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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 
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[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. 
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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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8.2 Map Data Sources 

Data sources used in original figures created for this report are described below and identified by legend 
title. 

Legend Item/Type Data Source 

LANL Technical 
Areas 

Technical Area Boundaries; Los Alamos National Laboratory, Site Planning & Project Initiation 
Group, Infrastructure Planning Office; September 2007; as published 04 December 2008. 

Paved roads 
Paved Road Arcs; Los Alamos National Laboratory, KSL Site Support Services, Planning, 
Locating and Mapping Section; 06 January 2004; as published 28 May 2009. 

Dirt roads 
Dirt Road Arcs; Los Alamos National Laboratory, KSL Site Support Services, Planning, 
Locating and Mapping Section; 06 January 2004; as published 28 May 2009. 

Drainages 
WQH Drainage_arc; Los Alamos National Laboratory, ENV Water Quality and Hydrology 
Group; 1:24,000 Scale Data; 03 June 2003. 

LANL structures 
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 
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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. 
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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 
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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) 
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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) 

 
 
 



ATTACHMENT A 
 

INITIAL STANDARD PROCTOR TEST 
AND PERMEABILITY TEST REPORT 

 



























































ATTACHMENT B 
 

FINAL STANDARD PROCTOR TEST AND 
 PERMEABILITYTEST REPORT 

















































ATTACHMENT C 
 

IN-PLACE FIELD DENSITY DATA SHEETS 
ASTM D 1556-82 (Sand Cone Method) 



























ATTACHMENT D 
 

BENTONITE DATA SHEETS 
 
 









 

 

Appendix F 

As-Build Diagrams for Permeable Reactive Barrier 

 

























 

Appendix G 

Alluvial Monitoring Well Construction Diagrams 
and Lithologic Logs 
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