil 
Hood pl ~ne of CoN'" 

Orga ..... nd> wiI~ ..,."., rOOlI ..... pone """"Ills, very darlo !Irey (IOYR lit ). ... " .. a...., S1/eam 

i 
., 
" 

~ 

----- -- -- -- -- -- ---- -- ------
3.5-5 ft, SIHy Clay Soil 
Organic-ricll WII~ IOOIl>e roots and pine _IH. 'let'! darl< gray (tOYR 31t), U ILlla1ed 

Atlu~ ium/lulf 

-5.0 5-8,5 It, Densely Welded Tuff 
~ contact .. t 

-'-_.'- 5' bg5 , 8"""" (1 5 YR Y.I) Ovtttt _ ... r>id .... on lllnoy malnx 
~.----

! T r-~-" .'- -,_. '._-. 
~, 

"",,_.r' o• 

-,-,.-. -- .-
• __ _.r_ •• 

,'--.--

_10,0 

_ 15.0 
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BOREHOLE 10: MW-2 Technical Area (TA): 16. 16-021 (c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEITIME: 1129/2010:1540 FINISH DATEITIME: 1129/2010:1620 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EQUIPMENT/METHOD: CBS 

GROUND ELEVATION: 7376.537' amsl TOTAL DEPTH: 8.0' 
DRILLER: D. Toney GEOLOGIST: A. Stocker 

0 
D .- E 

g ~ 

Z il' "' ~ ~ '" LITHOLOGY - DESCRIPTION ~ u 

• .0 .'" ;; > ~ .g ADDITIONAL 0 ~ ~ u ~ ;; COMMENTS • • 0 '" " ::J 

_ 0.0 -
0-2 It. Clay-rich Soil 
Orga"","""" wM ,ootsancl """'....u!es. _yd.", g"'Y 11 5VR 3/11, damp 

~ , , 2-311. Densely Welded Tuff T G",y {7 S'I'R 5111. o....rtz 25~. sanodine 8- 10%, F ..... ldore<l mineral ~. 
Ajlulliumla llefed In gll.sy"-" ~. ff8Clured arid .. ~ ... edAJIIMumI!"" CO!1tac:1. 
luff contact al 

"I·-./~ 2' b\ls 

- -~-- -- -- -- -- -- ---- -- -- ---- -'._'" 
3-811. Densely Welded Tuff 

~~· ·v Sa ..... ..".,. .. 

.'"-.... 
-. ,,- .... 

-5.0 ~ 

! 
, 

T :"1... ....... < ....... .. ...... 
~ . ..". ... 
" ... '. 

_1 0.0 

_ 15.0 
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BORE HOLE 10: MW-3 Technical Area (TA): 16, 16-021(c)-99 Page 1 o f 1 

DRILLING COMPANY: Precision Sampling START DATEITIME : 1129/2010: 1335 FINISH DATEITIME: 112912010:1400 

DRILLING EQUIPMENT/METHOD: CME 551Conlinous Coring 

SAMPLI NG EQUIPMENT/METHOD: CBS 

GROUND ELEVATION : 7378.1' arnsl' TOTAL DEPTH: 13.3' 

DRILLE R: O. Toney GEOLOGIST: A. Stocker 

a 
D 

'" 
E 

g ~ 
~ 

.8' a '" "'- , '" LITHOLOGY - DESCRIPTION ~ 

~ " • " ~ > ~ ADDITIONAL C. a ~ a u 
~ " COMMENTS • • 0 a: <!J ::J 

- 00 Frozen .soli With 
0-0.2511. Clay-rich Soli o\lerlYlng .snow 
Organic·,,,,,, .,;m _ and pone r>ee<r""', 'HJr"f Olril g<ey (1 5\1R 311) IrwM -

'" 
0.25-2.5 ft, Sandy Loam ~ 

8 , Sand·&Iled Q,aOllS 70~, sill 1~, and dajl I5"4. Organlc·fJCt!wM ' 001II and pone_ .... -

"" 2,5-311, Densely Welded Tuff . Allu~IUmlaltered 
Gla1 (7 5 VR 5111. OUM!: 3O",", ,..,rocIine I~, Fe-o><idtred monenoI 5",", tull contac1 at 
In Qlaloy """'01 55'i . F'adLll"" '''''' ene"", AI"",,,,. ,IIIu11 "''''''.'tot 2.5' bgs 

- ---- -- -- -- ---- -- -- - -------- .. ~,,~~~ 
3-8 ft , Densely Welded Tuff 
Same"" abo"" 

"a'''t~'9 

9'·~ ~· " 

- 50 
; ':' .. ~ ...... 

'\.,....,. ., . 
. ' .-~'" 

., ...... ~, 
--------------- - - ----------

8-13.3 ft , Densely Welded Tuff 
'\..""'·'l 

Sa""" 10$ abo"" 9'. ~ ~ l .. 

U ....... 

- 10.0 ~ 

'" ~''''''.'' " .'. ~~, .. .. ...... 
~'....,.·I. 

_15.0 

• MeMUred E .... alion from lOp 01 casing 
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BOREHOLE lD: MW-4 Technica1 Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DR1LLlNG COMPANY: Precision Sampling START DATElT1ME: 1/30/2010: 1400 F1N1SH DATElT1ME: 1130/2010:1450 

DR1LLlNG EQU1PMENT/METHOD: CME 55/Continotls Coring 

SAMPLING EQU1PMENT/METHOD: CBS 

GROUND ELEVATION: TBD' ams1 TOTAL DEPTH: 14.4' 

DR1LLER: D. Toney GEOLOG1ST: K Reid 

0 
D .. E g ~ 

Z 8' "' ;0. '" LITHOLOGY - DESCR1PT10N ~ u 

~ • .0 .'" ;; > ~ g ADDITIONAL 0 ~ ~ u 

" • • COMMENTS 

" a: '-' ::J 

rO'O ~ 
Frozen soil wilh 

Q-4 4 ft, Silty clay Soil oVfl~y,ng snow 
0Ig.".,....'" wiln ''''' .... 1<111'' ''' r.eedIes, _y""",,, g' ;ryfW br<lWl'l (10VR 3I:il) "W"," 
~DIl'" 5j~ IItIi3 __ P""""" cI.H .. "II '" 1 an sao /I", ... 0-1 51L 

". - ~ 
¥ " .,,-

. 

--
co 

- -- -- -- -- -- ------ -- ---- ----
4.4-5 ft , Silty Clay Soil - ~ 

[--5.0 
-

Same ... -.. - -
Saturated al 
~5. 5· bg5 

c-c~~c , " --. -T 

- -

. 

--------------------------- .. 
~ -: . • r- 10.0 9-10 ft , Coarse Sandy Loam --. Alluvlumiakered 

COlI'" _ oi<ed g ...... e~ <- I "..,,) , W1!tJ lUll ",,"Slo up Ie 4=. day -10"-, and .. ~ -1~ ~ -~~. 
tuff contact at 

8fown (7 'SYR . 131_ " 1urolled 10' bgs d ~ __ 

2.5·3 ft. Densety We1ded Tuff ._-
G"'ylon Mown ( 10YR 512), OLOlru 20%. _k!, .. 10%, WI gIII"Vm.otrilt 55% F,IICIUlCKI 
and alter1ldAlluviurro\ullcon\8Cl Dry ~ - - ~ 

S " T .. --. = 
... ~-. 
~ - - ~ . .... -.. 
. --- ~-~. 

L-150 
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BOREHOLE lD: MW-5 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEITIME: 1/30/2010: 1150 FINISH DATEITIME: 1130/2010:1230 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EQUIPMENT/METHOD: CBS 

GROUND ELEVATION: TBD' amsl TOTAL DEPTH: 12.5· 
DRILLER: D. Toney GEOLOGIST: K. Reid 

0 
D .- E g ~ 

Z 8' "' ;0. '" L1THOLOGY - DESCRIPTION ~ u 

~ • .0 .'" ;; > ~ 

~ ADDITIONAL 0 ~ ~ u 

" • • COMMENTS 
0 '" '-' ::J 

rO.O ,-
0-2.5 ft, ClilY Loam Soli 

r- Dry soil wtlll 
o~ertyjng 5f\OW 

Ve'yllarll _ (1ov~ 2ilI1 day -~0'lI0. sill .... 0<:\. ond -20" 

~ ~i 

- - - -- -- -- -- -- -- -- -- - - -- -- --
2.5-7.5 ft . Silty Clay Loam '.~>~ BlOWI1 rI 5V~ 412). ~~ day. ~"" • • f'l<I 10'r0 ... f'l<I loom ab.o!>as ~-..d COIlIlIM 
1/1> II> tOctn., dOameIet oI dao1e " f'l<I ' '''' Dry e~ Ic>r _ "'_01 a.uge<. 

;,~!~ 
~ 

r-'.O ! 1'1' };t~ ." .~ 

::~tJ 
:;;~:;: Satu,al.,.;i at - -- -- -- -- -- -- -- -- -- - - -- ---- ,c:..·. 7.5-8.5' bgs 

7.5-85 ft, Silty Clay loam 
Same ... IW><Nft ... <.ept ... 'U'A1<I<I Alluvium/ak",1!d 

luff contact al 
8.5-12.5 ft. Densely Welded Tuff 85' bgs 
Pinkislt ~"'1 (7.5VR 6/2). OiJanz 20%. ",nidi"" to" ... g"'osy matn. 5.i!'Io. F".ctu~ ..... 

r- 10.0 ~ 
&rid .IWecl_"""'~ """tAct. Dry 

" , .-. T 
I~ 

,- ..... ~ 
, .-. 

L.15 0 
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BOREHOLE lD: MW-6 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEfTlME: 112712010:1050 FINISH DATEfT1ME: 1127/2010:1145 

DRILLING EQUIPMENT/METHOD: CME 551Continous Corin9 

SAMPLING EOUIPMENT/METHOD· CI3S 

GROUND ELEVATION: 7379.54' amsl" TOTAL DEPTH: 13.0' 
DRILLER: D. Toney GEOLOGIST: A. Stocker 

0 
~ .. E g 8' 
~ 

~ "' ~ 

!S- o <- LITHOLOGY ~ DESCRIPTION ~ ." ~ • u 

~ ~ > '" ADDITIONAL 15. § ~ 

• ~ :; COMMENTS 
0 cr Cl :0 

,0.0 c- .-
~ 

Frozen soil .... ith 

0-1 ft , Sandy Loam overlying snow 
_, ctsy ~15'l1o , liII ~'lIo, _ ~~ C<Impoe<I cllromn .... ct\In<S 

~ 
, 1-5ft. Silt Loam 

" 
9<owr111 .5YR '12). 2~" day. tmIo ..... nc:I 10'\0 sand lo.>1 ~1so Ma 8ngUto.r pet>_ ~"" ~ 

ccbbIas Ul> 10 100m in dlirJ1dl ... '" ""clIe and wn Moo!~ Jro:len 1-"2..5 ft """ 2.5-3 ft 10 
~arNly tr"""". 

.. 
r-- S.O C- - - - --- - --- ---- ----- --- ~ SalUf3led al 

5-9.5 ft . Sandy Loam -.:=:~ 
S·bgs 

El<Owr!. ai.v ~15~. 1iIl ~35," ""'" ~&I'!\ W"1Ih 8<19 .... , ~ana coI>OleS '·Scm oIdacrte .~-., 
_rod lUll. :S.l"""t(Id. 

rj .. 
I"" 

. : ~ 

:--. 
:,"',1 

9.5-10 ft, Densely Welded Tuff ,~'-: 
PlnI"OM gill)" (1 SYR 612), Ouarll20'110 . _ I.,. '0", '" g_~ m."", 55" Fraeluffld AllUVium/altered 
and ,,"enod AAMumlluflcon1aeI . Oty WI! conlact al 

r-- 1O.O 9.5' b!:ls 

10-13 ft, Densely Welded Tuff '4 _ ... . ' 
Samea._ , .-. 

~ 'i I~ 

,. -.. 
. -. 

L 15.0 

, MenU/lid !tom monument 
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BOREHOLE lD: MW-7 Technical Area (TA): 16,16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATElT1ME: 112612010: 1400 FINISH DATElT1ME: 1126/2010:1450 

DRILLING EQUIPMENT/METHOD: CME 55/Continotls Corin9 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVATION: 7378' amsl' TOTAL DEPTH: 13.1 ' 

DRILLER: D. Toney GEOLOGIST: A. Stocker 

0 
~ .. E g 8' 
~ 

~ "' ~ 

!S- o <- LITHOLOGY ~ DESCRIPTION ~ ." • • u 

~ ~ > '" ADDITIONAL 1i § ~ 

• ~ :; COMMENTS 
0 cr Cl :0 

,0.0 C- .-
'":"--

Dry soil With 

0-1 ft , Sandy Loam overlying snow 
_, ctsy ~15'l1o, liII ~35'11o. _ --50'%.. Dry. 

~ I ..... 1-<1 ft. Clav 
Well tIevolloped day. 61)%~. 2ll'I1oSlll . wnt> 1M" ""Ilula r gra .... ofquartr. 1...j)25cml_ .~ 

!t% P.m.,. clasts (--o.5cml 

---- :;c 

r-- 5.0 . 
5-9.5 ft , Loamy Sand :-'/i~~ Ug"I ..... N~. clay ~1(I'J1.. soil ~2~ _ ~7cn1, w,u, rounoed ~ _ cobbles I_IDem 

1 
of <IaCru> an<I IUIf. Dry Da<.dft bouldar "'"""""ll.-r"" 8-8.5 ft bg$. 

~""i~~ " T 
~ 

'c' . 

5~ Salul'lIled a\ --------------------------- 9'bga 
9.5·10 I~ . Sandy Loam 

~~~ 8"""", d"'l-15'11o. oiIl-35'11o, s.and -SO'IIo SalUJalod AJllIViumianefed r--- 1O.0 ~ lyff ""nt_ct ., 
10' bgs 

' ... -
~ + 10·13 ft . Densely Welded Tuff '.-. 1= f>inl<ooh 11'11)1 (7 5'fR 812), Quartz 20'110, _Ina I ~. In IjIony "",trio 55% FrKlU<ecl 

a"'; -01\ ..... <1 AlluYlu,MuII conIaCI. DIy 

.. ---'.-. 

L 1S.0 
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BOREHOLE lD: MW-8 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEITIME: 112612010: 1630 FINISH DATEITIME: 1126/2010:1700 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVATION: 7377.16' amsl' TOTAL DEPTH: 13' 

DRILLER: D. Toney GEOLOGIST: A. Stocker 

0 
~ .. E g 8' 
~ 

~ "' ~ 

!S- o <- LITHOLOGY ~ DESCRIPTION ~ ." • • u 

~ ~ > '" ADDITIONAL 15. § ~ 

• ~ :; COMMENTS 
0 cr '" :0 

,0.0 
N .::.. y, Dry soil Wllh 

,~·ll:i~" 
Dverlying snow 

0 0-10 fl, Alluvium 
R '-"':;: ;~ 
E 

SIIndy ''''"Y IoiI .. ....,"'oed WII~ «>l>llios lIP ID 10 em Dry, 
''0; 0·-'-' 

C "Detmmmed from cuttmgs" ~·~i" 
0 ','\O'~': 
V 

t;~: E 
~ R 

Y 

, .~{if~ 
• • t. lD,-

r 5.0 
, ·~,i~~.'~ , 
, 'b,.a:i~.' , 

~'~~:':',;:~ , 
• ''c' 0-'-' 

· c ":0, , .,., 
~ 

• • -,,?';' , 
i~t~.~ , 

• , 
,~:"o":;:;.o.; 

• , '7;'::-"" 
I -:'I> 0:",,:-, Appro~imatel~ • • Saturated Al luvium '::-lO';" U 1Uratedat , 9' bgs , "Oetermined from cuttings" ". -": Al I ~iuml .. nered 

r---- l o.o 
, .~:.:~ :.:.. .. 

~ Iy/f conl. ct .1 , .~- 10' bgs , 10·131'1., Densely Welded Tuff , 
Cor>!a<:! h,h '"' 10 n il9I ---~, , 
PirIkIs/1!11"8\' (15YR 6/2), Quartz 2~,..,.nidi<16 10% . .. glHs~ maln W 55'11. ,~- " .. -... BIld 1111,,.<<1 ~uII """tact, D<y ~ 

~--" Determined from cuttings" -~-' 
" .. -". 

L- 15_0 

• Melootlld !tom """""""" 
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BOREHOLE lD: MW-9 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATElT1ME: 112812010:1310 FINISH DATElT1ME: 1128/2010:1400 

DRILLING EQUIPMENT/METHOD: CME 551Conlinous Coring 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVATION: 7373.9' amsl' 
DRILLER: D. Toney 

.. g ~ 
~ 

!S- o '" ~ • ~ > 
1i § • 0 cr 

LITHOLOGY ~ DESCRIPTION 

TOTAL DEPTH: 12' 

GEOLOGIST: K. Reid 

~ 
ifi 
." 
.[ ADDITIONAL 
£: COMMENTS 
:0 

,0.0 

3 ~ T 

0-1 ft , Silty Clay Loam I FlU It 
Gray WNn clay ~JO'Iio ..a -00 ... """" ~1()'Mo .... ~ I1"bIIIes 8"" <:CIt>bIe1 op 10 Ulan Dry •• ••• : •• 

1-3 ft. Glay Loam 
--4lms"" ~20% unci and ..... ~ day 

Dry soil W11h 
overlying 5now 

r-- S.O fl 3 

'-'-

)-Io.og + 

L 1S.0 

f~.~;,;;.~ C:.: -- -- -- -- -- -- -- -- -- ---fa ~ 
&mot as cloy loam above .' • • 

5-10 ft . Densely Welded Gray Tuff 
OiollflC!l\'IJ<8Y (7.~R 511), auan. 25 .... sa""" .... l()'Mo ,,, glauY malnlC ~"'. F,ItClUOe<l 
ana 8i11!IId AAuvn .... lluII COfII8C1. Dry 

,. ... ~. +-

I· •• , I~ 

Alluvium/altered 
tul!" contact at 
S'bgs 

1---- ------------------------- ,.-. 

10-13 fl, Oensely Welded Tuff 
Weak rod IIOR 412). OuoOrtz 30"lI0 • ..,,!done 8,. . ., glassy ma~ .. ~ F'oOdun'd 
""" aIIan!d AIlIv ••• "JI,,1I COfIIa<:l. Dry 

f- .... " COlitact between 
I---,\---j-- 1I, .. y .. rn:l W<I"~ 

• _"," _ . ,ed lul%at 
• - ¥ to'bgs 

. , .... · _ ~IOOIJ NOTE' d~NeCI 
fl"om CU1\lI'lgS 
beeauaeno 

'-0 

, MelflUtfld ""'" """""""" 
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BOREHOLE lD: MW-10 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATElT1ME: 112812010:1450 FINISH DATElT1ME: 112812010:1550 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVATION: 7375.3' amsl' 
DRILLER: D. Toney 

.. g E' 
!O. ~ '" • ~ > 
15. § <'l a: 

LITHOLOGY ~ DESCRIPTION 

rOO 
0-3 ft , Silty Clay Loam 1 Fi ll 
Gray bt\>"", clay ~JO'!I" . ..a -00 ... oar1d ~1Q\I, Dry 

~ " T 

3-3.5 ft. Silty Clay Loam / Fil l 
-S.Ime .. abov~. 

3.5-8 ft , Moderately Welded Tuff 
Ligh! "'''''II,. y·_17 5YR 5121. Quartz 15~ .... rudine 10' In glassy "",,,,.15~ D<y 

---- -- -- -- -- ---- -- ---- ---- ---

TOTAL DEPTH: 13' 

GEOLOGIST: K. Reid 

8' 
~ 

u 

'" ~ ~ 
Cl 

..... .,4 

0 
~ 

E 
~ 

"' ." 
~ 
:; 
:0 

ADDITIONAL 
COMMENTS 

Dry soit W11h 
oV<!riying 5now 

.. c"".!-"'" 
8-12 ft, Moderately Welded Tuff 
Sa"", .. ,_. 

r-' O,O~ + 

L 15.0 

- """, ... ,ed from top of cas;ng 
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BOREHOLE lD: MW-l1 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATElT1ME: 112712010:1235 FINISH DATElT1ME: 1127/2010:1320 

DRILLING EQUIPMENT/METHOD: CME 551Continotls Coring 

SAMPLING EOUIPMENT/METHOD· CI3S 

GROUND ELEVATION: 7374.4' amsl' 
DRILLER: D. Toney 

.. 
~ 
~ 

!S-
~ 

15. • 0 

0.0 

.., 

10.0 

15.0 

o • 
g 

'" • > 
§ 
cr 

, 
T 

" T 

LITHOLOGY ~ DESCRIPTION 

2-4 ft. l.oamy Sand 
Ligl>1 bfv ...... c:Iro' ~10~. oi/I. ~~. _-1M!. w'oI11 roun<Ied ~bblesarld oobOles ~IOan 
a! d.oclte _rid lUll" Root. pre5enL Drj 

-- ---- ---- -- --- --- -- -- ---- -- -+ 

4-8 ft. (3raveUy Sand 
SaW,_1 5' ciB't. lO'IIo 0lil. ~0'!10 sand. _ 2~'" gm~ 

8-9 ft , Clensely Welded Tuff w.,.. ,en (lOR 4fl ). Ouartz 2'5"'. uno ... 10'%. 0 5'110."" o.lda. 0 5'110_"'" klI1ic. 
In D~Y me",. 601 '" FreeI",ed!tnd aptered ,"",",'-"'\1M! _tad Dry 

9-1 2 ft. Densely Welded Tuff 
s.m. 91 """,e 

TOTAL DEPTH: 12' 
GEOLOGIST: A. Stocker 

" ~ E 

8' 
~ 

"' ~ ." u 

~ '" ~ ~ :; 

'" :0 

-., 

-. ' 

ADDITIONAL 
COMMENTS 

Dry soil W11h 
oV<!rtying 5now 

Saturated ~I 
4· bgs 

~Iuviumla~ered 
tu/f contact at 
8· bgs 
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BOREHOLE lD: MW-12 Technica1Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DR1LLlNG COMPANY: Precision Sampling START DATEfTlME: 112912010:1030 F1N1SH DATEfT1ME: 1f2912010:1130 

DR1LLlNG EQU1PMENT/METHOD: CME 551Continous Coring 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVAT10N: 7373.4' ams1' 
DR1LLER: D. Toney 

,0.0 

f-S.O 

r-- 10.0 

LIS.O 

L1THOLOGY ~ DESCR1PT10N 

0-3.5 ft, Clay 
CIa'/-ficI> ooM "",n KIOIs aM pone_lei ~ cIo.y, ~JO" ~, and ~tO% sand_eel 
lingula< d itCftft ""','" 

3.5-6.!; ft. Sarldy loam /@ 
Btcwn, ,:lay -to%, sill ~2()%, sa"" ~70% WIth .00Med pebt>Ies """ cobI>Ies 2·15crn 
of dac;rlf, and tu~ S<olUl81"'" 

6.5-7 ft. C1ay 
Very -:. ae,eIopeG Cla1 """.Iyong !U~ COIltacl 

7-8.5 ft . Densely Welded Tuff 
W!ak red ItOR "12). OWn..~. sankllne lcm. 0 5" !<on 0l01de. O.6'!1.lIlIe!ed-' 
on !IiMSr MIl"'" SWo. F~'ed and arte<ed """""unv'!u" oon~. Pry - -- ---- ---- ---- ---- -- -- -- ---
8. 5-9 . ~i ft, Densely Welded Tuff Ssmfta,,_a 

• """, ... ,ed from top of cas;ng 

TOTAL DEPTH: 9.5' 
GEOLOG1ST: A. Stocker 

8' 
~ 

u 

'" ~ ~ 
'" 

--=---=---= 

.:.-:=;:.. -:;.-::: -----.-0-
-----

0 
~ 

E 
~ 

"' ." 
~ 
:; 
:0 

ADDITIONAL 
COMMENTS 

,~:",,-,,::---,,-;1--1- AJIi.JV;umlaltered F _ _ ... ~ luff contact .Ill 
7"bg~ 

<J " .... 
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BOREHOLE lD: MW-17 Technica1Area (TA): 16,16-021(c)-99 Page 1 of 1 

DR1LLlNG COMPANY: Precision Sampling START DATElT1ME: 1128/2010:1100 F1N1SH DATElT1ME: 1128/2010:1200 

DR1LLlNG EQU1PMENT/METHOD: CME S5IContinous Coring 

SAMPLING EOUIPMENT/METHOD' CI3S 

GROUND ELEVAT10N: 7371.5' ams1' 
DR1LLER: D. Toney 

, 0.0 
0-2 ft . Snow 
SI1CIw .... >IIy!t>g .oil 

L1THOLOGY ~ DESCR1PT10N 

2-3 ft , Sandy C1ay Loam 
-. .... n "".- """" -eIO'Iio ... .-.d, - 3O"Ao ""'y, -2'"" .... 

TOTAL DEPTH: g' 
GEOLOG1ST: K. Reid 

0 
~ 

E 

8' 
~ 

'" ~ 0 
0 f '" ADDITIONAL ~ 

~ :; COMMENTS 
Cl :0 

Dry soil with 
overlying 5n<>W 

- -- -- -- -- -- -- -- -- -- -- -- -- -- -=='=' 

r-- 5.0 

r-- 'O.0 

L15.0 

3-3.5 ft" Sandy Clay Loam 
Sa"",as, .~. 

3.5-8 ft . Wetded Tuff 
Weak ,ed (100 412). Q""rtz~. -I8nid,ne 1~, 0,5' iron coode. 0.5% alleredlitnjo. 
ill lJIi'S$y """Inx 5~ F,8Clurl<Iltrl<I .~.-.I AlIw~ cont.acI. Dry 

"'-.. ~". - .. _ . .. _. __ .•. _ ... - ..• -. __ .. ,_ ... . _ .. _-

Alluvium saturated 
at 4 ' bgs 

, • ..::.-::;-.;::;;- Alluvium/alteled 
~=-.;~I--I-<~ tuff contact at 

S' bg5 

- --, . .. --~ ----
---- ------------------------- --." 

8-12ft, WeldedTuif - -- • . _-
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BOREHOLE lD: MW-18 Technical Area (TA): 16, 16-021(c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATElT1ME: 1127/2010:1510 FINISH DATElT1ME: 1127/2010:1545 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EOUIPMENT/METHOD· CI3S 

GROUND ELEVATION: 7370.4' amsl' 
DRILLER: D. Toney 

.. 
~ 
~ 

!S-
~ 

15. • 0 

,0.0 

r- 10.0 

L1S.0 

g 
o '" ~ • > 

§ 
a: 

, , , T 

, ~ ~ 
-T 

LITHOLOGY ~ DESCRIPTION 

0-3 ft , (:oarse Sand 
CoaneSi' .... ,hlllll ... "'m1e<1., ~1 ft bgs 

3·5 ft, C:oarse Sand 
Same as lIIlooe 

5-5.5 ft, Clay 
Very ~ de\lO"loped d8y ove<IyIrtg IU" conIa.ct 

55-8 ft , Densely Welded Tuff 
WoaII teeliIOR "12), 0,,"11< 30% . ... nid"", 10%. 0.5%I'Dn o.ide. 0 5'!1. ~IIer..o,;m", 
.. glassy ..... "'" 59'4. f'aclUM<! aM a~_ AlllNIU""'"~ OMtoK:L Ory 

TOTAL DEPTH: 8' 
GEOLOGIST: K. Reid 

ADDITIONAL 
COMMENTS 

Dry soil with 
overlying 5now 

SalY'illed at 
I ' bg, 

S~;TiI---1- Alluvlum/allered 
r ~ _ "" # ' y/I contact al 

5.5· bgs 

... -..,# 
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BOREHOLE 10: MW-19 Technical Area (TA): 16. 16-021 (c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEITIME: 1/31/2010:1445 FINISH DATEITIME: 1/31/2010:1530 

DRILLING EQUIPMENT/METHOD: CME 551Continous Coring 

SAMPLING EQUIPMENT/METHOD: CBS 

GROUND ELEVATION: 7360.129' amsl TOTAL DEPTH: 7.5' 
DRILLER: D. Toney GEOLOGIST: K. Reid 

0 
D .- E 

g ~ 

Z 8' "' ~ ~ '" LITHOLOGY - DESCRIPTION ~ u 

• .0 .'" ;; > ~ -§ ADDITIONAL 0 ~ ~ u ~ ;; COMMENTS • • 0 '" '-' ::J 

_ 0.0 -- Saturated SOil 
with overlyong 

0-3,5 fI, Clay 

~)t 
.~ 

!t, 
CIr;"ict> ooi .... ,~ ,"""'_ ""'" _~ -W'IIo clay ~lO'!Io~. and ·10% nnct ..... ed 
1V1§Ulat dacrle eIIIsl. I~ 

Alfillluvu,,/I'l 
5aIUraled - -- -- -- -- -- -- -- -- -- -- -- -- -- --

2.5-4.5 fI, Sllt~ Clay Loam 
Dan. l>Iown, Cl..,.. -J(M, alK -50'1'.. &111'1(1 -20'1/, W11!1 "",""II<! pelll>1M ,1'1(1 C<>III>* up to oem 

l~ 01 dItciIe aMI w~ ~""'le<I 

AlluYlum/altered 

H'- ~- -... luI!' contact at 
-5.0 4.5·7,5 ft. Densely Welded Tuff 4 S' bgs 

WIsaII led (lO R ""2), O""r1.Z 30%. un"""" 10 ... . 0.5% irOll 0 .... O.5'l1o ~l_ ~ ... 
in Ol.!l .. Y "",It .. 59'110. F,aau...a and .MMd AflMuJT\l!u" oon!8Ct. DIy f" ...... <> 

Iw' 

~ . -.,. 
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BOREHOLE 10: MW-20 Technical Area (TA): 16. 16-021 (c)-99 Page 1 of 1 

DRILLING COMPANY: Precision Sampling START DATEITIME: 1/31/2010:1210 FINISH DATEITIME: 1/31/2010:1240 

DRILLING EQUIPMENT/METHOD: CME 551Continotls Coring 

SAMPLING EQUIPMENT/METHOD: CBS 

GROUND ELEVATION: 7359.585' amsl 

DRILLER: D. Toney 
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LITHOLOGY - DESCRIPTION 

0-3,5 fI, Silly Loam 
Or<i1l/llC"rid> soil SOl"' ..... 
NOTE" logged ~"'" wtbr1QI 

3.5.5.5 ft, Coarse Sand 
Bwwn. COlI"'" g,.,t'led --.cI WJtr1 rauode<l pebb!"o ..... OObb~ up \a 3<:n> S.I"'lIl"; 

5.5-8.5 ft. Densely Welded Tuff 
We ... ,edltQR 4!2). a.,.rtl.3O% . .......... ;n.I t~ 0.5'110 ~on _. 0.5%.1Iereci NlrIIa. 
on »" .. y "",I". 5~ , F,Kiurecl lind a~ered AMlMi.Jmr\u/I' contad, Dry. 

TOTAL DEPTH: 8.5' 
GEOLOGIST: K. Reid 
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ADDITIONAL 
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Saturated SOIl 
with overtyong 
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All allUYlUfn 
saturaled 
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5.5' Dgs 
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